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FOREWORD

Foreword

'1-;1e OECD Science, Technology and Industry Outlook 2014 is the tenth in a biennial series
designed to review key trends in science, technology and innovation (STI) in OECD countries and a
number of important non-member economies: Argentina, Brazil, Colombia, Costa Rica, India,
Indonesia, Latvia, Lithuania, Malaysia, the People’s Republic of China, the Russian Federation and
South Africa. Its aim is to inform policy makers responsible for STI policies, business representatives
and analysts about recent and anticipated changes in the global patterns of science, technology and
innovation and to understand current and possible future implications for national STI policies both
at global and national level.

The STI Outlook 2014 considers the future of STI policies in light of the recent and fragile
economic recovery, growing fiscal pressure, globalisation and major global and societal challenges
(green growth, ageing societies, inclusive development). The first chapter presents an overall
assessment of recent developments and trends in science, technology and innovation and in
countries’ STI policies. It provides, in a series of thematic STI policy profiles, a cross-country
comparison of specific STI policy orientations, instruments and governance in the OECD area and
beyond. The STI country profiles offer insight into national innovation systems: their structural
characteristics, their STI performance benchmarked against selected harmonised indicators and
recent important national STI policy developments. The focus of the publication is on national STI
priorities and initiatives introduced between 2012 and 2014.

The STI Outlook 2014 draws on the OECD’s most recent empirical and analytical work in areas
related to innovation and innovation policy. It makes use of member and non-member country
responses to the biennial STI Outlook policy questionnaire. It builds on a statistical framework of
over 300 STI-related indicators based on the OECD’s long-term efforts to build a system of
internationally comparable metrics to monitor STI and STI policy and on recent efforts to develop
some experimental STI indicators.

Finally, the STI Outlook 2014 is one of the first pillars of the OECD-World Bank Innovation
Policy Platform (IPP), a web-based interactive space that provides access to open data, learning
resources and opportunities for collective learning on innovation policy.
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ACRONYMS
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co,
CSTP
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FDI
FTE
GBAORD
GDP
GERD
GHG
GOVERD
GVCs
HERD
HRST
HEI
ICT
IA
IMF
P
IPC
IPRs
ISCED
ISCO
ISIC
IT
JPO
MFP
MNE
OHIM
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Acronyms

Business enterprises expenditure on R&D

Carbon dioxide

OECD Committee for Scientific and Technological Policy
European Patent Office

European Union

Foreign direct investment

Full-time equivalent

Government budget appropriations and outlays for R&D
Gross domestic product

Gross domestic expenditure on R&D

Greenhouse gas

Government intramural expenditure on R&D
Global value chains

Higher education expenditure on R&D

Human resources in science and technology
Higher education institution

Information and communication technology
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International Monetary Fund

Intellectual property

International patent classification

Intellectual property rights

International Standard Classification of Education
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Japan Patent Office
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Science, technology, engineering and mathematics
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ACRONYMS

STI Science, technology and innovation

UsD United States dollar

USPTO United States Patent and Trademark Office

VvC Venture capital

WIPO World Intellectual Property Organization
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ARG Argentina Argentine peso ARS
AUS Australia Dollar AUD
AUT Austria Euro EUR
BEL Belgium Euro EUR
BRA Brazil Brazilian real BRL
CAN Canada Dollar CAD
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CHN People’s Republic of China Yuan renminbi CNY
COoL Colombia Peso Ccop
CRI Costa Rica Colén CRC
CZE Czech Republic Koruna CZK
DEU Germany Euro EUR
DNK Denmark Krone DKK
EGY Egypt Egyptian pound EGP
ESP Spain Euro EUR
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EU European Union Euro EUR
FIN Finland Euro EUR
FRA France Euro EUR
GBR United Kingdom Pound GBP
GRC Greece Euro EUR
HUN Hungary Forint HUF
IDN Indonesia Rupiah IDR
IND India Indian rupee INR
IRL Ireland Euro EUR
ISL Iceland Kréna ISK
ISR Israel New Israeli shegel ILS
ITA Italy Euro EUR
JPN Japan Yen JPY
KOR Korea Won KRW
LTU Lithuania Lithuanian litas LTL
LUX Luxembourg Euro EUR
LVA Latvia Latvian lat LvVL
MEX Mexico Peso MXN
MYS Malaysia Malaysian ringgit MYR
NLD Netherlands Euro EUR
NOR Norway Krone NOK
NZL New Zealand Dollar NzD
POL Poland Zloty PLN
PRT Portugal Euro EUR
RUS Russian Federation New Russian ruble RUB
SVK Slovak Republic Koruna SKK
SVN Slovenia Euro EUR
SWE Sweden Krona SEK
TUR Turkey Lira TRY
USA United States Dollar usD
ZAF South Africa South African rand ZAR
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BRIICS Brazil, Russian Federation, India, Indonesia, People’s Republic of China, South Africa
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Executive summary

After the crisis

The impact of the recession and the moderate pace of recovery on innovation and
innovation policies has been considerable. At 1.6%, gross expenditure on R&D in
OECD countries over 2008-12 was half the rate for the years 2001-08.

The challenges facing OECD governments include sluggish economic growth, and
pressing societal and environmental issues. However, fewer public resources can be
harnessed in response — the impact of fiscal consolidation is already felt in green R&D
budgets. Governments have therefore initiated a “new deal” for innovation that raises the
status of innovation in the policy portfolio while adapting to this new context. Current
prospects of slow GDP growth and tight government budgets point to a continuing strategy
to harness innovation to achieve social goals over the coming years.

The evolving landscape

China is now a major driver of global R&D, doubling spending on R&D over 2008-12,
despite a slowdown in growth compared to 2001-08. In a bid to escape a “middle-income
trap”, emerging countries like Brazil or India are making innovation a major engine of
economic growth and must upgrade their capacity to innovate. European countries have
increasingly diverged, with some moving towards their R&D-to-GDP targets while others
fall further behind.

With greater globalisation and inter-dependence in the fields of science, technology
and innovation, national innovation policies increasingly seek to improve domestic
advantages in global value chains (GVCs) to attract the innovation-related segments (R&D,
design, etc.) that contribute most to value and job creation. Because talent and other
knowledge-based assets are particularly valuable and mobile, countries compete to attract
and retain them, through national research “ecosystems” that encourage foreign direct
investment, or by integrating new firms and SMEs into GVCs. Particular attention is paid to
the attractiveness of national research systems, by strengthening universities’ capacity,
research infrastructure and international openness, including job opportunities for foreign
researchers, branding activities, mobility schemes, educational products and improved
learning environments. There is also evidence that tax incentives lead to competition
between countries to attract foreign R&D centres.

Recent technology developments have focused on global issues (climate change,
ageing societies, food security) and on productivity growth (e.g. new manufacturing
processes), and environmental and social concerns raise specific challenges and
opportunities for STI policies.



EXECUTIVE SUMMARY

The need to address them has made STI policies more mission-oriented. With
increasing income inequality following the crisis, for example, innovation is mobilised to
ensure that the benefits from “islands of excellence” (the best universities, firms or cities)
reach less-favoured companies, universities or regions. A more systemic approach to
innovation policy has been developed, in light of the variety of stakeholders and trade-offs
and potential synergies between policy areas (regulation, tax, education, etc.).

Meeting these challenges will require technological breakthroughs, rapid deployment
of existing or new technological solutions and system-level changes (in policies,
regulation, behaviours, etc.). Innovation for an ageing society for example can lead to new
growth industries, but suffers from insufficient finance and policy coherence. A range of
disciplines will need to be mobilised, in a way that can harness the changes to
multidisciplinary research brought about by the Internet and IT.

Here, the convergence of IT, bio, nano and cognitive sciences has the potential to lead
to “the next industrial revolution”, and already, the increase in the service component of
innovation, a part of this evolution, is influencing countries’ competitiveness.

Business R&D

Business spending on R&D has regained its pre-crisis annual growth rate of 3%
since 2011, but from a lower base than before the 2009-10 cuts. The prospects for growth here
are better than for investment in physical assets because companies, anticipating weak
demand, are improving products and processes, but are not expanding production capacity.

Substantial public support to business R&D helped cushion the impact of the crisis. It
remains at significantly higher levels than a decade ago, mainly owing to more generous
R&D tax relief. Together, direct funding and tax relief represent 10-20% of countries’
business R&D expenditure, sometimes more. Indirect support is equal to or more than
direct support in 13 out of the 32 countries that report data. However, as public debt soared,
many governments reduced innovation-related expenditures, or undertook more
systematic evaluation of existing policies, streamlining existing programmes and reducing
overlapping policies.

Direct public funding of business R&D is increasingly awarded through competitive
grants and contracts, while debt financing (loans, loan guarantees) and equity funding
(venture capital, funds of funds) are becoming more popular. Many countries are
channelling funding towards particular industries or categories of firms (notably SMEs) as
part of their “new industrial policies”.

In many countries, credit conditions have been severe for SMEs in particular (higher
interest rates, shortened maturities, increased request for collateral). European venture
capital investment is significantly lower than before the crisis, whereas it has fully
recovered in the United States. This has led governments to increase their funding, and
new sources of finance (crowdfunding, other forms of non-bank financing), while
marginal, are spreading fast.

Public R&D

Public R&D plays a pivotal role in innovation systems. R&D expenditure by universities
and public research institutions held up well during the crisis, owing to a sustained public
commitment to R&D, with higher education representing 61% of public R&D in 2012
against 57% in 2000.
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To increase excellence and relevance, public research has increasingly relied on
project funding, often on a competitive basis, at the expense of institutional core funding,
owing in part to difficult budgetary situations. Most countries have implemented research
excellence initiatives that combine institutional and project funding mechanisms to
encourage outstanding research and support challenge-led research.

Knowledge transfer, notably commercialisation, is now a central objective of public
research. Policy initiatives have introduced a market perspective in upstream science
(e.g. industry-science co-operation on R&D). Recently, more integrated and strategic
policies have encouraged downstream support for the commercialisation of publicly
funded research results, by up-scaling and professionalising technology transfer offices,
and involving students in commercialisation.

As “open science” progresses, new policy approaches will be needed to determine how
public research is funded, research is undertaken, research output is exploited, research
results are accessed and protected, and to shape how science and society interact.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 17
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PART I

Reader’s guide

Innovation comes out of the activities of many diverse actors, businesses, multinational
firms, start-ups, but also public research institutes or universities. These actors co-operate
and compete with each other. Their activity is determined by the availability of financial
and human resources and by demand from markets or for addressing environmental or
societal challenges. Government plays a key role in dynamising and orienting this system,
by influencing framework conditions and setting innovation policies. The ability of a
country to generate and benefit from innovation depends primarily on this complex
system. The STI Outlook attempts to reflect this complexity by analysing major trends in
STI and STI policies. The diagram presented below is specific to the OECD STI Outlook 2014
and aims to help readers visualise the composition and working of the innovation system.
It will be used to introduce each relevant section of the following chapter.

The actors

As they are more likely to turn ideas
into economic value, firms are seen as the Universities Business
main actors of innovation. The business and public S
sector accounts for the largest share of research
domestic research and development in
many countries. Start-ups can exploit
unused or underused knowledge and steer Government
the emergence of new markets.

While public-sector research is
considerably smaller, universities and public research institutions (PRIs) play a central role in
innovation systems by providing new knowledge, especially in areas in which economic
benefits are uncertain or less immediate. In addition universities contribute to skills
formation and may inspire talented young people to enter research careers or
innovation-related occupations.

Government is the third main type of actor. First, there is room for innovation in public
administration. Improvements in public services delivery, in terms both of the content of these
services and of the instruments used to deliver them (e.g. e-government), are required to
address an increasingly sophisticated public demand and new challenges due to fiscal
pressures. Second, as investment decisions of individuals and firms respond to economic
incentives and therefore policies and institutions (OECD, 2010a), firms’ propensity to innovate
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I. READER’S GUIDE

and to be successful in doing so depend on timely and efficiently governed mix of policy
initiatives (OECD, 2010b, Chapter 4). Third, the public research agenda is designed at a high
policy level and public research budgets shape the national research landscape.

Input/output and outcome

The business sector, universities, Economic
PRIs and government perform innovative . Growth :

S ) ) Environmental Social
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PRIs and governments help increase the
stock of knowledge-based capital by Government
advancing the knowledge frontier,
developing new technologies, improving
the supply of the diverse and complex skills required for innovation, and introducing
innovations.

Innovation is a major driver of productivity and economic growth and is seen as a key
way to create new business values. As innovation output has benefited people and the
planet, the environmental and social outcome of innovation is increasingly acknowledged.

The context: Macroeconomic, framework and global conditions for innovation
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international co-operation in STI with a view to tapping into global pools of knowledge, human
resources and major research facilities, to sharing costs, to obtaining more rapid results, and to
managing the large-scale efforts needed to address challenges of a regional or global nature

effectively.
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PART I
Chapter 1

The future of science, technology
and innovation policies

This chapter describes recent developments and the outlook for science, technology
and innovation (STI) and STI policies. As economic growth gains momentum, STI
activities should increase. However, the recovery remains uneven. The crisis caused
lasting damage to public finances, creating a “new deal” for STI policies, which must
consider the risks and opportunities raised by the continuing globalisation of STI
activities: global value chains and the international circulation of people and
knowledge. Innovation should help address global, environmental and societal
challenges and raise new policy challenges.

This chapter is based on OECD work in science, technology, industry, education,
innovation, migration, trade, environment, finance, tax systems, public governance
and statistics. It draws on country responses to the OECD STI Outlook
questionnaire 2014, a unique source of country-specific information on national
innovation policies. While high-quality macroeconomic, competition, regulation, tax
and labour market framework conditions matter for innovation, this chapter focuses
on STI and entrepreneurship policies.




1.1. THE FUTURE OF SCIENCE, TECHNOLOGY AND INNOVATION POLICIES

Introduction: The future of STI policies

Research and innovation policy will remain a key domain of public action in support
of sustainable and inclusive growth in the coming years. However, fiscal consolidation
weighs on the capacity of governments to maintain their financial commitment. Public
research and development (R&D) budgets have started to level off or even decline in many
OECD countries.

Innovation and technology are now expected to help restore competitiveness, boost
productivity, upgrade industrial structure and address global challenges. The rise of global
value chains (GVCs), the now central role of entrepreneurship, the search for new sources
of growth, and the challenges raised by environmental and social issues have introduced
new objectives and instruments for policy intervention. Recent interest in “systems
innovation” illustrates a shift in the policy paradigm of certain countries towards
innovation policies that support large-scale socio-economic transformations. Such
expectations can have profound implications for the policy mix and governance
arrangements. The greening of science, technology and innovation (STI) policies is
particularly noticeable, as technology and innovation are increasingly seen as ways to
mitigate climate change.

More countries now explicitly target most of their research towards competitiveness
and environmental and social challenges, while basic (untargeted) research is strictly fitted
into an “excellence” (i.e. highly selective) framework. In this context, broader and denser
ties are being formed between public and private actors, beyond traditional intellectual
property (IP) links and incubators, with a view to exploit more fully the potential synergies
between the two sectors.

As a consequence of the broader scope of STI policy, STI matters are now managed by
a variety of ministries and departments in charge of economic policy, competitiveness,
employment or global challenges (e.g. environment and social issues). Innovation policies
now require a “whole-of-government” approach.

STI policy has also increased in complexity. A larger toolbox of STI policy instruments
and the involvement of new actors in innovation policy design and delivery are
complicating the policy landscape. This raises the issues of optimising the policy mix and
multi-level governance. The “silo” approach caused by thematic and vertical segmentation,
which has underpinned STI policy developments, is being questioned. Significant efforts
are made to integrate STI policies at different levels (regional, national, supra-national) and
in different fields (research, industrial innovation, etc.). Evaluation plays a key role as an
instrument for public authorities to monitor policy developments in an integrated fashion.

In search of greater efficiency, innovation policies evolve. In many countries, new
governance arrangements pool resources from various sources, public as well as private,
e.g. strategic public-private partnerships for innovation. In addition, governments are
taking steps to rationalise their interventions and consolidate STI programmes.
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RECOVERY: A NEW DEAL FOR STI POLICIES

This section considers the macroeconomic conditions
under which national innovation systems and national
innovation policies have evolved over the past decade and
are likely to evolve in the coming years in the aftermath of
the 2008 crisis.

It focuses on the impact of an uneven recovery on regions
and countries and on the capacity of governments and the
business sector to engage in innovative activities. It
addresses issues such as the decline in corporate profits and
corporate investment, the impact of high unemployment on
the skills market and on households’ demand for technology
and innovation, and the loss of firms’ productivity. It also
addresses issues such as fiscal consolidation and its impact
on public R&D budgets and public support for innovation. It
sketches a “new deal” for STI policy makers that calls for
new partnerships, a more strategic use of public
procurement, strengthened policy evaluation and a
streamlining of STI policy action.
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The economic recovery is gaining momentum, but STI activities are likely
to increase only slightly over the coming years

The recovery remains fragile and contrasted

Growth in world real gross domestic product (GDP) is estimated at 3.5% and 3.9%
in 2014 and 2015, respectively, with a lower 2.4% and 2.8% in the OECD area (OECD, 2014a).
Economic activity and world trade have recovered slowly since 2011 and are expected to
strengthen gradually over the next two years, driven by the dynamism of non-OECD
economies (5.0% and 5.3%, respectively), particularly the People’s Republic of China (7.4%
and 7.2%, respectively).

Within the OECD, the recovery is uneven (Figure 1.1). The recent acceleration in
the United States signals a global return to growth, but the tightening of US monetary
policy and the federal debt create uncertainty about the stability of US GDP growth (1.9%
in 2013). Growth prospects in Japan (1.5% in 2013) are constrained by the level of public
debt. Some southern and central European countries have yet to recover and should have
modest growth of less than 2% in the next two years. Their structural deficiencies also
affect the entire European Union. Few European countries are expected to grow faster than
2% in 2014 and 2015. Even the most dynamic OECD countries (Chile, Israel, Korea and
Turkey), which grew by more than 2.5% in 2013, are expanding more slowly than before the
crisis.

The BRICS (Brazil, Russian Federation, India, China and South Africa) have lost their
earlier momentum. In 2013, some major emerging economies showed the first signs of an
economic slowdown and revealed their sensitivity to fluctuations in US financial markets.
While their dynamism steered global growth during the crisis, this slowdown put a brake
on the recovery: global GDP growth has been revised downwards by half a percentage point

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014

25



1.1. THE FUTURE OF SCIENCE, TECHNOLOGY AND INNOVATION POLICIES

Figure 1.1. Growth is back, but at an uneven pace across countries
Annual growth rate of GDP, 2003-13 and projections for 2014 and 2015

Panel 1. OECD, EU, Japan and the United States
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Source: OECD, Economic Outlook No. 95 Database, May 2014. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//
Index.aspx?Queryld=57863.
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for 2013 and 2014 (OECD, 2013a). In addition, the development of the BRICS remains
constrained by structural rigidities (e.g. infrastructure and education), heavy dependence
on foreign direct investment (FDI), and demographic challenges that set limitations on
growth over the medium term.

The economic outlook in emerging Southeast Asia (excluding China and India)
remains robust (OECD, 2013b). GDP growth over 2014-18 should be about 5.4%, broadly
similar to pre-2007 rates. Africa’s economy was very resilient during the global economic
turbulence (OECD, 2014b). GDP grew by 4.2% in 2012 and is projected to accelerate to 4.5%
in 2013 and to 5.2% in 2014. Latin America’s economic slowdown is likely to persist (OECD/
ECLAC/CAF, 2013). Exports will play a diminishing role in driving growth, giving way to
stronger domestic demand, supported by wage growth and an expanding middle class.

The impact of the crisis has not yet been fully absorbed. Investment and employment
remain below pre-crisis levels

Business investments are down. Profits are firms’ main source of funding and play a
key role in investment decisions, particularly for innovation. In a well-functioning
economic context, firms normally reinvest profits to support future development. In the
currently uncertain climate, the decline in profit margins signals an easing in investment
(Figure 1.2). There is also evidence that many profitable firms are not investing, as they do
not see a strong economic recovery soon, hence the global accumulation of cash reserves.
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Figure 1.2. Corporate margins have deteriorated and firms wait to reinvest
Change in firms’ profit margin rate’ and investment rate,! percentage points, 2012 compared to 2007
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Source: OECD, National Accounts Database, April 2014. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//

Index.aspx?Queryld=57863.

StatLink Sa=m http://dx.doi.org/10.1787/888933151360

In many countries unemployment rates have been slow to decline. A wait-and-see
attitude in business is reflected in persistently high unemployment; in some countries it is
at historical highs. At the peak of the crisis, nearly 50 million people were looking for a job
in the OECD area and in 2013 more than 48 million people were unemployed (OECD, 2013a).
The OECD unemployment rate is still above its pre-crisis level at 7.9% (OECD, 2014a).
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In addition, although higher education ensures higher employability, tertiary
graduates have not been completely spared (OECD, 2014c). On average 4.8% of
25-64 year-olds with tertiary-level education were looking for a job in 2011, compared with
3.3% in 2007. The southern European countries (Greece: 12.8%, Spain: 11.6% and
Portugal: 8.0%) have been the hardest hit. In Germany (2.4%), however, unemployment of
tertiary graduates has steadily declined; in 2011 it recorded one of the lowest
unemployment rates in the OECD area, along with Norway (1.5%) and Austria (2.3%).

Employment levels determine households’ propensity to consume and their appetite
for innovative and more expensive products. In difficult times, households increase
precautionary savings. Final demand, the main engine of growth in mature economies, is
therefore weaker, and firms are reluctant to spend on high-risk activities. In addition, over
the long term, the unemployed risk skills erosion. More broadly, the loss of highly skilled
human capital can negatively affect the capacity of firms to engage in R&D and innovation.

The issue is of particular concern for the young labour cohort, because skills learned
in the early years of professional life are decisive for future careers. Youth unemployment
could have long-term effects on economic and fiscal sustainability, by encouraging
informal economic activity, reducing tax revenues or increasing public health outlays.®
Historically, 15-24 year-olds are more likely to be unemployed than older employees. They
have been hit particularly hard by the crisis (OECD, 2013c), as the generation gap has
widened in most countries.? In 2012, more than 50% of young people aged 15-24 were
unemployed in Greece, Spain and South Africa, compared with 20-22% of 25-64 year-olds
(OECD, 2013c). With the recovery, these differences have narrowed, but it will be a challenge
for governments to rehabilitate young people who were not in education, not employed, or
not active during the downturn.

The deterioration of public finances has challenged public policy generally,
and STI policy in particular. Yet many governments intend to maintain
or reinforce their commitment to STI

The state of public finances determines the capacity of governments to shape STI
policy. It also affects investor confidence, the inflow of foreign capital and integration in
the global economy.

Public finance challenges remain, despite countries’ efforts to restore their financial
health (OECD, 2013e). Falling tax revenues and extraordinary government expenses during
the crisis have led to higher public deficits. Public debt as a percentage of GDP has reached
very high levels, and some countries’ indebtedness will continue to rise, despite the
recovery of GDP. Although fiscal pressure is likely to ease from 2015 in most countries, few
countries will be able to reduce their deficits to pre-crisis levels by then.

Policy trends

Fiscal consolidation typically forces governments to increase the tax burden and reduce
public spending. Strategic choices regarding specific areas of policy intervention, general or
targeted tax burdens or concessions and government budget appropriations and outlays for
R&D (GBAORD) can affect innovation systems. The risk is that a higher tax burden will
further curb sluggish demand, reduce the net return on capital, and subsequently discourage
private investment in R&D and innovation. While governments have shown the value they
place on education, research and innovation by preserving, or even reinforcing, their STI
budgets during the crisis (OECD, 2009), budgetary discipline could force them to reconsider
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their commitments to STI and to reduce the leverage potential of public procurement for
research and innovation. Some countries may therefore find it difficult to maintain STI
budgets at current levels. Resources allocated to education have declined since 2009, as
teachers’ salaries were frozen in half of OECD countries, and more cuts are expected in
education over the next two years (OECD, 2013f).

R&D budgets have levelled off in many countries and have started to decline in others.
From 2009, GBAORD began to shrink markedly in France, Finland, Spain, the
Russian Federation and the United Kingdom (Figure 1.4). In 2011 rapid GBAORD growth in
Chinese Taipei was sharply halted, and notable slowdowns were observed in Denmark and
Switzerland.

Yet, OECD countries and non-OECD economies have confirmed their commitment to
STI and their intention, either to preserve (Italy, United States) or, in most cases, to increase
national R&D budgets (see the policy profile on “National strategies for science, technology and
innovation”). France is implementing the second phase of its “Investment for the Future”
programme with funding of USD 14 billion PPP (EUR 12 billion), mainly as capital endowment.
The United Kingdom plans to unlock additional funding and will prioritise long-term
infrastructure spending. Germany puts “top priority” on public spending on R&D and
innovation and the draft 2014 budget of the Federal Ministry of Education and Research
provides an additional USD 402 million PPP (EUR 313 million) for education and research.
China will continue to enhance, at a slower pace, government S&T appropriations and plans
to set up budgetary mechanisms to encourage local governments to invest in S&T.

Asbusiness R&D expenditure depends on business expectations, it is particularly affected
by the economic cycle. In contrast, public research and public R&D are usually counter-cyclical
and have a buffering effect during periods of economic downturn (Figure 1.4). This is in part a
reflection of the rise in importance of STI policy. However, the lingering crisis and the
unsustainability of public debt may mean that this is no longer the case in some countries.
Over the past two decades, gross domestic expenditure on R&D (GERD) has grown faster than
GDP, leading to a rise in R&D intensity in the OECD area. In 2008-09, the volume of GERD
decreased as a result of a sharp decline in private investment. Governments partially offset this
drop through higher support for the national R&D effort. In view of the current budgetary
outlook and recent developments in public R&D budgets, the recovery in R&D is likely to be
primarily driven by business investment in the coming years.

Budgetary pressures have also encouraged governments to adjust the design and
governance of their policies (e.g. demand-side policies), to streamline and consolidate their
policy programmes, and to systematise and strengthen their evaluation practices.
Governments are generally making greater use of public procurement. In recent years, STI
policy makers have increasingly focused on demand-side instruments in search of
stronger and better-articulated public demand for innovative solutions and products
(OECD, 2012a). Following a series of reviews of federal procurement, Canada developed its
National Procurement Strategy to leverage R&D procurement and streamline procurement
processes. Germany has reinforced its general framework for innovative public
procurement with a new German Procurement Law and the creation of a Centre of
Excellence for innovative procurement in 2013. Since 2011, the UK Innovation and
Research Strategy for Growth has emphasised the key role of government as a lead
customer for innovative products and services. The budget of the Small Business Research
Initiative (SBRI) has therefore been expanded for 2013-14 and again for 2014-15 (see the
policy profile on “Stimulating demand for innovation”).
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Figure 1.3. Public R&D budgets are levelling off, or have started to recede
Government budget appropriations and outlays for R&D, million USD 2005 PPP, 2002-13
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Figure 1.4. The buffer effect of public R&D has faded in the aftermath of the crisis
Annual growth rate of GDP and GERD, BERD and public sector R&D, at constant prices, 1993-2013
- and projections to 2014 and 2015
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Governments are attempting to reduce the fragmentation of public support to business
R&D and innovation and to improve and simplify access to public programmes. By
streamlining and consolidating public programmes, they seek to lower administrative and
application costs for both public administration and firms and to leverage private funding for
innovation. Canada and Chile have recently simplified eligibility criteria and application
procedures for their R&D tax incentive schemes. Costa Rica and Norway have made changes to
the overall application process and qualification requirements for venture capital and
entrepreneurship programmes. Finland has a new Tekes strategy to foster a customer
approach to delivery of public support and to centralise and streamline financing for
entrepreneurship. Germany has bundled R&D and innovation support activities into large
framework programmes in recent years. In 2013 New Zealand established Callaghan
Innovation to simplify interactions between business and research institutions and to function
as a one-stop shop. The Czech Republic (Technology Agency), Denmark (Innovation Fund) and
Slovenia (Spirit Slovenia) have also reduced fragmentation by merging various institutions in
charge of technology and entrepreneurship policy into a single agency. Turkey has established
an R&D, Innovation and Entrepreneurship Co-ordination Council to streamline support
mechanisms and ensure integrity, coherence and a targeted approach in policy delivery.

A sharper focus on the evaluation and impact assessment of STI policy is also becoming
more apparent (see the policy profile on “Impact assessment in STI policies”). While fiscal
constraints have increased the need to demonstrate value for public expenditure, the
resources potentially available for evaluation declined. Nevertheless, some countries have
recently engaged in broad evaluations to assess the performance of the national STI system
or parts thereof, through national reviews (Canada, Chile), international reviews (Denmark,
Finland), or OECD reviews of innovation policy (France, Norway, Slovenia, Sweden).
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A number of countries have initiatives to strengthen evaluation institutions
(i.e. agencies, legal frameworks, methodologies) and encourage knowledge building for STI
policy. In 2013 Chile established an S&T advisory committee to review the national STI
governance system. France has set up a Strategic Research Council to manage the design
and implementation of its National Research Strategy. In 2013 Australia announced the
establishment of the independent National Commission of Audit to review and report on
the performance, functions and role of the Commonwealth government. In addition, the
new Australian Public Governance, Performance and Accountability Act 2013 has a stronger
focus on measuring and assessing performance, and the department in charge of science
and industry policy is building capacity through staff training and new data collection
methods. Efforts have also been made to build knowledge of STI policies, such as the US
research programme on the Science of Science and Innovation Policy (SciSIP), while “big
data” offer new possibilities for increasing the knowledge base and reducing evaluation
costs. Japan and the EU are also developing SciSIP-type initiatives.

Innovation policy is increasingly challenge-driven, focusing on mobilising innovation
actors and entire systems to address social and economic challenges. One of the lessons of
decades of innovation studies is that innovation systems, although dynamic, can become
locked into trajectories that make it difficult to mobilise or shift resources to address new
goals. The policy challenge is to move large-scale socio-technological systems along more
sustainable paths, in other words, to promote “system innovation”.

It has several aspects. The first is to redefine the innovation actors. Innovation policy
has long focused on addressing market and co-ordination failures that affect the producers
of knowledge and innovation, namely firms and public research institutes, with some
attention to the surrounding environment. But system innovation requires engaging the
demand side, including consumers and citizens. Second, challenge-driven innovation
requires rebuilding entire systems, not simply with a view to new products and new
processes that can boost productivity, but to new structures, new institutions, and new ways
of working or co-operating among the actors in the system. Third, governance structures
need to manage the transition from one system to another, such as moving from a transport
system based on fossil fuel to one based on an energy mix, including renewables. The
complexity of system innovation also implies that national governments may not be best
placed to break social and technological lock-ins. Regions and cities may become more
important for steering innovation systems. Cities in particular have emerged as laboratories
for solutions to social and economic problems, from education to waste management.
Finally, in a system innovation approach, learning processes and outcomes are just as
important, if not more important than outcomes in terms of new products and processes.

Productivity is the top economic challenge for many countries and innovation
remains the driving force behind improved performance

In the recent turmoil, most countries have lost productivity and capacity to implement
structural changes. OECD countries have seen a decline in their national wealth, as
measured by GDP per capita, between 2007 and 2013, with Germany, Israel and Korea among
the few exceptions (Figure 1.5). In the last 15 years, differences in the growth of wealth across
OECD countries have been mainly attributed to differences in labour productivity. In turn,
most of the growth in labour productivity has reflected the implementation of new
technology and other factors of change in the economy, as measured by multifactor
productivity (MFP) (OECD, 2013g). Innovation has been a major factor in productivity growth
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over the medium to long term, through new technology-based manufacturing processes,
products that provide more value to customers, improved service delivery, etc. In addition,
maintaining economic growth in open economies requires competitiveness and the national
economy’s ability to exchange and compete with other economies.

Between the pre-crisis (2001-07) and crisis and post-crisis (2007-13) periods, labour
productivity growth has slowed in nearly all OECD countries (Figure 1.5). Some countries have
experienced a sharp decline in productivity performance, among which Greece and Italy, along
with traditional innovation leaders (e.g. Finland, Norway and the United Kingdom).

Figure 1.5. Labour productivity deteriorated significantly during the crisis
Average annual growth rate in GDP per capita and GDP per hour worked, constant prices, 2001-07 and 2007-13
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Source: OECD, Productivity Database, May 2014.
StatLink Sasm http://dx.doi.org/10.1787/888933151390
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The deterioration of labour productivity has mostly been due to a decline in
multifactor productivity, i.e. countries’ capacity to adjust to technological change and
implement structural changes (Figure 1.6). After positive growth in all OECD countries —
except Italy — in 2001-07, MFP plummeted in 2007-12. Few countries, including Korea,
Ireland, Japan and the United States, have been able to maintain positive growth rates
over 2007-11.

Figure 1.6. Many countries have lost capacity to implement structural changes in the turmoil
Average annual growth rate in capital deepening and multifactor productivity, constant prices, 2001-07 and 2007-11
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Note: Labour productivity growth can be achieved if more capital, such as machinery or software or better vintages of it (capital
deepening) is used in production. Labour productivity can also grow by improving the overall efficiency with which labour and capital are
used together, i.e. higher multifactor productivity (MFP) growth. Traditionally, the MFP residual is seen as capturing technological
progress, but in practice, it should be interpreted in a larger sense. MFP also captures factors such as adjustment costs, changes in
capacity utilisation, economies of scale, effects from imperfect competition, shift towards more skill-intensive production, etc.
Source: Based on OECD (2013), OECD Compendium of Productivity Indicators 2013, OECD Publishing, Paris, http://dx.doi.org/10.1787/
pdtuy-2013-en.

StatLink Sasm http://dx.doi.org/10.1787/888933151406
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Policy trends

A sustainable recovery from the economic crisis requires faster productivity growth.
Countries can only motivate investment and job creation to sustain economic growth by
improving productivity. Equally important, higher productivity is needed to address social
challenges, such as the environment (greening the economy, ensuring the energy
transition) and ageing (paying for pensions). As a result, many governments have assigned
innovation a central role in their policy agenda in recent years (see the policy profile on
“National strategies for science, technology and innovation”).

During the crisis, recovery plans in many countries contained a strong research and
innovation component. More recently, national innovation strategies have been included
as a major pillar in post-crisis growth strategies. These strategies must be implemented in
tight fiscal environments, they must be efficient, and they must give value for money. The
prospects in this regard are discussed below in terms of business innovation, global aspects
and the contribution of public sector.

The main policy areas mobilised by governments to increase productivity include:

e Focusing support for public research and innovation on economic, social and
environmental challenges beyond R&D and technological innovation so that society will
benefit more directly from new knowledge and innovation.

e Structuring the public research sector around centres of excellence to increase the
quality and relevance of scientific production while containing costs and to ensure
performance-based as well as long-term funding for research.

e Encouraging the commercialisation of public research to increase its economic and
societal impact. Many countries are implementing a more integrated and professional
approach after years of policy learning.

e Facilitating the restructuring of industry and implementing new policy approaches to
support innovation, by building on new or refined policy instruments, e.g. by leveraging
private funding via public-private partnerships or crowdfunding.

e Fostering entrepreneurship, a major source of radical innovation in new activities by
strengthening capabilities (management support and training, incubators) and by
facilitating funding (by providing capital to venture capital funds or through lower tax
rates on the relevant capital or income).

e Fostering the capacity of firms and public research institutions to integrate global
knowledge networks and absorb knowledge flows, e.g. by attracting international S&T
investments, encouraging international mobility of researchers and students and
promoting cross-border governance of STI.

e Strengthening the supply of S&T and “soft” skills for innovation through education,
mobility and lifelong learning schemes and ensuring optimal participation of skilled
workers in the labour market.

e Streamlining innovation support programmes and focusing on instruments that provide
the highest leverage. Some countries have terminated programmes with limited impact
and concentrated more resources on fewer instruments.

e Developing a more systematic evaluation of policies to increase efficiency.
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GLOBALISATION: THE GROWING COMPLEXITY
OF INNOVATION POLICIES

This section focuses on the rise of global value chains
driven by international trade and foreign direct investment
and the fragmentation of business activities worldwide,
including R&D activities.

It explores the growing worldwide competition for and
availability of talent and knowledge-based assets and the
increasing international mobility of such assets. It looks at
the emergence of globally interconnected innovation hubs
that are based on strong local “knowledge triangles”
involving the science base, the business sector and state
actors and that are integrated into international cooperation
networks. It addresses issues such as competitiveness and
offshoring, outsourcing, internationalisation of universities
and higher education, and the attractiveness of research
systems. It explores policy implications for STI and the rising
complexity faced by STI policy makers seeking to implement
cross-border STI governance and to create favourable
framework conditions for innovation and cooperation while
fostering excellence and smart specialisation.
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The crisis has pushed many countries to seek to raise their competitiveness.
Innovation is more than ever important for strategic positioning in global
value chains

A country’s prosperity depends on its participation in the global economy, which in
turn depends on its integration in global value chains (OECD, 2013h). Integrating GVCs
helps countries strengthen their productive capacities, access a broader portfolio of
technologies, skills or knowledge-intensive assets and supports growth. Countries enter
GVCs through FDI and trade in goods and services.

As economic globalisation progresses, national economies increase their specialisation.
Economies participate in GVCs both as users of foreign inputs and as suppliers of
intermediate goods and services used in the exports of other economies (Koopman et al.,
2011). Production processes have become more geographically fragmented and production
is “sliced and diced” into fragments that are dispersed globally (OECD, 2007; WTO and
IDE-JETRO, 2011). Owing to their investments and international trade, in particular
intra-firm trade, multinationals (MNEs) are leading actors in GVCs.

The increasing interdependence of the global economy is reflected in the general
increase in the foreign content of exports (OECD, 2013i). Foreign value added clearly
depends on the size of economies and their patterns of specialisation (Figure 1.7). Smaller
economies tend to have higher shares of foreign value added embodied in their exports,
while larger economies have a wider variety of domestically sourced intermediate goods
available and are therefore less reliant on foreign imports of intermediates. Countries with
substantial natural resources typically have lower ratios of foreign value added in their
exports, as mining activities require fewer intermediate goods in the production process.
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Figure 1.7. OECD and non-OECD economies are increasingly interdependent
in the global economy
Foreign value-added content of exports, as a percentage of total exports of goods and services, 2009 and 1995
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Note: Caution is warranted when comparing 1995 and 2009 figures for China, since data availability only allows distinguishing between
processing and non-processing exports from 2005 onwards; this is likely to affect the results.

Source: OECD (2013), Interconnected economies: Benefiting from Global Value Chains, OECD Publishing, Paris, http://dx.doi.org/10.1787/
9789264189560-en, based on OECD-WTO, Statistics on Trade in Value-Added (TiVA) (database), 2013.

StatLink = http://dx.doi.org/10.1787/888933151417

Innovation makes it possible to reach segments with higher value added in GVCs. The
most value creation in a GVC is often found in upstream activities, such as the development
of a new concept, R&D, or the manufacturing of key parts and components, or in
downstream activities, such as marketing, branding or customer service (OECD, 2013h). Final
assembly, which is often offshored to emerging economies, represents only a small part of
value generation. This is generally the case for industries characterised by high degrees of
modularity (e.g. electronics) as international standards guarantee that the output of one
production stage closely matches the input requirements of the subsequent stage (OECD,
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2014d). It is less frequent in industries with important feedback effects between R&D, design
and actual manufacturing/assembly (e.g. automotive, pharmaceuticals).

The crisis has affected both the volume and the distribution of international capital
flows. A slowdown in cross-border mergers and acquisitions, declines in “greenfield”
investment, suspension of intra-firm loans and repatriation of retained benefits has
resulted in shrinking stocks of FDI. Although GDP slowed at the same time, FDI stocks
slipped from an historic high of 32.2% of world GDP in 2007 to 25.4% in 2008 (UNCTAD,
2013). Trade in goods and services has also experienced a decline, reflecting a general
“contamination” of GVCs.

Global FDI flows recovered in 2010 and grew modestly in 2011 before dropping again
in 2012. Global FDI flows increased by only 4.5% in 2013, to USD 1 333 billion, and remain
over 30% below the pre-crisis levels reached in 2007 (OECD, 2014e).

A slowdown in FDI can seriously affect the productive and technological capacity of
host economies. It raises the question of the sustainability of FDI-financed jobs,
particularly in a context of high unemployment. The aim of FDI is often to establish a
lasting interest in an enterprise (OECD, 2008b) and signals the long-term engagement of
multinationals, which may be difficult to reverse. MNEs are also among the most important
means of transferring technology across countries and a significant part of foreign MNEs’
value added, labour compensation and investment “sticks” to the host economy (OECD,
2014d). A slowdown in FDI could also affect the productive capacity of investors negatively,
because their competitiveness depends on their ability to tap into foreign reservoirs of
labour and resources.

The FDI landscape is changing. In 2012, BRIICS (Brazil, Russian Federation, India,
Indonesia, China, South Africa) were the main recipients of FDI, accounting for over a
quarter of total FDI flows (UNCTAD, 2013). Developing countries received more than half of
global capital. European countries have been particularly affected by a sharp decline in FDI
inflows. Stocks were maintained, however, indicating a wait-and-see attitude on the part
of foreign investors. The same scenario applies to European outward investments: sluggish
European markets slowed FDI outflows, but European MNEs have not abandoned their
equity abroad.

The BRIICS also confirmed their emergence as major international investors
(Figure 1.8). Although rising global FDI outflows are largely driven by OECD countries, the
BRIICS substantially increased their investments over the past decade. Chinese and
Russian multinationals invested USD 85 billion and USD 55 billion abroad, respectively,
in 2008-11. The large emerging economies tend to focus on neighbouring regions and
developing countries; in 2011, 43% of their international investment was “nearshoring” and
reflected their progression in regional value chains (UNCTAD, 2013). Their growing equity
in Africa, while small in volume, is particularly interesting. Most of their recent
investments have been in manufacturing and services, reflecting their industrial
modernisation. Access to natural resources has long been a major driver of international
investments by emerging economies. Declining growth potential from technological
catch-up and some weakening competitiveness because of rising domestic wages create
new incentives for multinationals to offshore production activities in lower-income
countries. To escape the “middle-income trap”, the BRICS are attempting to switch to
higher value-added activities and move upstream and downstream the value chain (OECD,
2013h). Innovation is the key.
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Figure 1.8. The multinationals of emerging economies are increasingly
offshoring their activities

Foreign direct investment, outward flows, OECD and selected countries, USD billions, current exchange rates,
yearly averages, 2001-04, 2005-07 and 2008-11
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Policy trends

Position in the value chain is an important policy issue. GVCs have changed the nature
of global competition, as companies and countries no longer only compete for market
share in high value-added industries, but also increasingly for high value-added activities
within GVCs. This alters the rationale of government policies in areas related to
globalisation, investment, competitiveness, innovation and upgrading (OECD, 2013h). GVCs
introduce a dimension to STI policy design that is beyond the scope of national innovation
policies. Governments can support upgrading in GVCs in various ways, by strengthening
product market competition, fostering a dynamic business sector, investing in
productivity-enhancing public goods such as education, research and infrastructure, and
providing the framework conditions that support business investments in such areas
(OECD, 2013h).

Global competition for talent and knowledge-based assets is on the rise

Socio-economic activities are increasingly global, and research and innovation are no
exception. Innovation emerges from an accumulation of human, technological, financial
and organisational capital. The worldwide distribution of skills and knowledge-based
assets has changed as the volume of financial and human capital allocated to research and
innovation evolves differently across countries, changing the terms and nature of
competition for knowledge assets. At the same time, the growing availability and mobility
of knowledge assets have markedly increased the pool of skills and resources each country
can expect to tap into.
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The advantage of advanced economies in higher education is shrinking

A skilled labour force is a pillar of knowledge-based economies, and its size, more than
the density of talent, is a key location factor for multinationals (OECD, 2011a) and a
determinant of integration in GVCs. Training skilled workers and enlightening consumers
is a public mission. A more educated population is more likely to adopt new technological
or innovative products. Higher educational attainment facilitates broader adoption of
technological innovations and ensures that the benefits of innovation are more widely
enjoyed. This can result in greater equity and social cohesion. The democratisation of
education therefore supports the democratisation of innovation (see the policy profile on
“Innovation for social challenges”).

The crisis has not slowed the expansion of higher education systems in major
emerging economies. At the same time, demographic trends are likely to affect both
teacher and student populations in OECD higher education systems. In 2011, the BRICS
granted more than 7.3 million university degrees, compared with 8.5 million in the
OECD area (OECD, 2014f), the Russian Federation trained more engineers than the
United States, and Indonesia trained more engineers than Germany. According to national
sources,? Chinese universities delivered over 27 000 doctorates in science and engineering
in 2011, possibly more than their American counterparts (24 792) (OECD, 2014f). The
doctoral graduation rate in all disciplines in China (2.2%) is now equivalent to that of
Denmark (2.2%) and Austria (2.1%) (OECD, 2014c).

In addition, university programmes in large emerging economies meet international
standards, and in some cases, are equivalent to those of the world’s best universities.
According to the Shanghai ranking, China had five universities among the top 200
universities in 2013, similar to, regardless of country size, Australia (7) and Canada (7)
(see Chapter 9, methodological annex, for further details on the ranking of the top 50 and
top 100). Universities in Argentina, Brazil, the Russian Federation and Singapore were also
included in the top 200 ranking (ARWU, 2013). Educational opportunities in emerging
economies are also improving: Shanghai and Hong Kong, China, appear at the top of the
PISA 2012 ranking and have a large share of top 15-year-olds in science (OECD, 2013j).
Singapore and Chinese Taipei recorded scores equivalent to, or higher than, the OECD
average.

The circulation of new talent is likely to affect skills labour markets

While they accounted for only 3.2% of the world population in 2013 (OECD/UNDESA,
2013), international migrants have a disproportionate impact on economic and STI
systems. Most are of working age and play an important role in shaping skilled labour
forces throughout the OECD area (OECD, 2008c). In 2010-11, around 30% of international
migrants — more than 27 million individuals - had a tertiary degree (OECD/UNDESA, 2013).
Moreover, migrants appear to have a positive effect on entrepreneurship and innovation.
They are more likely to create firms, tend to file more patents, publish more research
articles and are more inclined to commercialise and license research results. Census data
for 2000 showed that skilled migrants from Asia played a critical role in bridging the skills
gap in the health professions and in science, technology, engineering and mathematics
fields in the OECD area (OECD, 2011b, 2012b, 2013k, 2014e). They are an essential pool of
labour in ageing economies. International mobility can also give smaller or lower-income
countries, to the extent that talented workers return home, the opportunity to integrate
international knowledge networks and capture knowledge flows.
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Over the past decade, Asia has been the source of an unprecedented migration of
talent. Asian immigrants are on average more skilled than other migrants and, for
newcomers, even more skilled than OECD nationals (OECD, 2012b; OECD/UNDESA, 2013).
South-South migration has in fact become as common as North-South migration. Poor
employment conditions in southern Europe have also pushed residents to leave for more
resilient European markets. Spanish and Portuguese migrants have found job prospects
outside Europe in former Spanish- and Portuguese-speaking colonies. Finally, a growing share
of international talent is coming from Africa. Between 2005 and 2010, 450 000 immigrants with
tertiary degrees entered the OECD area from Africa, and more than the 375 000 from China
(OECD/UNDESA, 2013).

There is as yet not enough evidence to draw conclusions about the duration and
impact of these migration flows on skills stocks. However, improved socio-economic
conditions and the adoption of active policies to attract talent in emerging economies
should change the situation vis-a-vis countries in which ageing dynamics are depleting the
stocks of skilled labour. In addition, the selective nature of migration, i.e. the propensity of
the more skilled or more highly educated to be more mobile, tends to reinforce
international competition for talent, and reduces skills scarcities in the most attractive
destinations.

The internationalisation of higher education has also played a role in the global
competition for talent. International students contribute significantly both to the cultural
mix and to the creation of international knowledge networks. They are an additional
source of funding for education institutions during their studies and may have a long-term
impact on the host country’s economy if they settle after graduation.

Indeed, the research systems of major R&D players depend increasingly on
international students. The United States, the largest training system for research in the
world, awarded 73 000 doctorates in 2011, and 29% of its international students were in
advanced research programmes (OECD, 2014c). International students account for over half
of the doctoral students in Switzerland and over 40% in New Zealand and in
the United Kingdom. More than 42% of doctoral students in France are not French.

More generally, the internationalisation of higher education helped drive the expansion
of higher education (OECD, 2013l). There were twice as many international students
worldwide in 2011 than in 2000, with nearly 4.5 million at the tertiary level. In recent years,
new players in the international education market include Australia, New Zealand,
the Russian Federation, Spain and, most recently, Korea (OECD, 2013l). Although the market
share of Germany and the United States in international education has declined since 2000,
both countries were still among the top three destinations for international students in 2011.
The international mobility of students largely reflects inter- and intra-regional migration
patterns but is also influenced by the attractiveness of higher education systems in terms of
prestige, quality and cost. A preference for English-speaking countries is noticeable.

In addition, more and more institutions are creating offshore campuses or double
degrees (OECD, 2012c) or offer Internet courses as part of their internationalisation
strategy. They seek to increase their reputation and revenues (e.g. tuition fees), to access a
wider pool of high-potential students, and to promote cross-faculty fertilisation. Massive
open online courses (MOOCs), in particular, are changing higher education by radically
expanding the reach of existing campuses and by launching a new field of learning
informatics that could provide an unprecedented level of feedback for universities
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(Waldrop, 2013). This also raises the global competition for talent as demand for these new
educational programmes and products is strongest in disciplines that are central to
innovation, such as science, engineering and business management (OECD, 2012c).

Innovation activities, including R&D, are increasingly offshored or outsourced

GVCs are changing the international division of labour and the greater mobility of
talent has accelerated the internationalisation of R&D. The size and growth of markets
were traditionally the most important attractions for FDI (OECD, 2011a). More recently,
access to strategic assets, such as technology, knowledge, expertise or the presence of
suppliers, competitors and lead users has been a key determinant of the location of
innovation activities (OECD, 2008d).

Many large international companies have supplemented their internal R&D efforts by
collaborating with external suppliers, competitors, customers, PRIs and universities (OECD,
2008d). The internationalisation of R&D is reflected in the relative importance of foreign
sources of funding for business R&D (BERD). In the EU about 10% of business R&D is funded
from abroad (OECD, 2014g), although some European countries are more attractive than others.
In Ireland, the United Kingdom and Austria, funding from abroad accounts for around a
quarter of total business expenditure. Israel (50%) and Korea (0.3%) are the two extremes.

Trends in foreign-funded business R&D reflect the changing landscape of global R&D.
Since 2007, the volume of funding from abroad (at constant prices) has declined in Canada,
the Netherlands, Russia and the United Kingdom (Figure 1.9). It has increased significantly
in Israel and China, reinforcing a trend over the decade. Within Europe, foreign funding
increased in Germany and Sweden.

Figure 1.9. The landscape of global R&D is changing
Business enterprise R&D financed from abroad, million 2005 USD PPP, 2002-12

Panel 1: Stable or declining Panel 2 : On the rise
Belgium — — — (anada
France Japan China — — — lsrael
= = = = Netherlands @ ====-=- Russian Federation — - — - Germany Italy
Spain — == — United Kingdom Sweden ~  =e==es- South Africa
7000 4000
. 3500
6000 o=
< AN TN 3000
. ol 7”7 ° - - -
5000 |- S e
2500
4000 |
2000
3000 |
1500
L N — —
2000 S ~_- \\5__ 1000 F
1000 pr0 o e— et e == T 500
=g " 05
0 Il Il Il Il Il Il Il Il Il 0
g & & P & QPO N
DU S S N K S S S SEC S o

Note: Funding of BERD from abroad includes sums transferred by multinationals, paid by international organisations or by other
governments. Details are not always available.
Source: OECD, Research and Development Statistics (RDS) Database, March 2014, www.oecd.org/sti/rds. Data retrieved from IPP.Stat on
8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.

StatLink Si=m http://dx.doi.org/10.1787/888933151434
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Multinationals have played a key role in the internationalisation of R&D. Foreign
affiliates account for up to 71% of business R&D in Ireland and over 55% in Belgium, Israel,
the Czech Republic, Austria, Hungary, and the United Kingdom (Figure 1.10).

Figure 1.10. Multinationals play a major role in domestic R&D in many countries
Share of foreign-affiliated R&D in total BERD (%), 2011 or latest available year

Note: Data for Japan refer to 2010; data for Austria, Belgium, the Czech Republic, Finland, Hungary, Israel, the Netherlands, Poland,
Slovenia and Spain refer to 2009; data for Norway, Portugal and the Slovak Republic refer to 2007.
Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//
Index.aspx?Queryld=57863.
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National innovation hubs are increasingly connected to global innovation networks

The internationalisation of R&D is also affected by the growing internationalisation of
science through co-operation networks. Firms, universities and STI actors have clustered
around geographical areas, industries or groups of related technologies in order to improve
networking and generate more spillovers from open and collaborative innovation. Spatial
clustering is strong in knowledge-driven sectors where important local knowledge
spillovers occur. These local business linkages and networks are particularly critical for
innovation by new and small firms.

Among the world’s 40 most innovative regions (as measured by Patent Cooperation
Treaty patent applications), patterns of collaboration differ, but foreign collaboration is
intensifying almost everywhere (Figure 1.11). The Flemish region (Belgium), Ontario
(Canada), the east of England (United Kingdom) and the western Netherlands have a high
share of collaboration with foreign hubs and are comparatively less connected to other
hubs in their own country. Some states in the United States show weak (but increasing)
international connections, and strong national connections. In Japan and Korea, both
domestic and international propensities to collaborate are low, while the reverse is true for
Shanghai and Beijing in China. Country size appears to matter for shaping collaboration
patterns.
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Figure 1.11. National innovation hubs increasingly engage in international
co-operation

Percentage of regional and international co-patents in the top 40 regions
with the highest PCT patent applications, 2008-10 compared to 1995-97
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Policy trends

Globalisation of STI raises questions about the efficiency and sustainability of national
innovation policies. They include the appropriateness of national policy frameworks to
encourage STI activities shaped by a more global context, the risk of leakages of public
money, the suboptimal appropriation of the benefits of STI-related public investments, and
an erosion of the tax base due to the profit-shifting strategies of MNEs. While STI networks
extend beyond national frontiers, many international policy co-operation frameworks are
in their infancy (tax, cybersecurity, etc.) or do not yet exist (e.g. environment).
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Attracting knowledge-based assets and human capital requires building supportive
ecosystems that will be enriched and flourish with the entry of new talent, technologies
and knowledge. Governments can initiate and feed this virtuous circle by ensuring the
quality and absorptive capacity of the domestic science base and increasing the
attractiveness of the STI system through research excellence initiatives, R&D and
intellectual property tax policies, and immigration laws. Canada revised its immigration
laws in 2013 to streamline access for highly qualified applicants and plans to introduce
changes in study and work permit regulations for international students during 2014.
Germany introduced the EU Blue Card in 2012, which offers highly qualified professionals
more flexible immigration opportunities, and in 2013 launched a new service for S&T
professionals in India, Indonesia and Vietnam that provides advice and support for moving
to Germany. The 2012 Recognition of Qualifications Act establishes a nationally standardised
system to assess foreign professional qualifications.

For many countries, the attractiveness of their higher education and research systems,
particularly at the doctoral level, is crucial. Retaining young researchers after their studies
is critical, as young researchers tend to be most productive during their early professional
years. In the United States, the number of doctorates in science and engineering awarded
to foreign students (with temporary visas) has dropped significantly since 2007, while a
growing number of doctorates were granted to US citizens (or permanent residents) (NSF,
2014). In addition, the proportion of Chinese graduates who declared their intention to stay
in the United States after their PhD dropped from 90% to 83% between 2006 and 2012 (NSF,
2014). Early return of Chinese graduates could have a significant impact on US research
capacity, particularly in science and engineering, where they are strongly represented.

OECD countries are reinforcing the capacity and international component of their
education and research systems. Canada, Denmark, Germany and the United Kingdom
have recently launched national strategies or action plans to internationalise higher
education. These address branding, inward and outward mobility of students and
academics, and better learning environments. In 2011, Denmark launched “Top Talent
Denmark”, a one-stop shop branding Danish firms and higher education institutions to
Chinese students interested in pursuing a career or studies in the country. Germany offers
several new international study and mobility programmes at universities, as well as double
degree programmes to promote academic mobility. The United Kingdom established an
International Education Council to support its strategy implementation and provide
leadership and effective communication between government and the education sector.
An outward mobility strategy for students is also currently under development. A
Memorandum of Understanding was signed by the Baltic countries to promote closer
co-operation on higher education and research (see the policy profile on “Internationalisation
of public research”).

Some countries have also created new job opportunities for researchers. Japan’s New
Growth Strategy aims to provide young researchers with career prospects to ensure full
employment of S&T doctorate holders. It aims to create over 4 million new jobs in life
innovation and green innovation. The 2013 French Research Law foresees the creation of
1000 jobs in higher education and research between 2012 and 2016 in a context of an
overall decline in public employment. Austria’s programme for 2013-18 foresees the
creation of 2 500 new positions for doctoral training and post-docs. Norway adopted an
action plan in 2011 to reduce the share of fixed-term positions at universities. In addition,
new measures to strengthen women'’s position in academia will be considered in 2014.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 45



1.1. THE FUTURE OF SCIENCE, TECHNOLOGY AND INNOVATION POLICIES

International collaboration implies the pooling of financial resources, the sharing of
large-scale research infrastructures, and the improvement of the global knowledge base
(OECD, 2012d). While it is increasingly vital to collaborate globally in order to reap the
benefits of STI, most of the available resources for research are still programmed, spent,
monitored and evaluated at the national level (OECD, 2012d). Cross-border STI governance
means shifting part of the policy initiative from the national to the supranational level.
However, building international co-operation and networks means higher transaction
costs, greater risks of failure and the inclusion of a broader range of actors (OECD, 2012d).
Effective governance mechanisms, in terms of priority setting, funding and spending
arrangements, knowledge sharing and IP, and capacity building, can help to address such
problems.

Global markets are not solely the preserve of large firms. As small and medium-sized
enterprises (SMEs) integrate global supply chains and entrepreneurial ventures seek
growth potential and access to knowledge, skills and networks, opportunities for
internationalisation have become important for all types of enterprises, including young
innovative firms. Governments increasingly promote global knowledge flow initiatives to
support cross-border alliances of firms and research organisations, in order to create
linkages between SMEs and FDI ventures and to attract highly skilled labour from abroad.
Costa Rica has several programmes to link SMEs to MNEs and to upgrade their capabilities.
To support the internationalisation of SMEs, UK Trade & Investment (UKTI) runs a series of
new support programmes, including the Technology Partnerships Unit, which helps UK
technology-intensive SMEs to identify and qualify for supply-chain opportunities with
global companies and funding opportunities with venture capitalists and business angels.
A programme has also been established to support and advise mid-sized businesses
looking to grow in international markets (see the policy profile on “Attracting international
S&T investments by firms”). While most governments promote a cluster-based approach to
innovation, many OECD countries and regions have tended to combine cluster policies and
specialisation strategies (OECD, 2012a). Governments have long encouraged the location of
knowledge producers, transformers, assemblers and first users in special zones in order to
accelerate technology transfer and social return on public investments in research.
Recently, governments have considered a more bottom-up approach and focused support
on accompanying “entrepreneurial discovery” at regional levels. This is the core of the new
EU approach, called “smart specialisation”, that will apply to the structural funds to be
spent in European regions in 2014-20 (around EUR 80 billion). Specialisation strategies have
also been defined in areas of research strengths. In 2013 the Brussels Capital Region
(Belgium) included a smart specialisation strategy in its new regional innovation plan and
Wallonia implemented a Trends Observatory. Estonia is considering the implementation of
a smart specialisation strategy, with an emphasis on future co-operation schemes (see the
policy profile on “Cluster policy and smart specialisation”).

The potential impact of agglomeration dynamics on social cohesion has also emerged
as an important policy issue. Globally connected innovation “hotspots” that are better
integrated in GVCs than in the rest of the country may tend to enlarge social and cultural
divides. Some STI policies could be prejudicial to “territorial” inclusiveness if they are not
linked to policies that ensure that knowledge and the associated benefits trickle down to
other geographical regions.
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ENVIRONMENTAL AND SOCIAL ISSUES CREATE CHALLENGES
AND OPPORTUNITIES

This section looks at global challenges that affect the
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As economic growth resumes, public policy will pay more attention to environmental

and social challenges.

Progress has been made on the environmental front, but further progress
requires technological breakthroughs and systemic change

Demographic trends, urbanisation and modern lifestyles have placed many societies
on an unsustainable growth path. Innovation and technology can play a key role in the
transition to a greener economy.

The current growth model is altering the environment, and natural systems are already
undergoing irreversible changes. Air pollution is set to become the world’s top environmental
cause of premature mortality, ahead of lack of clean water and poor sanitation (OECD, 2012¢).
OECD projections to 2050 forecast that a global economy four times larger may see energy
needs increase by 80%, greenhouse gas (GHG) emissions by 50%, mainly due to energy-related
emissions of carbon dioxide (CO,), and water demand by 55%. The increase in the atmospheric
concentration of GHG could result in average global warming of 3°C to 6°C. More than 40% of
the world’s population would live in areas subject to “water stress”. Climate change could
become a major driver of mass migration (OECD, 2013k).

The challenge for our society is the transition to a low-carbon economy and the
preservation of natural resources. Progress has been made, but not enough. Many

countries have managed to decouple CO, emissions or freshwater abstractions from GDP
growth (OECD, 2013m) but have not yet done enough. In many other countries, the
situation continues to deteriorate as emissions continue to rise.
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At the last meeting of the International Energy Agency (IEA) in November 2013,
member countries at Ministerial level agreed that progress on clean technologies is too
slow, that considerable energy efficiency potential remains untapped, and that
energy-related R&D and demonstration need to be faster (IEA, 2013). OECD countries are
still more than 80% reliant on fossil fuels (OECD, 2013m).

The crisis has had a mixed impact on environmental conditions. Economic and trade
contraction helped to lower CO, and GHG emissions temporarily. Many governments also
introduced a green component in their recovery plan in order to deploy new green
investments and modernise infrastructures (OECD, 2009). Both the volume and the relative
share of public R&D budgets for energy-related purposes increased significantly
between 2007 and 2009 (Figure 1.12). But lower raw materials prices dampened financial
incentives to turn to alternative energy sources and more efficient use of natural resources.
Government efforts to support green technology markets found little support from private
demand, which was less responsive to more expensive products. The fiscal austerity that
prevails in many countries may also delay the implementation of a greener agenda. The
impact on R&D budgets is already being felt. The volume of funds allocated to energy and
environmental issues has slowed since 2009 in the OECD area (Figure 1.12).

Figure 1.12. Growth in public R&D budgets for energy and the environment is easing
Million 2005 USD PPP and as a percentage of total GBAORD
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Policy trends

The transition to a low-carbon future requires technological solutions and radical
changes to the global energy system.

A 2°C scenario, i.e. a scenario that holds global warming below what is perceived to be
the tipping point of natural systems, requires a portfolio of new technologies, including
production of renewables, end-use fuel and electricity efficiency, technologies for carbon
capture and storage (CCS) and even nuclear energy. China and the United States place
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increasing policy emphasis on innovation for sustainable and green growth. China’s 12th
Five-Year Plan has paid particular attention to energy and climate change and has
established a set of targets and policies for 2011-15 to reduce CO, emissions and
fossil-energy dependency and to increase energy efficiency. The US government
announced a Climate Action Plan in 2013; its ambition is to lead the world in R&D and
demonstration and deployment of clean energy technology. USD 7.9 billion is proposed for
clean technologies and an additional USD 2.7 billion for global climate change research.

Existing technologies already offer significant potential to achieve a sharp reduction in
CO, emissions, e.g.in the building and construction sector. Residential energy
consumption has been relatively static since 1990, despite substantial improvements in
energy efficiency and residential space heating, and offers the greatest potential for energy
and emission savings (IEA, 2013). Hybrid-electric (HEV) and electric vehicles (EV) also show
encouraging progress, so long as electricity is generated from low-carbon sources, but
deployment must be accelerated to be on track to meet a 2°C scenario. This entails a
projected increase in sales by around 80% (EVs) and 50% (HEVs) a year up to 2020. The 2014
US Budget proposal includes provisions to improve clean-vehicle technologies and to move
closer to one million advanced vehicles on the road. The Norwegian Strategy for
Environmental Technology will fund experimental development, with particular attention
to green transport and offshore wind production facilities. In January 2013, the Canadian
government announced the renewal of the Automotive Innovation Fund (AIF), which
provides repayable contributions to automotive firms that undertake large-scale R&D
projects focused on greener and more fuel-efficient vehicles.

The decoupling of economic activity and energy intensity cannot be achieved solely
with technologies, whether new or not. It requires structural and behavioural changes (IEA,
2014) as well as significant investments in infrastructure (e.g. smart grids) to improve the
system as a whole (IEA, 2013). Clean energy solutions, such as electric vehicles and solar
photovoltaic (PV) systems, depend on smart infrastructure that enables system-wide gains.
The United Kingdom created the Green Investment Bank with USD 5.5 billion PPP
(GBP 3.8 billion) in 2012 in order to invest in green infrastructure projects.

In addition, the complexity of the links between energy, water and food requires a holistic
approach and better integration of innovative solutions and policies in these three areas. In
Germany, the Energiewende Research Forum provides a platform for dialogue among
stakeholders involved in transforming Germany’s energy system. In Denmark, the Fund for
Green Business Development promotes green industrial symbiosis, in which the waste of a
given resource, e.g. water or materials, of one company becomes a resource for another.

Environmental pressures also require radical changes in lifestyles and behaviours.
Governments have a key role to play in this respect. Household consumption patterns and
behaviour have a profound effect on stocks of natural resources and the quality of the
environment (OECD, 2011c). A 2008 OECD survey of over 10 000 households studied
household responses to various measures in five policy areas (energy, waste, organic food,
water and personal transport) in ten countries.* The survey responses highlight the
importance of providing the right incentives to spur behavioural change, and show that
price-based incentives encourage energy and water savings, increase recycling volumes,
and lower car ownership and use. The mere fact of metering and introducing a price on the
use of environment-related resources affects people’s decisions, even if the price is very
low. In addition, the survey findings indicate that “softer” instruments, based on the
provision of information to consumers and on public education, can substantially help to
induce changes on the demand side.
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Box 1.1. Smart cities: tackling social and global challenges at the local level
For the first time in history, more than half of the world’s population lives in urban areas.

Cities are critical sources of national growth and play disproportionately large roles in countries’
economies, knowledge generation and environmental performance (OECD, 2013n). Compared to higher
levels of government, cities offer more easily identifiable policy synergies and complementarities. Urban
policy makers are more likely to identify and combine complementary climate policies within and across
sectors, given the interconnectedness of urban systems such as transport, land-use planning, and
economic development (OECD, 2010c). Cities are responsible for a significant share of green infrastructure
investments (Figure 1.13) (OECD, 20130).

Cities are therefore the places in which smart innovative approaches, driven by information and
communication technologies (ICTs), analysis of (big) data and machine-to-machine communication,
naturally arise. Smart cities often target different aspects of urban development, such as transport, electricity
grids, buildings, or the delivery of public services in fields such as health care or education. Beyond
governance challenges raised by the many levels of government and of stakeholders involved, smart cities are
likely to improve citizens’ well-being and increase the efficiency of the urban system as a whole.

Figure 1.13. Cities make a major contribution to green public investment
Gross capital formation in environmental protection by level of government, percentage of total, 2012
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Source: OECD, National Accounts Database, April 2014 based on OECD (2013), OECD Regions at a Glance 2013, OECD Publishing, Paris,
http://dx.doi.org/10.1787/reg_glance-2013-en.
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In 2014, Brussels Capital (Belgium) will launch a tender for public procurement to develop a smart city
project around transport and mobility. In 2013 France devoted new funding to “tomorrow’s city” in the
framework of its Investments for the Future. Sustainable smart cities are becoming a prominent feature of
the Swedish Challenge Driven Innovation Programme and a part of its emerging Strategic Innovation Areas.
In 2011 Costa Rica included smart cities and smart grids in its roadmap for renewable energies. Also
in 2011, the Finnish government, Tekes and private companies set up a test environment for about
400 electric vehicles in the Helsinki metropolitan area to develop the infrastructure and transport system,
services for users and business models.

Source: OECD (2013), Green Growth in Cities, OECD Green Growth Studies, OECD Publishing, Paris, and country responses to the OECD
STI Outlook policy questionnaires 2014 and 2012.
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Innovation for an ageing society offers new market opportunities
and new growth industries

The share of the population over 65 years of age has been increasing in OECD countries
over the past few decades (OECD, 2013p). In 2010, around 15% of the OECD population was
over 65 years old. This ratio is expected to increase to 26% by 2050, and the increase in the
share of the population aged 80 years and over will be even more dramatic. Outside the
OECD area, while less developed regions still have young populations, some of the larger
emerging economies are likely to be converging with OECD population-ageing profiles by
mid-century.

Ageing will generate a range of serious challenges due to growing pressures on
economic performance, social and health care, and public finances. Not only will ageing
place a greater burden on health services, long-term care systems and public finances, it will
also take its toll on economic and productivity performance, as labour forces age in some
countries and shrink in others (OECD, 2012a). Ageing societies will face critical policy
challenges related to maintaining and enhancing health and social services for the elderly.
The increasing elderly population, combined with societal changes such as rising female
labour market participation, declining family sizes, and the continuing growth of the
stepfamily, will increase demand for care at a time when shortages of public health workers
are forecast and have already affected the pool of care providers (OECD, 2012f; OECD, 2011d).

Dementia and Alzheimer’s disease, in particular, already constitute a significant
public health challenge. An estimated 36 million people worldwide suffered from dementia
in 2010, of whom 42% in high-income countries (OECD, 2013q). They could number as
many as 115 million worldwide in 2050. Addressing the challenges raised by dementia has
become a major endeavour at international level. A landmark G8 Summit on dementia,
held in London in December 2013, concluded with a call for countries to accelerate
research, promote open science and greater data sharing at international level, and
improve quality of care of those with dementia (Wwww.oecd.org/health/dementia.htm). This is
not a challenge for OECD countries alone. An estimated 58% of the people with dementia
in 2010 worldwide were in middle- and lower-income countries.

In light of such long-term prospects, it is essential that the elderly remain as healthy,
independent and active as long as possible, so that they can play a part in family life,
society and the economy. Science and technology, and particularly ICT applications, will
play an important role in reaching this objective (OECD, 2012a).

Policy trends

Today it is important to promote services innovation in health care and nursing,
education, transport, and urban development. Ageing societies require public services to
address demand and priorities. In particular, innovative home- and community-based
services provide a good starting point for smart ageing approaches. Housing design that
supports independence, access to adaptations and technology that support ageing, flexible
support at home, and integration of housing services with health and care to create
integrated teams on a neighbourhood basis can all play a role.

In addition, new technologies can help improve conditions for people working in the
care sector and help to make care work more attractive in the future (EC, 2010). The
aged-care services sector, while diverse, faces common policy challenges. Although
institutional investors such as pension funds or insurance companies have shown
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increased interest in financing R&D for ageing in recent years, funding remains a major
constraint. On the one hand, the public good nature of innovation for the health and
well-being of older populations, as well as uncertainty and insufficient awareness of
market opportunities (including reimbursement, adoption by users and unclear business
models), lead to under-investment by the market. Yet governments are increasingly
constrained by fiscal consolidation. Some national policy programmes around
public-private partnerships (Denmark) and “silver” public procurement (Denmark, Finland,
Sweden and the United Kingdom) have been initiated to stimulate investments and
demand for smart ageing projects.

Other barriers to innovation may arise from systemic failures. In this case the issue is
less investment in goods and services than the preparedness of the innovation system
itself. Barriers to transformative changes in health and social care services include lack of
policy coherence, poor articulation of demand and regulatory uncertainty. In most
OECD countries the political, regulatory and funding structures for health care, for
example, differ from those for social care. Also, although they are interdependent,
governance and funding structures are often poorly co-ordinated and integrated, and care
provision and delivery is often fragmented. Sweden is currently moving towards a
challenge-driven innovation strategy for health, well-being and medical care. A national
initiative, Strategic Innovation Areas (SIA), has strong financial support in order to advance
innovation agendas, public-private partnerships and institutional change.

The need for more efficient, effective and sustainable services for health and
well-being requires rethinking traditional models in order to redefine the boundaries
between state and market and state and society on the basis of greater social responsibility
and collaboration between the public and private sectors.

Education and ICTs play a key role in fostering the democratisation
of innovation for the benefit of all

The role of innovation as a driver of growth is widely recognised. The relation between
innovation and inequality, however, is more complex. Innovation can increase inequalities
in income and opportunities among different groups in society (the “social inclusiveness”
issue) owing to differences in skills, social capital and access to finance. “Industrial
inclusiveness” can be hampered if “islands of excellence” concentrate high-performance
innovators and co-exist with groups of poorly performing firms and institutions or even
the informal economy, particularly in emerging and developing economies. So-called
“territorial inclusiveness” cannot occur if industrial and social inequalities underpin
inequalities between urban and rural areas or among city neighbourhoods. These different
dimensions of inclusiveness are related. Differences in access to and participation in
innovation can result in substantial intra-country gaps in productivity and income
distribution.

Wider participation in higher education and broader access to the Internet, social
networks and online community platforms have all contributed to broaden innovation
processes. Knowledge and resource sharing for innovation has gone beyond science and
industry boundaries; final users and society at large are increasingly involved in
innovation. Extended communities are mobilising to contribute ideas, content and
funding. Crowd-voting, crowdfunding and Internet-based idea competitions are examples
of different forms of crowd-sourcing to tap into global knowledge and resources accessible
in cyberspace.
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Information and communication technologies offer opportunities to support inclusive
innovation by “democratising innovation” and by extending the circle of individuals and
businesses that engage in innovation activities. ICTs have facilitated access to knowledge
and improved the means of communication available to society, including rural
communities in developing and emerging countries. The potential of ICTs is clear when
one looks at the importance of ICT-based products and services among the successes of
inclusive innovation initiatives.”> Some of these products have provided market
information to farmers, training to unskilled groups and improved business conditions for
disadvantaged groups. Many of the most successful applications have involved local
entrepreneurs as part of the development process. Such examples illustrate the potential
of ICT-based applications to support the innovative activities of entrepreneurs and small
businesses (OECD, 2013s).

Policy trends

Innovation policies are usually designed without attention to their impact on inclusive
growth. For example, fiscal incentives only benefit taxable firms and so exclude
loss-making firms (such as start-ups) and the informal sector. Innovation grants and public
procurement usually go to larger firms with closer links to government. If government
expenditure focuses on particular domains or sectors (often high-technology), more basic,
lower-technology innovations that would address social challenges, such as poverty, may
be disregarded. Expenditure might better be concentrated on particular actors and be less
conditional so that a larger number of firms or individuals could become innovators and
promote the democratisation of innovation.

The policy debates about the “digital divide” show that the Internet and ICTs are not
always an obvious integrating factor. Lower-income groups are often at a disadvantage in
terms of access and therefore less likely to reap the benefits. This is because skills,
innovation and technical change are complementary. Skills help exploit the opportunities
ICTs offer and are generally necessary to widen the circle of innovators. Skills and training
policies will be essential to avoid exclusion. In 2013, the Australian government made
USD 130 million PPP (AUD 192 million) available to universities to increase access and
participation for people from low socio-economic backgrounds, including indigenous
Australians. South Africa’s equity targets in human development projects aim to increase
the representation of blacks and women in the S&T and engineering sectors. Costa Rica
provides rural and vulnerable communities with access to intelligent community centres
that offer Internet access and have become centres of learning, particularly for digital
technologies.

A variety of innovative products and services, some of which rely on ICTs, have
substantially improved the welfare of lower-income groups. However, many have had
limited aggregate impact owing to their small scale. Success stories, such as Kenya’s mobile
banking service M-PESA, which now reaches an estimated 15 million users, indicate the
potential to upscale such innovations.

The critical policy issue is the potential trade-offs between policies that support
innovation and information technology (IT) and can increase aggregate efficiency and
growth, on the one hand, and the distribution of benefits, on the other. While innovation
can increase inequality, as benefits accrue to the innovators, the diffusion process can
equalise the benefits over time. In this respect, it is important to consider the prioritisation
of economic activities (e.g. ICTs, biotechnology or agriculture).
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Different economic activities have different patterns of employment, skills and wages.

They also differ in how they are connected to

other activities through sales, purchases or

knowledge circulation. The promotion of certain activities can therefore affect the distribution
of income or have more widespread economic impacts. This affects not only growth but also
industrial inclusiveness and, via wages, social inclusiveness. This issue is of particular interest
at a time when countries are reconsidering the benefits of industrial policies.

LOOKING INSIDE THE GLOBAL RESEARCH SYSTEM

This section considers the expansion of the global research
system under the present conditions of economic recovery.

It describes the changing landscape of global R&D with
the rise of Asia and the growing cost of technological
catch-up to world-class standards of research. It explores
recent and expected technology developments through
patent application “bursts” and R&D investments by the
world’s largest corporate investors. Policy implications of
S&T acceleration, technology convergence and cybersecurity
requirements are also considered. It addresses issues such
as large-scale public R&D investments, smart specialisation
and research roadmaps, inter-agency co-operation,
interdisciplinary research, open data and open science, and
the changing conditions of doing and commercialising public
research.
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Many of today’s innovations would have been impossible without the developments
enabled by scientific and technological research.

The global research system is expanding

54

Research and innovation are on the rise in Asia

In spite of the economic downturn, world investment in R&D has increased steadily
since 2007 (Figures 1.14 and 1.15). OECD R&D spending reached over USD 1.1 trillion
in 2012° (OECD, 2014g). R&D expenditures by Brazil, the Russian Federation, India,
Indonesia, China and South Africa amounted to an additional USD 330 billion. World R&D
expenditure in 2012 could be some USD 1.4 trillion, of which about 80% attributable to ten
countries (OECD estimate). The OECD would account for 70% of world R&D expenditure,

compared to about 90% ten years ago (Figure 1.

14).

The 2008 crisis has reinforced on-going shifts in the global research landscape. The
top ten R&D-performing economies have changed since 2007, with the entry of Chinese
Taipei and the exit of Canada. Since 2009, China has been the second largest R&D
performer, behind the United States and ahead of Japan (Figure 1.14). The share of global
R&D investments has decreased over time in the United States (an estimated 28% in 2012),

Japan (10%) and the European Union (20%).
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Figure 1.14. World! R&D efforts have weathered the turmoil and remain
concentrated in a few major global players
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1. Global gross expenditure on R&D (GERD) is estimated as the sum of GERD performed by OECD countries, the BRIICS, and Argentina,
Colombia, Costa Rica, Egypt, Latvia, Malaysia, Romania, Singapore and Chinese Taipei. A world estimate would amount therefore to
some USD 1 260 billion PPP in 2011 and USD 1 400 billion PPP in 2012.

Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti; UNESCO Institute of Statistics (UIS), Science, Technology and Innovation

Database, June 2014. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.

StatLink Si=m http://dx.doi.org/10.1787/888933151488

Korea became the world’s most R&D-intensive country in 2012, overtaking Israel,’
where R&D spending incurred by firms and government slowed during the crisis
(Figure 1.15; see also Figures 1.21 and 1.26). When considered as a proportion of GDP,2
OECD R&D expenditure rose slightly from 2.25% in 2007 to 2.40% in 2012. This sustained
commitment to R&D is broadly based. R&D intensity increased in most economies, with a
sizeable upward shift in some, notably Korea (+1.15%) and Estonia (+1.09%).” In the United
States, R&D intensity rose from 2.63% to 2.79% over the period. From a lower base, the EU28
GERD/GDP ratio rose slowly, by 0.22 of a percentage point to 1.98% in 2012.

Some countries have experienced a decline in R&D intensity since 2002, and in most
cases, it occurred before the crisis. Sweden (-0.40%), Iceland (-0.35%), Israel (-0.34%) and
Canada (-0.30%) have recorded the sharpest falls.
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Figure 1.15. Gross R&D expenditure, 2013 and 2007
As a percentage of GDP
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Note: Data for Austria refer to 2013. Data for Colombia, Costa Rica, Iceland, Malaysia, Mexico, New Zealand and South Africa refer to 2011
instead of 2012; data for Australia and Brazil refer to 2010 instead of 2012; data for Indonesia refer to 2009 instead of 2012; data for
Switzerland refer to 2008 instead of 2013; data for Australia, Malaysia and Switzerland refer to 2008 instead of 2007. For Slovenia, a change
in methodology in 2011 introduced a break in the series.
Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti; UNESCO Institute for Statistics (UIS), Education database, June 2014. Data
retrieved from IPP.Stat on 8 July 2014. http://stats.oecd.org//Index.aspx?Queryld=57863.

StatLink sizr http://dx.doi.org/10.1787/888933151495

Outside the OECD area, Chinese Taipei (+0.91%) and China (+0.91%) showed the
sharpest increases in R&D intensity. In 2012, Chinese Taipei spent 3.06% of GDP on R&D,
and ranked between Japan (3.35%) and Denmark (2.98%), while China’s R&D intensity is
now on par with that of the EU28.

The relative cost of accessing world-class research is increasing

The global R&D system remains centred on a handful of economies. The top ten
economies have maintained their share of global R&D expenditure since 2007, but the gap
between the ten most R&D-intensive economies and the rest of the world has widened. As
research spending appears to be stagnating in OECD countries, convergence with leading
economies tends to occur in non-OECD economies.

The concentration of R&D around big players and economies with more mature
research infrastructure (i.e. with higher GERD intensity) changes the conditions under
which smaller and lower-income countries access world-class research. As the gap widens,
lagging countries’ technological catch-up costs rise, which increases the risk of their
exclusion from GVCs and global knowledge flows.

S&T output has been recovering gradually

The crisis has slowed scientific and technological output worldwide. While scientific
production, as measured by scientific publications, was less adversely affected and has
been accelerating since 2010, technological production, as measured by patenting
activities, has decreased significantly, and is still slow to recover (Figure 1.16). This reflects
to some extent the different impacts of the downturn on parts of the R&D system, in
particular public research and business R&D.
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Figure 1.16. Patenting activities have suffered and are slow to recover

Panel 1. Evolution of total world triadic patent families

Panel 2. Evolution of total world top scientific publications
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Note: Panel 2 - Publications in the top 10% of journals are drawn from the SciVal Elsevier database. Ranking is based on the Scientific
Journal Ranking (SJR), an impact-factor normalised index that takes journal prestige into account as a measure of quality. Scientific
production is based on whole counts of documents by authors’ institutional affiliation in the country. The EU28 share is overestimated
as it includes publications with several European co-authors.
Sources: Panel 1 - OECD, MSTI Database, June 2014, wwuw.oecd.org/sti/msti. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//
Index.aspx?Queryld=57863; Panel 2 - Elsevier B.V. (2014), SciVal. Data retrieved from SciVal (Scopus - Elsevier) on 31 January 2014.
StatLink =P http://dx.doi.org/10.1787/888933151501

Triadic patent family'® data show that the steady growth of patenting activities during
the first half of the 2000s slowed before the 2007-09 downturn. The crisis reinforced this
trend, as depressed economic conditions discouraged firms from engaging in innovative
activities. The number of patents filed at the three patent offices has increased since 2009,
but remains low by earlier standards.

Changes in the global R&D landscape described above are already reflected in global
S&T production. The share of the United States and Japan in total world patents and
scientific publications is on the decline, slowly giving way to S&T production by the BRIICS,
especially China (Figure 1.16). The BRIICS produced about 12% of top-quality scientific
publications globally in 2013, compared to 28% in the United States. The share of the BRICS
is almost twice what it was ten years ago. This shift in scientific leadership is also apparent
in patents, although it is less striking.

The outlook is for a gradual strengthening of the global research system

Under current economic conditions, a strong resurgence of R&D and innovation over
the next two years is unlikely, but prospects could improve by 2015. Macroeconomic
prospects and the business climate should improve, owing to a renewed appetite for risk,
more favourable financial conditions and growing demand (OECD, 2013a). Public debt is
projected to peak in 2015, and the pace of fiscal consolidation should slow gradually
after 2015 (OECD, 2013a). The benefits of the rationalisation of STI policy and the
deployment of more systematic evaluations should become apparent. Improvements in
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macroeconomic conditions and lower tax burdens should help restore confidence in public
institutions, and should have a positive effect on the involvement of civil society in STI
activities.

The current uneven economic recovery is expected to widen the gap between
countries that experience flat or slow growth (and may have difficulty maintaining R&D
expenditure) with those with strong economic momentum (and thus good conditions for
expanding national R&D). The rise of China, driven by its economic dynamism and its
long-term commitment to STI, should continue. China’s Medium and Long-term National
Plan for S&T Development (2006-20) targets R&D spending of 2.5% of GDP by 2020.
Assuming linear growth in Chinese and US R&D expenditure, China should outpace US
R&D spending by about 2019 (Figure 1.17). However, China’s recent economic slowdown
may delay this scenario. The situation in the European Union will be more varied, and
several countries will struggle to achieve a 3% target by 2020.

Figure 1.17. China should outpace the United States as the leading R&D performer
in the coming years
GERD, million 2005 USD PPP, 2000-12 and projections to 2024
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Note: Trends are projected on the basis of US, Japanese and Chinese GERD data from 2000.
Source: Based on OECD, MSTI Database, June 2014, www.oecd.org/sti/msti. Data retrieved from IPP.Stat on 8 July 2014,
http://stats.oecd.org//Index.aspx?Queryld=57863.
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With the development of technologies, new issues arise
Technology is accelerating in certain fields

The acceleration of scientific discovery and technological development is a well-known
feature of modern societies. Access to inventions and innovations is faster, cheaper and
better, with technology now a part of mass culture. Two types of data make it possible to
capture changes in technological developments: one is changes in R&D investments by large
companies’! that anticipate market prospects and align their research strategy, and the
other is changes in patenting activities that signal research results and an intention to
exploit them commercially. Both approaches show converging results.

Industrial R&D investment by the world’s 2 000 largest investors remains concentrated
in a few sectors, with pharmaceuticals and biotechnology, technology hardware and
equipment, and automobiles and parts accounting for half of total R&D investment (EC,
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2013). Investment in software and computer services (+11.7%), automobiles and parts
(8.9%), and technology hardware and equipment (8.8%) has increased rapidly. Other sectors
with high R&D growth are industrial engineering (9.8%) and the health-care equipment
and services sectors (8.3%).

The accelerated development of new successful technologies (“bursts”) is apparent in
patent filings. Experimentation in the form of R&D or inventive activity over several years
is sometimes followed by a sudden and marked increase in innovative activity, which is
typical of the development of successful new technologies (OECD, 2013i). Early
developments generally occur in patent classes that are later abandoned in favour of new
technological solutions in different patent classes (Figure 1.18). Depending on the field, the
shift 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
biotechnology, phone and wireless communication).

Areas of acceleration are new technologies related to:

e climate change mitigation (e.g.lighting, electric power, electric and hybrid vehicles,
energy generation, batteries, motors and engines);

e ageing, health and food security (e.g. chemistry and biotechnology);

e information and communication management (including infrastructures for “big data”
and virtual payments);

e new manufacturing processes (e.g. chemistry, nanotechnology, composite materials,
new materials, 3D printing and laser technology).

Policy trends

Countries are making new large-scale R&D investments in promising technology
fields. Under its new Industrial Strategy, the United Kingdom granted USD 865 million PPP
(GBP 600 million) in 2013 to its Eight Great Technologies, which cover the four areas of
technology acceleration mentioned above.'? Turkey has launched two mission-oriented
programmes in the priority areas of its National STI Strategy 2011-16, including ICT,
automotive, machinery and manufacturing, energy, and health.

Ageing, health and food security. The United States has increased federal investment and
interagency co-operation in neuroscience to improve health and learning. The USD 100
million Brain Initiative aims to advance knowledge of brain disorders, such Alzheimer’s
disease. China has identified the development of agricultural technologies as an emerging
STI policy issue and will promote entrepreneurship in this field.

New manufacturing processes. The 2014 US Budget focuses R&D and innovation on
next-generation manufacturing technologies, including robotics and advanced materials,
with funding of USD 2.9 billion across multiple agencies and sectors. In 2013 France issued
a new plan for 34 key industries that focuses on manufacturing and is planning
expenditures of USD 4 billion PPP (EUR 3.4 billion) in the coming years. Canada is providing
USD 160 million PPP (CAD 200 million) over five years for the creation of an Advanced
Manufacturing Fund that will support investments by manufacturing firms in activities
such as prototyping and product testing, as well as USD 130 million PPP (CAD 165 million)
over five years for a new Aerospace Technology Demonstration Programme.
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Figure 1.18. Technology acceleration
Panel 1. Major fields of R&D investment by the world’s largest corporate investors, million current EUR, 2012
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Notes:
Panel 1 -The world’s largest corporate investors in R&D are the world’s top 2 000 companies ranked by R&D investments.
The sample consists of 527 companies based in the EU and 1 473 companies based elsewhere. The total R&D investment
of these companies is estimated at more than 90% of the total expenditure on R&D by businesses worldwide.
Panel 2 - Patent “burst” refers to periods characterised by the sudden and persistent increase in the number of
patents filed. 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 (patent codes) and fractional counts.
The top patent bursts are identified 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.
Sources: Panel 1 - EC (2013), The 2013 EU Industrial R&D Investment Scoreboard, European Commission, Brussels. Report
and full dataset accessible on line http://iri.jrc.ec.europa.eu/scoreboard13.html; Panel 2 — OECD (2013), OECD Science,
Technology and Industry Scoreboard 2013: Innovation for Growth, OECD Publishing, Paris, http://dx.doi.org/10.1787/
sti_scoreboard-2013-en; Based on the EPO, Worldwide Patent Statistical Database, April 2013.
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Technology convergence creates challenges

The convergence of key emerging and enabling technologies — nanotechnology,
biotechnology, information technology and cognitive sciences - and the combination of
different disciplines into new R&D fields have the potential to lead to important changes in
industries and societies and to provide new ways to address global and social challenges
(e.g. managing megacities, clean water production, food security).

Interdisciplinary research supports convergence in scientific research. New fields of
research emerge from S&T disciplines that follow a mix of approaches to research and use
a variety of analytical instruments and evaluation methods. Technology platforms connect
data, models and actors to integrate knowledge, identify gaps and support co-ordination of
global research. The concentration of science actors in convergence hubs, e.g. around
technology platforms, can enable the sharing of facilities, equipment and skilled
technicians by different technology and research fields. However, platforms are difficult to
map and are likely to have few commercial or publishable outputs.

Policy trends

Keeping up with S&T developments requires increasing investments, while
technological acceleration tends to reduce the time during which R&D investors can expect
to maintain their advantage and reap the benefits of discoveries. Scarce funding should
prompt large and smaller players to increase participation in co-operative projects, support
“smart specialisation” and encourage technology monitoring and foresight analysis in
order to identify technological niches and long-term technology developments. In 2012
Germany adopted an interdisciplinary approach and a demand perspective (“demand
pull”) that better integrates technology-oriented results and results from the social
sciences and humanities.

Enthusiasm for specific areas of convergence provides a stimulus to adopt a new
technology policy agenda, develop roadmaps and establish dedicated research centres. But
technology convergence covers a wider area, including the actual convergence of scientific
communities to produce knowledge, exploitation and commercialisation of research,
convergence of manufacturing and product development infrastructures, and embedding
these technologies into society.

As the Internet expands, the importance of cybersecurity increases

The pace of technological change on the Internet, and in the ICT sector in general, is
extremely rapid. High-speed networks, devices (e.g. tablets, mobile phones) and
Internet-based services (e.g. apps) have emerged as some of the most promising Internet
developments in recent years (OECD, 2012g). Cloud computing has also shown great
potential as a platform for innovative new services. In particular, it has significantly
reduced IT barriers for SMEs, allowing them to expand faster and innovate (OECD, 2012a).
Not only are ICTs essential to innovation processes, but the Internet is affecting nearly all
sectors of the economy and reshaping the way people live (OECD, 2012g). The future of the
Internet economy also depends on whether individuals, businesses and governments trust
the Internet for applications and service delivery.

As dependency on the Internet increases, security, privacy and consumer protection
become more essential than ever (OECD, 2014h). Over only a few years, information flows
across jurisdictional borders have increased, without imposing significant additional cost.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 61



1.1. THE FUTURE OF SCIENCE, TECHNOLOGY AND INNOVATION POLICIES

The open and interconnected nature of the digital environment have made it more
vulnerable to cybercriminals, ranging from organised criminal and terrorist groups to
“hacktivists”, whose actions undermine the economic and social interests of an
organisation (e.g. loss of competitive advantage, damage to reputation and image, or
financial loss due to breaches of confidentiality, breaches of integrity and unavailability of
knowledge-based capital).

From an economic and social perspective, security has two conflicting aspects. On the
one hand, it can reduce uncertainty and increase trust so as to make innovation and other
economic and social activities possible. On the other hand, it can impose inhibiting
constraints (e.g. financial cost, system complexity, loss of performance, usability and user
convenience, lengthier time to market, and loss of privacy). The traditional cyber-security
approach is to create a secure digital environment inside a strong security perimeter that
prevents intrusion, but also limits information flows. However, innovation requires an
open digital environment and the free flow of information.

Policy trends

With the multiplication of high-profile media reports on cybercrime and
cyber-espionage, decision makers in public and private organisations increasingly
recognise the need to protect their digital assets.

An effective security framework should adapt the level of security measures to the
level of the potential economic and social damage to each asset. Since the adoption of its
Security Guidelines in 2002, the OECD has been calling for a new “culture of security” to
support innovation, productivity and growth in a globally open and interconnected digital
environment, by promoting a risk-based management approach to digital security (OECD,
2002a).

A new generation of national cyber-security strategies in ten OECD countries reveals
that cyber-security policy making is at a turning point (OECD, 2012h). In many countries, it
has become a national policy priority with strong leadership. Cyber-security policy making
has economic, social, educational, legal, law-enforcement, technical, as well as sovereignty
considerations, such as the use of offensive cyber-capabilities in armed conflicts, and
norms of state behaviour in cyberspace, for example in intelligence-related activities.
Several national cyber-security strategies consider cyber-security R&D (OECD, 2012h) a
high priority and are adopting initiatives to stimulate cyber-security innovation in SMEs
(UK Cabinet Office, 2011). The US federal government continues to invest in a robust
research cyber-infrastructure. Norway adopted a Cyber Security Strategy in 2012, which
includes a new societal security research programme and measures to increase the use of
ICT research results for information security efforts.

Challenges for cyber-security policy making include the co-ordination of government
agencies with different roles and the development of appropriate incentives to foster
cyber-security risk management across a variety of public and private actors, including
self-regulation, regulation and legislation. Policies are also needed to address the
cyber-security skills shortage and to stimulate international co-operation and the
development of the cyber-security industry. The cyber-security marketplace may evolve
with the entry of military and aerospace industry players, which have an innovation
culture different from that of the traditional ICT sector.

62 OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014



1.1. THE FUTURE OF SCIENCE, TECHNOLOGY AND INNOVATION POLICIES

BUSINESS INNOVATION WILL BE THE DRIVER
OF A SUSTAINABLE ECONOMIC RECOVERY

This section focuses on one of the main parts of national
innovation systems: the business sector.

It describes recent trends and a possible future for
business R&D expenditure in light of macroeconomic
conditions. It examines the changing modes of innovation
and of innovation funding, as well as recent developments in
innovative entrepreneurship. It considers the growing
openness of business innovation, especially through greater
collaboration along production chains, and the agglomeration
of firms in globally connected nodes. It outlines growing
public funding of business innovation through shifting policy
mixes, more generous R&D tax incentives, new debt funding
and risk-sharing mechanisms, and greater public support to
venture capital markets. It addresses issues regarding the
role of governments in the financing of business innovation,
e.g. in fostering non-bank intermediation or enabling
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Business R&D has been preserved compared to other investments
and has partially recovered
Firms are at the heart of the global R&D system. Business enterprises account for the
bulk of R&D performed in OECD countries (68% of OECD area R&D in 2012) (OECD, 2014g).
In 2012, OECD firms spent nearly USD 752 billion on R&D. The United States accounted for
42%, Japan for 15% and the EU28 for 28% of the OECD total. In the same year, Chinese firms
invested over USD 224 billion in R&D, over a fifth of the OECD total.

The global economic crisis had a strong negative impact on innovation worldwide and
total OECD BERD declined by a record 4.2% in 2009 (Figure 1.19). However, business
knowledge-intensive investments, such as R&D investments and investments in intangible
assets (e.g. software), were more resilient than other types of investments (Figure 1.19).
Investment in machinery and equipment dropped sharply during the crisis; OECD R&D
spending recovered to pre-2007 levels in 2012.

In addition, data on the 2 000 companies’® that invest the most in R&D worldwide*
show resilient R&D investments over the three years since 2009. This reflects the strategic
importance companies attach to R&D even in times of economic uncertainty. The world’s
top R&D investors increased their investment efforts in R&D by 6.2% in 2012. They did so in
a global context marked by a general slowdown of net sales growth (4.2% in 2012 compared
with 9.9% in 2011) and a decline in operating profits (-10.1%) (EC, 2013).
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Figure 1.19. Business investment in knowledge assets weathered the crisis better
and recovered earlier
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Note: In national accounts, spending on R&D activities is treated as expenditures and not as investment, and is
therefore not capitalised. R&D capitalisation should be effective from 2014. For further information, please refer to
OECD (2010d), Handbook on Deriving Capital Measures of Intellectual Property Products, OECD Publishing, Paris
www.oecd.org/std/na/44312350.pdf.
Intangible fixed assets are non-financial fixed assets that mainly consist of mineral exploration, computer software,
entertainment, literary or artistic originals intended for use for more than one year. Other gross fixed capital
formation includes dwelling and transport investments.
Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti; OECD, National Accounts Database, April 2014. Data
retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.

StatLink Sa=P http://dx.doi.org/10.1787/888933151539

Recent growth in OECD BERD has been driven by US firms, whose R&D investments are
back to pre-crisis levels (Figure 1.20). In the EU, the situation has improved gradually,
although a new decrease in private research spending in 2012 suggests that the recovery
may not be robust. Japanese firms have difficulty rebuilding their R&D capacities and
Japan’s BERD remains at 2007 levels (USD 116 billion). Outside the OECD, Chinese
companies have deployed their research facilities more rapidly since 2008; as a
consequence China overtook Japan as the second largest country for industrial research
in 2009.

Business expenditure on R&D tends to be more closely linked to the creation of new
products and techniques than R&D performed in the government and higher education
sectors (OECD, 2010b). Experimental development is the segment of business R&D that is
most likely to turn into rapid innovation, as it is “directed to producing new materials,
products or devices, to installing new processes, systems and services, or to improving
substantially those already produced or installed” (OECD, 2002b). In most countries for
which comparable data are available, little business R&D is spent on basic research; applied
research and experimental development comprise the lion’s share of BERD. When
considering an aggregate index of BERD shares by type of research (basic, applied and
experimental), firms in Switzerland, China and Chinese Taipei appear more likely to be
engaged in R&D and have a closer connection with end-use products and markets
(Figure 1.21).
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Figure 1.20. Business research capacity has been relatively preserved
Panel 1. Evolution of BERD by largest performing economies, million 2005 USD PPP, 2002-12
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Notes:
Panel 2 - The index “business R&D proximity to the market” roughly illustrates in a single figure the breakdown of business R&D
expenditure by type of research. Three types of research are distinguished: basic research, applied research and experimental
development (OECD, 2002b). The share of total BERD devoted to basic research is weighted 1, that of applied research is weighted 2 and
that of experimental research is weighted 3. The closer countries are to 300, the more domestic firms spend in relative terms on
experimental development.
Data for the Czech Republic refer to 2011. Data for Austria, Mexico, South Africa and Chinese Taipei refer to 2009. Data for Australia,
Iceland, Switzerland and the United Kingdom refer to 2008. Data for Norway and Poland refer to 2005.
Source: Panel A — OECD, MSTI Database, June 2014, www.oecd.org/sti/msti. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//
Index.aspx?Queryld=57863; Panel B — Based on OECD, RDS Database, March 2014, www.oecd.org/sti/rds. Data retrieved from IPP.Stat on
8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.
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Figure 1.21. Business R&D expenditure has intensified in most countries
BERD, as a percentage of GDP, 2012 and 2007
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Notes: Data for Australia, Colombia, Costa Rica, Iceland, Mexico, New Zealand and South Africa refer to 2011; data for India refer to 2007.
Data for Switzerland refer to 2008 and 2012. Data for Malaysia refer to 2008 and 2011.The EU28 is an OECD estimate.
Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//
Index.aspx?Queryld=57863.

StatLink Sazm http://dx.doi.org/10.1787/888933151555

During difficult economic times, firms become more risk-adverse and may respond to
weaker market prospects by concentrating innovative efforts on activities offering
short-term benefits. BERD data by type of research are inconclusive in this respect and do
not point to a substantial shift in the orientation of business R&D during the downturn. For
the countries with more substantial changes, firms seem to have refocused their efforts on
earlier stages in the research process, i.e. applied research.

Israel has experienced a notable fall in business spending on R&D since 2007 but is the
world’s second most BERD-intensive country, with BERD at 3.32% of GDP in 2012
(Figure 1.21). Korea (3.40%) has made significant progress since 2007 and overtook Israel,
Japan, Finland and Sweden in terms of BERD intensity to reach first place. OECD
performance has been essentially flat during the period; OECD BERD stood at 1.63% in 2012.
The EU28 BERD intensity (1.24%) weighs on overall OECD performance. The figure for Japan
is a high 2.57% and that of the United States (1.95%) is above average.

Outside the OECD, China and Chinese Taipei have increased their BERD intensity
since 2009. China (1.51%) is now on par with Belgium (1.52%) and France (1.48%), while
Chinese Taipei (2.27%) is on par with leading OECD industrial R&D performers.

Of course, countries’ industrial structure strongly influences the amount of their R&D,
as some industries are inherently more R&D-intensive than others (OECD, 2010b). 2011
estimates of BERD adjusted for industrial structure show that Germany and Korea would be
below the OECD average and Belgium, France and the Netherlands would be above average
if they had the same industrial structure (OECD, 2013i).
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The pattern of R&D intensity across countries follows some predictable trends (OECD,
2010b). The more developed economies tend to be more R&D-intensive, as they are closer
to the technological frontier and their industries are under pressure to innovate to survive.
Catching-up economies can reap substantial gains from adopting and adapting
technologies and may therefore feel less pressure to emphasise R&D. As such, there is a
generally higher concentration of emerging economies at the lower end of the R&D
intensity spectrum. The upward progression of some emerging economies in this ranking
reveals the fast development of industrial R&D capacities in these regions and points to
growing global competition around R&D assets.

Policy trends

Most business-performed R&D is financed by industry, with 86% of OECD-area BERD
funded by industry in 2011 (OECD, 2014g). However, public funding of business R&D has
increased significantly over the past decade, driven by increasingly generous R&D tax
arrangements as legal restrictions (e.g. WTO, EU) capped the volume of direct state aid.

The focus is either on direct (e.g. grants, subsidies, loans, procurement, etc.) or indirect
(e.g. tax incentives, etc.) funding. In many cases, firms, especially the largest ones, are able
to combine direct and indirect support. Direct and indirect funding combined accounts for
10-20% of business R&D expenditure in most countries (Figure 1.22). France, Canada and
Hungary have the most attractive combined arrangement, with over a quarter of business
expenditure potentially subsidised or refunded. Denmark, Japan and Italy are less
generous (less than 10%). The total volume of R&D support provided to firms has increased
in most countries since 2006, with the most notable increases in Belgium, France and
Canada (Figure 1.22).

Although not all countries provide tax relief on R&D expenditure, 27 OECD countries
have offered tax incentives to support business R&D since 2011, more than twice the
number in 1995 (OECD, 2013t). By 2011 over a third of total public support to business R&D
took the form of tax incentives, and more than half when the United States’ direct
procurement of defence R&D is excluded. Indirect tax support is considered the major
funding instrument for business R&D in Australia, Belgium (federal government), France,
South Africa and the United States. The Netherlands has made tax relief the main
instrument for industrial policy, which focuses on the “top sectors”.

R&D tax incentives have been simplified (e.g. by abandoning incremental design) and
made more generous (e.g. by increasing the tax relief rate) and more accessible to a larger
number (e.g. by raising or removing the ceiling on eligible expenditures or tax concession).
R&D tax incentives that were originally non-discretionary have also been gradually
redesigned to address particular market or systemic failures, or target specific populations
(e.g. SMESs) or specific types of R&D (e.g. subcontracted R&D) (see the policy profile on “Tax
incentives for R&D and innovation”).

R&D tax incentives have become a way to increase the attractiveness of the national
research ecosystem and to engage in tax competition to attract foreign R&D centres.
In 2013 the United Kingdom introduced an expenditure credit scheme to make R&D tax
relief more attractive to large firms and to leverage domestic R&D activity.
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Direct funding through grants, debt financing and public procurement, however,
remains the main channel of public support to business R&D in many countries (see the
policy profile on “Government financing of business R&D and innovation”). Competitive
grants are important in a majority of countries and not only in those that have no fiscal
incentives for R&D (e.g. Finland, Germany and Sweden). China, where equity funding is the
main instrument, is an exception.

Recent developments in direct funding of business R&D and innovation apply more
market-friendly approaches, encourage competition-based selection and streamline public
support schemes.

Countries also increasingly emphasise debt and equity financing in the policy mix for
business innovation (see the policy profile on “Government financing of business R&D and
innovation”). The United Kingdom is currently setting up a new national development
bank, the British Business Bank, to increase the supply and diversity of finance available to
UK SMEs. In 2012 France created the Public Investment Bank (BPI) to support business
innovation and technology transfer and provide seed capital and loan guarantees. In 2013
Denmark introduced new subordinated loans for SMEs and Danish entrepreneurs.

In 2013 Canada announced its Venture Capital Action Plan. This is a comprehensive
strategy for deploying USD 320 million PPP (CAD 400 million) in new capital over the next
seven to ten years in order to attract close to USD 800 million PPP (CAD 1 billion) in private
investments in funds of funds. In 2013 Germany implemented the Investment Grant for
Business Angels to generate additional funds for innovative start-ups from private venture
capital investors. Turkey launched a venture capital fund of funds, the TUB TAK 1514
Programme, to stimulate the entrepreneurship ecosystem. The United Kingdom launched
the Venture Capital Catalyst Fund to invest in commercially viable venture capital funds
that might otherwise suffer because of a reduction in institutional investment.

As R&D tax incentives have increasingly replaced direct subsidies, their relative
cost-efficiency must be addressed. In spite of the large amounts of public money provided,
few evaluations have assessed the additionality of R&D tax incentives (Kohler et al., 2012),
and no internationally comparable data exist on the management costs incurred by tax
authorities and claimants. More broadly, the increase in tax concessions (of all kinds) raises
the issue of the erosion of the tax base and the sustainability of national budgets at a time
when many governments must consolidate their public finances. It is noteworthy that, in
recent years, some countries that traditionally offered among the most generous tax
concessions for R&D have tightened their tax policy (Australia, France to a lesser extent)
and have reinforced compliance and control mechanisms (Canada). The Australian
government, while enhancing the benefits available, has tightened eligibility requirements
and has proposed to change legislation to reduce concession rates and exclude very large
companies from claiming tax offsets under the R&D tax incentive. The Canada Revenue
Agency is receiving more resources to strengthen reviews of its R&D tax programme. In
France, the R&D tax credit (Crédit d’'imp6t recherche) has been marginally revised by reducing
the eligible expenditure base and by repealing enhanced deductibility for new claimant
firms.
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Figure 1.22. Total public support for business R&D has increased markedly
since 2006
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Estonia, Germany, Luxembourg, Sweden and Switzerland do not provide R&D tax incentives. Mexico and
New Zealand repealed their R&D tax incentives in 2009 and 2009-10, respectively. Finland is setting up the conditions
for introducing a R&D tax incentive scheme for companies.

In Austria, Poland and South Africa, R&D tax incentive support is already included in official estimates of direct
government funding of business R&D (OECD, Science, Technology and Industry Scoreboard 2013: Innovation for Growth,
OECD Publishing, Paris, http://dx.doi.org/10.1787/sti_scoreboard-2013-en). Iceland, Israel and Greece provide R&D tax
concessions but the cost estimate of R&D tax relief is not available and therefore not included in the total.

For Chile, China and the Russian Federation, R&D tax estimates are available only for 2010, 2009 and 2011,
respectively. The same year is therefore represented on the above figure for 2007 and 2012. Data for Estonia, Finland,
Germany, Poland, Slovenia, Switzerland, the United Kingdom and the United States refer to 2012; data for Australia,
Belgium, Chile, Ireland, Spain and South Africa refer to 2010; data for China and Luxembourg refer to 2009. Otherwise
data refer to 2011.

For more technical information on the coverage of R&D tax data, see the OECD Directorate for STI webpage on
measuring R&D tax incentives at www.oecd.org/sti/rd-tax-stats.htm.

Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti; OECD data collection on R&D tax incentives, 2013; and
country responses to the OECD STI Outlook policy questionnaire 2014. Data retrieved from IPP.Stat on 8 July 2014,
http://stats.oecd.org//Index.aspx?Queryld=57863.
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The frontiers between industry and services, technology and innovation
are blurring
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Innovation is more than science and technology. While R&D remains vitally
important, many highly innovative firms do not engage in R&D at all (OECD, 2010a).
Technological innovation also does not systemically require R&D. Innovation survey data show
that most innovative firms have mixed innovation strategies that combine several modes of
innovation (Figure 1.23). In addition, non-technological innovations, i.e. marketing'® and
organisational changes in business practices, workplace organisation or external relations,
combined with technological innovations, account for a substantial share of firms’
innovative activities. Non-technological innovation is of particular importance in services
(OECD, 2013i).

Figure 1.23. Most innovative firms combine several modes of innovation
Innovative firms by mode of innovation, as a percentage of all firms (%), 2008-10
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Product- and/or process-innovating firms always include on-going and/or abandoned innovation activities. For more detailed

information on data coverage by country, see the OECD Directorate for STI webpage on Innovation Statistics, www.oecd.org/sti/inno/
inno-stats.htm.

Sourc

e: OECD, Innovation statistics 2014, based on Eurostat (CIS-2010) and national data sources, June 2013. Data retrieved from IPP.Stat

on 8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.
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The growing importance of the services sector in OECD economies and its role in job
creation and innovation activities have been widely documented. Services have been
increasingly acknowledged as more knowledge-based, innovative and growth-enhancing
than previously thought (OECD, 2005). At the same time, this structural shift has led, in
some OECD economies, to a reallocation of resources towards a sector with lower average
productivity.

Today, services are increasingly considered fundamental inputs and outputs of
innovation processes in non-service sectors. Statistics on trade in value added show thatin
most OECD and non-OECD countries, over a third of manufacturing exports include value
added from service industries, domestic or not (Figure 1.24). This indicates the importance
of services for export competitiveness in manufacturing. Knowledge-intensive services,
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Figure 1.24. Services innovation has become a driver of competitiveness in GVCs
Services value-added content of gross manufacturing exports, percentages, 2009
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Source: OECD (2013), Interconnected Economies: Benefiting from Global Value Chains, OECD Publishing, Paris, http://dx.doi.org/10.1787/
9789264189560-en.
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including R&D services, are now part of wider business strategies and participate in the
fragmentation of production along GVCs. In addition, the boundaries between sectors have
blurred as manufacturing firms increasingly exploit new market opportunities by bundling
experience, products and finance and expanding related services. Service innovation has
become a driver of competitiveness along the entire value chain.

Policy trends

Existing innovation policy frameworks have been designed mainly from a
technological or manufacturing perspective and tend to neglect the non-technological
contribution of services and its potential. In addition, there is little information on
service-specific market and system failures and the rationale for service-specific policies.
The understanding of the role of services and the policies needed to foster their
development is also limited. As a consequence, few countries have specifically paid
attention to services in national innovation policies design.

Policies that can enhance innovation in the services sector (OECD, 2005) include skills
development (given the reliance of services on highly skilled workers), entrepreneurship
programmes (newly established firms tend to play a greater role in services than in
manufacturing), IPR protection (software and business-method patents) and development
of ICTs (a key enabler of service innovation). Standards can also promote innovation in
services because they improve interoperability and compatibility, lower transaction costs,
increase market transparency and consumer confidence, and enable deregulation.

The policy focus has evolved from a sectoral perspective towards embedding service
innovation in the overall innovation policy mix (OECD, 2012a). An integrated view of
manufacturing and services is needed and should take into account their complementary
character (OECD, 2013h). Services are less likely to relocate abroad and it may be easier to
turn innovation and knowledge into jobs in services than in manufacturing.
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Innovative entrepreneurship is important

Creation of new firms and innovation in existing SMEs develop new products and
services in all sectors and play an important role in innovation performance (OECD, 2013u).
Non-technological innovation, which requires less knowledge capital and investments,
changing technologies, more “niche market” demand, and the rise of GVCs have all
reduced the structural disadvantages of SMEs.

New innovative firms and SMEs differ. New innovative firms are knowledge-intensive
and high-risk, have high ambitions and can have a disproportionate effect on innovation
and job creation. SMEs may have a more modest economic impact individually, but
collectively'® they make a substantial difference. Evidence for various countries suggests
that 4-6% of high-growth firms may create half to three-quarters of all new jobs (OECD,
2013v).

There are significant constraints on SMEs’ innovation performance and on the process
of starting and growing businesses. SMEs encounter problems for accessing finance and
finding qualified personnel (OECD, 2013u). In addition, young firms are more sensitive to
entrepreneurship framework conditions than older firms (OECD, 2014i). Growing a
business calls for instance for high-level management skills to cope with disruptive
processes in organisation (OECD, 2013v).

Financial obstacles are particularly critical at the seed and early stages of development,
as banks are reluctant to lend to small and young firms with little or no collateral. For their
part, venture capitalists focus more on later stages where risks are lower (OECD, 2011e).
Angel investors are therefore an increasingly important source of equity capital at the seed
stage and play a key role in providing strategic and operational expertise and social capital
(i.e. personal networks). Angel investment is growing and is becoming more formalised,
with the creation of angel groups and networks (OECD, 2011e).

During 2007-10 credit conditions were stricter for SMEs than for large enterprises:
higher interest rates, shortened maturities and more collateral (OECD, 2013u). After a slight
improvement in 2010, credit conditions tightened again in most countries in 2011. Survey
data on SMEs’ access to finance also show a deterioration in SMEs’ perception of banks’
propensity to lend (ECB, 2014). Increased payment delays and bankruptcies over the period
reflect SMEs’ difficulties for maintaining their cash flows (OECD, 2013u). Equity financing
was also severely affected, as the uncertain economic climate dragged down equity
investment. In 2011 the level of equity investments was still well below pre-2007 levels in
many countries (OECD, 2013u). In addition, although angel investors tend to be less
sensitive to market cycles than venture capitalists, the financial crisis widened the
investment gap at the seed and early stage (OECD, 2011e).

A significant degree of uncertainty continued to characterise the financial environment
at the time of drafting. Concerns about the sustainability of public debt, structural
weaknesses in the euro area banking sector, the sovereign debt issue in some countries,
and Basel III reforms?’ could lead to further deleveraging by banks. This could further
constrain lending activities and increase the risk of a credit crunch for small businesses
(OECD, 2013u).
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In view of these resource constraints, new sources of finance, such as peer-to-peer (P2P)
lending, crowdfunding and IP-backed equity funds, are promising but remain marginal.®
P2P lending, whereby individuals lend to each other via websites, has been growing in
the United States, China, Germany and the United Kingdom. Many of these lending websites
offer higher returns to investors, as the loans are sold in slices, and are now lending more to
SMEs (Wehinger, 2012). Anecdotal evidence indicates explosive growth in the number of
crowdfunding platforms and the amount of funds committed for a relatively short time over
the past five years (Ham, 2013). This alternative funding mechanism has far-reaching
potential, for instance to accelerate technology transfer from universities. There are
initiatives related to the regulation and institutionalisation of crowdfunding around the
world (Ham, 2013). However, crowdfunding raises issues of security in cyberspace and in
monetary transactions, it raises the question of the true motivation of platform managers,
and it suffers from a lack of mentoring and coaching of non-professional investors who may
be unfamiliar with sophisticated risk-and-return analysis and decision-making tools.

Policy trends

Untapped private wealth is an abundant and growing source of funding for innovation.
Tax policies could offer wealthy individuals or private wealth funds incentives to invest in
innovative start-ups. Sovereign wealth funds in the Middle East are also investing in
innovative ventures.

Much policy attention has focused in recent years on improving access to finance for
entrepreneurs; skills barriers in SMEs have received less attention (OECD, 2013u). The most
popular interventions have been credit loan guarantee programmes to promote new
lending by banks to SMEs and venture capital programmes. Governments are also
considering measures to promote the wider use of hybrid instruments that combine
features of debt and equity, such as mezzanine finance,'® to supply “growth capital” to
SMEs and entrepreneurs (OECD, 2014j).

Governments are playing a more active role in fostering a transition towards greater
non-bank intermediation (e.g. insurance companies, hedge funds). Insurance companies
and pension funds, while major players, would not be able to fill the lending gap created by
bank deleveraging; other non-bank entities are needed. The US JOBS Act recently legalised
crowdfunding for start-ups, which can now raise up to USD 1 million a year through small
investments on line and social media (Wehinger, 2012).

Policy makers need to identify firms with high growth potential and the main agents
of business dynamism. Recent evidence has shown the key role played by students in
university spin-offs, while much policy emphasis had previously been placed on
researcher-entrepreneurs.

Collaboration on innovation and agglomeration are increasing

Increased openness is not specific to science. In today’s complex and highly
competitive global market, companies have to adopt new approaches to innovation and
engage in new modes of collaboration. While firms traditionally seek to retain their core
capabilities, open innovation may offer a faster and less risky route to diversification than
internal development. The balance between internal and external sources of innovation is
shifting, and innovative activities are increasingly organised across firm boundaries (OECD,
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2008e). Moreover, corporate venturing has become a major channel for commercialising
innovations that are not used internally (divesting, spinning out, spinning off).

For innovative SMEs, collaboration has become an important means of overcoming
some of their size-related barriers, such as limited funding, lack of skills and inadequate
time horizons for investing in a long-term strategy. New firms and SMEs collaborate with
suppliers and customers but also with universities and research organisations (OECD,
2010e).

Policy trends

The policy debate on the legitimacy of industrial policy has recently resurfaced. Policy
interest in a new generation of industrial policies arises from various trends mentioned
throughout this chapter. These include the loss of productivity associated with the decline
of manufacturing and the structural shift towards services in OECD countries; the growing
fragmentation of production across GVCs and a recent erosion of OECD countries’
positions in higher-value GVC segments; the potential erosion of downstream and
upstream activities in the value chain, including activities related to innovation and design
following the loss of core manufacturing activities; and the increased focus by large
emerging economies on STI, often with substantial public endowment. The crisis has
accelerated these trends, as it highlighted the need for countries to find new sources of
growth (Warwick, 2013).

Governments are reconsidering the need to encourage the emergence or expansion of
new industries that would become nodes in global innovation networks. As competition
for talent and resources has increased and finance remains limited, governments have
refocused policy action on areas with high potential for spillovers. The Australian
government will support the transition to a new era of manufacturing and will assist in the
shift from heavy industry manufacturing to higher value-added production. Canada sets
high priority on strengthening the competitiveness of its manufacturing sector and has
provided additional targeted support for aerospace, automotive, shipbuilding and forestry
industries. USD 1.1 billion PPP (CAD 1.4 billion) in tax relief will be provided to manufacturing
and processing sectors over 2014-15. In addition, USD 404 million PPP (CAD 500 million)
over two years was provided to the Automotive Innovation Fund in the 2014 Budget.
Denmark is preparing eight growth plans in areas of international competitiveness
(e.g. creative industries, health and care, energy-water-environment, food, ICT and
tourism) to raise its competitiveness in these areas. France adopted a new industrial policy
based on 34 industrial plans that include energy, environment, and digital technologies.
Germany’s new High-Tech Strategy will be designed during the new legislative term to
develop emerging technologies and solutions to address societal needs (e.g. clean energy,
health care, sustainable mobility), in order to foster competitiveness and to promote
Germany as an industrial location. The United Kingdom has adopted a whole-of-
government approach to building strategic partnerships with industry to support key
technologies and to implement its new Industrial Strategy. The most significant initiatives
are in aerospace, automotive and agri-industry. The United States is establishing the
foundations for its “industries of the future”.

Infringement of intellectual property is seen as an important risk?? to global
innovation networks. Although it often offers strong IP protection, open innovation may
also increase the risk of IP leakage and involuntary spillovers. This can reduce firms’ ability
to benefit fully from their innovative activities. Several governments have recently
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implemented reforms to improve national IP systems. Australia, Chile and Germany have
made changes in their IP and patent legislation. In 2013 Canada launched Modernizing the
IP Community to review how the Canadian Intellectual Property Office and other relevant
IP agents collaborate to support the needs of Canadian businesses. The first Norwegian
White Paper on intellectual property rights was also introduced in 2013. The
United Kingdom reformed the Patents County Court of England and Wales to ensure access
to justice at a fair cost for all rights holders and other businesses, and renamed it the
Intellectual Property Enterprise Court to clarify its jurisdiction. Furthermore, the
Intellectual Property Office of the United Kingdom launched an operationally independent
Police Intellectual Property Crime Unit in 2013.

Belgium, China, the Netherlands and the United Kingdom have implemented tax
relief on IP revenues to encourage the domestic commercialisation and exploitation of new
technologies and better appropriate the full benefits of exploiting IPRs, including job
creation and knowledge spillovers. As large multinationals develop global tax optimisation
strategies and the production of knowledge is increasingly decoupled from its use, some
governments have combined R&D tax incentives with so-called “patent boxes” to
encourage the collocation of R&D and manufacturing activities. Since 2013 the UK
government has spent USD 1.3 billion PPP annually for its patent box, in addition to the
USD 1.2 billion PPP foregone through its R&D relief for corporation tax. The patent box
issue has also been introduced in policy discussions in Sweden (see the policy profile on

“Tax incentives for R&D and innovation”).

PUBLIC R&D IS TARGETING EXCELLENCE AND OPENNESS

This section focuses on universities and public research
institutions, the other main actors in national innovation
systems.

It describes recent trends and possible future developments
in public R&D expenditure under the present fiscal and
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The science base is increasingly concentrated in universities

The government and higher education sectors account for less than a third of the R&D
performed in OECD countries (30% of the OECD total in 2012) (OECD, 2014g). In 2012,
universities and public research institutes spent USD 330 billion on R&D, with
the United States accounting for 36%, Japan?! for 10% and the EU28 for 38% of the OECD
total. Universities were the main actors in OECD public research, spending USD 200 billion
on R&D, while PRIs spent USD 129 billion. China’s universities and PRIs spent
USD 70 billion in 2012, of which USD 48 billion by PRIs.

Figure 1.25. Universities have expanded the science base

France — — — Germany —=-==- Japan = =====- United Kingdom
------ United States — EU28 China

Panel 1. Higher education R&D expenditure (HERD)
by largest performers, million USD 2005 PPP, 2002-12

Panel 2. Government R&D expenditure (GOVERD)

by largest performers, million USD 2005 PPP, 2002-12
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Note: EU28 is an OECD estimate.
Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//
Index.aspx?Queryld=57863.
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In the decade since 2002, the growth of the science base in the United States and the
EU has been driven by universities, which have seen a robust increase in their
expenditures. Over time there has also been a shift towards university-based research
across the OECD (OECD, 2013w). In China, the growth of scientific activity has been driven
by PRIs, in particular by large investments by the Chinese Academy of Sciences. There are
notable structural differences in countries’ public research systems (Figure 1.26). In China
and Korea the public research system is built on public labs, while in Denmark, Israel and
Switzerland it is based in universities (OECD, 2010b). The Russian Federation is currently
restructuring its system to move closer to a university-based system.

With the exception of Canada, Hungary, Iceland, Israel and the United Kingdom, both
higher education expenditure on R&D (HERD) and government expenditure on R&D
(GOVERD) have consistently increased as a percentage of GDP in spite of the crisis, a sign of
resilience and public commitment to R&D (Figure 1.26). The largest increases in the
OECD area have been in the Czech Republic, Estonia and Luxembourg.
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Figure 1.26. Public R&D expenditure by type of research system
HERD and GOVERD, as a percentage of GDP, 2012, and total HERD and GOVERD in 2007
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Note: “Countries differ in terms of the extent to which their innovation systems are public-research centred or firm-centred, measured
by the share of business in total R&D expenditure. [...] The extent to which countries’ public research system is public lab-centred or
university-centred plays a role. [...] Actions taken [...] to enhance the contribution of public research are influenced by the country’s

position in this respect.” (OECD, OECD Science,Technology and Industry Outlook 2010, OECD Publishing, Paris, http://dx.doi.org/10.1787/
sti_outlook-2010-en)
HERD data for Argentina, Colombia, Costa Rica, Iceland, Japan, Korea, Latvia, Luxembourg, Malaysia, Mexico and Turkey refer to 2011;
data for Australia, Chile and South Africa refer to 2010; data for Indonesia refer to 2009; data for India refer to 2007. HERD data for
Australia, Malaysia and Switzerland refer to 2006 instead of 2007.
GOVERD data for Colombia, Costa Rica, the Czech Republic, Iceland, Japan, Korea, Latvia, Luxembourg, Malaysia, Mexico, New Zealand,
Singapore and Turkey refer to 2011; data for South Africa and Chile refer to 2010; data for India refer to 2007 and data for Indonesia refer
to 2006 instead of 2012. GOVERD data for Australia, Indonesia Malaysia and Switzerland refer to 2006 instead of 2007.
Source: OECD, MSTI Database, June 2014, www.oecd.org/sti/msti. Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//
Index.aspx?Queryld=57863.
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Open science calls for new approaches to research and new governance
arrangements

Modern science is increasingly data-driven and requires new forms of collaboration
and broader sharing of knowledge and resources. Universities and PRIs have strengthened
knowledge and co-operation linkages with counterparts worldwide to achieve economies
of scale and increase the visibility of domestic research. Publication data show that
international collaboration among research institutions has intensified over the past
decade and that China, among other economies, is increasingly integrated in the global
science system (Figure 1.27).

The shift towards greater openness in science relies on the assumption that publicly
funded research is a public good. Although the issue of how its diffusion and publication
should be funded has not been resolved, the shift has received the support of governments
and scientific communities in search of greater efficiency (including less duplication) and
faster knowledge spillovers to industry and the economy (OECD, 2013x). Open science also
creates opportunities for emerging countries, as it can facilitate faster integration into
world scientific networks (OECD, 2013y) and co-operation to address global challenges.
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Figure 1.27. International collaboration networks in science
Internationally co-authored documents, 2011 and 1998 (whole counts)
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Note: 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.

Source: OECD (2013), OECD Science, Technology and Industry Scoreboard 2013: Innovation for Growth, OECD Publishing, Paris, http://dx.doi.org/
10.1787/sti_scoreboard-2013-en; Based on Elsevier (2012), Scopus Custom Data, version 5.2012, June 2013.

Governments play a key role in encouraging open science and new ways of doing
research. Although ICTs have been a significant support of openness in science, far more is
at stake than access to IT infrastructures or the skills to use them. Open science requires
new approaches to public research funding; the research process; the exploitation of
research output, including access to, protection of, and IPRs of research results; and the
interaction between science and society (OECD, 2013x) (see the policy profile on “Open
science”).

Research excellence requires new forms of funding

As competition for ideas, talent and funds increases, governments often turn to more
competitive forms of funding to promote efficiency and innovation. Public research
funding has gradually shifted from institutional core funding (so-called “block grants”) to
project funding, often on a competitive basis. Experimental data reveal that there is
significant variation in the share of project funding in total domestic funding, ranging from
25% in Switzerland to 76% in Chile?? (OECD, 2013z). Current public budgetary situations call
for greater selectivity and efficiency in funding; the issue of an optimal level of competition
in public resources allocation is often raised. Research requires a proportion of stable
funding, and national systems strive for a balance between competition and stability
(OECD, 2012a). In this context research excellence initiatives have emerged in over
two-thirds of OECD countries, mostly within the past decade, to encourage outstanding
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research with stable funding (OECD, 2014k). In some cases countries have also supported
prioritisation of public research by channelling public outlays towards strategic research
areas.

Research excellence initiatives are new funding instruments that combine elements of
institutional and project funding. They provide large-scale, long-term funding to support
complex, high-risk research agendas, in particular in interdisciplinary fields. The funds
serve to reinforce overall research capacity by improving or extending physical
infrastructure, recruiting outstanding researchers from abroad, and enhancing doctoral
and post-doctoral programmes. Research excellence initiatives also allow for greater
flexibility, notably to manage resources or to fast-track recruitment processes. While
research excellence initiatives can raise the international visibility of host institutions,
create positive externalities and lead to a virtuous funding circle that attracts third-party
funding, they also involve considerable administrative and overhead costs and require a
transparent selection process and systematic impact assessment.

In Switzerland, eight new National Centres of Competence in Research (NCCR) will be
established in 2014 to support and strengthen outstanding research in strategic fields. The
German Initiative for Excellence will be refinanced for the 2012-17 period, based on the
positive results from promoting cutting-edge research at universities. Canada has also
recently announced the creation of the Canada First Research Excellence Fund, the aim of
which is to raise the research capabilities of its institutions to world standards. France, as
part of its Investments for the Future, sponsored a number of “initiatives of excellence”
in 2011 to foster the emergence of world-class research over a ten-year period. The
expenditure amounts to USD 12 billion PPP (EUR 10 billion), most of it as capital
endowment. Governments have also developed legal, tax or financial frameworks to help
public research access new channels of funding, e.g. from private sources, and recover the
full cost of research.

Transfer of public research results requires further professionalisation
and a stronger business culture in commercialisation activities

The coverage of public research policies has been extended from knowledge
production to technology transfer. The way in which universities and PRIs engage with
business to take science from the laboratory to the market through commercialisation is
evolving rapidly. Policy initiatives designed to foster industry-science co-operation on R&D,
academic consulting, or student and faculty mobility, as well as public-private
partnerships, have been widely used and have helped to introduce a market perspective in
science. Governments have also increasingly developed support schemes to encourage
universities and PRIs to protect and commercialise publicly funded research results.

In this respect, lacklustre academic patenting, licensing and spin-offs have prompted
OECD countries to develop policies and instruments to exploit, transfer and commercialise
public research. First, governments and institutions have revised their approach to IP
protection and sharing, e.g. by providing licences free of charge, proposing preferential
access to “sleeping” patents, requiring publication in digital format, and providing open
research data repositories. Overall, IP, although its importance is still recognised, is no
longer seen as the main vehicle for commercialisation. Second, they have facilitated the
involvement of students and researchers in the commercialisation process, e.g. by allowing
faculty members to suspend their tenure for commercialisation activities; by taking into
account their commercial experience; by better linking teaching, research and
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commercialisation; or by mentoring student start-ups. Third, they have restructured and
regrouped technology transfer offices, e.g. into regional centres, and fostered the adoption
of more effective business models. The aim is to increase staff skills and strengthen staff
incentives. Finally, financing has focused on universities and PRIs; these have, in some
cases, established their own gap funding schemes to address financing issues. Overall,
governments seek to strengthen a business culture in activities that have often been
dominated by administrative approaches: the issue is not only to file patents, but to
commercialise them, not only to create spin-offs but to grow them.

Notes

1. Several studies have documented the correlation between unemployment and mental disorders,
including depression, which may result in additional costs to society (OECD, 2008a).

2. Israel is an exception. In 2011 Israel had the highest rate (37.7%) of “not in education, employment
or training” (NEETSs), twice the OECD average (18.5%) (OECD, 2013d).

3. China Statistical Yearbook 2012, accessed 14 January 2014, www.stats.gov.cn/tjsj/nds;j/2012/indexeh.htm.
China does not participate in the OECD Indicators of Education Systems (INES) programme.
Education data for China may not be fully comparable with data for OECD countries.

4. Australia, Canada, the Czech Republic, France, Italy, Korea, Mexico, the Netherlands, Norway and
Sweden.

5. These are initiatives that lead to the development of new products and services that serve
lower-income groups. A number of cases are provided in OECD (2013r).

6. As official OECD data on R&D investment are based on retrospective surveys of performing units,
the discussion of cross-country R&D spending patterns currently only extends to the end of 2012.

7. Israel’s R&D expenditure is underestimated because it does not include defence-related R&D
budgets.

8. In interpreting these figures, it must be remembered that the GERD-to-GDP ratio reflects changes
in countries’ nominal spending on R&D as well in their GDP growth rate.

9. For Estonia, a significant investment in new technology in the oil industry explains part of the
increase.

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

11. New technology-based firms can also make substantial contributions to radical innovation and
technological breakthroughs.

12. Big data and energy-efficient computing; satellites and the commercial applications of space,
robotics and autonomous systems; life sciences; genomics and synthetic biology; regenerative
medicine; agri-science; advanced materials and nanotechnology; and energy and its storage.

13. The EU Industrial R&D Scoreboard collects information for assessing the R&D and economic
performance of companies. The main indicators are R&D investment, net sales, capital
expenditures, operating profits and number of employees. The data for the Scoreboard are taken
from companies’ publicly available audited accounts.

14. According to the EU Industrial R&D Scoreboard 2013, these companies account for more than 90% of
global business R&D.

15. The marketing mix focuses on the so-called 4Ps: Product (design or packaging), Placement,
Promotion and Pricing.

16. In all countries most business are micro-enterprises, i.e. firms that employ fewer than ten persons
(OECD, 2014i). Micro-enterprises account for 70% to 95% of all firms and SMEs, defined as firms
with fewer than 250 employees, for 99%.
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17. Basel capital accords are capital adequacy standards that are formulated by the Basel Committee
on Bank Supervision (BCBS). National regulators usually implement the standards to regulate bank
capital and to ensure a healthy banking system. The objectives are to strengthen the soundness
and stability of the international banking system and to diminish sources of competitive
inequality among international banks. To date three accords have been published, each improving
upon the previous one: Basel I, Basel II, Basel IIl. See OECD glossary of statistical terms, http://
stats.oecd.org/glossary/detail.asp?ID=6194, retrieved 26 January 2014.

18. Total funds leveraged by crowdfunding were estimated at roughly USD 1.5 billion in 2011 (Ham,
2013).

19. A typical mezzanine facility combines several financing instruments of varying degrees of risk and
return, such as subordinated debt, profit participation certificates and equity warrants (OECD,
2014j). It is cheaper than equity finance, results in lower financing costs, and diminishes the
dilution of control for founding entrepreneurs.

20. Other potential drawbacks are transaction costs and dependency.
21. Data for Japan are for 2011 instead of 2012.

22. From a sample of 19 countries and the European Commission (Seventh Framework Programme)
that participated in the second OECD data collection on modes of public funding of R&D based on
government budget appropriations or outlays on R&D (GBAORD) for 2009-11, launched in
November 2012.
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NATIONAL STRATEGIES FOR SCIENCE, TECHNOLOGY AND INNOVATION

Rationale and objectives

National strategies for science, technology and innovation (STI) serve several functions
in government policy making. First, they articulate the government’s vision regarding the
contribution of STI to their country’s social and economic development. Second, they set
priorities for public investment in STI and identify the focus of government reforms
(e.g. funding of university research, evaluation systems). They also mobilise STI actors
around specific goals, such as energy, environmental issues or health, and may help steer
investments of private actors and increasingly autonomous universities and public research
institutes towards priority areas or technologies. Third, the elaboration of these strategies
can engage stakeholders (the research community, funding agencies, business, civil society,
regional and local governments) in broad consultations that will help building a common
vision of the future and facilitate co-ordination within the innovation system.

Major aspects

Country responses to the OECD STI Outlook policy questionnaire 2014 have revealed
both similarities and differences in goals and policy priorities across countries and also
point to some international features in national STI strategies (Figure 2.1 Panel 1) as well as
some broad cross-country policy patterns (Figure 2.1 Panel 2). A first similarity is that
almost all countries have given high priority to business innovation and innovative
entrepreneurship, whatever the approach and modalities of public action. Second, most
countries aim at consolidating the innovation ecosystem by strengthening public R&D
capacity and infrastructures, improving overall human resources, skills and capacity
building, and improving framework conditions for innovation (including competitiveness).
Third, countries at different stages of socio-economic development share some STI policy
priorities, while other priorities are specific to certain countries. This is reflected in the
relative concentration of countries in strategic STI policy fields according to the intensity
of their gross domestic expenditure on R&D (GERD) (Figure 2.1 Panel 2).

Typically, for countries that already rank high in terms of business R&D and
innovation, there is a focus on investing in the science base, both public research and
human resources, to strengthen the basis for future innovation (OECD, 2010). These
high-performing countries are also prioritising their research and innovation support to
gain competitive advantage for future growth areas such as green technologies and health
and to help address global challenges. Countries that identified the contribution of
innovation to sustainable and green growth as a major STI policy priority in 2014 tend to be
more R&D-intensive (Figure 2.1 Panel 2). Focusing on the three countries that spend the
most (more than 3.5% of GDP) on R&D, Korea earmarked USD 2.4 billion PPP for green
technology in its 2nd S&T Basic Plan and confirmed its ambition to become a hub for global
green growth in its recently adopted 3rd S&T Basic Plan. Israel has shown a growing interest
in the development of cleantech sectors and has allocated new resources to water and
oil-substitute technologies since 2012. Following the launch in 2012 of a strategic Green Growth
programme to identify potential new growth areas based on lower energy consumption and
sustainable use of natural resources, Finland established its Bioeconomy Strategy in 2014 in
order to address grand societal challenges raised by the food-energy-water nexus.
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Figure 2.1. Major national STI policy priorities and patterns by level of R&D intensity, 2014
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For OECD countries in which innovation performance lags, there is a particular focus
on building the institutional capacity to steer or “govern” STI policies, to strengthen the
links between public research and industry, and to improve the quality of higher education
and research (OECD, 2010).

Small open OECD countries with high exposure to trade and foreign direct investment
(FDI) are also more likely to consider challenges raised by STI globalisation and increasing
international co-operation as major policy priorities. The three Belgian authorities (Brussels
Capital, Flanders and Wallonia) put particular emphasis on European integration and
cross-border scientific co-operation in their respective strategic documents. One of the goals of
the Irish Strategy for Science, Technology and Innovation (2006-13) is to maintain the country’s
attractiveness for FDI. In its new Education, Research and Innovation Plan (ERI-DISPATCH)
(2013-16), Switzerland established three main policy guidelines, one of which is to strengthen
further the country’s internationally competitive position in research and innovation.

For their part, catching-up and emerging economies are seeking to include STI strategies
in their longer-term economic development strategies. Emerging and middle-income
economies (e.g. Argentina, Colombia, Costa Rica, Malaysia, Vietnam) are developing strategies
to diversify their economies and mobilise innovation to improve their competitiveness,
move up global value chains and escape the “middle-income trap” (see Chapter 1).
Less R&D-intensive countries tend to set a priority on the contribution of innovation to
structural adjustment and a new approach to growth, on improving the returns to and impact
of science, and on increasing the skills base. The People’s Republic of China’s Medium- and
Long-Term Plan for S&T Development (2006-20) aims to use innovation as a tool for
restructuring Chinese industry and shift from investment-driven to innovation-driven growth.

However, OECD countries and emerging economies share certain concerns and
priorities as regards the governance of their innovation system and policy, support to
innovation in firms, entrepreneurship and small and medium-sized enterprises (SMEs),
and the contribution of innovation to meeting social challenges (including inclusiveness).

National strategies for STI vary also in their duration, which rarely exceeds five to ten
years. In some rare cases, the strategy timeframe is open (e.g. Colombia: National
Innovation Strategy; United Kingdom: Innovation and Research Strategy for Growth). Few
countries have projected strategic developments beyond 2020; most European countries
have defined their national strategies in the framework of the EU’s Horizon 2020.

Most countries have adopted quantitative targets to benchmark their performance
and progress, especially through targets for R&D spending (Figure 2.4). The volume of GERD
to be achieved is often expressed as a percentage of gross domestic product (GDP) and, in
some cases, the relative contribution of the business or the public sector is specified as
well. China and the Russian Federation target S&T output in terms of patents, citations and
publications. New Zealand takes into account economic performance as reflected in the
increase in exports, while Korea looks at S&T-related job creation. Denmark and
Switzerland monitor educational outcomes and the share of a youth cohort completing
upper secondary or higher education programmes.

National strategies for STI follow a vision and are designed on the basis of data-driven
evidence, opportunity tools such as scenarios and strengths-weaknesses-opportunities-
threats (SWOT) analyses. The process of making an innovation strategy is perhaps more
important than the document, as it helps reveal problems, barriers and hidden
opportunities and promotes a learning process.
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Operational aspects of national strategies are often left to the innovation actors,
e.g. ministries, or to the implementation and funding agencies that have enjoyed
increasing autonomy in recent years. National strategies can also be relayed to the
operational level through regional strategies (e.g. China, France), implementation or action
plans (e.g. Flanders in Belgium, Finland), interim roadmaps (e.g. Germany) or contracts
(e.g. university performance agreements). In Greece and the Russian Federation, national
strategies are framed by legislation.

In some cases, national strategies articulate STI policy priorities in terms of the mix of
policy instruments. Given the breadth of innovation policy, the instrument toolbox is large
and goes well beyond a narrow focus on research (IPP, 2014). As examples, Australia,
Belgium (federal government) and Finland have introduced tax incentive schemes for R&D
in their national strategies.

Many countries have included in their strategy a number of evaluation rules and tools.
Evaluation concerns not only discrete policy interventions or instruments but also entire
research portfolios or the overall research and innovation system (see policy profile on
“Impact assessment in STI policies”).

Recent policy trends

The changing context of innovation and policy intervention (see Chapter 1) has called
for changes in national strategies. A majority of countries covered in the 2014 edition of the
OECD STI Outlook have substantially changed their national strategy for STI since the 2012
edition. Strategic policy setting is by far the STI policy area that has changed the most
(Figure 2.2).

Figure 2.2. National STI strategy and plans among other areas of STI policy change, 2012-14
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Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. Responses are
provided by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.

StatLink Si=m http://dx.doi.org/10.1787/888933151624

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 93


http://dx.doi.org/10.1787/888933151624

11.2. STIPOLICY PROFILES: GOVERNANCE

Broader-based innovation policy. Many governments have looked at policies for
innovation as an important tool both to strengthen growth and to address a range of global
and social challenges, including climate change and health.

e Social cohesion. Income disparities increased in several OECD and non-OECD economies
during the global financial crisis. National STI strategies are increasingly used to
enhance social cohesion while boosting economic growth. Argentina’s Innovadora 2020,
Mexico’s National Development Plan (2013-18) or Hungary’s National Reform Programme
(2013-20) renew governments’ commitment to social development. The Swiss Education,
Research and Innovation Plan (2013-16) establishes policy guidelines to strengthen social
cohesion through knowledge and to promote equal opportunities in education. Korea
includes gender issues in the orientations of its 3rd S&T Basic Plan (2013-17).

e Social challenges. European countries are aligning their national strategies with
Horizon 2020 to tackle major societal challenges, including health, food, mobility,
security and freedom. Korea’s 3rd S&T Basic Plan (2013-17) integrates social and
ageing-related issues as well (see policy profile on “Innovation for social challenges”).

e Wider toolkit. There has been a strong push to accelerate the transfer, exploitation and
commercialisation of public research (see policy profile on the “Commercialisation of
public research”), and more attention is paid to demand-side instruments (see policy
profile on “Stimulating demand for innovation”).

e Participative innovation policy. Several countries have taken a participative approach to
the design and implementation of their national strategies. Denmark carried out a
national dialogue with non-state stakeholders to prepare its Innovation Strategy and
develop a catalogue of challenges. A recent review of the Chilean innovation system
concluded that there was a need for modernisation of STI governance institutions and for
greater participation of the private sector in the management of implementing agencies.

STI budgets under pressure. Public R&D budgets have helped to partially offset the
decline in business R&D investments during the global economic downturn (see
Chapter 1). However, government budget appropriations or outlays for R&D (GBAORD) have
stagnated, relative to GDP, in most OECD and partner economies since 2011, owing to the
fading impact of stimulus packages and the simultaneous recovery in GDP (Figure 2.3). The
OECD-wide public R&D budget remains below its pre-crisis level (0.69% of GDP in 2013
compared to 0.76% in 2008). The current economic and fiscal situation is changing the
conditions under which governments may intervene. Finland, the Netherlands and
the Russian Federation foresee cuts in public R&D budgets in the coming years. Greece,
Hungary, Ireland, Italy, New Zealand and the United States anticipate a budgetary status
quo, and China and Korea expect public R&D spending to slow. Consequently, many
governments’ capacity to drive further increases in domestic R&D expenditure is limited.
In addition, given the current world economic outlook, the gap between overall strategic
R&D spending targets and current R&D expenditure remains too large to be closed by target
dates in many countries (Figure 2.4). Greece and the Russian Federation have revised their
targets downward to 1.50% and 1.77% of GDP by 2020 and 2015 respectively; Hungary
(1.80%) and Poland (1.70%) have postponed their target date to 2020 instead of 2013
and 2015, respectively. Efforts have also been made to streamline and consolidate business
innovation programmes (see policy profiles on “Government financing of business R&D
and innovation” and “Tax incentives for R&D and innovation”).
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Figure 2.3. Government budget appropriations and outlays for R&D, 2011 and 2013
As a % of GDP
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Note: Data for Belgium, Hungary, Ireland, Israel, Italy, Latvia, Lithuania, Spain, Sweden, the United Kingdom and the European Union
refer to 2012 instead of 2013; data for Argentina, Canada, Chile, Korea and Mexico refer to 2011 instead of 2013; data for Poland refer
to 2012 and 2009 instead of 2013 and 2011; data for Switzerland refer to 2010 and 2008 instead of 2013 and 2011.
Source: OECD, Research and Development Statistics (RDS) Database, March 2014, www.oecd.org/sti/rds; Eurostat and UNESCO UIS, June 2014.
Data retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.
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New industrial policy and targeting of strategic technologies/sectors. Besides their
support for general purpose technologies such as nanotechnology, biotechnology and
information and communication technologies (ICTs), many OECD countries are
emphasising support for innovation in strategic technologies or sectors, including
traditional ones (e.g. agriculture) and services. A number of STI strategies include
industrial policy in their innovation policies (see policy profile on “New industrial
policies”).

Building a culture for innovation. Several countries have emphasised building a broad
science and innovation culture to encourage broader appropriation of S&T and the spirit of
entrepreneurship (see policy profile on “Building a science and innovation culture”).

Evaluation and monitoring as part of the overall strategy. Measuring the impact of
policies has become a key aspect of STI policy governance. Attention has been paid to
developing an evidence base for policy making and to strengthening the role of evaluation.
Belgium (Brussels Capital) integrated strategic monitoring, evaluation and the
strengthening of the Scientific Policy Board in the main actions of its Regional Innovation
Plan (2013-20). Slovenia’s Research Infrastructure Roadmap (2012-20) serves to monitor the
implementation of public policy and goals in the area. Israel has set high priority on
developing an information system in innovation.

Looking further ahead. A few countries have started looking beyond 2020. In 2012
Belgium (Flanders) performed a foresight study to 2025 and set up a transition model to
address grand societal challenges. “Surfing Towards the Future: Chile on the 2025 Horizon”
considers strategic orientations for the future, rather than specific guidelines for action.
South Africa released its “National Development Plan: A vision for 2030”, which identifies
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Figure 2.4. National R&D spending targets and gap with current levels of GERD intensity, 2014
As a % of GDP
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Note: Countries are ranked by descending order of national R&D spending targets and by descending order of GERD intensity in 2013 (or
latest available year). For countries that adopted a range of target values, the minimum threshold is used in the chart. For Chile, the
national R&D spending target is 0.4-0.8% of GDP, for Luxembourg 2.3-2.6% of GDP by 2020. For Ireland, the national R&D spending target
is 2.5% of gross national product (GNP) by 2013. Argentina, Australia, Austria, Canada, Costa Rica, Korea, Indonesia, Israel, Malaysia,
New Zealand, South Africa, Switzerland and the United Kingdom have not defined R&D spending targets.
Source: Country responses to the OECD STI Outlook policy questionnaires 2012 and 2014; OECD, MSTI Database, June 2014, www.oecd.org/
sti/msti; Eurostat and UNESCO UIS, June 2014; International Monetary Fund (2014), World Economic Outlook, January, wwuw.imf.org/external/
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StatLink Susm http://dx.doi.org/10.1787/888933151649

areas of competitive advantage to be developed (e.g. water, power, marine, space and
software engineering). The French Innovation 2030 Commission was tasked to propose
several means of meeting the needs of tomorrow’s society through major innovations.
Japan adopted a comprehensive Strategy on Science and Innovation as a long-term vision
to 2030, with a roadmap and intermediate targets, to achieve an ideal economic society.
Malaysia will undertake foresight studies and monitoring of international developments to
address uncertain and complex issues.

Innovation Policy Platform. The OECD and the World Bank are developing the
Innovation Policy Platform (IPP) (www.innovationpolicyplatform.org) as a tool for diagnostics,
strategy design and implementation. The IPP will collect reputable materials on innovation
policy, including reports and statistics, and provide a forum for exchange of ideas and
experiences among policy makers and analysts looking for facts and evidence to solve
problems.
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SYSTEM INNOVATION

Rationale and objectives

Interest in system innovation is motivated by the realisation that system-wide change
is necessary to make economies socially, economically and environmentally sustainable.
Although many national governments have put sustainability and green growth objectives
at the centre of their economic development strategies, achieving this goal will require
wide-ranging changes in their underlying economic, technological and social systems,
from transport, water and energy systems to modes of consumption and waste
management. Ensuring that socio-technical systems move towards greater sustainability
is a major challenge for governments but also for civil society. At the core of the transition
is a shift in governance structures that not only allows change to occur but also directs and
orchestrates some of the changes. The “smart city” initiatives that mobilise technological
and social innovations to make the production and consumption of a city’s goods and
services more sustainable illustrate this point.

A key leitmotiv is that socio-technical systems, whether local, national or sectoral, are
not responding swiftly enough to global challenges in areas such as climate, energy, food,
transport and health to avoid bleak scenarios. The economic rationale for policies in a
system innovation context is the market and system failures that are familiar to STI policy
makers, including the need to internalise externalities that dampen the incentive to invest
in innovation and to foster co-ordination within the system to improve synergies. These
imply changes in framework conditions to shift incentives in the desired direction (laws,
regulations) and changes in the price structure. System innovation also raises issues of
vertical and horizontal co-ordination and requires governments to challenge existing
governance structures or to build new ones.

Major aspects

System innovation can be defined as a radical innovation in socio-technical systems that
fulfil societal functions, which entails changes in both their components and architecture.

Some of the defining characteristics of system innovation are:

e A fundamentally different knowledge base and technical capabilities that either disrupt
or complement existing competencies and technologies, resulting in new combinations.
For example, synthetic biology has a strong potential to revolutionise industrial and
biological processes. However, innovation based on the technology is limited by a range
of systemic factors such as regulatory barriers or a lack of coherence between research
funding policies and product and safety regulations and technical and market risks
(e.g. scale, financing).

e Changes in consumer practices and markets. The digitisation of commerce is an
example of a change brought about by technology and changing consumer behaviour
that results in companies’ potential loss of control over consumers, increased
competition, and the need to engage digitally with suppliers, partners and employees
and consumers/citizens.

e Changes in infrastructure and other elements, including policy and culture. An example
is modern mobility systems (i.e. e-mobility) that are evolving as a result of underlying
changes in technology, ownership structure, consumer preferences and related changes
in energy systems and their linkages to other systems.
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Figure 2.5 presents a stylised pattern of transitions in socio-technological systems.
Technological innovations arise first in niches then gather momentum and a dominant
design emerges; the emergent dominant design interacts with the prevalent
socio-technical regime and eventually breaks through. Pressures exerted by developments
in the landscape (i.e. the general socio-economic context) may present opportunities to
upset the status quo sooner; the absence of such pressures may thwart the transition.
Breakthroughs are not guaranteed and, in practice, there are a variety of possible
outcomes, as the impulses interact with existing technologies and actors in the system
(e.g. fuel-cell-powered vehicle technology versus hybrid vehicles).

Figure 2.5. A dynamic multi-level perspective on system innovations
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Recent policy trends

As many transitions have an explicit sectoral dimension, national policies may
manage more than one transition at a time. To provide an overview of the kinds of policies
mobilised, this section outlines recent policy trends aimed at moving to more
environmentally sustainable economies (or “green growth”). It draws on national
responses to the STI Outlook policy questionnaire 2014 and a series of case studies made
as part of a larger OECD study on system innovation.
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In facilitating the transition to the green economy, policy faces various challenges and
sets objectives accordingly. In Denmark, the adaptation of existing production and
consumption practices is an important objective of the Market Development Fund and the
Fund for Green Business. In Finland, a key issue is the achievement of critical mass in
research and innovation relevant to green growth. In Sweden, challenges are identified at
the city level, with “Sustainable smart cities” featuring prominently among projects funded
by the Challenge Driven Innovation (CDI) programme. Belgium’s Smart City Mobility
scheme has a similar outlook. Italy issued a USD 870 million PPP (EUR 655 million) call to
boost collaborative research on Smart Cities in 2012. China’s chief environmental objective
(under its 12th Five-Year Plan 2011-15) is gradually to establish a carbon market, which
represents a shift in policy attention to reducing dependency on fossil fuel and promoting
higher-value added and more sustainable industries. Korea’s green growth strategy takes a
systemic approach to meeting sustainability goals combined with a new growth strategy.

Many other OECD countries have strategies to support this transition through a
dedicated green economy agenda or as part of energy and industrial regeneration strategies.
Finland is currently formulating a Bioeconomy Strategy to be published in 2014. Extensive
inter-ministerial co-operation and consultation with key research actors sought to ensure
that the strategy’s systemic reach is comprehensive. In Austria, the Energy Strategy foresees
actions to meet the EU’s renewable energy goals by 2020, including the development of a
support system (technology, education, internationalisation) for electro-mobility. Among the
challenges for e-mobility are the need for international technology standards and the need
to take account of consumer preferences. It is generally recognised that the transition to
e-mobility will not simply be the replacement of one technology by another. Switzerland’s
Cleantech Masterplan 2011-14 aims to address the challenges of climate change and the
growing scarcity of natural resources and to enhance Switzerland’s innovative strengths by
providing a framework for joint actions by the partners involved (federal offices, cantonal
authorities, the economy, science and research, non-governmental institutions) to enhance
public awareness and to monitor progress. There are similar strategies in Australia
(CLEAN21), Belgium (PACT 2020, Flanders in Action, Marshall Plan 2 Green in Wallonia),
Germany (Green Economy Agenda Process, Progress), Japan (Japan is Back, Low Carbon
Technology Plan) and South Africa [Industrial Policy Action Plan 2 (IPAP2)].

A number of countries have dedicated R&D and innovation programmes or themes
within existing programmes. In the United States the 2014 budget proposes USD 2.8 billion
for the Department of Energy’s Energy Efficiency and Renewable Energy Office (with a focus
on improving clean-vehicle technologies to move closer to one million advanced vehicles
on the road) and USD 2.7 billion for the US Global Change Research Program (USGCRP) to
understand, predict, mitigate and adapt to global change. In France, re-industrialisation
subsidies and export subsidies are available for companies developing environmentally
friendly products. Dedicated research funding for environmental projects is also in place in
Austria, Belgium and France.

Legislative and regulatory initiatives also facilitate the transition, such as the Federal
Electricity Supply Act in Switzerland and the foreseen changes in national procurement
legislation in Finland. Japan has a strong focus on public procurement. Its Green Public
Procurement initiative is continuing, building on experience gained since the programme’s
launch in 2002. Korea has made green growth part of its national development strategy.
On-going initiatives include energy plans, green towns and a smart grid roadmap. Low
energy prices, the hidden costs of transition programmes, lack of market opportunities and
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weak consensus building with local communities create difficulties for the transition to
sustainability. The modernisation of the energy sector is a key element of Italy’s
Sustainable Growth Agenda. The National Energy Strategy includes a series of measures
to 2020 to ensure that the energy sector copes with the country’s structural disadvantages
and improves environmental, security and safety standards.

The emergence of cities as actors in the transition to sustainability has given rise to a
range of smart cities initiatives such as Finland’s National Innovative Cities (INKA)
programme; the Tekes Witty City programme and Germany’s National Platform for Future
Cities, whose overall goal is to make cities CO,-neutral, energy-efficient and
climate-adapted. Major stakeholders in this process are city administrations, research
institutes, companies and the central government. Improving urban housing renewal and
waste management systems is the focus of smart city initiatives in Sweden and Belgium.
Sweden’s Malmo Innovation Platform uses the renovation plans of the Swedish Million
Programme as a model for a more general shift towards a sustainable city.

Improved governance mechanisms and better means of engaging a range of
stakeholders are needed to facilitate system innovation. Finland and the Netherlands have
public-private partnerships to foster co-ordination and alignment [Strategic Centres for
Science, Technology and Innovation (SHOKs) in Finland and the Top Sectors approach in
the Netherlands]. To improve the impact of government interventions on environmental
challenges and to facilitate the transition to a low carbon economy, the UK Low Carbon
Innovation Co-ordination Group co-ordinates the efforts of organisations with
public-sector backing. Collectively the group’s members are expected to spend over
USD 1.45 billion PPP (GBP 1 billion) on related innovation activities. In Germany, initiatives
such as the Energiewende Research Forum, the Koordinierungskreis Forschung and the
Science Academies’ “Energy Systems of the Future” Project foster dialogue and
co-ordination of research, government, society and industry stakeholders for the common
goal of transforming the energy system. In 2014 Italy will host the third European
Bioeconomy Stakeholders’ Conference. The conference will work to increase
understanding of the bioeconomy as an interconnected system and to inspire actors to
take further concrete actions to build the bioeconomy in Europe.
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STRATEGIC PUBLIC/PRIVATE PARTNERSHIPS

Rationale and objectives

For governments, public-private partnerships (PPPs) in science, technology and
innovation can help make research and innovation policy more responsive to the changing
nature of innovation and to social and global challenges. For business, partnering with
public research can help solve problems, develop new markets or generate value through
co-operation and co-production. Traditionally used for physical infrastructure, PPPs are
increasingly popular in R&D and innovation policy because they are better adapted to some
innovation goals or challenges than policy instruments such as subsidies or tax credits.

Partnerships can take many forms, from a partnership between a single company and
a single university on a research project with specific short-term goals to the creation of
physical research centres with a specific mission (e.g. development of vaccines) and
long-term mandates, to large infrastructure projects with a longer-term horizon and broad
networks. For practical purposes, the OECD defines PPPs in STI as “any formal relationship
or arrangement over fixed-term/indefinite period of time, between public and private
actors, where both sides interact in the decision-making process, and co-invest scarce
resources such as money, personnel, facility, and information in order to achieve specific
objectives in the area of science, technology, and innovation” (OECD, 2005). PPPs may
combine both hard and soft elements (e.g. creation of a joint research centre and provision
of training). They can have specific targets or goals (e.g. vaccines for certain diseases,
development of renewable energies).

The fundamental rationale of most PPPs in research and innovation is to harvest
broader economic and social benefits from investments in public research by: i) improving
the leverage of public support to business R&D by sharing costs and risks; ii) securing
higher-quality contributions from the private sector to government mission-oriented R&D
and increasing opportunities for commercial spillovers from public research,; iii) fostering
the commercialisation of results from public research; and iv) upgrading knowledge
infrastructures. PPPs are perceived as a more adaptive tool than traditional subsidies for
achieving such objectives in an environment in which the nature of R&D and innovation
processes is changing (e.g. increased user-centred content, higher dependency on external
sources of knowledge and know-how, as illustrated by open innovation approaches), and
business R&D strategies and social needs are rapidly evolving (e.g. ageing population, the
environment, sustainable cities). The need to connect science to innovation to meet global
challenges has become particularly pressing. Finally, PPPs are a useful policy tool in
demand-side innovation policy such as public procurement of innovation or in efforts to
foster smart specialisation strategies in regions.

Major aspects

PPPs have been used for many years in various research areas or industrial sectors. In
Finland, Tekes partnership programmes have carried out R&D involving businesses and
research groups since 1983. At the EU level, joint technology initiatives (JTIs) were set up for
certain focus areas of the 7th Framework Programme, with the European Commission and
industry jointly funding strategic research and innovation agendas (EC, 2013). As far back
as 1980, Japan established the New Energy Industrial Technology Development
Organisation to promote the development and introduction of new energy technologies
through the combined efforts of industry, academia and government. In most countries,
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these collaborative research or innovation efforts are carried out under a joint governance
board with representatives from all partners and are co-financed by private partners in
order to share risks and gain prior commitment. Over the same period, the Dutch
government has supported PPPs in structures such as innovation-oriented research
programmes, leading technological institutes and interdisciplinary multi-actor
programmes funded from national gas revenues (the so-called BSIK and FES investment
impulses). The PPPs may or may not be institutionalised in a designated entity such as a
research centre. Organisationally, PPPs may be small-scale (temporary) projects or
large-scale, longer-term joint ventures with multiple (public and private) members and
stakeholders. These characteristics distinguish PPPs from pure contract research.

One particularity of PPPs in the area of STI, as compared with other fields, is that many
of the public assets involved are intellectual assets such as intellectual property, databases,
human capital or software with particular characteristics. They therefore require financing
and governance rules for sharing and developing this “soft infrastructure” that differ from
those for physical infrastructure (e.g. buildings and laboratories or large computer
infrastructures). The process of innovation and technology development is also extremely
complex, involving standards setting, management of IPRs and consumer acceptance.
Many PPPs in the STI area tend to involve a broad range of stakeholders. For example, the
Magnet consortium in Israel consists of a number of firms together with research
personnel from at least one academic or research institution, and all partners sign an
agreement which ensures them the rights to the intellectual property created by the
consortium.

Recent policy trends

The rise in PPPs in STI is being driven by factors such as budgetary constraints, the
new public management ethos, and the fact that research and innovation are increasingly
co-operative and network-based. Business R&D strategists are pursuing open innovation
and collaborating with universities and government labs. Policy makers increasingly rely
on PPPs as an instrument of innovation policy as well as a means of attracting private
funding. For example, RETOS-COLABORACION Call in Spain is an instrument for
public-private collaboration to increase the participation of private funding in innovative
activities, facilitate company access to public research and foster the development of
technology-based companies and young innovative companies. Indeed, PPPs have become
a mainstream instrument in many areas of STI policy, from the funding of thematic
research programmes to the promotion of downstream business innovation activities, and
have continued to expand in OECD and non-member countries. The United Kingdom has a
Biomedical Catalyst programme to support innovative ideas in the biomedical sciences and
to bridge the financing gap. Malaysia’s mission-oriented innovation policy and its R&D
programmes use PPPs in the life sciences, ICTs, agriculture sciences or engineering,
environmental sciences and advanced materials science. Costa Rica supports collaborative
R&D via a non-refundable fund to promote business innovation.

Most countries have seen a rise in PPPs in the STI area that are strategic, long-term,
large-scale, high-risk and multidisciplinary and involve diverse stakeholders (government,
business, universities, non-governmental organisations). For example, the Czech Republic
has a Centres of Competence programme to create conditions for the development of
long-term public and private collaboration on R&D and innovation. In the Dutch top sectors
approach, each sector is governed by a team consisting of firm representatives, an SME, an
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academic and a high-ranking government official. This is an important principle of a new
governance approach and implies strong involvement of the private and academic sector.
These PPPs concern broad, emerging scientific and technological fields such as
nanotechnology additive manufacturing (e.g. 3D printing) or seek to address global
challenges. They are initiated by government and usually aligned with national and
ministerial innovation strategies (e.g. re-industrialisation, green growth, competitiveness).
They typically involve a broad network of actors, large investments over a long period and
a high level of uncertainty regarding economic return. This uncertainty is especially
pronounced in knowledge- and R&D-intensive sectors, and is intensified by technological
convergence, the declining costs of acquiring external R&D and knowledge inputs, and
reduced product cycle times. The United Kingdom’s Strategy for Agricultural Technologies
exemplifies the industrial competitiveness, value chain orientation and challenge-driven
approach to partnering with industry. It is to be “led by industry, working in partnership
with the public and third sectors, to unlock long-term investment by businesses, private
investors, foundations and trusts, and Government, as well as seeking long-term,
sustained growth in inward investment in the sector”.

A common concern for policy makers is to ensure “value for money” from the use of
PPPs. Yet in the STI area, value for money may not always be the main purpose of PPPs;
partnering for research breakthroughs and more radical innovation in high-risk areas may
be the main goal. For example, Switzerland has implemented bilateral collaborations with
Germany, the Netherlands, Sweden and Turkey that aim to promote networking and joint
R&D projects. Norway has a funding initiative for regional R&D and innovation to
strengthen regions’ innovative capacity and promote new forms of co-operation between
public and private research; it offers professional and financial support to long-term,
research-based development processes in the regions. Japan has a programme focused on
interdisciplinary R&D projects with a ten-year horizon. Its governing board consists of
leaders from academia and industry. Germany’s Industrial Collective Research Scheme (IGF
Research Scheme) and the Carnot institutes in France target SMEs. Denmark has tried to
address the lack of a comprehensive framework for PPPs by developing national guidelines
for innovation consortia.

There is also an international dimension to PPP policy development. Research and
innovation are increasingly international but differences in legislation, rules and
procedures for PPPs in OECD and non-member countries may make the establishment of
cross-border PPPs difficult. These differences make the management of PPPs in the STI
area more complex than in other areas and deserve particular attention from policy
makers. At the EU level, where the scale of investments required for certain large projects
is beyond the means of individual member states, PPPs represent a promising approach to
research and innovation policy. PPPs in fact feature prominently in the toolbox of
Horizon 2020 programmes.
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Table 2.1.

Major types of PPPs in STI and examples of programmes

Issues

Key challenges

Selected country examples

Time frame for PPPs

Long-term/No limited period

Short to medium term

End-user challenges, application-orientated basic research

Global challenge, societal challenge

Novel/emerging technologies

Commercialise rapidly

Australia (CRC programme), Austria (CDG), Czech Republic
(centres of competence), Germany (Forschungscampus),
Italy (national technological platforms)

France (Thematic programmes), Japan (COI programme),
Norway (FME)

Chile (Technological Consortia 2.0), Japan (S-Innovation),
United States (AMP), United Kingdom (A UK Strategy

for Agricultural Technologies)

Greece (Co-operation 2009)

Scale/governance of PPPs

Separate governance

Joint board

Regionally lead

Managing financial support and monitoring the structure
separately from implementing R&D

A board with representatives from all partners to define
research agenda, develop project plans, etc., to meet
stakeholders’ needs

To increase the visibility of the region, to create economic
value in the region, to strengthen the region’s innovative
capacity

Austria (COMET), France (Carnot Label), Ireland (Research
Prioritisation Initiative), Japan (NEDO, JST)

Austria (CDG), Ireland (research prioritisation initiative),
Netherlands (top sectors), United States (AMP)

Belgium (Strategic Platforms), Colombia (UCSE),
Ireland (Technology Gateway), Norway (VRI),
Slovak Republic (RIS3 SK)

Partners in the PPPs

Firms

Public research institutes/universities

Civil society

To reinforce SMES’ innovation capacity and bring their
innovative ideas to market more quickly

To exploit commercial possibilities of the research

Training of human resources, mobility of students and
researchers, participation of end users

Belgium (VIS), France (Laboratoires Communs), Germany
(IGF Research Scheme), Switzerland (CTI projects)

Czech Republic (GAMA Programme), Israel (MAGNET),
Poland (Initech Project), South Africa (CoCs), Spain (CENIT,
CIEN), Turkey (TUBITAK 1505)

Australia (ITRP), Canada (NSERC Strategy for Partnership
and Innovation — SPI), Ireland (Industrial Partnership
Research Supplements Programme), Italy (Integrated
Projects for Support to Industry), Japan (Programme

for Promoting Self-sustained Management

of Industry-Academia-Government Collaboration

in Universities), Norway (Industrial PHD Training),

South Africa (THRIP)

Financing modes

Competitive grant

Private contribution

To ensure transparency of the process

To gain prior commitment by the business community

Australia (JRE), France (ANR programmes), Spain (Retos
Colaboracién), United Kingdom (Biomedical Catalyst)
Most countries (50% of the total cost, less contribution in
case of SMEs, in-kind, etc.)

Source: OECD STI Outlook policy questionnaire 2014 except United Kingdom (A UK Strategy for Agricultural Technologies) and

United States (AMP).

References and further reading

European Commission (2013), “Public-private partnerships in Horizon 2020: a powerful tool to deliver on
innovation and growth in Europe”, Communication from the Commission to the European Parliament,
the Council, the European Economic and Social Committee and the Committee of the Regions, COM
(2013)494 final, http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52013DC0494&from=EN.

OECD (2004), “Public/private partnerships for innovations”, in OECD Science, Technology and Industry
Outlook 2004, OECD Publishing, Paris, http://dx.doi.org/10.1787/sti_outlook-2004-5-en.

OECD (2012), Recommendation of the Council on Principles for Public Governance of Public-Private Partnerships,
www.oecd.org/gov/budgeting/PPP-Recommendation.pdf.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014

105


http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52013DC0494&from=EN
http://dx.doi.org/10.1787/sti_outlook-2004-5-en
http://www.oecd.org/gov/budgeting/PPP-Recommendation.pdf

11.2. STIPOLICY PROFILES: GOVERNANCE

IMPACT ASSESSMENT IN STI POLICIES
Rationale and objectives

Impact assessment (IA) is an important preoccupation of much evaluation in the STI
policy field, as shown by country responses to the OECD STI Outlook policy questionnaire 2014
(Figure 2.6). Through IA exercises, policy makers aim to better understand, identify and often
quantify the causal relationships that link inputs (e.g. investments in R&D) to different
actors (e.g. ministries, R&D agencies, firms) and to their impact on output and outcome
measures (e.g. economic growth, improvements in health, environmental and living
standards or broader societal changes). The rationales for such assessments include: to
fine-tune and improve existing policy interventions; to inform spending priorities and
focus future policy interventions on areas with the greatest expected impact; and to hold
actors accountable for their performance and spending.

Figure 2.6. Primary purposes and orientation of STI policy evaluation, 2014
(based on own country ranking)
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Note: A summative evaluation measures the impact a policy programme may have upon the problems it addressed.
A formative evaluation monitors the way in which a programme is being administered or managed so as to improve
the implementation process.
The primary purpose and orientation of STI policy evaluation are defined by country self-assessment answers to the
question: “What are the major trends (over the past 5 years) of STI policy evaluation and impact assessment (IA) in
your country? Have the purposes of evaluation (learning versus accountability) changed in the last five years? Have
the orientation of evaluation (summative versus formative) changed in the last five years?” Responses are provided
by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook 2014 policy questionnaire.

StatLink SazP http://dx.doi.org/10.1787/888933151654

Important to the success of IA is the use of the results in policy making. In this regard,
it is important to understand use in a broad sense, recognising that while the results of IA
may be used by policy makers and programme managers in decision making, they may
also influence policy in less direct ways, for example, by diffusing key concepts and ideas
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that “enlighten” policy actors. Still, while many countries report using evaluation results
when shaping policy, under-utilisation is not uncommon, particularly where evaluation
practices and routines are still emerging.

Major aspects

A key concept in IA is “additionality”, which refers to the changes that can be
attributed to the policy intervention. Among these is “behavioural additionality”, which
concerns itself with sustained changes in the behaviour of target groups that are induced
by contact with the policy intervention (OECD, 2006). Accurately attributing observed
outcomes to the public intervention being assessed is always a challenge. Two
countervailing tendencies are common: first, the so-called “project fallacy”, whereby
outcomes that are in reality cumulative and dependent upon the interaction of several
factors are wholly (or mostly) attributed to the intervention assessed; and second, a
tendency to under-estimate the effects of an intervention because the focus of the IA is too
narrow or because of the timing of the assessment, as the full effects might not yet be felt.
Awareness of these tendencies is important, even if the problems they create cannot be
fully solved.

As a concept, “impact” can mean different things to different audiences (Gluckman,
2014) and different types of impacts can be assessed for a variety of specific policy needs.
Economic impacts, for instance, are measured in terms of changes in a wide array of
financial, productivity or budgetary metrics (e.g. revenues, profits, prices, labour
productivity, business start-ups, export volumes, employment levels, aggregate GDP, etc.)
at very different levels of aggregation (e.g. from the household to the firm up to the
national and macro aggregate level). Environmental impacts are usually assessed in terms
of the overall management of the environment, the reduction of pollution and the efficient
use of natural resources. Health impacts measure, among others, the increase in life
expectancy, the prevention of illness, or the overall sustainability of national healthcare
systems. Social impacts measure the effects that the policy intervention has on welfare,
well-being, habits or other social dimensions such as practices and activities of groups of
people, consumption patterns, work-life balance, and so on.

Recent policy trends

Many countries have given greater attention to assessing the impact of public
investments in research and innovation in recent years. This has coincided with increased
political interest in the economic impacts of innovation policies and the growing need to
use over-stretched public STI financing more efficiently and to allocate resources more
effectively to meet the demand and needs of the economy and society.

IA can be prospective in order to identify the expected impacts of policy interventions.
It is particularly useful for establishing clear and measurable objectives upfront when
developing a policy, and for setting data collection requirements to ensure that outcomes
can be measured effectively. In Australia, the Department of Industry’s Evaluation Unit
works with line areas to develop performance indicators and data collection
methodologies. For example, it conducts programme logic workshops to help policy
developers link programme drivers and activities with anticipated outcomes.

IA is more commonly thought of as a retrospective activity focused on identifying the
impacts of a completed or ongoing policy intervention. As noted above, an important
consideration in this case is when to conduct an assessment, given the time required for
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the impacts of many policy interventions to be perceived. One approach is to stagger IA
over two or more points in time so as to capture both more immediate and longer-term
impacts. Australia has a rolling programme of IA studies that subject every policy initiative
to review every three to five years. The impact assessment of user-oriented programmes in
Norway (Hervik, 1997; Hervik et al., 2012) is another example of on-going efforts to measure
impacts over time in order to capture shorter and longer-term impacts.

Various quantitative and qualitative methods are used to measure impacts. Case studies,
surveys and participatory methods usually complement the quantitative analysis provided by
econometric models, regression analysis or bibliometric approaches to provide policy makers
with a broader overview of impacts. In the Netherlands and the United Kingdom, greater
attention is being given to the use of control groups and experimental design methods in
evaluations of business-oriented instruments, with a view to improving the measurement
of their impacts (Warwick and Nolan, 2014).

Since IA can be expensive, some countries are exploring approaches that draw on
existing administrative data (“big data”). Australia (Jensen and Lane, 2013) has recently
commissioned a feasibility study on the introduction of a systemic mechanism for
capturing and integrating administrative data collected by government departments and
programmes, publicly funded research agencies and universities. Similarly, New Zealand is
shifting its focus away from expensive and potentially unreliable data collected through
surveys and towards using public administrative data more intensively. These approaches
follow the lead of the United States, which, since 2010, has been establishing a data
infrastructure called STAR METRICS to link inputs to outputs and outcomes of S&T policy
automatically, utilising existing datasets with minimal burden on research institutions and
federal agencies.

Several countries indicate an interest in developing better quantitative indicators in
support of IA. Such indicators have the advantage of supporting benchmarking
(internationally, but also between national programmes) and assessments of changes over
time. At the same time, some countries express concerns that this may go too far.
The Czech Republic’s desire to de-politicise and depersonalise R&D funding processes has
led to strict reliance on quantitative indicators for evaluating R&D programmes and R&D
organisations, but this has led to a narrow perspective that neglects the R&D system’s
contribution to satisfying societal needs. In Finland, there are calls for evaluation to pay
more attention to the soft dimensions and processes of STI actions and programmes and
to focus less directly on the money spent, objectives reached and outputs attained.

The capabilities to carry out IA (and evaluation more generally) are weakly developed
in some countries. In Colombia, these capabilities, in terms of available information and
specialised institutions, including universities and consultants, are still in their infancy. In
Malaysia, regular evaluation of STI policies, programmes and institutions has not featured
prominently, which has hampered the development of a more informed policy-making
process. In Russia, evaluation routines are rather weak and evaluation practices are not
widely embedded, and in South Africa, IA is not yet broadly implemented.

The feasibility and appropriateness of using IA depends not only on the competency
to carry it out but also on the ability to utilise its processes and results to inform future
policy interventions. The intended and actual use of IA results depends on its purpose, its
scope, its timing, and the political-institutional context. Many IA studies are quite limited
in scale and scope and targeted at the technical level of officials in ministries and funding
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agencies. In China, the majority of such studies are for internal use by S&T policy managers
and are not published; they are used primarily to support the re-design of programme and
policy instruments, and to inform the development of science and innovation priorities
and strategies. In Denmark, France and New Zealand, [A results are aggregated and
synthesised in summary reports for wider consumption by government ministers,
parliamentarians and other stakeholders. In Denmark, for example, IA results have been
used in this way to justify and legitimise, for politicians and the general public, the use of
public research and innovation funds. Likewise, in Israel, IA results that show high returns
on governmental investments in R&D have been used to convince the government to
increase R&D budgets.

The utilisation of IA results may also be indirect. Results may contribute to the
accumulation of knowledge through “trickle down” effects (Austria) and to a better level of
knowledge among key stakeholders (Denmark). Knowledge accumulation can sometimes
be tangible: in Australia, a database of evaluations is available to Department of Industry
staff to review key findings and recommendations on areas previously reviewed.

Some countries are also looking to improve the utilisation of IA findings. Norway has
placed greater emphasis on the follow-up and use of evaluation results, prioritising
evaluations according to the need for knowledge and their perceived usefulness. In Japan,
the recently revised National Guidelines for Evaluating Government Funded R&D require
funding organisations to use evaluation results to review their R&D programmes.
Moreover, they must demonstrate to the Japanese public how evaluation results have been
used. For its part, Korea has sought to strengthen the impact of IA results by formally
linking them to R&D budget allocations and the salaries of directors of PRIs.
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ANNEX 2.A

Comparative table of national STI strategies or plans,
OECD countries and some major non-OECD economies,

2014

National STI plan(s) or strategy Period covered  Main objectives
Argentina
Innovadora 2020 Up to 2020 Extend the scope of the former Plan PNCTI (2012-15) in order to cover a decade.
National Plan for Science, Technology 2012-15 Promote the transition towards further knowledge-based societies and economies by enhancing

and Innovation (PNCTI)

Bases for an STI Strategic Plan 2005-15

national S&T capabilities: i) improve national economic competitiveness; /i) increase quality of
life and foster social development; /i) support sustainable development mainly through the
protection of natural resources.

i) Increase consistency and social equality; /i) promote sustainable development; /i) move
towards a new productive specialisation profile, with further incorporation of knowledge;

iv) foster access to a knowledge-based society and economy.

Australia

AUD 100 million Growth Fund 2014-15

Research Workforce Strategy 2011-20

National Industry Investment and 2014 onwards
Competitiveness Agenda

Support initiatives in regions facing pressure in their manufacturing sectors, including support
for business and R&D, grants to aid the commercialisation of R&D in the automotive component
manufacturing sector and lead to new products or processes.

A vision for 2020 of a strong and productive Australian research workforce with the skills
required to support innovation. Maps out Australia’s research needs and provides a
comprehensive plan to match Australia’s capabilities to its innovation goals.

Promote national competitiveness and productivity, including options to encourage innovation,
support for R&D and the commercialisation of good ideas. A Ministerial Taskforce has been
established to develop the National Industry Investment and Competitiveness Agenda.

Austria

Becoming an Innovation Leader: Realising 2011-20
Potential, Increasing Dynamics, Creating
the Future

Be one of the EU’s most innovative countries EU by 2020 and among the “Innovation Leaders”:
i) a well-equipped education system; /i) basic research as a fertile ground for the innovation
system; jii) intensified R&D activities in companies ensured by knowledge transfer between
scientists and businesses; iv) new framework conditions and funding governance structures,
and distribution of responsibilities in a multi-level political system, from regional co-ordination
to internationalisation; vii) efficiency and effectiveness of funding, as well as the principle of
competition-based funding allocation.

Quantitative target:

o Raise R&D expenditures to 3.76% of GDP by 2020.
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Belgium (Federal government)

Federal Government Agreement

Since 2008

Reduce costs of researcher employment (through tax allowance on R&D wages) and increase
the commercialisation of research.

Quantitative targets:

o Raise R&D expenditures to 3% of GDP by 2020.

Belgium (Brussels Capital)

Regional Innovation Plan - Innovative Brussels

Smart Specialisation Strategy

2013-20

Forthcoming

A focus on regional R&D strategic platforms, development of clusters and identification of potential
niches for specialisation through: i) financing of innovation and seed funding; /) assistance and support
for innovative companies; Jii) increasing the availability of human capital by encouraging scientific,
technological and entrepreneurial careers; iv) innovative public procurement; v) joint development
of innovation (e.g. living labs); vi) promotion of the image of “innovative Brussels”; vii) increased
European support to the Region; viii) strategic monitoring and analysis; ix) evaluation of RDI policy;
x) strengthening of the Scientific Policy Board (CPS); xi) co-operation with other Belgian regions.
Quantitative targets:

o Raise R&D expenditures to 3% of GDP by 2020.

Identify sectors in which the region will invest, reshape and adapt financial measures and
instruments, and rethink a governance model.

Priority sectors: ICT, life sciences, environment.

Belgium (Flanders)

Flanders in Action (Vlaanderen in Actie - ViA)

Pact 2020

Concept Note on Innovation - Innovation Centre
Flanders

Foresight study

2009-20

2009-20

Since 2011

Up to 2025

Seven breakthroughs. The Breakthrough on Innovation Centre Flanders states that Flemish policy
should : /) boost investment in higher education institutions (up to 2% of GDP); /i) focus on key areas
to boost creativity and innovative capacity; /i) give more attention to research outputs; iv) provide
more opportunities for research; v) simplify the set of innovation policy instruments.

Quantitative targets:

o Raise R&D expenditures to 3% of GDP.

Monitor progress towards ViA targets in 20 thematic chapters, including one on innovation.
Quantitative targets:

e Raise R&D expenditures to 3% of GDP by 2020

e Raise education investments to 2% of GDP by 2020.

A framework for research, with six innovation hubs focused on societal challenges and their link
with the fundamentals of the Flemish STI system.

Priority areas: transformation (of the economy) by innovation, eco-innovation, energy-innovation,
care-innovation, sustainable mobility and logistics, social innovation.

Establish ST priorities to help address grand societal challenges through a model with transition
areas and a strengths/weaknesses analysis of the current situation in Flanders.

Priority transition areas: 1 horizontal transition area (Society 2.0), 6 vertical transition areas
(e-society, food, health and well-being, smart resource management and manufacturing industries,
urban planning, mobility dynamics and logistics, new energy demand and delivery).

Belgium (Wallonia)

Marshall Plan 2. Vert (PM2)

Strategy for an Integrated Research Policy

Creative Wallonia Action Plan

2010-14

2011-15

2010-15

i) Competitiveness cluster policy; /i) strengthened R&D; jii) establishment of an appropriate
framework for creating businesses and quality jobs; iv) strengthened human capital and vocational
training; v) stronger focus on sustainable development and environmental issues.

Six competitiveness clusters: BIOWIN (health), SKYWIN (aeronautics and spatial), WAGRALIM

(agro-food), LOGISTICS IN WALLONIA (transport and logistics), MECATECH (Mechanical

engineering), GREENWIN (Green technologies).

Orientations of R&D support at the regional and community levels: /) improve the complementarity

of available support tools; /i) strengthen investment in R&D to approach the goal of 3% of GDP;

iii) encourage partnerships for research support and optimise tools for exploiting research results;

iv) increase the presence of Wallonia on the international scene; v) strengthen human resources for

research by raising awareness of S&T professions; vi) target funding to a limited number of strategic

areas; vii) make systematic evaluations of results of R&D support programmes.

Five research priorities: sustainable development, renewables, technology research, quality of life

in the context of ageing societies, health.

Quantitative targets:

e Raise R&D expenditures to 3% of GDP by 2020.

e Some targets in the PM2. Vert (number of people involved in awareness initiatives for S&T
professions, number of programmes or mandates funded, number of companies active in
European research programmes).

Put creativity and innovation at the heart of economy and society. Three main axes: /) stimulating creative

society; /i) encouraging innovative practices; jii) support for innovative production. Some 20 actions

already implemented, including: university courses; co-working spaces; “smart work centres”;

an observatory of trends; a support tool for the start-up of innovative processes (Boost-up/Creative

Industries and Crossmedia); a plan for development of connectivity in Wallonia.
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Brazil

National Strategy for Science, Technology
and Innovation (ENCTI)

Great Brazil Plan - Plano Brasil Major (PBM)

2012-15

2011-14

Decrease the technological gap through science and innovation; increase international presence;
promote a green economy; contribute to eradicating poverty and decreasing social and regional
inequalities by: i) increasing resources for financing innovation; /i) expanding and strengthening
infrastructure for S&T research; and jii) increasing support for human resources capacity
building in strategic fields, especially engineering.

Priority areas: renewable energy, subsea oil, health, biodiversity, climate change, defence,
nuclear, space and social technologies.

Quantitative targets:

o Raise R&D expenditures to 0.9% of GDP by 2014.

Negotiation forum; no financial resources committed.

Canada

Mobilizing Science and Technology to Canada’s
Advantage

Science, Technology and Innovation Strategy

Since 2007

Forthcoming

i) Promote world-class excellence; ii) focus on priorities; /ii) foster partnerships; iv) enhance
accountability.
Updated Science, Technology and Innovation Strategy.

Chile
Growth, Innovation and Productive Agenda Since 2014 i) Facilitate and encourage diversification and productive development, i) promote economic
sectors with high growth potential, i) increase firms’ productivity, iv) boost exports. Include
priority sectors for social and economic development.
“Surfing towards the Future: Chile on the 2025 2014-25 Consider future “strategic orientations” rather than specific guidelines for action with cultural
Horizon” issues one of the main challenges for Chile.
Priority areas: energy, biology and education.
National Innovation Strategy for 2010-14 Improve productivity and competitiveness as key drivers of growth and economic and social
Competitiveness — Innovation Plan development by /) creating a culture of innovation and entrepreneurship, /i) increasing critical
mass in scientific and entrepreneurial capacity, Jii) removing bottlenecks to business creation
and competitiveness, iv) encouraging global connections, v) improving technology absorption
and transfer; and vi) generating, attracting and retaining top talent to become an innovation hub
in South America.
Quantitative targets:
o Raise R&D expenditures to 0.4% of GDP (indefinite).
People’s Republic of China
Medium and Long-term National Plan 2006-20 i) Enhance China’s S&T and innovation capabilities; /i) use innovation as a tool to restructure
for Science and Technology Development Chinese industry and shift growth from investment-driven to innovation-driven; jii) build a
conservation-minded and environmentally friendly society; and iv) enhance independent
innovation capabilities as a national priority.
Quantitative targets:
o Raise R&D expenditures to 2.5% of GDP by 2020.
e Rank among the world’s top five in patenting and international citations.
12th Five-year Plan for S&T Development 2011-15 i) Improve indigenous innovation capability, especially in firms; /i) strengthen S&T

competitiveness and international influence with a focus on development of human resources,

creativity and innovation culture; /ii) make breakthroughs in core and critical technologies in key

areas to support economic restructuring; iv) develop a functional, well-structured and efficient

national innovation system through reform of the public research and S&T governance systems

and better co-ordination and collaboration among stakeholders.

Quantitative targets:

o Raise R&D expenditures to 2.2% of GDP.

o Raise investment of large and medium-sized industrial enterprises in R&D to an average of
1.5% of their revenue.

e Increase proprietary core technologies. Increase the role of large-scale enterprises in driving
technological innovation. Foster world-leading innovative SMEs.

o Raise the number of researchers to 43 out of every 10 000 employees.

o Raise the share of citizens with basic scientific proficiency to over 5%.
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Colombia

National Innovation Strategy

Sectoral Strategic Plan for Science, Technology
and Innovation

National Policy on Science, Technology
and Innovation - CONPES-3582

Since 2011

2010-14

2009

i) High-quality human capital; /i) relevant science and technology; /i) private-sector innovation
and entrepreneurship (including social innovation). Two enabling platforms: ICT/connectivity and
innovation culture.

Quantitative targets:

o Raise R&D expenditures to 0.5% of GDP.

e Raise doctoral grants to 3 000 in 2014.

o Raise the share of technologically innovative companies to 25% of firms in 2014.

i) Consolidate the National System for Science, Technology and Innovation (NSSTI); ii) increase
human capital for research and innovation; jii) promote knowledge and innovation for production
and social transformation.

Quantitative targets:

o Raise R&D expenditures to 0.5% of GDP by 2014.

Generate economic and social development based on knowledge.

Costa Rica

National Science, Technology and Innovation
Plan (PNCTI)

2011-14

i) Strengthen national STI capacities and their role in productivity and socio-economic
development by improving the allocation of investments; i) reinforce high-level human
resources in basic sciences and engineering; /i) promote social appropriation of science, S&T
vocations and the spirit of entrepreneurship; and iv) strengthen the institutional framework

of the STI sector.

Czech Republic

National Innovation Strategy

International Competitiveness Strategy

National Research, Development and Innovation
Policy (NRDIP)

Reform of the Research, Development
and Innovation System

2012-20

2012-20

2009-15

Since 2008

Raise the importance of innovation and use top-of-the-range technologies as a source

of competitiveness and increase their contribution to long-term economic growth, high-quality
jobs creation and the development of quality of life in the Czech Republic through i) excellent
research; /i) co-operation between research institutions and enterprises; Jii) innovative
entrepreneurship; iv) human resources as originators of new ideas and initiators of changes.
Strengthen the competitiveness of the Czech economy in nine pillars: institutions, infrastructure,
macroeconomics, health care, education, labour market, financial markets, business
environment and innovation. Institutions, infrastructure and innovation (“3i”) are considered the
most important areas for future competitiveness. Create friendly conditions for creative
business, innovation and growth.

Improve conditions for innovation, knowledge transfer and diffusion of frontier technologies as
key sources of economic growth over the long term through: i) supply of high-quality human
resources; ii) improved framework for transfer and use of knowledge; /ii) increased innovative
capacity in the business sector; and /v) better strategic management of the system. Updated with
an outlook to 2020.

Quantitative targets:

o Raise R&D expenditures to 2.7% of GDP by 2020.

e Raise government spending on R&D to 1% of GDP by 2020.

Increase the competitiveness of the Czech economy and improve the quality of life in

the Czech Republic through institutional arrangements, legislative changes regarding public
support of R&D and funding to: i) improve efficiency and simplify R&D support; /i) support
excellence in R&D and facilitate application of R&D in innovation; Jii) strengthen co-operation
with users of R&D results based on co-financing from public and private resources; iv) improve
organisational flexibility of public research institutes; v) ensure a supply of HRST; and

vi) increase involvement in international co-operation.
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Denmark

The Innovation Strategy — Denmark: A Nation
of Solutions

Ensure that the substantial public investments in research, innovation and education translate
into more growth and jobs and help find solutions to global societal challenges through: /) a
more demand-driven innovation policy; /i) increased exchange of knowledge and greater focus
on innovation competencies in education. Central initiatives are the reform of the Research and
Innovation Council, the Societal Innovation Partnerships and the INNO+ catalogue, which
identifies promising areas for strategic investments in innovation.

RESEARCH2020 Since 2012 Find the most promising research areas for growth, employment and welfare using major

(Forsk2020) societal challenges as a starting point and the basis for decision on strategic funding of research.
RESEARCH2020 replaces RESEARCH2015.

Quantitative targets (by 2020):

o Raise R&D expenditures to 3% of GDP.

@ 95% of a youth cohort to complete an upper secondary education programme.

@ 60% of a youth cohort to complete a higher education programme.

e 25% of a youth cohort to complete a long-cycle higher education programme.

Estonia

R&D and Innovation Strategy - 2014-20 Create favourable conditions for increased productivity and standard of living, good education
Knowledge-Based Estonia (KBEIII) and culture, preservation and development of Estonia.

Quantitative targets (by 2020):

o Raise R&D expenditures to 3% of GDP.

e Raise business expenditures on R&D to 2% of GDP (2/3 of GERD).

Entrepreneurship Growth Strategy 2014-20 Raise productivity and employment through a single strategic framework that ensures coherence
of entrepreneurial and innovation policies. Focuses on areas (smart specialisation) and groups of
enterprises with major potential.

R&D and Innovation Strategy Knowledge-Based 2007-13 Ensure high-quality R&D, increase business-sector innovation and value added and establish

Estonia (KBEII) Estonia as an innovation-friendly country through: /) development of human capital; /i) more
efficient organisation of public sector R&D4&l; Jii) increased innovation capacity of enterprises;
iv) policy making aimed at long-term development of Estonia.

Quantitative targets (by 2020):
o Raise R&D expenditures to 3% of GDP.
e Raise business expenditures on R&D to 1.6% of GDP (half total R&D expenditures).

Research Infrastructures Roadmap Since 2010 Focus on 20 research infrastructures of national importance, either new or in need of upgrading
and Estonian priorities in pan-European partnership projects.

Finland

Action Plan for Research and Innovation Policy Since 2012 i) Encourage constant renewal and the transcending of boundaries and the courage to

(TINTO) experiment and take risks; /i) Make faster, more efficient use of research outcomes and
strengthen the social impact of STI policy by broadening the scope of innovation activities;

iii) ensure long-term basic funding for universities and public research institutions; and /v) use
competitive research funding more strategically to boost the exploitation and social impact of
research outcomes.

Research and Innovation Policy Guidelines 2011-15 Enhance competitiveness and the knowledge base to create a world-class basis for expertise and
business activities through: i) a change the public sector’s operating culture to match the new
role of government in R&D and innovation; /i) a broad-based innovation policy (e.g. tools for
demand and user-driven innovation; public procurement; regulatory framework issues, lead
market initiatives); /i) a new R&D tax incentive scheme for companies and tax incentives for
private VC investors; iv) support for new growth-oriented young companies; v) continued
structural development of PRIs and establishment of a national infrastructure policy.
Quantitative targets:

o Maintain R&D intensity at 4% of GDP to 2020 (public R&D funding at 1.2%).

Internationalisation of Education, Research 2010-15 i) Secure financing and human resources; /i) create and maintain infrastructures; /i) speed up

and Innovation (ERI)

the internationalisation of PRIs and enterprises; iv) promote networking and risk-taking.
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France

National Research Strategy (SNR)

Plans for Industrial Recovery

Innovation 2030

National Strategy for Higher Education (SNES)

“A New Deal for Innovation” (report)

2013-18

Since 2013

2013

2014-18

2013-14

Identify ten societal challenges, and define a research strategy for each challenge, a strategy for
large equipment, a limited number of major scientific and technological priorities and some
steering rules.

The ten challenges: sustainable resource management and adaptation to climate change; safe,
effective and clean energy; stimulate industrial revival; health and wellness; food security and
demographic challenge; sustainable mobility and urban systems; information society and
communication; innovative, integrative and adaptive societies; spatial ambition for Europe;
freedom and security for Europe, its citizens and its residents.

Quantitative targets:

e Raise R&D expenditures to 3% of GDP by 2020.

34 plans to define innovation-focused strategies for industrial sectors, to support existing
industries and prepare tomorrow’s industry. Development of sectoral contracts in partnership
with entrepreneurs and guidelines for funding bodies.

Major innovations to meet the needs of tomorrow’s society: innovation competition, public
procurement, equity participation but also standardisation activities, specific regulatory
simplifications, appropriate training, experiments, etc.

Develop five major objectives regarding future challenges: i) raise the general level of knowledge
and skills; /i) promote equality of opportunities; Jii) include training in the European area of
higher education; iv) make better use of training for employability, v) renew the governance of
higher education.

Strengthen the capacity for growth through innovation in France by: i) organising and evaluating
public policies for innovation (e.g. establishment of a commission for the evaluation of
innovation policies); /i) developing a culture of entrepreneurship and innovation (e.g. New
Argonauts programme, a EUR 10 million “Young Entrepreneurs Award" for selected start-ups);
iii) increasing the economic impact of public research through transfer (e.g. Partnership for
Open Innovation); iv) supporting business growth through innovation (e.g. Nova plan for
innovative SMEs, French Tech project for digital technology, large venture fund by BPI, sovereign
fund for industrial property).

Germany

Expansion of the High-Tech Strategy

High-Tech Strategy

Under
development

2006-13

Expansion of the High-Tech Strategy into a more comprehensive and application-oriented
interdepartmental innovation strategy. Will cover both technological and societal innovations
with the aim to transform research results better and faster into practice.

Gear research and innovation policy towards a number of central missions and adopt an
integrative approach by i) identifying key technologies that support the emergence of lead
markets; ij) linking up topics in various fields of innovation policy across federal ministries;

iif) addressing aspects of funding in connection with efforts to improve general conditions; and
iv) defining specific missions, so-called “forward-looking projects” (Zukunftsprojekte). Related
innovation strategies form the basis of roadmaps for achieving interim milestones.

Priority areas: health, nutrition, energy, climate change, mobility, communication and security.
Quantitative targets:

e Raise R&D expenditures to 3% of GDP by 2020.

Greece

Strategic Plan for Research, Technology
and Innovation

Action Plan for Research and Technology

National Strategic Plan for Research
and Development

Forthcoming

Forthcoming

2007-13

New legal framework for research and technological development (including a National Strategic
Framework for Research, Technological Development and Innovation and a National Action Plan
for its implementation) to replace the existing legal framework in order to address emerging STI
policy issues and long-term challenges in Greece.

Establish more favourable conditions for R&D&I and the exploitation of new knowledge;
establish a variety of incentives to promote investments by the private sector; simplify financing
procedures and facilitate the activities of research organisations.

Increase and improve investments in knowledge and excellence with a view to sustainable
development and innovation: /) support scientific/research personnel and research
infrastructure; /i) link research with industry; Jii) strengthen international R&D orientation; and
iv) increase dissemination of research results on all issues related to science in society to
generate economic and social value.

Quantitative targets:

e Raise R&D expenditures to 1.5% of GDP by 2020.
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Hungary

National Research and Development and 2013-20
Innovation Strategy — Investment in the Future

Focus on utilisation-oriented R&D and innovation activities of companies through:

i) internationally competitive knowledge bases that underpin economic and social progress;

ii) promoting co-operation on knowledge and technology transfer that is efficient at national and
international levels, and Jii) innovative enterprises and the public sector intensively utilising the
results of modern science and technology.

Priority areas: ICT, biotechnology, nanotechnology, renewable energy and natural resources,
environmental technologies.

Quantitative targets (by 2020):

o Raise R&D expenditures to 1.8% of GDP.

o Raise business expenditures on R&D to 1.2% of GDP.

S&T Innovation Policy Strategy 2007-13 i) Commercialisation (transfer to knowledge-based industries); /i) regional innovation systems.
Priority areas: ICT, biotechnology, nanotechnology, renewable energy and natural resources,
environmental technologies.

Quantitative targets:
o Raise R&D expenditures to 1.8% of GDP by 2013 with half of the R&D performed by the
business sector.

New Szechenyi Plan 2011-14 Make the economy more dynamic and ensure economic growth through innovation and the use
of measures such as: i) strengthening knowledge infrastructures (research institutes,
universities), /i) supporting innovative companies with high growth potential operating in the
processing and service sectors; Jii) increasing the innovation and absorption capacity of SMEs;
iv) developing innovative clusters; and v) joining national and international knowledge sources
and markets necessary for innovation.

Quantitative targets:
e Raise R&D expenditure to 1.5% of GDP by the mid-decade.
@ Reach the EU average of the summary innovation index (Sll) and enter the top third of EU
countries during the next cycle.
o Create 1 million new jobs in ten years.
Iceland

New Policy for S&T 2013-16 i) Human resources and recruitment (e.g. a focused and comprehensive education system, with
emphasis on the natural sciences and technology, increase in PhD graduates and funding
support for young researchers); i) co-operation and efficiency (e.g. a revised STI structure,
increased support and incentives for co-operation, long-term projects and secured funding);
iii) growth and value creation (e.g. more competitive and performance-based funding of R&D,
support through tax incentives and strengthened venture capital market, support for
internationalisation and participation in global co-operation); and iv) impact and follow-up
(e.g. comprehensive system for monitoring results in science and innovation, improved industry
statistics).

Quantitative targets:
o Raise R&D expenditures to 3% of GDP by 2016.
India (1)
Decade of Innovations 2010-20 i) Design and develop a national innovation system based on national priorities; /i) implement

policy instruments to encourage business R&D and innovation on public and social goods
including clean energy; iii) improve international S&T co-operation.

Quantitative targets:

@ Raise R&D expenditures to 2% of GDP (indefinite).

Indonesia

Vision and Mission of Indonesian S&T Statement 2005-25

Second National Medium-Term Development 2010-14
Plan (RPJMN)

Improve the global competitiveness of the national economy and foster the transition toward a
knowledge-based economy by: /) building an ethical foundation for the development and
implementation of S&T; /i) supporting the diffusion of S&T; /i) strengthening national
capabilities (human resources, infrastructure and institutional actors for S&T).
Quantitative targets:

e Raise R&D expenditures to 1% of GDP by 2014.

Refine development priorities set in the Vision and Mission of Indonesian S&T Statement:
i) quality of human resources; /i) development of S&T through improved R&D capabilities
(institutions, resources and domestic and international networks); and /ii) economic
competitiveness.

Quantitative targets:

o Raise R&D expenditures to 1% of GDP by 2014.
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Ireland
Strategy for Science, Technology and Innovation 2006-13 i) Improve competitiveness, /i) remain attractive for FDI and maximise social cohesion;
(SSTI) iii) promote R&D to become an innovation-driven economy.
Quantitative targets:
o Raise R&D expenditures to 2.5% of GNP by 2013.
Israel

Various national reports and STl-related policy Increased investment and greater policy focus on biotechnology, nanotechnology and

documents low-technology industries. Growing interest in cleantech sectors (renewable energies, water and
oil substitutes). Establish and develop an information system on innovation (i.e. innovation
survey and database).

Higher Education Plan 2011-15 Expanded budget for improving the quality of the higher education system and its
competitiveness.

Programme For Investment In Qil-Substitute 2011-20 Promoting global reduction of oil consumption and increased development and uptake of oil

Technologies substitutes through: /) co-operation with the industry sector to reduce bureaucracy in
introducing and testing new technologies; /i) increasing venture capital investments through
government participation; and Jij) increasing the budget for applied academic study in the field.

Italy

National Research Plan (2014-16) Forthcoming  Strongly based on the so-called “Major Societal Challenges” in Horizon 2020, it has produced
Horizon 2020 Italy to improve alignment with EU instruments.

National Research Plan 2011-13 i) Promote knowledge-driven research; ij) strengthen the involvement of the business sector and
co-operation with the public sector; jii) support the internationalisation of research; iv) promote
centres of excellence in the national/international context; v) concentrate efforts on large projects
and research infrastructure.

Quantitative targets:
o Raise R&D expenditures to 1.53% of GNP by 2020.

Industry 2015 2006-15 Enhance the competitiveness of the productive system through: /) industrial innovation projects;
ii) public-private partnerships.

Strategy for the Internationalisation of Italian 2010-15 Renew the vision of Italian research in the context of implementing the EU 2020 strategy, adapt

Research the national context to the present global situation to lead to a sustainable society.

Research Infrastructures of Excellence for Italy - 2010-12 Identify research infrastructures of excellence in all areas of demand in Italian scientific

The Italian Roadmap 2010 communities recognised by all stakeholders, taking into account the international and European
context and expressed priorities for the next 5-10 years.

Destination Italy (Destinazione ltalia) Since 2013 Sketch a coherent national policy to attract foreign investment and improve the competitiveness
of Italian firms (e.g. start-ups, SMEs) through 50 measures designed to reform a broad range of
sectors, including research and higher education. Underpin the connection between basic
research and the production system by focusing on university spin-offs.

Italy towards Europe: the Italian Technological 2011-14 Address the contribution of the business/private sector to Horizon 2020.

Alliances

Reform of the National Doctoral Programme Since 2013 i) Better respond to the needs of enterprises and academia; /i) improve their interaction
within the framework of the European Research Area; and jii) better respond to the challenges
sketched in Horizon 2020 EU research programme.

Japan

Comprehensive Strategy on Science, Technology 2013-30 Set a long-term vision of national STI policies (target year: 2030) to design Japan’s ideal

and Innovation economic society from the viewpoint of STI and set detailed policies and intermediate targets
towards its realisation, through a clear roadmap for implementation. Formulate a package
of problem-solving STI policies in an inclusive approach, involving relevant stakeholders,
and clarify the division of roles among different actors, ministries and other institutions.

4th S&T Basic Plan 2011-16 Comprehensive promotion of S&T and innovation and an issue-driven approach through:

i) integrated development of STI policies to address societal challenges; i) further focus
on the roles of human resources and organisation; Jii) realisation of a policy to be created
and promoted with civil society (“Science in society, science for society”).

Priority areas: environment; energy; health and medical/nursing care; social challenges.
Quantitative targets:

o Raise R&D expenditures to 4% of GDP by 2020.
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Korea
3rd S&T Basic Plan 2013-17 High Five Strategy: /) expand national R&D investment and improve its efficiency; /i) develop
national strategic technologies; /i) strengthen mid- and long-term creative capability; iv) identify
and support new industries; and v) create S&T-related jobs. Succeeds the 2nd S&T Basic Plan
(a.k.a., 577 Initiative).
Quantitative targets:
o Contribution rate of R&D to economic growth: 40%.
e S&T-related job creation: 640 000.
e STI capacity: World Top 7th.
Latvia
Guidelines for Science, Technology 2014-20 Quantitative targets:

Development and Innovations
Smart Specialisation Strategy

Forthcoming

o Raise R&D expenditure to 2% of GDP by 2020.

Lithuania
Innovation Development Programme 2014-20 Increase competitiveness and innovation performance, by /) achieving better commercialisation
of R&D results, i) increasing R&D investments.
Quantitative targets:
e Raise R&D expenditure to 1.9% of GDP by 2020.
National Programme for the Development 2013-20 Encourage sustainable development and competitiveness and creates conditions for innovation
of Studies, Research and Experimental by developing higher education and R&D. j) create an environment favourable for individuals
Development to acquire high professional qualifications; /i) create new knowledge and conditions for the
integration of science, businesses and culture in society; jii) ensure the functioning of an education
and SR&ED system that is based on data, information, evidence, professionalism and trust.
Programme on the Implementation of the Priority Since 2014 Increase the impact of high value-added, knowledge-intensive and highly-qualified-labour-intensive
Areas of Research and Socio-Cultural economic activities on the GDP and structural changes of the economy. /) Create innovative
Development and Innovation technologies, products, processes and/or methods and, using the outputs of these activities
address global and long-term national challenges; /i) increase competitiveness and opportunities
to access global markets through the commercialisation of R&D and innovation and greater
collaboration of science and industry.
Luxembourg
No strategic document
Malaysia
National Science, Technology and Innovation 2013-20 i) Advance scientific and social R&D and commercialisation; /i) Develop, harness and intensify
Policy talent; jii) energise industries; iv) transform STI governance; v) promote and sensitise to STI;
and vi) enhance strategic international alliances.
Quantitative targets:
e Raise R&D expenditures to 2% of GDP by 2020.
Mexico
National Development Plan (PND) 2013-18 Make S&T development and innovation the pillars of sustainable economic and social growth.
Design the new Special Programme for Science, Technology and Innovation 2014-18 (PECITI).
Quantitative targets:
o Raise R&D expenditure to 1% of GDP (indefinite).
Special Programme for Science, Technology 2014-18 Transform Mexico into a knowledge-based economy.

and Innovation (PECiTI)
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Netherlands

New White Paper on Science Policy
Enterprise Policy — “To The Top”

Strategic Agenda for Higher Education, Research
and Science

Forthcoming
Since 2011

2011-15

Strengthen Dutch competitiveness and make the Netherlands one of the top five knowledge
economies in the world (by 2020) through: i) fewer subsidies in exchange for lower taxes;
i) fewer and less complicated rules; Jii) broader access to corporate financing; iv) better
utilisation of the knowledge infrastructure by the business sector; and v) better alignment of the
tax system, education and diplomacy with the needs of the business sector.

Quantitative targets:

e Raise R&D expenditures to 2.5% of GDP by 2020.

o Establish top consortia for Knowledge and Innovation to which public and private parties
contribute more than EUR 500 million, at least 40% of which is financed by the business
sector (by 2015).

i) Strengthen the quality of education; /i) focus on specific economic sectors (such as water,

energy); and jii) strengthen curiosity-driven (fundamental) research through promotion of

co-operation in the so-called “golden triangle”: education, research and entrepreneurship.

New Zealand

Business Growth Agenda

Since 2012

To build a more productive and competitive economy based on export markets, innovation,
infrastructure, skilled and safe workplaces, natural resources and capital markets by:

i) encouraging business innovation; /i) boosting public investment in science; iii) strengthening
research institutions; iv) increasing the innovation workforce; v) building international linkages;
vi) improving IP settings; vii) developing innovation infrastructure; viii) boosting public
investment in science and research.

Quantitative targets:

o Raise business R&D expenditures to more than 1% of GDP.

o Increase the ratio of exports to GDP from 30% to 40% by 2025.

Norway

White Paper on Research - “Long-Term
Perspectives — Knowledge Provides
Opportunity”

Political Platform

White Paper on Intellectual Property Rights
(IPRs)

White Paper on the Organisation of Innovation
Norway and SIVA

White Paper on Innovation Policy -
“An innovative and Sustainable Norway”

Strategy for Research Co-operation with Europe

Strategy for Environmental Technology

Since 2013

Since 2013

Since 2013

Since 2012

Since 2009

Since 2014

Since 2011

New approach to the formulation of national research policy, through the long-term National Plan
for Research and Higher Education to be presented in 2014 and updated every four years.
Quantitative targets:

e Raise R&D expenditures to 3% of GDP (indefinite).

Establish policy priorities for government with high priority for knowledge, innovation

and technology.

Quantitative targets:

o Raise R&D expenditures to 3% of GDP by 2030.

Overview of IPRs in Norway with a view to a stronger Norwegian patent office and education

in IPRs at Norwegian universities.

i) Establishment of national seed capital funds; ii) increased support to internationalisation
through Innovation Norway and better co-operation between Innovation Norway and SIVA,;

iii) simplification of the instruments of Innovation Norway; iv) strengthening of the Management
by Objectives approach of Innovation Norway and SIVA; v) revision of the mandate of Investinor;
vi) establishment of the Norwegian investment agency Invest in Norway, as a collaboration
between Innovation Norway, the Research Council of Norway and SIVA.

Improve the knowledge base and establish strategy councils in specific areas (SMEs,
environmental technology, tourism and the maritime industry), and increase innovation

by promoting: i) a creative society with a sound framework and a favourable climate for
innovation; /i) creative people who develop their resources and competences, while grasping
possibilities to apply them; and Jii) creative undertakings that develop profitable innovations.
Identify clear objectives and priorities for research co-operation through Horizon 2020

and the European Research Area.

Marshal policies to develop competitive industries and businesses and help Norway reach

its environmental targets. Priority areas are: /) commercialisation and testing (e.g. Innovation
Norway grants for environmental technology pilot and demonstration); /i) research

and competence development (e.g. National Programme for Environmental Technology);

iii) networks and co-operation; iv) environmental regulations; v) public and private procurement;
vi) a stronger knowledge base for policy making.
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Norway

21-Strategies and 21-Forums Since 2001

Technological R&D strategies Since 2009

Sectoral research and innovation strategies (21-strategies and 21-forums), focused on:
petroleum industry (Oil and Gas in the 21st Century -0G21), renewable energy, energy efficiency
and CO, capture and storage (Energi21), climate research (Klima21), maritime industry
(Maritim21), sustainable management of marine resources and the marine industry (Hav21),
knowledge- based construction sector (Bygg21), health and care services (Health&Care21),
forestry sector (Skog22).

National R&D strategies for the prioritised technology areas of ICT (2013), nanotechnology
(2012), biotechnology (2011), as well as for environmental technology (2011) and marine
bioprospecting (2009).

Poland

Strategy for an Innovative and Efficient 2013-20
Economy- “Dynamic Poland 2020

Science Strategy in Poland 2009-15

Strategy for Increasing the Innovativeness 2007-13
of the Economy

i) Adjust the regulatory and financial environment to the needs of innovation; /i) provide

the economy with appropriate knowledge and human resources; iii) ensure sustainable use

of resources; iv) increase the internationalisation of Polish economy.

Quantitative targets:

e Raise R&D expenditures to 1.7% of GDP by 2020.

@ Raise the Summary Innovation Index (SII) rank among EU countries to the innovation
followers group by 2020.

o Raise the Global Competitiveness Report innovation index rank among EU countries to 15
by 2020.

e Raise resource productivity (GDP/DMC) to 0.5 by 2020.

i) Promote the drivers of a knowledge-based economy, such as biotechnology, nanotechnology,

materials and information technologies; /i) select relevant priorities and research programmes.;

iii) reform governance and restructure HEIs (e.g. creation of the Science and Innovation Council

for the preparation of strategic development directions); Jii) increase competitive funding

vis-a-vis statutory funding and revise performance assessment criteria.

Quantitative targets:

e Raise S&T expenditures to 1.7% of GDP by 2015.

o Raise allocation to science to 1% of GDP.

Support clusters development and networking.

Portugal

Research and Innovation Strategy for Portugal 2014-20

Multi-level research and innovation strategy to inform the design of national programmes
for 2014-20.

Quantitative targets:

o Raise R&D expenditures to 3% of GDP by 2020.

Russian Federation

Series of Presidential Decrees of 7 May 2012 Since 2012

Set the major goals in Russian STI policy for the coming years.

Quantitative targets:

e Raise R&D expenditures to 1.77% of GDP by 2015.

o Raise R&D expenditures of universities from 9% to 13.5% of GERD by 2018.

o Raise overall funding of public science foundations to RUB 25 billion by 2018.

o Raise average salaries of researchers to 200% of the regional average by 2018.

o Raise the share of Russian publications in total scientific journals indexed in Web of Science
10 2.44% by 2015.

e Establish and modernise 25 million high-performance workplaces by 2020.

o Raise the share of goods produced by high-technology and knowledge-intensive industries in
GDP by 1.3 times from the level in 2011 by 2018.
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Slovak Republic

Research and Innovation Strategy for Smart
Specialisation (RIS3) — Through Knowledge
towards Prosperity

2014-20

Drive structural change to promote self-sustaining growth in income, employment and standard
of living. Main strategic goals are to: /) integrate key industries through co-operation of local
supply chains in embedded clusters; ii) increase the contribution of research to economic growth
via global excellence and local relevance; jii) create a dynamic, open and inclusive innovative
society as a precondition for the rise in the standard of living; iv) improve the quality of human
resources.

R&D priorities: material research and nanotechnology, ICTs, biomedicine and biotechnology;
technological priorities: industrial technologies, sustainable energy, environment and
agriculture; social priorities.

Quantitative targets:

o Raise R&D expenditures to 1.2% of GDP by 2020.

Slovenia

Research and Innovation Strategy of Slovenia
(RISS)

Research Infrastructure Roadmap

Slovenian Development Strategy (SDS)

Resolution on the National Higher Education
Programme

Framework Programme for Promoting
Entrepreneurship and Competitiveness

2011-20

2012-20

2006-13

2011-20

2007-13

Establish a modern research and innovation system that will allow for a higher quality of life for
all, critical reflection in society, efficiency in addressing social challenges, increased value added
per employee, and assurance of more and higher-quality workplaces. Main priorities are: /) a new
R&D Activities Act; /i) smart specialisation; iii) science excellence; iv) co-operation between
universities, research institutes and industry and technology transfer; v) implementation of the
National Roadmap for Research Infrastructure 2011-20; vi) transnational R&D and international
mobility; vii) more autonomous and responsible research organisations; viii) more public
funding of innovation-oriented R&D and a greater share of innovation-active enterprises;
ix) public awareness of the impact of industrial R&D activities.
Priority areas: food, biotechnology, biomedicine, environment and renewable energy, advanced
materials, nanotechnology, construction, space, high-performing computing and grids, open
data and digital sources, social sciences and humanities.
i) Better link science to business needs and capabilities; /i) increase R&D expenditures and
promote business R&D investment; Jii) raise business, especially SMEs, absorption capacity for
R&D results in the business sector and encourage commercialisation of research results;
iv) reform the organisational structure of public R&D; v) increase the number of researchers and
their mobility between sectors; vi) shift public research towards applied and targeted research;
vii) encourage international co-operation; viii) stimulate patenting and high-technology exports.
Quantitative targets:
e Raise R&D expenditures to 3% of GDP by 2010, partly by designing special measures to
promote business R&D investment.
i) Employability and mobility of graduates within Europe and worldwide; /i) diversity and
equitable accessibility through internationalisation, diversification, study structures and funding
of higher education.
i) Promote entrepreneurship and an entrepreneur-friendly environment; /i) provide business with
knowledge and encourage R&D and innovation in companies; iii) promote SMEs with equity and
debt instruments.

South Africa

National R&D Strategy

National Development Plan (NDP):
A Vision for 2030

Ten-Year Innovation Plan (TYIP)

Department of Science and Technology (DST)
Strategic Plan

Since 2002

2011-30

2008-18

2011-16

i) Increase private R&D investment; /i) achieve technological change in economy and society;
iii) increase investment in science base (human capital and transformation); /v) create an
effective government S&T system (alignment and delivery).

Give South Africa a diversified economic base by extracting more local value from mineral
resources, ensuring access to good quality water and alternative sources of energy, identifying
new and innovative ways to address poverty, inequality and the burden of disease.

Priorities areas: water, power, marine, space and software engineering.

The country’s transformation to a knowledge economy through: /) human capital development
(HCD), /i) knowledge generation and exploitation (R&D), /ii) knowledge infrastructure
development, and iv) policy and institutional enablers to address the gap between research
results and socio-economic outcomes.

Priority areas: biotechnology, pharmaceuticals, space, energy, climate change, understanding of
social dynamics.

Develop the innovation capacity of the national innovation system and contribute to
socio-economic development by: i) enhancing knowledge-generation capacity to produce
world-class research outputs and turn them into innovation products and processes;

ii) developing appropriate STI human capital; Jii) building world-class STl infrastructure, training
the next generation of researchers and enabling technology development and transfer as well as
knowledge interchange; iv) making South Africa a strategic international R&D and innovation
partner.
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Spain

Spanish Strategy for Science, Technology 2013-20

and Innovation (EECTI)

State Plan for Scientific and Technical Research 2013-16

and Innovation (PEICTI)

Science, Technology and Innovation Act 2011

Set out long-term STI policy and approaches to maximize economic and social benefits. Outline
“service to society” as the driving force behind S&T advancement and the need to accelerate
the flow of research and knowledge into the economy.

Overarching mechanism under the 2011 STI Act that includes all programmes and initiatives

in the area of STI and define the key implementation mechanisms.

Quantitative targets:

o Raise R&D expenditures to 2% of GDP by 2020.

New strategic framework based on the Spanish Strategy for Science and Technology (EEI) for
research funding and governance with: /) a state research agency, comprehensive reform of PRIs
and new excellence programmes; /i) greater incentives for technology transfer and researcher
mobility (e.g. technological centres and S&T parks); /i) a new model of governance that ensures
co-ordination between the autonomous communities and the central government and better
links with the European Research Area; jii) more attractive and stable career paths for research
and technical staff and better gender balance.

Sweden

National Innovation Strategy Since 2012

Research and Innovation Bill 2012 2013-16

Swedish Innovation Strategy Since 2010

i) innovative people; /i) high-quality research and higher education for Innovation; i) framework
conditions and infrastructures for innovation; iv) innovative firms and organisations;

v) innovative public organisations; vi) innovative regions and environments.

Increase investment in research and innovation by about 15% over 2012-16, with a focus

on universities and excellence, life sciences, research infrastructure and targeted initiatives,
collaboration with universities, strategic innovation areas, sustainable community development,
innovation offices, test and demonstration facilities, industrial research institutes.

Increase service innovation as a first step.

Quantitative targets:

o Raise R&D expenditures to 4% of GDP by 2020.

Switzerland

Promotion of Education, Research 2013-16

and Innovation (ERI-Dispatch)

i) Education: ensure a wide range of diverse and permeable education and vocational training
programmes, consolidate international reputation, encourage international mobility, reform
the funding and co-ordination of higher education; /i) research and innovation: consolidate
competition-based grant funding while leaving room for unconventional research approaches,
invest in strategic research infrastructures, maintain international co-operation and networking
with European and non-European countries, improve co-operation between research institutes
and the private sector; jij) principles of equal opportunity, sustainability and competitiveness:
strengthen social cohesion, increase funding to train the next generation of researchers

and qualified workers, promote equal opportunities, foster sustainable development.
Quantitative targets:

o Raise educational attainment to at least 95% of youth at upper-secondary level education.

Turkey

Tenth Five-Year Development Plan 2014-18

Industrial Strategy Document — Towards EU 2011-14

Membership

2011-14
2011-14

Machinery Sector Strategy Document
Automotive Sector Strategy Document
Iron-Steel and Non-Iron Metals Sector Strategy Since 2012
Document and Action Plan

Electric Electronic Sector Strategy Document and
Action Plan

Since 2012

National roadmap of development policies.

Quantitative targets:

o Raise R&D expenditures to 3% of GDP by 2023.

e Reach an average 5.5% of GDP growth.

@ Raise GDP to USD 1.3 million.

e Raise GDP to USD 16 000 per capita.

e Raise export volume to USD 277 billion.

o Create 4 million new jobs.

e Reduce unemployment rate to 7.2%.

To become the Eurasia production base in medium- and high-technology products by increasing
the competitiveness and efficiency of Turkish industry and expediting the transformation

of the industry structure (higher share in world exports, production of mainly high-technology
products with high value added, qualified labour, sensitivity to environment and society).
Assist the machinery industry by developing the capacity for high-technology manufacturing.
Increase the automotive industry’s sustainable global competitiveness by transforming it

into a high value-added manufacturing structure through advanced technology.
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United Kingdom

UK Industrial Strategy Since 2012 Identify areas of competitive advantage to build on in the next 20 years based on the
government’s commitment to a long-term partnership with business through: /) access
to finance (e.g. the new national British Business Bank to provide SMEs lending and guarantee
solutions); /i) skills (giving businesses more say over how funding for skills is spent,
e.g. through the Employer Ownership Pilot and the Employer Ownership Fund); /i) procurement
(e.g. Small Business Research Initiative to support pre-commercial procurement, simpler and
more transparent public procurement and strengthening of private-sector supply chains);
iv) eleven key sectors: aerospace, agri-tech, automotive, construction, information economy,
international education, life sciences, nuclear, offshore wind oil and gas, and professional
and business services; v) catapult centres and eight great technologies: big data, space, robotics
and autonomous systems, synthetic biology, regenerative medicines, agri-science, advanced
materials, energy.

UK Innovation and Research Strategy for Growth 2011 Strengthen UK ability to accelerate the commercialisation of emerging technologies and
to capture related value chains linked and succeed in the global innovation economy through:
i) blue skies research and discoveries and inventions; Ji) better interface between higher
education institutions and business; and iii) a better environment for commercialising research.

United States

Strategy for American Innovation Since 2009 i) Invest in the building blocks of American innovation, including R&D and human, physical
(updated in 2011) and technological capital; /i) promote competitive markets that spur productive

entrepreneurship; and Jii) catalyse breakthroughs for national priorities such as developing
alternative energy sources and improving health outcomes.
Priority areas: ICT (wireless broadband), energy (clean energy technologies), biotechnology,
health and health care, nanotechnology, advanced manufacturing, space, educational
technologies.
Quantitative targets:
e Raise R&D expenditures to 3% of GDP (indefinite).

EU28

Innovation Union Flagship Initiative Ensure Europe’s global competitiveness by creating an innovation-friendly environment that will
drive smart, sustainable and inclusive growth and jobs creation by: i) making Europe
a world-class science performer; /i) removing obstacles to innovation (e.g. expensive patenting,
market fragmentation, slow standard-setting, skills shortages); and /i) revolutionising the way
public and private sectors work together (e.g. innovation partnerships). Also: strategic use
of public procurement for innovation, an Innovation Scoreboard based on 25 indicators,

a European knowledge market for patents and licensing, and measures to reinforce successful
initiatives (e.g. the Risk Sharing Finance Facility).

EU Framework Programme for Research 2014-20 Financial instrument to achieve the Innovation Union through: /) excellent science: reinforce

and Innovation - Horizon 2020 the science base and make the European Research Area more competitive at global scale;

ii) industrial leadership: speed up the development of technologies and innovations for
tomorrow’s businesses and help innovative SMEs become world-leading companies; iii) meeting
societal challenges: address concerns of citizens in Europe and elsewhere (health and well-being,
food security, sustainable agriculture, bioeconomy, secure and clean energy, smart and
integrated transport, environment, resource efficiency, inclusive, innovative and secure
societies).

Quantitative targets:

o Raise R&D expenditures to 3% of GDP by 2020.

European Research Area (ERA) Communication 2012 i) More effective national research systems, including increased competition within national
borders and stable or increased investment in research; ii) excellent transnational co-operation
and competition (e.g. common research agendas on grand challenges, key research
infrastructures on a pan-European basis); /i) an open labour market for researchers; iv) gender
equality and gender mainstreaming in research; v) optimal circulation, access to and transfer
of scientific knowledge including via digital ERA.

Note: This table does not include national reform programmes, national cohesion strategies and operational programmes in line with the

EU directives that are not country-specific but common to all EU member countries.

1. The responses for India express the collective opinion of a group of researchers from the National Institute of Science, Technology and
Development Studies (NISTADS, www.nistads.res.in) Their views do not necessarily represent the institute or the Government of India.

Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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11.3.  STIPOLICY PROFILES: GLOBALISATION OF INNOVATION POLICIES

ATTRACTING INTERNATIONAL SCIENCE AND TECHNOLOGY INVESTMENTS BY FIRMS

Rationale and objectives

International investments have grown rapidly in recent decades owing to the rapid
rise of global value chains. Production processes have become increasingly fragmented,
with goods and services produced in stages in different countries. Firms seek to optimise
their production processes by locating their various production stages in different sites and
countries on the basis of optimal location factors. While distribution, sales and production
activities led the way, also science and technology (S&T) activities and R&D have
increasingly been located and/or relocated abroad.

A first reason to invest in S&T abroad is to customise technologies developed in the
home country to fit local conditions. In this case innovation and R&D are largely adaptive in
nature. Motivations to decentralise this type of innovation are primarily demand-oriented
and related to market proximity and the need to be close to “lead users” and to adapt
products and processes to local conditions.

A second and more recent type of S&T investment abroad seeks to obtain access to
foreign knowledge and technology. Innovation strategies increasingly rely on global
sourcing to tap into new S&T trends worldwide and to develop new ideas that can be
implemented around the world. This also explains the trend towards open innovation,
whereby firms seek partners for collaboration on R&D and innovation. Location factors for
these investments are more supply-driven and are affected by factors such as the host
country’s technological infrastructure, the presence of firms and institutions with benefits
that investing firms can absorb, access to trained personnel, established links with
universities or government institutions, and the existence of appropriate infrastructure for
specific kinds of research.

Through their growing investments abroad, multinational enterprises (MNEs) play a
major role in the internationalisation of R&D and innovation. While the majority of their
investments in R&D are still concentrated close to MNE headquarters, foreign affiliates
play an important role when they organise their R&D and innovation activities on a
worldwide scale. MNEs have become central actors in the global innovation process, and,
as a result, “national” innovation activities in host countries are significantly affected by
MNEs’ international location decisions.

Attracting international investments in innovation is a policy priority not only in
OECD countries, but also increasingly in emerging economies who consider these activities
as leverage for their economic development. During the past decade, the latter have
increasingly attracted international investments, including in S&T. Changes in the
investment behaviour of MNEs largely reflect the changing landscape of innovation and
the increasingly global supply of S&T resources and capabilities (see Chapter 1). China and
India, for example, with their growing capacity for research and innovation, are now
important players.

The increasing competition from emerging economies for international investments -
in both labour-intensive and innovative activities — has raised concerns in some advanced
economies about their longer-term economic future. They question whether the relocation
of major production and distribution investments by MNEs (including their own) may
result in a loss of higher value-added activities, such as R&D and innovation-related
activities, to emerging economies.
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There is increasing policy competition between countries to attract international
investment by offering individual investors direct incentive packages (e.g. subsidies and
tax breaks, including R&D tax credits). There is evidence suggesting that such incentives
may divert investments from one country to another within a geographic region. While
there is not yet conclusive evidence that competition to attract international investment
has systemic negative effects, policy makers should remain vigilant about potential
adverse consequences. Furthermore, spillovers from MNEs do not occur automatically and
complementary measures are therefore necessary to increase the absorptive capacity of
domestic firms for the advanced technology of MNEs.

Major aspects

Innovation has become a key source of growth and competitiveness in OECD countries,
and attractiveness for investment in innovation is high on the policy agenda in many
countries. A country’s attractiveness for international investment is directly determined by
favourable location factors. Governments typically use a mix of policies to attract
international S&T investments. These can be broadly categorised under traditional
investment promotion policies (Table 3.1) on the one hand and innovation policies on the
other. In general terms, the goal of investment promotion is to create a positive image of
the country as an international investment location and that of innovation policy is to
foster the innovation performance and outcomes of host countries. A successful
innovation strategy encompasses several policy domains, with specific measures to attract
international investments in innovation.

Table 3.1. Investment promotion policies

Function Objective Activities
Image building Create a positive image of the country as an attractive site e Advertising
for international investment e Public relations events

o Mass media campaigns abroad

o Investor forums

e Maintaining relationships with journalists and business
partners

e Developing the investment promotion agency (IPA) website

Investment targeting/generation Create investment leads that target investment projects o ldentification of potential investors
in specific sectors, development areas or companies o Matchmaking
e Direct mailing, telephone campaigns
o Seminars for targeted investors

Provision of Pre-investment  Facilitate the international investor’s arrival in the country; e Information provision

investment services  services assist in analysing investment decisions e One-stop shop registration/approval service
o Sectoral analyses
@ Assistance in obtaining sites, suppliers, etc.

Post-investment/  Assist the international investor in maintaining his business, e Legal or advisory support to on-going foreign investment

after-care facilitate re-investment decisions in the future projects
services o Dealing with bureaucracy
Policy advocacy Improve investment climate by establishing effective feedback e Surveys of the business sector
between the international investor and the government e Participation in task forces
o Policy and legal proposals to authorities
e Lobbying

Source: Piontkivska and Segura (2003) in OECD (2011).
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To be effective, the more traditional inward investment promotion has to be
complemented by specific innovation policies. Because of the broad and pervasive
character of innovation, countries draw on a broad range of policies. International
investors carefully study the strengths and weaknesses of the underlying determinants of
the locations under consideration and typically look for a package of attractive location
factors and sound economic fundamentals. The design and implementation of a country’s
innovation policy depends on the (innovation) characteristics of the country. There is no
“one size fits all” optimal set of policies for all countries/regions.

Recent policy trends

Almost all governments have sought to attract international investments in
high-technology industries in one form or another, as these investments are generally
believed to bring greater benefits to host countries, due to their large spillover effects. While
differences exist across countries, industries commonly targeted are electronics and
telecommunications equipment, pharmaceuticals, aerospace, automotive (manufacturing)
and business services and telecommunications (services). In recent years, in addition to this
industry-based approach, countries increasingly consider the growing international
fragmentation of firms’ value chains, and are taking a more functional approach by
prioritising innovation, S&T, R&D laboratories, headquarters and other decision centres.

Many countries and regions try to position themselves as attractive locations for S&T
investments, often with strong marketing and publicity campaigns. Recent examples are:
Research in Germany, Team Finland-Strategy for promoting foreign investment, and
Essential Costa Rica. Japan’s Invest seeks to attract both R&D facilities and Asian regional
headquarters of global companies. National investment and export promotion agencies
play a key role in these strategies by disseminating information, identifying and targeting
prospective investors, and providing tailor-made investment services. A number of these
programmes are developed in close co-operation with the business sector, such as
the United Kingdom’s Catalyst UK and UK Advisory Network initiatives.

Chile and Sweden have established centres of excellence, while South Africa has
preferred to enter into Memoranda of Understanding with MNEs that invest in domestic
R&D facilities. Many countries (Australia, Belgium, the Czech Republic, Germany, Slovenia,
etc.) offer new incentives, or have modified existing incentives, to invest in R&D and
innovation, including tax incentives (see the policy profile on “Tax incentives for R&D and
innovation”). A major challenge for governments is to design policy instruments that are
open to MNEs, but at the same time optimise the benefits to the domestic economy.

References and further reading
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INTERNATIONALISATION OF PUBLIC RESEARCH

Rationale and objectives

Internationalisation is an increasingly important dimension of public research in
OECD and partner countries. In line with economic globalisation, research co-operation
and academic mobility have internationalised sharply in recent decades. With new
technologies, collaborators in different countries can communicate easily and cheaply, and
it is easier than ever before to obtain information about research communities in other
countries. Financing from abroad - through initiatives such as the EU Framework
Programme - has become a more important part of the research funding of many
institutions. While internationalisation has increased opportunities for co-operation, it
has also increased the competitive pressures on research and higher education, as
universities are now being ranked on a worldwide basis.

Internationalisation can benefit public research in various ways. First, it can improve
the flow of information and exposure to new ideas and thus boost a country’s science and
innovation system. Second, it offers countries opportunities to attract and retain
high-quality human capital for their research system and for the economy. It allows
domestic researchers to gain experience and skills abroad, and this mobility helps boost
knowledge flows. Finally, it can generate revenue for the economy and higher education
sector, e.g. through international students’ tuition fees, and help in sharing the costs of
expensive research infrastructures.

Government policies to encourage internationalisation of public research seek to
capture these benefits. They aim to facilitate co-operation with partners around the world
but also to ensure that their countries are able to compete in a global research environment.

Major aspects

Countries have long used international agreements to encourage the internationalisation
of public research, and institutions often establish their own cross-border research
agreements and projects. Country-level multilateral or bilateral research agreements
typically promote co-operation on science, technology and innovation and knowledge
sharing, often through co-financing, joint research projects or researcher exchange
programmes. These agreements are often motivated by historical ties or by the strategic
importance of partner countries. For instance, OECD countries have been actively
undertaking co-operation on science and innovation with emerging economies such as the
People’s Republic of China, India and Brazil. The outcomes of such agreements are hard to
discern and their scale and ambition vary considerably. The most concrete partnerships
may be those undertaken between specific institutions or research centres with clear
research aims; Canada and Japan, for example, signed a two-year collaborative research
agreement in 2013 to perform aeronautic damage assessment. In another example, seed
funds were used to foster joint research between Chilean universities and four leading US
universities between 2011 and 2013.

International research centres also encourage the internationalisation of public
research through formal or informal joint research partnerships. Denmark and China have
collaborated to create the Centre for Education and Research, which brings together
researchers in the higher education and government sectors in five major research areas.
Partnership arrangements can also be forged around large research infrastructures, which
provide a highly visible example of international co-operation in science. The
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Korea-United States Collaboration Center for Accelerator Science (KUCC), based at
Fermilab in the United States, for example, was opened in 2012 to serve as a base for Korea
to collaborate with experts on particle acceleration and to promote exchanges of
technology and personnel between the two countries. Finally, foreign institutions can
locate in a country to collaborate and help build capacity. As a result of a Portuguese
initiative several leading US universities offer master’s and doctorate programmes in
partnership with Portuguese institutions to reinforce the quality of training and research,
notably in engineering. A similar partnership has been established with the
Fraunhofer-Gesellschaft, the German research centre company.

Researcher and student mobility is closely linked to the growing international
co-operation in higher education and is another important aspect of the internationalisation
of public research. Attracting scientific talent from abroad can boost domestic research
efforts, while researchers who travel abroad develop new knowledge, perspectives and
professional contacts. Recognising these benefits, most OECD and partner countries
promote researcher and student mobility. Figure 3.1 shows that for the majority of countries
with available data, the proportion of foreign nationals in advanced research (doctoral)
programmes increased between 2005 and 2012. Even though the proportion of international
students in doctoral programmes varies considerably across countries, partly owing to
geographical location or language, it is significant everywhere and, on average, it is twice the
proportion of international undergraduate students in an OECD country.

Figure 3.1. International students in advanced research programmes, 2005 and 2012
As a percentage of all students (international plus domestic) in advanced research programmes
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Note: International students are based on residency status. Countries who define international students based on citizenship are excluded.
Data for Canada refer to 2011.
For the Netherlands, the denominator in the percentage of international students includes all students in independent private tertiary
programmes. The country of previous education or residence of these students is unknown, which means that it is not possible to
determine if these students are international mobile or not.
For Norway, the number of international students by foreign residency is underestimated as some international students are granted
residency during their studies
Source: OECD (2014), Education at a Glance 2014: OECD Indicators, OECD Publishing, Paris. http://dx.doi.org/10.1787/eag-2014-en; Eurostat,
Education and Training Databases, June 2014; UNESCO Institute for Statistics (UIS), Education Databases, June 2014. Data retrieved from
IPP.Stat on 8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.

StatLink &izr http://dx.doi.org/10.1787/888933151662
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Bibliometric indicators provide a complementary picture of researcher mobility at a
global level (Figure 3.2). The top nine international bilateral flows, whatever the final
affiliation of scientific authors, involve exchanges with the United States, while
the United Kingdom is the second most connected economy. The US connections with
the United Kingdom, Canada and China are particularly strong but unlike the two first
countries, China has a net inflows of researchers from the United States, meaning that
more scientists who started by publishing in the United States moved to affiliations in
China over the period. Korea and the Chinese Taipei are the economies with the largest net
migration of scientific authors from the United States.

Figure 3.2. International flows of scientific authors, 1996-2011
Largest bilateral flows by country of origin and country of destination and net mobility flows
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Note: This is a new experimental indicator that tracks changes in the institutional affiliation of scientists who publish in scholarly journals.
The first block of bars represents the largest migration flows with the United States for which the United States has a net inflow of scientific
authors (e.g. from the United Kingdom). The second block of bars represents the largest migration flows with China in which China has a net
inflow of scientific authors (e.g. from the United States). The first bar should read: 23 062 scientific authors changed institutional affiliation
between the United Kingdom and the United States between 1996 and 2011, with a net inflow of 2 416 authors to the United States.
Scientific authors are listed in the Scopus database of peer-reviewed scientific publications and identified by a unique author ID.
International mobility is inferred from authors with at least two publications over the reference period based on changes in the location
of their institutional affiliation. Publications are filtered for citation-based scientific impact. Minimum thresholds of 2 000 bilateral flows
and 25 000 “stayer” scientific authors —i.e. scientific authors that maintain the same country of affiliation over their entire record- per
economy are applied. This experimental indicator requires careful interpretation. 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. In addition institutional
affiliations and the assignment of author IDs present some limitations that may distort mobility estimates.
For further details on measurement and definitions, see OECD (2013), “Researchers on the move” in OECD Science, Technology and Industry
Scoreboard 2013: Innovation for Growth, OECD Publishing, Paris, http://dx.doi.org/10.1787/sti_scoreboard-2013-23-en.
Source: Adapted from the OECD (2013), OECD Science, Technology and Industry Scoreboard 2013: Innovation for Growth, OECD Publishing, Paris, http:/
/dx.doi.org/10.1787/sti_scoreboard-2013-23-en. Original OECD calculations based on Elsevier, Scopus Custom data, version 5.2012, May 2013.
StatLink Si=m http://dx.doi.org/10.1787/888933151679

Recent policy trends

In recent years internationalisation has commonly been fostered through research
funding (see the policy profile on “Financing public research”). Performance-based funding
for institutions or grant funding for research projects can include criteria that favour or
stimulate international co-operation. Norway'’s performance-based institutional funding
for higher education institutions (HEIs) and public research institutes (PRIs), for example,
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includes incentives for international collaboration. Countries can also promote
collaborative research directly through policy levers such as joint calls for research, while
research excellence initiatives often have a strong international component (OECD, 2014).
To promote more international collaboration, research funding arrangements must be
flexible enough to allow for proposals that include international partners. Australia’s
National Health and Medical Research Council, for example, allows research grants to be
used overseas if an equivalent outcome could not be achieved domestically, while some
Austrian funding schemes facilitate the portability of grants if a researcher wishes to
pursue part of a project abroad.

Many countries’ internationalisation efforts include promotion and information
campaigns to increase opportunities for research co-operation as well as to improve
awareness of a country’s R&D capabilities abroad and increase foreign direct investment.
Belgium (Wallonia) has established a network of regional STI representatives charged with
promoting and implementing collaborative projects with a number of countries. Germany
hosts an Internet portal that lists opportunities for international collaboration with
German researchers. Japan, Sweden and Switzerland operate overseas liaison offices to
promote their R&D activity.

Promoting mobility is part of a number of new OECD country strategies for the
internationalisation of higher education and public research. Canada launched the
International Education Strategy in early 2014 to attract more international researchers
and students and to deepen research links between Canadian and foreign educational
institutions. In 2013, Denmark initiated the first phase of an action plan for the
internationalisation of higher education programmes. The initiative aims to increase the
number of students studying abroad (including in non-English speaking and high-growth
countries) and to increase co-operation on joint degrees with international institutions.
France’s research and innovation strategy, France Europe 2020, was launched in 2013; it
envisions the opening of joint research centres abroad and aims to increase inward and
outward researcher mobility. In Germany, the new internationalisation of higher education
strategy, released in 2013, contains measures to increase research co-operation and
transnational courses.

In addition to national policies, many countries promote international mobility
through various regional programmes. In Europe, the Bologna Process promotes
international co-operation and academic exchange among signatory countries. The
European Commission’s mobility initiatives, such as EURAXESS, include measures to share
information on funding opportunities and job vacancies for researchers in Europe, while
the ERASMUS programme focuses on university students. In the Nordic and Baltic
countries, the Nordplus Higher Education Programme includes grants for student and
teacher mobility.

The policy options most commonly adopted in OECD and partner countries to increase
inward mobility of researchers and students are shown in Table 3.2. The most frequently
used instruments include funding and financial incentives. In view of the competitive
global market for researchers, some of these initiatives specifically target high-performing
scientists. Invitation Fellowships for Research in Japan specifically seeks to attract
world-renowned researchers such as Nobel laureates to Japan. The Czech Republic,
Germany and Norway offer grant programmes for students from developing countries; this
helps to internationalise domestic higher education and simultaneously helps build
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Table 3.2. Major policy options to attract inward international mobility of students
and researchers

Policy area Types of instrument Examples
Funding, financial incentives Fellowships and scholarships for foreign students Finland (Distinguished Professor Programme)
and working conditions and researchers; Lead researcher positions. Germany (Graduate School Scholarship Programme)

Ireland (International Scholarships)
Japan (Fellowship Programs for Overseas Researchers)
Mexico (cooperation agreement with Organization on American

States)
Degree recognition Mutual agreements and implicit rules for the recognition Europe (Bologna process)
of foreign degrees (or credits acquired abroad)
Social and cultural support Relocation assistance and information; Grants for spouses Austria (Dual Career Grant)
and family Belgium (mobility centres)
Visa and immigration policies Simplified visa process for highly skilled and students Belgium; Canada (Temporary Resident Program); Netherlands;
France
Post-study work rights for postgraduate students Australia
Recognition of overseas qualifications Germany (Recognition of Qualifications Act 2012); Switzerland
Creating an international Structure of the academic calendar; Rules concerning Germany
environment sabbaticals
Increased use of teaching in English or a foreign language Slovenia (National Programme for Higher Education, 2011-20)

Source: Country responses to the OECD STI Outlook policy questionnaire 2014.

research capacity in developing countries. The Graduate School Scholarship Programme
was designed to help young researchers from emerging and developing countries gain
admission to structured PhD programmes in Germany. A noteworthy trend in terms of
student mobility is the growing recognition of foreign degrees and the creation of double
degrees. Immigration policies can sometimes be a barrier, but various institutional and
whole-of-government means can be employed to encourage inward international mobility.
In 2012, the Russian Federation addressed this issue by streamlining the process for the
recognition of foreign qualifications for graduates of 210 leading world universities.

Many countries recognise the potential benefits from outflows of students and
researchers as well as those from student inflows. Outward mobility can allow researchers
to develop new skills and acquire new knowledge, although evaluation programmes need
to ensure that policies are designed to maximise these benefits. A number of countries
support outward mobility through funding: in Austria, the DOC-team Programme supports
trans-disciplinary research teams and requires team members to spend at least six months
at an overseas institution. The Brazil Scientific Mobility Programme provides 100 000
scholarships to undergraduate and graduate students in science, technology, engineering
and mathematics to study in the United States and return to Brazil after an academic year
to complete their degrees. France provides international mobility scholarships. Japan’s
Postdoctoral Fellowship for Research Abroad allows young researchers to spend time at an
overseas university or research institution. National Research Foundation scholarships in
South Africa fund foreign doctoral students and post-doctorates to visit overseas
institutions. Switzerland has promoted the international recognition of its university
courses (thereby facilitating the outward mobility of Swiss nationals). Moreover, even
without any specific policy or financial support, researchers commonly go abroad during
sabbaticals where these exist. In the United Kingdom, the higher education system is
developing a publicly funded strategy in 2014 to help promote outward student mobility.
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To benefit from researcher mobility while avoiding the possible negative effects of
brain drain, many countries encourage researchers based abroad to return to their home
country. In Argentina, the Scientists and Researchers Overseas Network (RAICES)
establishes links with Argentine researchers located abroad and encourages their return to
Argentina through job opportunities. China’s Thousand Talents Programme offers
relocation stipends to world-renowned Chinese researchers working abroad. Belgium,
Finland, France, Germany, Slovenia, Sweden and Switzerland provide funding or assistance
for expatriate researchers to return to their home country. The Momentum Programme in
Hungary provides funds and domestic career opportunities to reduce emigration of young
researchers. Israel aims to compensate for a recent brain drain by recruiting Israeli
researchers working abroad for 30 new centres of excellence (ICORE) in universities. The
structure of international mobility programmes may also encourage repatriation.
Australia’s early career fellowships in science and medicine fund researchers to travel
abroad for two years but they must then return home for two years. The Researchers’
Mobility Portal was replaced by the Connecting Australian and European Science and
Innovation Excellence, and provides information to Australians who have pursued
international careers in research but want to explore opportunities in their home country.
In South Africa, the Research Chairs Initiative aims to attract highly skilled South Africans
who may be in industry or abroad back into academia.

While not primarily targeted to research, the OECD and UNESCO have developed
Guidelines for quality provision in cross-border higher education, highlighting a number of good
practices to make higher education systems more transparent and secure for all
stakeholders in a globalised world. The implementation of these guidelines should allow
countries to continue to reap the benefits of internationalisation, including in research.
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CROSS-BORDER SCIENCE, TECHNOLOGY AND INNOVATION GOVERNANCE
ARRANGEMENTS

Rationale and objectives

Cross-border governance of science, technology and innovation (STI) involves the
partial or total delegation of policy making from the national to the international level. It
implies, among other things, international co-ordination of national policy initiatives,
removal of obstacles to the movement of resources, setting of international standards and
regulations, and transfer of authority to intergovernmental organisations and
supranational authorities. It is part of a wider dual delegation process that gives a greater
say in STI matters to the international, but also to the sub-national, level of governance.
There are good economic arguments for extending the scope of STI governance beyond
national borders (OECD, 2012):

e The generation, diffusion and application of knowledge have significant international
externalities: some of the benefits and costs of national STI efforts take place outside
national borders. From a global perspective, national economies are likely to
under-invest in R&D and innovation, as some of its benefits will occur abroad, and
national policy is thus likely to give insufficient weight to the benefits of national efforts
beyond a nation’s borders.

e R&D and innovation are characterised by pronounced economies of scale and scope. In
areas such as the increasingly transnational “grand challenges” (demographics,
environment, energy), but also in some S&T disciplines (notably aerospace, some areas
of physics), fixed costs exceed levels that could be covered by any one nation alone.
Opening up national research systems to outsiders (e.g. through participation in joint
R&D) may increase the variety of applications and have valuable learning and
demonstration benefits (Mowery, 1998).

e International S&T policy can help resolve mismatches between national and functional
systems when organisations, markets or networks extend beyond national borders. Its
policy actions can lift barriers that inhibit flows and interactions within functional
systems. Standards setting is a means commonly used to address such mismatches. It
extends markets by homogenising demand and reducing uncertainty and allows for a
division of labour to emerge in supply.

In terms of international STI policy goals, most countries seek efficiency and/or
effectiveness gains from complementarities in orientation, planning, regulation and
resource pooling. However, national governments focus on domestic challenges and can be
reluctant to take a global or even a collective view. The economic and financial crisis has
increased that reluctance, as has the emergence of STI as a focus of industrial policy.
Countries also have concerns about the appropriation of the benefits of public investments
in education, research and innovation, given the increasing international competition for
scarce talent and investment. As a result, narrower objectives often determine the nature
and extent of national involvement in cross-border STI initiatives. These range from
foreign policy and economic diplomacy, to access to funding for the development of
national STI capabilities and access to international scientific networks. Commitment to
cross-border STI policy is therefore often shaped by contingency and tends to vary over
time. Ultimately, the reluctance to internationalise aspects of STI governance reflects the
limitations of existing arrangements to provide credible assurances about the distribution
of the resulting costs and benefits.
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Major aspects

Science is a global endeavour. National borders rarely circumscribe contemporary STI
networks, which also include emerging economies (see Chapter 1). As globalisation has
increased, technological development has become increasingly internationalised. However,
evidence from patents and scientific publications suggests that international co-invention
remains considerably less common than international co-authorship (Figure 3.2). This may
reflect the relatively greater importance of proximity for technological innovation.

Figure 3.3. 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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Notes: 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 Co-operation 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.
Source: OECD (2013), OECD Science, Technology and Industry Scoreboard 2013: Innovation for Growth, OECD Publishing,
Paris, http://dx.doi.org/10.1787/888932890371.

StatLink SazP http://dx.doi.org/10.1787/888933151689

Extensive international policy co-operation frameworks for R&D have developed
(especially in Europe), but international frameworks in other STI areas are still in their
infancy. For instance, much can still be achieved by establishing technological standards
for the environment and improving international coordination on cyber-security.

Cross-border governance of STI can be achieved through arm’s-length policies, such as
bilateral or multilateral agreements of limited duration or co-ordination of national
policies, without delegation to a supranational body. This seems to be the preferred
approach to cross-border governance of STI outside of Europe. Even within Europe,
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international STI governance frameworks - by far the most developed of their kind globally
- have historically been designed as complements, rather than substitutes, to national
frameworks.

However, a number of STI policy areas can benefit from delegation of decision making
and deeper integration. These are areas characterised not only by high fixed costs but also
by high international transaction costs owing to the need for access on equal terms to
highly specialised, single-purpose assets [examples of solutions include joint STI
infrastructures such as the European Organization for Nuclear Research (CERN) and the
International Thermonuclear Experimental Reactor (ITER)], high frequency of interaction
(which, in addition to international STI infrastructures also applies to coordinating the EU
Horizon 2020) and high uncertainty. A recent example of the latter is the high-risk,
high-potential research funded by the European Research Council (ERC) which can
maximise success by drawing from the largest possible pool of excellent scientists. Outside
of Europe, the Consultative Group of International Agricultural Research (CGIAR) is an
example of a long-term strategic arrangement with common R&D programming and
performance functions (OECD, 2012).

Recent policy trends

There have been ambitious initiatives to promote cross-border governance of STI in
several regions, including South East Asia and Latin America, e.g. the Association of Southeast
Asian Nations (ASEAN) Committee on Science and Technology. However, contrary to Europe,
they have a short history and limited continuity to date. The case of Europe is unique, in that
its progress in cross-border governance of STI is part of wider economic integration.

The EU’s European Research Area (ERA), launched in 2000, has sought to create a single
space for research. In July 2012, the European Commission re-defined its priorities: to
improve the effectiveness of national research systems; to achieve an optimal balance
between transnational co-operation and competition; to open up the labour market for
researchers; to promote gender equality; and to improve knowledge circulation (EC, 2012).
European countries - EU members and partner countries such as Norway - see the ERA as
the main framework for cross-border policy co-ordination in the region.

EU STI policy receives substantial financial support through Horizon 2020, the
successor to the long-standing Framework Programme (FP), which aims to strengthen the
competitiveness of European industry and through STI funding dispensed via the
Structural Funds (SF), which supports regional development and intra-European cohesion.
Together these account for as much as 20% of public research funding in the EU (Barré
et al., 2013). Until 2013, the primary funding instrument for research and technological
development was FP7, which financed collaborative research projects and frontier research
(ERC) and technology (Joint Programming, Technology Platforms, European Institute of
Innovation and Technology). Funding for Horizon2020 amounts to EUR 80 billion
over 2014-20, an increase of over 20% with respect to its predecessor (EC, 2013). Moreover,
compared to FP7, Horizon2020 is characterised by a move towards “near-to-market R&D”
and a greater focus on social challenges. The recently concluded (2007-13) and current
(2014-20) programming periods of the SF have also placed more emphasis on STI.

In response to the OECD STI Outlook 2014 policy questionnaire, many national
authorities reaffirmed their commitment to cross-border governance of STI, specifying
some of their reasons, but also listing important barriers and policy initiatives to lift them.
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Mutual policy learning and the transfer of good practices appears to be an important
motivation for engaging in international STI forums. This is seen as important not only by
countries with emerging STI governance arrangements, but also by countries such as
the United Kingdom and New Zealand. Global “grand challenges” such as climate change
and threats to health and resource sufficiency are strong motivators for international
co-operation. Other countries see unexploited scale economies as the major challenge. In
Slovenia, an important obstacle to cross-border governance of STI is the lack of dedicated
funding for large-scale and longer-term co-operation. Fragmentation of funding agencies -
and of the rules and procedures for research funding - is considered an important obstacle
in France. France therefore welcomes EU initiatives that seek to achieve greater coherence,
such as the co-ordination of national research policies (ERA-NETs and ERA-NET+), joint
programming and joint technology initiatives (public-private partnerships).

A number of countries mentioned barriers to cross-border governance of STI. Belgium,
the Czech Republic, South Africa and Switzerland reported the absence of comprehensive
national policies or mechanisms for domestic co-ordination of cross-border governance
arrangements as an important constraint. Slovenia reported the lack of a nationally agreed
thematic focus, while Norway noted a lack of knowledge about international funding
opportunities.

Countries’ mechanisms for promoting cross-border governance differ. Norway (a
non-EU member) actively participates in ERA policy, such as the European Research Area
and Innovation Committee (ERAC). Slovenia is drafting a strategy for internationalisation
and bilateral agreements and for mobilising and financing joint R&D projects. South Africa
is participating in regional and bilateral STI strategies and agreements. Australia, Finland
and Korea seek to ensure greater consistency in international collaboration through a
partnership between policy makers in STI, trade and foreign affairs. The United Kingdom
emphasises standards and regulation (e.g. on intellectual property and metrology), given
the potential for mutual gains from a larger global market.

In Europe, some regional authorities engage in cross-border innovation initiatives to
capture the extent of functional systems, sometimes using EU Territorial Co-operation
funding. Among the better-established and better-resourced initiatives are the Oresund
cross-border area (Denmark and Sweden) and the Top Technology Region/
Eindhoven-Leuven-Aachen Triangle (TTR-ELAT) (the Netherlands, Belgium and Germany).
Other examples include the Bothnian Arc, extending across the borders of Finland and
Sweden and the Helsinki-Tallinn cross-border area (Finland and Estonia) (OECD, 2013b). On
the whole, though, such initiatives are infrequent, small-scale and often lack a long-term
orientation.
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GREEN INNOVATION

Rationale and objectives

Concerns about the environmental unsustainability of past economic growth patterns
and increased awareness of the impact of climate change have propelled green growth
issues to the forefront of economic and innovation policies (see the policy profile on
“National strategies for science, technology and innovation”).

There are several rationales for policy action in the area of environmental innovation. One
is the negative externalities associated with climate change and other environmental
challenges. They have implications for both the creation and diffusion of technologies.
Because greenhouse gas (GHG) emissions are not priced by the market, incentives to reduce
them through technology development are limited. Similarly, there is less diffusion and
adoption, once green technologies are available, if market signals regarding the environmental
benefits of such technologies are weak, so that demand for green innovation will also be below
the social optimum. In turn, there will be little incentive for companies to invest in innovation,
because there will be little demand for any resulting products or processes (OECD, 2011).

These negative environmental externalities are the target of environmental and resource
policies such as pricing policies, carbon taxes, tradable permits or other market instruments to
internalise the price of externalities. Apart from the externalities associated with the
environment, there are also important market failures specific to innovation, and particularly
to green innovation. These include technological path dependencies, dominant designs in
certain markets, such as energy and transport that favour incumbents, uncertainty about the
prospects for success, the long timescales for infrastructure replacement and development, a
lack of options for product differentiation, liquidity constraints of smaller challenger firms or
barriers related to behaviour (e.g. consumer resistance to change). Other barriers to innovation
are more generic such as lack of capabilities, etc. (OECD, 2012).

From the perspective of system-wide change - here defined as a drastic change in
governance practice — other types of policy failure that are relevant for green technologies
in the context of transition policy can be identified. These include the lack of a shared
vision regarding the direction of change (directionality failure), inability of consumers and
the public sector to articulate demand for new solutions (demand articulation failure) or
the insufficient ability of the system to monitor, anticipate and involve actors in processes
of self-governance (reflexivity failures) (see policy profile on “System innovation”).

Major aspects

The scope of potential market and systemic failures suggests that policies for
environmental and green innovation will only succeed if they enhance the performance of
the economic system as a whole. “Getting prices right” is important but so is policy
coherence. Policies that focus only on one element of the system, or are contradictory, are
unlikely to be effective in improving overall performance. Indeed, recent experience
suggests that carbon pricing contributes primarily to incremental innovation, which tends
to increase efficiency but may result in growing consumption, as has been the case for
personal transport. Other policies will therefore be needed to strengthen green innovation.
As identified in the OECD Innovation and Green Growth Strategies (OECD, 2010, 2011b), this
will involve a broad approach, comprising price-based instruments and incentives for
firms to engage in green activities, as well as public procurement and the funding of basic
research. It will be essential to remove barriers to trade in clean technologies as well as to
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the entry of new firms, and to improve conditions for entrepreneurship, especially in light
of growing evidence that young firms represent an important source of more radical
innovations. There is also the need for more effective and inclusive multilateral
co-operation on science, technology and innovation.

One important policy action is public investment in basic and long-term research.
Public research will need to cover many areas, including mitigation and adaptation to
climate change, and should rely on multidisciplinary and interdisciplinary approaches.
Recent 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
absolute 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.
Since 2002 most economies have increased the percentage of GBAORD going to energy and
environment-related programmes (Figure 4.1).

A key challenge for moving to a lower carbon economy is alignment of the goals of
ministries, research funding agencies, higher education institutions and social and
market-based institutions so that they focus on green growth in all of its dimensions. The
effectiveness of policy design for specific areas will depend on the innovation and
knowledge capacity of a given country and its ability to develop an appropriate policy mix
for green innovation that includes energy, trade, transport, agriculture and the links
between them. Strategic policy intelligence, including via the exploitation of open
government data and sharing of that data across ministries, can help deliver more effective
policy mixes for greener growth.

Recent policy trends

Many OECD and non-OECD countries have established green growth strategies or
prioritised activities within their national S&T strategies to create critical mass and
accelerate the transition to green innovation and technology. Indeed, most countries
continue to place environmental issues, climate change and energy high on the list of
priorities for innovation policy in general. However, specific policy priorities for green
innovation and technology differ markedly, depending on countries’ scientific and
economic specialisation, competiveness goals and social objectives.

e The Italian Stability Law of 2013 introduces environmental measures to promote the
green economy and restrain excessive use of natural resources. A package of rules aims
to activate virtuous environmental policies, simplify and modernise the regulatory
framework and create the conditions for investment in and growth of the green
economy. The National Revolving Fund for Green Jobs was established in 2012 to
facilitate private and public investments in the green economy. Youth employment is a
requirement for receiving loans and SMEs represent 75% of the beneficiaries.

e In Korea, the Committee on Green Growth moved from the Office of the President to the
Prime Minister’s Office in March 2013. That same year Korea launched the Green Climate
Fund (GCF) which, together with the Global Green Growth Institute (GGGI) and the Green
Technology Centre (GTC), positions Korea as a global hub for green growth. In addition,
various national ministries and agencies completed or are implementing programmes
such as EACP (East Asia Climate Partnership), R&D Association for Green Tech and Green
Growth Education for Youth.
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Figure 4.1. Government R&D budgets for energy and the environment,
2014 or latest available year
As a percentage of total government R&D budgets
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e The Malaysian government’s National Green Technology Policy, launched in 2009, aims
to achieve the sustainable management of the environment, promote green research
and technology development. This is achieved through a proactive public procurement
policy. A Green Technology Financing (GTF) scheme has been launched that will, among
others, issue credit guarantees of 60% for companies producing or using green
technology.

e Mexico is planning to expand its National Climate Change Strategy (ENCC) by: increasing
its energy efficiency target for the national oil company, PEMEX, by 5%; increasing the
efficiency of flares on offshore platforms; increasing the efficiency of transmission and
distribution lines by 2%; and increasing thermal efficiency of fuel oil-fired thermoelectric
plants by 2%, among others. Beyond a reduction of GHG emissions, the ENCC aims to
make Mexico more resilient by making more sustainable use of the ecosystem and
shifting urban models towards more integrated waste management.

Carbon taxes have been applied in a number of countries and regions (e.g. Sweden and
British Columbia), and Iceland and Ireland have recently introduced CO, taxes. Norway
credits CO, taxes and carbon trading as having provided strong incentives to develop
carbon capture and sequestration (CCS) projects in industry. However, short-term fiscal
considerations, competitiveness concerns and preferences for direct regulation or
incentive-based schemes in some countries, have slowed their uptake world-wide.
Australia is planning to repeal its carbon tax and a range of related legislation and instead
aims to reach its emissions reduction target through the Emissions Reduction Fund, an
incentive-based scheme.

Clean energy is another area of continued public action and investment. The energy
sector emits more CO, than any other sector. Electricity-related emissions account for
more than 40% of emissions from the energy sector. Increasing the share of renewable
energy technologies and expanding the sources beyond current technologies (e.g. biomass
and hydro) are key policy goals. Demand-side policies that lead to increases in energy
efficiency and demand for renewables (and lower demand for conventional sources) such
as smart grids are also an important part of energy transition policies.

e Canada’s Economic Action Plan 2013 has expanded the tax incentives that encourage
businesses to invest in clean energy generation and energy efficiency equipment with an
accelerated capital cost allowance (CCA) to encourage investment in particular assets or
sectors in specific circumstances. The programme expands eligibility for the accelerated
CCA for clean energy generation equipment to include a broader range of biogas
production equipment and equipment used to treat gases from waste. This expansion
applies to eligible assets acquired on or after 21 March 2013 that were not used or
acquired for use before that date.

e France’s Plan d’Investissement d’Avenir (PIA) has earmarked USD 2.7 billion PPP (EUR 2.3 billion)
for energy transition, thermal renovation and the city of tomorrow. For sustainable
industry, some measures will focus on environmental and energy issues, such as the
development of a new generation of biofuels and the spread of smart grids. The PIA now
generally includes as a criterion for project selection its direct or indirect contribution to
environmental issues and sustainable development. While 30% of PIA2 will be issued in
the form of grants, most of the funding will take the form of repayable advances, loans
or equity interventions.
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e The Irish government earlier committed almost USD 17.9 billion PPP (EUR 17 billion) for
investments in the low carbon sector for 2008-20. This figure included private-sector
investments in renewables through the feed-in tariff (REFIT) scheme, investments in the
electricity transmission and distribution network, and investments in public transport
and the Ocean Energy Programme.

e Italy has strengthened its White Certificate and created a new low-interest fund to promote
energy efficiency. Incentives have also been introduced to encourage the use of renewables,
in producing both electricity and thermal energy. A 2013 decree foresees a simplification of
authorisation procedures for innovative bio-energy plants. In addition, the Italian Green
Building Council has issued a new LEED-Historic Building (HB) protocol for retrofitting and
renovating historic buildings.

e The US Department of Energy’s Advanced Research Projects Agency-Energy (ARPA-E) has
awarded nearly USD 400 million to more than 100 research projects that seek fundamental
breakthroughs in energy technologies.

Greening industry through eco-innovation - innovations that reduce the use of natural
resources and decrease the release of harmful substances across the entire life cycle - is
another trend. Eco-innovation initiatives involve both technological and non-technological
change. Eco-innovation policy instruments include regulations, economic incentives,
negotiated agreements, public procurement and eco-labels.

e In 2013 Denmark extended its Fund for Green Business Development to 2016. The fund
provides grants for companies, organisations, partnerships and others for: product
innovation and redesign of company products, cradle-to-cradle; development of new
business models; promotion of sustainable materials in product design; sustainable
transitions in the fashion and textile industry; reduction of food waste; and sustainable
bio-based products based on non-food biomass. The fund also promotes green industrial
symbiosis, whereby waste or reserves of a given resource, e.g. water or materials, of one
company become a resource in another.

e The Eco-Innovation Sicily project supports co-ordinated projects for the environmental
protection and industrial development of southern Italy. It promotes the eco-sustainability
of significant sectors in the region, encourages environmentally friendly business
strategies through collaborative R&D, technological tools and methodologies, and raises
awareness, especially among SMEs, of the need to interact in a knowledge and skills
system.

e In the Netherlands, negotiated agreements at sectoral level between government and
industries have committed Dutch firms to be among the “best in class” with respect to
energy consumption. For some sectors these agreements have been complemented with
benchmarking agreements.

e Sweden’s Environment-Driven Business Development Programme, funded by the
Swedish Agency for Economic and Regional Growth (formerly NUTEK), aims to
strengthen the competiveness of SMEs in environment-driven markets. Most projects
aim to improve possibilities for business development and financing of eco-innovations
and to spread information and tools to encourage environment-driven business
development and environmental technology exports.
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e The United States is spurring private-sector innovation through new fuel efficiency and
greenhouse gas emissions standards, with efforts to develop standards over the 2017-25
model years for light vehicles and new standards for medium- and heavy-duty vehicles.
As the single largest consumer of energy, government procurement provides an
additional important means of catalysing demand for innovative energy technologies. In
October 2009, President Obama signed an Executive Order that calls on agencies to cut
petroleum use in the federal government’s fleet by 30% by 2020.

On the supply side, R&D remains important, particularly in specific research areas or
technologies relevant to green growth.

e In 2013 Chile approved the installation and operation of two research centres for
activities related to green growth under an initiative to attract centres of excellence in
innovation. They are in the fields of marine energy and solar energy.

e Germany has launched several R&D programmes to increase resource efficiency in
materials, water and land use under the Framework Programme Research for
Sustainable Development (FONA). With the establishment of the new Helmholtz
Institute Freiberg for Resource Technology (2011), the Federal Government and the
Ministry of Education and Research (BMBF) aim to strengthen Germany'’s strategically
important research competences to ensure a secure and sustainable supply of raw
materials along the entire value chain.

e The Netherlands Top Institute Water, co-ordinated by the Wetsus Institute in Leeuwarden,
is the national knowledge centre for water technology. It involves Dutch water
companies and research, marketing and commercial activities.

e Norway has established eleven new centres for environment-friendly energy research to
promote innovation through long-term research in selected areas of energy, transport
and CO, management, in close co-operation between prominent research communities
and users. Three of the research centres will study the interactions between technology
and society and will examine Norway’s energy policy challenges from a social science
perspective.
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INNOVATION FOR SOCIAL CHALLENGES

Rationale and objectives

Innovation can make a substantial contribution to dealing with social challenges such
as poverty, ageing, social exclusion and health. Rapid technological change, and in
particular the wide application of information and communication technologies (ICTs), can
also affect overall well-being, thanks notably to the sharp decline in the cost of ICTs, which
are now largely accessible to all categories of the population, including in developing
economies.

Policy plays a critical role in shaping the contributions that science, technology and
innovation (STI) can make to social challenges, as market mechanisms often do not address
these challenges sufficiently. First, areas such as solutions to health challenges require basic
research and therefore rely on contributions from public universities and public research
institutes (PRIs). Second, social gains from solutions to such challenges can be particularly
important, but may not be matched by private-sector returns. Not-for-profit initiatives can
also be relevant but will require adequate policy frameworks to operate successfully.

Major aspects

There is no single definition of social innovation, although most tend to emphasise
the objective of meeting social goals and, to some extent, the types of actors involved
(e.g. not-for-profit, individuals, universities, government agencies, enterprises). Social
innovation is therefore defined more by the nature or objectives of innovation than by the
characteristics of innovations themselves. Social innovation seeks new answers to social
problems by identifying and delivering new services that improve the quality of life of
individuals and communities and by identifying and implementing new labour market
integration processes, new competencies, new jobs, and new forms of participation that
help to improve the position of individuals in the workforce.

There are several reasons why social challenges are increasingly important today and
why STI is critical for meeting them. First, it has becoming increasingly clear in recent years
that growth alone no longer guarantees well-being. The benefits of growth do not always
trickle down automatically. In fact, for a range of OECD countries there is evidence to suggest
that, with growth, those at the bottom of the income distribution have benefited little if at all,
unlike those at the top. This has resulted in growing within-country inequalities (OECD,
2011a). Many emerging and developing countries that have experienced positive growth
dynamics have also found that poverty and exclusion continue to be a challenge (OECD,
2013a). The role of innovation, an important driver of growth, in shaping inequalities and in
helping to support well-being is therefore critical.

Second, a large number of OECD and non-OECD countries are undergoing a substantial
demographic change. An increasingly large share of the population is aged 65 and older.
In 2010, the share of the OECD population over 65 years old was around 15%; it is expected to
reach 26% by 2050 (OECD, 2011a). This will increase the demand for health care and put further
pressure on public expenditures related to health care. Low labour force participation of older
age groups increases the strain on social security and pension systems. Thus, findings ways of
reducing and improving health care and related expenditures and encouraging the continued
participation of the elderly in economic activities are challenges that call for innovations to
support conditions for the elderly. Innovation can also help address health challenges, which
increase in an ageing society, by providing more personal, predictive and preventive
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health-care products (OECD, 2013b). The rising cost of many health technologies, however,
poses a challenge to the wider uptake of these technologies that needs to be addressed.

Third, it is more widely recognised that innovation can offer new ways to address
social challenges. Inclusive innovation and innovative products for lower-income groups
have been very successful in helping the poor improve their welfare. For instance, mobile
health and education services, low-cost cars, and portable, pedal-powered washing
machines have brought, at lower cost, some of the benefits of products often taken for
granted by others (OECD, 2013). Their scale is, however, often limited due to obstacles
businesses need to overcome to cater for those markets.

A critical factor for innovation policies that aim to address social challenges is the
public perception of science and technology’s contributions to well-being. The extent to
which policies help orient science and technology towards addressing well-being can help
reduce negative views and help generate greater interest in STI and a wider willingness to
adopt new technologies, two critical elements for stimulating STI (see the policy profile on
“Building a science and innovation culture”).

Recent policy trends

STI efforts to address social challenges continue to be high on the innovation policy
agenda of most countries. Mexico’s National Development Plan 2013-18 will guide
development and promote social inclusion over the next years. Responding to major
societal challenges is also a key focus of the European Union’s Horizon2020 programme.
Naturally, countries’ innovation policy priority areas differ. They may emphasise ageing,
health, exclusion of various types (disability, minorities, etc.), or poverty in the
development context. Technological change and ICTs also present challenges. Belgium
implemented the Society and Future Programme to gather scientific knowledge to respond
to future challenges. Norway recently implemented a Research Programme on Societal
Security and Safety. The future of the workplace and exploring the implications of changes
due to ICTs are among the topics of Wallonia’s Germaine Tillion Research Programme in
Social Innovation. Some programmes focus on using ICTs to address social challenges,
e.g. Costa Rica’s Community Centres. Colombia implemented a Strategy for the Social
Appropriation of Knowledge to promote citizen participation in building public policy for
STI as a way to promote STI and its contributions to addressing social challenges.

Dealing with poverty and exclusion is high on the innovation policy agendas of Chile,
Colombia, India and South Africa. India recently launched its Inclusive Innovation Fund to
promote businesses that target the poor. Several OECD countries have STI programmes to
support development. They include Japan’s S&T Research Partnership for Sustainable
Development, an activity of the Japan Science and Technology Agency (JST) in co-operation
with the Japan International Co-operation Agency (JICA). This programme supports and
promotes international joint research projects that advance science and technology by
addressing global issues (e.g. climate change and food security) based on the needs of
developing countries. The question of exclusion is not only an issue in the development
context. Some projects explicitly address the costs of exclusion for the STI system. For
instance, South Africa’s Thuthuka Programme aims, via preferential funding of research
projects, to support human research capacity at South Africa’s higher education and
research institutions, particularly among previously disadvantaged socio-economic
groups. Countries that implement education policy programmes to ensure that science,
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technology and engineering skills are provided to young people independently of their
backgrounds include Australia, Colombia, Estonia, Hungary, New Zealand and Poland.

A number of countries have established funding programmes to direct research efforts
towards specific social challenges. The Academy of Finland has launched research
programmes on the health and welfare of children and young people and on the future of
learning and knowledge and skills. The US BRAIN Initiative (USD 100 million) aims to
revolutionize the understanding of the human brain by advancing brain research through
innovative neurotechnologies and new ways to treat and prevent brain disorders, such as
Alzheimer’s disease, epilepsy, and traumatic brain injury. Policy efforts also focus on
creating networks to address social challenges, often by placing more emphasis on
interdisciplinary approaches. Examples include BRAIN-be, the Belgian Research Action
through Interdisciplinary Network Initiative, and Australia’s Science of Learning Research
Centre, which was set up in 2012 to bring together education professionals and
high-quality researchers in areas ranging from neuroscience and cognitive development to
educational technology to improve the quality of education. Similarly, the Human Brain
Project, funded by the European Commission, has partners from 24 European countries, led
by researchers from Germany, France, Spain, Sweden, Switzerland and the United Kingdom.

An interesting approach some countries have adopted consists in seeking business
and entrepreneurship support in addressing social challenges. Chile’s Social Innovation
and Entrepreneurship Programme, with public investment of USD 2 million, supports
organisations that promote innovation and social enterprises. Switzerland’s Ambient
Assisted Living offers SMEs transnational co-operation opportunities for projects that
address the challenges arising from demographic change, including projects aimed at
ICT-based solutions for the prevention and management of chronic conditions of elderly
people. The United Kingdom’s Centre for Challenge Prizes at NESTA, which opened in
April 2012, is an example of a prize-based mechanism to reward entrepreneurial initiative.
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POLICY MIX FOR BUSINESS R&D AND INNOVATION
Rationale and objectives

The term “policy mix” is generally taken to refer to the balance of and interactions
among policies. It can refer to the different policy goals pursued by government or the
different rationales for policy intervention, but it refers more commonly to the mix of
instruments used in pursuit of a particular policy goal, in this case, the promotion of
business R&D and innovation. This is the perspective adopted in this policy profile.

Recent years have seen increased interest in the policy mix to support business R&D
and innovation. Whereas much emphasis was previously placed on the design and
evaluation of individual instruments of innovation policy, there is now greater interest in
understanding the effectiveness of the larger portfolio of policy instruments used to
improve a country’s innovative capabilities. This view of the policy landscape reflects a
growing appreciation of the interdependence of policy measures and an understanding
that the performance or behaviour of innovation systems requires a more holistic
perspective. Yet, while there is evidence that the complementarities and trade-offs among
policy instruments are significant for assessing a country’s STI policy and its impact on
innovative and economic performance, they remain poorly understood.

Major aspects

For the policy mix concept to be useful in policy making and analysis, individual policy
instruments and the interactions among them need to be defined. Policy instruments can
be characterised in several ways: by their target groups, their desired outcomes, or their
mode of intervention (e.g. funding, regulation). Some of the most popular characterisations
are binary in nature, e.g. supply-side versus demand-side instruments. They should not
necessarily be interpreted as alternatives but as possible complements. In fact, a key
challenge is to strike an appropriate balance, taking into account the current state of the
innovation system concerned and a vision for the future.

Interactions among policy instruments can be characterised as complementary,
neutral, alternative (substitutable) or conflicting and are likely to demonstrate emergent
properties in terms of their effects and impacts, which has made their study difficult. Much
of the empirical work on innovation policy mixes has been concerned, for the most part,
with discussing balances (and by extension, policy gaps). Far less attention has been paid
to interactions, no doubt on account of the conceptual and practical challenges involved.
Yet, the effectiveness of a policy instrument almost always depends upon its interaction
with other instruments, sometimes at different times and for different purposes.

Countries’ instrument mixes will differ, as they will have accumulated over time and
will have been adapted to the country’s specific political and socio-economic circumstances.
Furthermore, finding an appropriate policy mix is not a task that is solved once and for all,
since the scope and content of government policies evolve, driven by changes in external
factors as well as in the level of economic and institutional development and the level of
sophistication of government itself. These in turn influence both the set of attainable goals
and the ability to achieve them. This is confirmed by countries’ replies to the OECD STI
Outlook policy questionnaire 2014.
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Recent policy trends

The OECD STI Outlook policy questionnaire 2014 invited countries to rate the balance
in the policy mix for business R&D and innovation over time (ten years ago, today and in
the next five years) for five sets of policy instruments: population-targeted versus generic
instruments; sector- or technology-targeted versus generic instruments; financial versus
non-financial instruments; competitive versus non-competitive instruments; and
supply-side versus demand-side instruments (Figure 5.1).

Population-targeted versus generic (non-population-targeted) instruments:
Population-targeted instruments are those targeted towards specific types of firms,
especially SMEs or new-technology based firms (see the policy profiles on “Start-ups and
innovative entrepreneurship” and “Financing innovative entrepreneurship”). Figure 5.1()
indicates that many countries have moved towards more population-targeted instruments
over the last decade and that this will continue in the next five years. There are, however,
important exceptions: Poland’s policy instrument mix has been and will remain
predominantly generic, while those of France, Germany, Sweden and the United Kingdom
have increasingly moved away from population-targeted instruments, a trend that is set to
continue over the coming years.

Sector- and technology-targeted versus generic (non-technology-targeted)
instruments: Sector- and technology-targeted instruments support specific fields of R&D
and innovation or specific industry sectors (see the policy profile on “New industrial
policies”). Figure 5.1®) shows that countries vary markedly in the balance of sector- and
technology-oriented and non-sector/non-technology-oriented instruments. Of those
answering this question, close to half claim that their policy instrument mix is becoming
more sector- and technology-oriented than previously, owing, perhaps, to an interest in
“new industrial policy”. A few OECD countries are moving in the opposite direction.
Sweden expects policy to move from what was a strong sector and technology orientation
a decade ago to a strong generic orientation in the next five years; over the same period,
Finland and Germany expect to move from a policy mix that was slightly more sector- and
technology-oriented to one that will be slightly more generic. Outside of the OECD, China
expects to move from a policy mix with a strong sector and technology orientation ten
years ago to one that is equally balanced in the next five years.

Financial versus non-financial instruments: Financial instruments include both
direct (e.g. credit loans and guarantees, repayable advances, competitive grants,
innovation vouchers) and indirect funding (e.g. R&D tax incentives), while non-financial
instruments include a variety of tools, including business innovation services, organisation
of events, and information campaigns that promote business innovation (see the policy
profiles on “Government financing of business R&D and innovation”, “Tax incentives for
R&D and innovation” and “Financing innovative entrepreneurship”). Figure 5.1(9) shows
that the bulk of support to business R&D and innovation has been financial in nature.
While there has been some movement towards more non-financial instruments in about
half of the countries answering this question, the balance in about three-quarters remains
at the financial instrument end of the spectrum.

Competitive versus non-competitive instruments: Competitive policy instruments
selectively allocate funding on the basis of criteria such as expected performance and
relevance. Non-competitive policy instruments may be granted universally or after a
selection process based on eligibility criteria. Figure 5.1 shows a strong preference for
competitive instruments. Close to half of the countries answering this question indicated
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Figure 5.1. Changing balance in the policy mix for business R&D and innovation, 2014
(based on own country ranking)
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a shift towards more competitive instruments. However, among OECD countries, Canada,
the Netherlands and, to a lesser extent, the United Kingdom indicate that their policy mix
is and will remain more non-competitive, which may partly reflect the strong reliance on
R&D tax credits in their support for business innovation.

Supply-side versus demand-side instruments: Supply-side instruments aim to boost
knowledge production and supply, with a view to accelerating knowledge spillovers and
externalities. Demand-side instruments focus on boosting market opportunities and demand
for innovation, as well as on encouraging suppliers to meet expressed user needs (see the
policy profile on “Stimulating demand for innovation”). Figure 5.1(®) confirms the
long-standing focus on supply-side instruments but also the recent emergence of
demand-side policy to stimulate and articulate public demand for innovative solutions and
products from firms. Many countries indicate that the next five years will see increased
emphasis on demand-side instruments, though the majority expect supply-side instruments
to remain dominant. Notable exceptions among OECD countries are Austria, Germany,
Hungary and Portugal, which expect demand-side instruments to be more prominent.

In summary, based on countries’ self-assessments, it is evident that the balance of
their policy mixes differs and that these balances change over time. Overall, more
countries have been moving towards more targeted policy mixes, involving more
competition and mobilising a broader diversity of instruments. Of course, given the nature
of the data, results should be interpreted with caution. They provide an indicative rather
than a fully reliable picture of variation and change. Nevertheless, the results tend largely
to confirm common beliefs regarding policy mix balances and their directions.
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GOVERNMENT FINANCING OF BUSINESS R&D AND INNOVATION

Rationale and objectives

Firms are major drivers of innovation but tend to underinvest in R&D. They engage in
R&D to differentiate themselves from competitors, to be more successful in business and
to increase profits. However, the costs and uncertainty of R&D, the time required to obtain
returns on investment, and the possibility that competitors can capture knowledge
spillovers — owing to the non-rival and non-excludable nature of R&D - often reduce their
incentives to undertake R&D. The funding of innovative entrepreneurship raises further
issues, addressed in the policy profile on “Financing innovative entrepreneurship”.

The effectiveness of public financing policies can be questioned on three main
grounds (Guellec and van Pottelsberghe, 2000). First, government spending can crowd out
private money, for example by increasing the demand for and cost of R&D through higher
wages for researchers. Second, governments may support projects that would have been
implemented anyway so that firms simply use public money instead of their own. Third,
governments often allocate public funds less efficiently than market forces, thereby
distorting competition and resource allocation. By trying to “pick winners”, they may end
up supporting less promising research areas or favour incumbents and lobbying groups to
the detriment of new and innovative firms.

Major aspects

Governments finance business R&D and innovation through a mix of direct and
indirect instruments. Governments offer direct support through public procurement for
R&D and a variety of grants, subsidies, loans or equity funding (Table 5.1). They provide
indirect support through fiscal incentives, such as R&D tax incentives. Direct funding
allows governments to target specific R&D activities and steer business efforts towards
new R&D areas or areas that offer high social returns but low prospects for profits,
e.g. green technology and social innovation; direct funding instruments depend on
discretionary decisions by governments. Tax incentives reduce the marginal cost of R&D
and innovation spending; they are usually more neutral than direct support in terms of
industry, region and firm characteristics, although this does not exclude some
differentiation, most often by firm size (OECD, 2010a). While direct subsidies are more
targeted towards long-term research, R&D tax schemes are more likely to encourage
short-term applied research and boost incremental innovation rather than radical
breakthroughs.

Direct financial support is offered through competitive grants and debt financing, such
as loans for R&D projects. Risk-sharing mechanisms are widely used to provide lenders
with insurance against the risk of default and improve firms’ access to credit. A loan
guarantee implies that in the event of a loan default, the credit guarantee scheme will
reimburse a pre-defined share of the outstanding loan to the lender.

Some direct support is also linked to public procurement (see policy profile on
“Stimulating demand for innovation”). In France and the United States, a large share of
public support for R&D is provided to firms in the defence industry to develop military
equipment and potentially civil applications. While governments retain the intellectual
property (IP) of research results developed in the framework of public procurement
programmes, the research results belong to R&D-performing firms under other funding
schemes (Guellec and van Pottelsberghe, 2000).
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Table 5.1. Major policy instruments for financing business R&D and innovation

and some country examples

Financing instruments

Key features

Some country examples

Direct public
funding

Grants, subsidies

Debt Credit loans
financing
Repayable
grants/advances
Loans
guarantees
and risk-sharing
mechanisms
Debt/Equity  Non-bank debt/
financing equity funding
Mezzanine
funding
Equity Venture capital
financing* funds and funds

of funds

Business angels

Public procurement for R&D

and innovation*

Technology consulting services,

extension programmes

Innovation vouchers

Most common funding instruments. Used as seed funding for start-ups
and innovative SMEs. Granted on a competitive basis and in some cases,
on the basis of private co-funding. No repayment is usually required.
Supply-side, discretionary instruments.

Government subsidised loans. Require sorts of collateral or guarantee.
Obligation of repayment as debt. The investor/lender does not receive
an equity stake.

Repayment required, partial or total, sometimes in the form of royalties.
Could be granted on the basis of private co-funding.

Used widely as important tools to ease financial constraints for SMEs
and start-ups. In the case of individual assessment of loans, can signal
ex ante the creditworthiness of the firm to the bank. Often combined
with the provision of complementary services (e.g. information,
assistance, training).

New funding channels. Innovative lending platforms and non-bank debt
or equity funds.

Combination of several financing instruments of varying degrees of risk
and return that incorporate elements of debt and equity in a single
investment vehicle. Used at later stage of firms' development. More suitable
for SMEs with a strong cash position and a moderate growth profile.

Funds provided by institutional investors (banks, pensions funds, etc.)
to be invested in firms at early to expansion stages. Tends to increasingly
invest at later -less risky- stage. Referred as patient capital, due to lengthy
time span for exiting (10-12 years). The investor receives an equity stake.
Provide financing, expertise, mentoring and network facilities. Tends to invest
in the form of groups and networks. Financing at start-up and early stage.
Create a demand for technologies or services that do not exist, or, target
the purchase of R&D services (pre-commercial procurement of R&D).
Provide early-stage financial support to high-risk innovative
technology-based small firms with commercial promise.

Expand the diffusion and adoption of already existing technology,

and contribute to increase the absorptive capacity of targeted firms
(especially SMEs). Provide information, technical assistance, consulting
and training, etc. Of particular importance in low income countries.
Small lines of credit provided to SMEs to purchase services from public
knowledge providers with a view to introducing innovations in their
business operations.

ANR subsidies (Argentina), Central
Innovation Programme for SMEs
(Germany), R&D Fund (Israel), Small
Business Innovation Research (SBIR)
Program (US)

Novallia (Belgium), High-Tech
Griinderfonds (Germany), Public
Investment Bank (France), Microfinance
Ireland, Slovene Enterprise Fund, British
Business Bank (UK)

Repayable Grants for Start-Ups

(New Zealand)

Small Business Financing Program
(Canada), Mutual guarantee schemes
(Confidi) (Italy), 7(a) Loan Program
(US), R&I Loans Services (European
Commission)

Business Finance Partnership (UK)

Guarantees for Mezzanine Investments
(Austria), PROGRESS Programme
(Czech Rep.), Industrifonden and
Fouriertransform (Sweden), Small
Business Investment Company (US)
Innpulsa (Colombia), Seed Fund Vera
(Finland), France Investment 2020,
Yozma Fund (lsrael),

Scottish Co-investment Fund (UK)
Seraphim Fund (UK), Tech Coast Angels
and Common ANGELS (US)

Small Business Innovation Research
(SBIR) Program (US) and SBIR-type
of programmes (UK)

Manufacturing Extension Partnerships

(Us)

Innovation vouchers (Austria, Chile,
China, Denmark, etc.)

Indirect public Tax
funding incentives*
tax

Tax incentives on
corporateincome

Used in most countries. Broad range of tax arrangements on corporate
income tax, including tax incentives on R&D expenditure and, less
frequently, tax incentives on IP-related gains. Indirect, non-discriminatory.

SR&ED tax credit (Canada), R&D Tax
Credit (France), exemption on payroll
withholding tax (Netherlands), patent
box (UK)

Personal wage tax reduction for foreign
researchers and key staff (Denmark),
wealth tax exemption for business
angels (France), Business Expansion
and Seed Capital Schemes (Ireland)

Tax incentives on Available in many countries. Broad range of tax incentives on R&D
personal income and entrepreneurial investments and revenues that apply to personal
tax and other income tax, value added tax or other taxes (consumption, land,
taxes property, etc.). Indirect, non-discriminatory.

* See the related policy profiles on “Financing innovative entrepreneurship”, “Stimulating demand for innovation” and “Tax incentives
for R&D and innovation”.

Source: Based on Innovation Policy Platform; OECD (2014), Financing SMEs and Entrepreneurs 2014: an OECD Scoreboard, OECD Publishing,

Paris, http://dx.doi.org/10.1787/fin_sme_ent-2014-en; OECD (2013), Financing SMEs and Entrepreneurs 2013: an OECD Scoreboard,

OECD Publishing, Paris, http://dx.doi.org/10.1787/fin_sme_ent-2013-en; OECD (2011), Business Innovation Policies: Selected Country Comparisons,

OECD Publishing, Paris, http://dx.doi.org/10.1787/9789264115668-en; OECD (2011), Financing High-growth Firms: The Role of Angel Investors,

OECD Publishing, Paris, http://dx.doi.org/10.1787/9789264118782-en; and country responses to the STI Outlook policy questionnaire 2014.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 157


http://dx.doi.org/10.1787/fin_sme_ent-2014-en
http://dx.doi.org/10.1787/fin_sme_ent-2013-en
http://dx.doi.org/10.1787/9789264115668-en
http://dx.doi.org/10.1787/9789264118782-en

I1.5. STIPOLICY PROFILES: INNOVATION IN FIRMS

Many OECD countries have schemes and funds to access early-stage finance,
particularly for equity. Support is provided to the venture capital industry, with some
governments actively providing equity funding (OECD, 2011a; Wilson et al., 2013). A
common approach is to facilitate the growth of venture funding through public venture
capital funds, co-investment funds with private investments and “funds of funds” (see
policy profile on “Financing innovative entrepreneurship”).

Direct support for innovation, other than R&D-related schemes, includes measures to
facilitate the commercialisation of innovation, support the development of networks,
promote regional innovation hubs, and ease access to information, expertise and advice
(OECD, 2011b). Innovation vouchers or technology consulting services and extension
programmes are major policy instruments in this respect.

Tax incentives applicable to different tax arrangements, including corporate and
personal income taxes, are also widely used to encourage private investments in R&D and
the exploitation of IP assets, to attract business angels and leverage early-stage finance,
and to attract foreign talent or foreign multinationals (see policy profiles on “Tax incentives
for R&D and innovation”, and “Financing innovative entrepreneurship”).

Recent policy trends

Public funding of business R&D and innovation has increased in most countries over
the past decade. The policy mix used to finance business innovation has seen growing use
of R&D tax incentives and a shift of emphasis in direct support towards new purposes
(e.g. knowledge transfer or equity financing). There has also been more focus on evaluation
(OECD, 2011b).

In most countries, 10% to 20% of business R&D expenditure is funded by public money
(see Chapter 1, Figure 1.20). The Russian Federation, Slovenia, Korea and France are the
most generous, with central government support to business R&D accounting for more
than 0.35% of GDP (Figure 5.2). Overall public funding of business R&D and innovation
increased between 2006 and 2011, both in real terms (see Chapter 1) and as a percentage of
GDP. The increase has been particularly marked in Belgium, Estonia, Ireland and Slovenia,
where direct support and tax concessions to firms combined have more than doubled
since 2006.

Several countries increased public spending for business R&D and innovation
between 2012 and 2014. Canada signalled its commitment to a new approach to support for
business innovation by simplifying the R&D tax credit programme and redeploying funds to
direct support initiatives; by launching Canada’s Venture Capital Action Plan and supporting
business incubators and accelerators; by making the innovation procurement programme
permanent; by doubling funding to the Industrial Research Assistance Program and
launching a vouchers programme for SMEs; by transforming the National Research Council
to deliver more effective support to business-based innovation; and by establishing a
concierge service to provide easier access to federal innovation programming and resources.
In the Czech Republic, the establishment of the new Technology Agency came with an
increased financial endowment for firms. Public budgets for competitive R&D grants have
been rising in Iceland, New Zealand and Norway. In Iceland, the amount of tax revenues
foregone through the recently implemented R&D tax credit has also increased.
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Figure 5.2. Government funding of business R&D, direct funding and R&D tax incentives, 2012
As a percentage of GDP
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Notes: The estimates of R&D tax incentives do not cover sub-national R&D tax incentives.
Estonia, Germany, Luxembourg and Switzerland do not provide R&D tax incentives. Mexico and New Zealand repealed their R&D tax
incentive in 2009 and 2009-10, respectively. Finland and Sweden recently introduced R&D tax incentive schemes for companies for which
cost estimates of foregone revenues are not yet available.
In Austria, Poland and South Africa, R&D tax incentive support is already included in official estimates of direct government funding of
business R&D (OECD, 2013a). It is removed from direct funding estimates to avoid double-counting. Greece and Israel provide R&D tax
concessions but cost estimates of R&D tax relief are not available and therefore not included in the total. For Estonia, Finland, Germany,
Greece, Poland, Slovenia, Switzerland, the United Kingdom and the United States, data refer to 2012. For Australia, Belgium, Brazil, Chile,
Ireland, Spain and South Africa, figures refer to 2010. For China and Luxembourg, figures refer to 2009. Otherwise data refer to 2011.
For more technical information about R&D tax data coverage, please see the OECD Directorate for Science, Technology and Industry
webpage on Measuring R&D tax incentives at www.oecd.org/sti/rd-tax-stats.htm. For Australia, Iceland, Portugal, the Russian Federation,
Slovenia, the United Kingdom and the United States, cost estimates are drawn from country responses to the OECD STI Outlook policy
questionnaire 2014. For Brazil, data for direct funding of BERD refer to 2010 and come from the OECD (2013), OECD Science, Technology and
Industry Scoreboard: Innovation for Growth, OECD Publishing, Paris, http://dx.doi.org/10.1787/sti_scoreboard-2013-16-en.
Source: Based on OECD R&D tax incentive data collection, 2013, country responses to the OECD STI Outlook policy questionnaire 2014 and
OECD (2014), OECD Main Science and Technology Indicators (MSTI) Database, June 2014, wwuw.oecd.org/sti/msti. Data retrieved from OECD
IPP.Stat on 8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.

StatLink iz http://dx.doi.org/10.1787/888933151711

Public support through indirect tax instruments has also increased over the past
decade. France’s policy mix for business R&D has undergone a full reversal since 2008.
Belgium, Ireland, South Africa and Turkey have also reinforced indirect funding through
R&D tax relief since 2006 (OECD, 2013a). More than half of the countries participating in the
STI Outlook policy questionnaire 2014 confirmed the stronger role of R&D tax incentives in
the policy mix for business R&D and innovation in recent years (Figure 5.4, Panel 2).
However, national tax schemes for R&D have been relatively stable since 2012 compared to
other public funding instruments (Figure 5.3). Countries have reported more substantial
changes in the design and governance of direct funding instruments.

Direct funding instruments, especially competitive grants, remain major levers of
innovation policy (Figure 5.4, Panel 1). Direct support is provided through an increasing
variety of tools for an increasing variety of purposes (e.g. to encourage knowledge transfer,
growth of high-technology start-ups, venture capital activity, green innovation) (OECD,
2011b).
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Figure 5.3. Initiatives to finance business R&D and innovation
among other areas of STI policy change, 2012-14

Countries reporting a substantial change in the policy area, compared with other STI policy areas

25
Grants and subsidies
Innovation vouchers
20 Public procurement
Equity funding
i Debt financing
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R&D tax incentives (expenditure-based)
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Policy areas and instruments

Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. In the case of
income-based tax incentives and other taxes that are not widely applied, countries may not report changes. Responses are provided by
Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the STI Outlook policy questionnaire 2014.

StatLink Sazm http://dx.doi.org/10.1787/888933151722

Innovation vouchers and equity financing instruments are of increasing relevance in
the policy mix in most countries (Figure 5.4, Panel 2) and have been among the STI policy
areas that have changed the most since 2012 (Figure 5.3).

Use of innovation vouchers has spread across the OECD and emerging economies.
The United Kingdom has allocated at least USD 2.8 million PPP (GBP 2 million) a year, for
three years, to its innovation voucher programme, starting in 2013. Canada is providing
USD 16 million PPP (CAD 20 million) over three years for its innovation voucher
programme, the Business Innovation Access Program. Korea and Sweden are also running
pilot voucher schemes. Latvia, Poland and Turkey have implemented similar funding
instruments, while Australia (the State of Victoria), Belgium (Brussels-Capital Region) and
the Czech Republic (Prague) have introduced innovation vouchers at the state or local level.
A new Italian voucher scheme, administered at regional level, supports the digitisation of
business processes (website, e-commerce, broadband and ultra-broadband connectivity).
Austria has announced a new EUR 5 000 voucher scheme for innovation in creative
industries.

Some countries have recently used grants to reinforce public funding to R&D and
innovation. New Zealand replaced its Technology Transfer Vouchers with Callaghan
Innovation R&D Grants in 2012. The Canadian Economic Action Plan 2012 proposed to
streamline the SR&ED tax incentive programme and to invest the savings in direct support
for business innovation. The United States expects an increase in the share of R&D
investments for competitive R&D grants to small businesses and small business-led
consortia over the next few years.
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Figure 5.4. Relevance of major funding instruments in the policy mix for business R&D
and innovation, 2014
As a percentage of total country self-reported responses

Panel 1. Relative relevance of funding instruments
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Note: Simple counts of country responses to the question: “Which of the following are the principal instruments of public funding of
business R&D and innovation in your country? How has the relative balance between these instruments changed recently, if at all? Please
rate the relative relevance of the following financial instruments in your country’s policy mix and indicate whether their share in the total
has increased/decreased or is remained unchanged”. Responses are provided by Delegates to the OECD Committee for Scientific and
Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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Debt funding mechanisms are prominent in the policy mix but have recently undergone
few changes (Figure 5.4, Panel 1 and Panel 2). Governments have responded to the credit
difficulties faced by small and medium-sized enterprises (SMEs) by injecting capital into
their direct lending and loan guarantee programmes (OECD, 2013b). Austria has broadened
and expanded its loan initiatives for innovative start-ups, through programmes such as the
AWS Pre-Seed and Seed Financing for high-technology companies and a new Frontrunner
Initiative for innovation and technology leaders. The Danish Growth Fund has introduced a
new programme of subordinated loans for SMEs and merged it with the former loan
guarantee schemes. Hungary has granted USD 224 million PPP (HUF 28 billion) under the
New Széchenyi Loan Guarantee Scheme to improve credit options for micro-firms and SMEs.
Ireland introduced a Credit Guarantee Scheme and established the Microenterprise Loan
Fund in 2012. Turkey has developed a New Soft Loan Programme to target niche technologies
(e.g. clean, biomedical or advanced materials technologies). The United States continues to
propose expansions of loan guarantees and other risk-sharing mechanisms to encourage
business innovation, particularly in the clean-energy sector.

Governments have also focused more on non-conventional debt funding.
The United Kingdom is currently setting up the British Business Bank, a new national
development bank that will administer the Enterprise Finance Guarantee for SMEs and
programmes aimed at strengthening non-bank financing. A new USD 432 million PPP
(GBP 300 million) Investment Programme has been launched to increase the supply of
lending through non-bank lending channels and potentially to direct investment towards
the capital structures of smaller providers. It complements the USD 1.7 billion PPP
(GBP 1.2 billion) Business Finance Partnership initiated in 2011 to encourage innovative
lending platforms and non-bank debt funds.

Direct funding instruments for business R&D and innovation have become more market
friendly, encouraging competition-based selection and streamlining public support schemes.
In 2013 Belgium (Brussels-Capital Region) revised its Grant for Grants scheme, which finances
the preparation of EU R&D projects, to make it more accessible. Finland is implementing a joint
customer strategy to improve public service delivery; it includes the creation of joint service
packages for high-growth enterprises and a systematic exchange of customer data within
public services. The financing of traditional, fast-growing, young or early-stage firms has also
been concentrated in a single agency (Tekes). New Zealand established Callaghan Innovation
to gather various initiatives beyond R&D funding and to provide a one-stop shop for firms.
Norway has implemented a new information-technology-based system that simplifies
applications to the Skattefunn R&D tax schemes, and the qualification requirements for the
national entrepreneurship grants have been standardised.
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TAX INCENTIVES FOR R&D AND INNOVATION

Rationale and objectives

R&D tax incentives aim to encourage firms to perform R&D by reducing its costs.
Compared with direct subsidies, R&D tax incentives allow firms to decide the nature and
orientation of their R&D activities, on the assumption that the business sector is best
placed to identify research areas that lead to business outcomes. R&D tax incentives are
market-friendly instruments that are by nature more neutral than direct support
instruments. In addition, direct subsidies under World Trade Organization (and European
Commission) rules are subject to ceilings (50% of upstream R&D, 25% of downstream R&D)
that do not apply to indirect support, provided the tax relief remains non- discretionary
and applies evenly across firms and sectors.

Potential downsides of R&D tax incentives include:

e A windfall effect if public money subsidises business R&D that would have been committed
anyway, particularly a lack of input additionality;

e The application of a single rule to different business situations at the detriment of firms
that might need more support (e.g. small firms that may have less resources and
capacity to process complex tax claims, domestic enterprises that may not be able to
elaborate tax optimisation strategies across borders, young firms that may need more or
differently designed financial support due to their intrinsic difficulties to access funding
and their higher probability of being in a financial loss position);

e Anincrease in the demand for research skills and - given the inelastic supply of researchers
in the short-term - a subsequent increase in researcher wages to the detriment of the
volume of R&D;

@ Possible tax competition for R&D that could result in a zero-sum game at international
level while reducing government revenues in all countries involved.

Major aspects

A variety of tax incentives for R&D and innovation apply to corporate income tax,
payroll withholding taxes and social security contributions, personal income tax,
value-added tax or other consumption, land and property taxes, etc. Tax breaks are
granted on the basis of expenditures incurred for R&D activities (expenditure-based) or
gains from innovative activities (income-based) (Table 5.2).

Although a few countries — Estonia, Germany, New Zealand and Switzerland - do not
offer specific tax arrangements for R&D and innovation at central or federal
level (Table 5.20), R&D tax incentives are universally used.

Enhanced deductibility of R&D-related expenditures and accelerated depreciation of
R&D investments are imputed on corporate income tax in a broad range of countries
(Table 5.2(3)). In certain cases, firms may be granted special exemptions on R&D wages and
social security taxes (Table 5.2()). Preferential import and value-added tax rates
(Table 5.2(9) are also applied for the purchase of science and technology (S&T) equipment
(e.g. imported S&T equipment in Colombia and the Russian Federation), or for firms in
strategic S&T sectors (e.g. software in China). Young innovative firms (France) or firms in
special economic zones (Russian Federation) may also benefit from exemptions on land
and property taxes (Table 5.2(¢).
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Several governments offer preferential tax treatment for corporate income from
royalties, licensing and R&D capital gains in order to encourage the commercialisation of
R&D results and to attract or retain intellectual property (IP) (Table 5.2(8)). The so-called
“patent box” schemes, in reference to the box to tick on claim files, allow firms to lower
corporate tax rates on income from patents and similar IP. Since 2011, Italy offers micro
firms and small and medium-sized enterprises (SMEs) the double Brevetti+ programme to
increase the number of national patent applications and their extension abroad (“Award
for patenting”) and to encourage their commercialisation (“Incentives for the economic
exploitation of patents”).

The “patent box” schemes are related to tax incentives for R&D expenditures, because
they may help anchor the exploitation of patented knowledge in the country in which the
R&D is performed and help complete an innovation chain from knowledge production to
commercialisation. In fact, most countries provide IP income-based tax incentives in
combination with R&D expenditure-based tax incentives. International restrictions may
also apply to the location of R&D performance (Hungary) or of IP development
(Netherlands).

Other income-based regimes aim to leverage private investments in R&D or to attract
S&T talent. Colombia, Korea and Poland propose a reduced income tax rate on firms’ gains
that constitute an R&D reserve (Table 5.2(). Denmark and Hungary offer a tax deduction
for donations to qualified R&D institutions (Table 5.2(). Colombia, Denmark, Korea and
Turkey target highly skilled workers by exempting them from personal income tax
(Table 5.20).

Table 5.2. Overview of tax incentives for R&D and innovation,
selected OECD and non-OECD economies

Tax incentives for R&D and innovation

Expenditure-based Income-based
(e.g. R&D expenditure including wages, capital) (e.g. salaries, IP profit, royalties, capital gains)
Tax arrangements
Corporate income tax (CIT) (a) Argentina, Australia, Austria, Belgium, Brazil, Canada, (g) Brazil, Belgium (Fed.), China, Colombia, Greece, Hungary,
Chile, China, Costa Rica, Czech Rep., Denmark, Finland, Italy, Luxembourg, Netherlands, Spain, UK (“patent box”)
France, Greece, Hungary, Iceland, Israel, Italy, Japan, Korea, (h) Colombia, Korea, Poland (R&D reserve)
Latvia, Norway, Poland, Portugal, Russian Fed., Slovak Rep.,
Slovenia, South Africa, Spain, Turkey, UK, US
Payroll withholding (b) Belgium (Fed.), France, Hungary, Netherlands, -
and social security taxes Russian Fed., Spain, Sweden, Turkey
Personal income tax (PIT) (c) Denmark, Hungary (i) Colombia, Denmark (foreign researchers and key staff),
Korea (foreign researchers), Turkey (R&D staff)
Value-added tax (VAT) (d) Colombia (imported equipment), -
& other consumption taxes China (software, high-tech firms, small firms),
Poland (special zones),
Russian Fed. (special zones, imported equipment, IPR transfer)
Other taxes (e.g. land taxes) (e) France (young firms), Italy (SMEs and young firms), -
Portugal, Russian Fed. (special zones)
No tax arrangements (f) Estonia, Germany, Mexico, New Zealand, Switzerland

Note: This table does not include tax incentives for entrepreneurship (e.g. tax exemption for business angels). Information for Brazil,
Chile, Luxembourg, Spain and Sweden come from country responses to the STI Outlook policy questionnaire 2012 and national sources.
In Belgium, the federal government retains responsibility for R&D tax policy while most other aspects of STI policy have been
decentralised to regions and communities.

For a more detailed overview of tax incentives for R&D and innovation, see the Science, Technology and Industry Outlook policy database,
edition 2014, R&D and Innovation Tax Incentives, available at http://qdd.oecd.org/Table.aspx?Query=DA5EA407-45F1-4832-ACFF-582DAECB6100.
Sources: Based on country responses to the OECD STI Outlook policy questionnaire 2014.
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The major divergence in R&D tax design across countries concerns the calculation of
tax relief. There are four types of R&D expenditure-based tax incentives for firms: R&D tax
allowances, R&D tax credit, accelerated depreciation for R&D capital, and exemption of
R&D wage and social taxes (Table 5.3). The first three apply to the corporate income tax
regime, and the last applies to payroll withholding and social security contributions.

Table 5.3. Differences in R&D expenditure-based tax incentives for firms,
selected OECD and non-OECD economies

Design of the R&D tax Corporate income R&D tax allowance
incentive schemes tax (CIT)

R&D tax credit  Volume-based

Incremental
Hybrid
R&D tax allowance or tax credit
(excluding each other)
Accelerated depreciation for R&D

Payroll withholding and social security taxes
No carry-back/forward and refundable options
Patent and intellectual property rights (IPR) expenditures

Brazil, China, Colombia, Czech Rep., Denmark, Finland, Greece, Hungary, Israel,
Netherlands, Poland, Slovenia, Slovak Rep., South Africa, Turkey, United Kingdom
Argentina, Australia, Austria, Canada, Chile, France, Iceland, Italy, Korea, Norway,
Russian Fed., Spain, United States (energy)

Ireland, United States

Japan, Korea, Portugal, Spain

Belgium

Brazil, Canada, China, Denmark, Hungary, Latvia, Poland, Russian Fed.,
South Africa, Turkey, United Kingdom

Belgium, France, Hungary, Netherlands, Spain, Sweden

Brazil, Hungary, Korea

Argentina, Belgium, Brazil, Chile, France, Hungary, Poland, Portugal, Slovenia,
Spain

Targeting firms SMEs

Young firms and start-ups
Large firms and multinationals
Excluding large firms

Firms hiring PhD or researchers

Argentina, Australia, Canada, France, Hungary, Italy, Japan, Korea, Norway,
Turkey, United Kingdom

Belgium, France, Netherlands, Portugal, United States

Costa Rica (Free Zone Regime), Turkey, United Kingdom

Australia

Brazil, France, Hungary, Portugal, Spain

Targeting R&D areas  Energy and environment
or industries Design and creative industries
Agriculture

Collaborative and subcontracted R&D

Excluding collaborative and subcontracted R&D

Belgium, Hungary, United States

France, Hungary

Hungary

Chile, France, Hungary, Ireland (subcontractors), Italy, Norway, United Kingdom
(SMEs and subcontractors)

Czech Rep.

Note: Information for Brazil, Chile and Spain come from country responses to the STI Outlook policy questionnaire 2012. Information for
Finland come from the OECD/NESTI data collection on R&D tax cost estimates 2013 and information for Iceland and Sweden come from

national sources.

For a more detailed overview of R&D tax incentives, see the Science, Technology and Industry Outlook Policy Database, edition 2014, R&D and
Innovation Tax Incentives, available at http://qdd.oecd.org/Table.aspx?Query=DA5EA407-45F1-4832-ACFF-582DAECB6100 and the OECD
Directorate for Science, Technology and Industry webpage on Measuring R&D Tax Incentives at www.oecd.org/sti/rd-tax-stats.htm.

Source: Based on country responses to the OECD STI Outlook policy questionnaire 2014.

R&D tax allowances and R&D tax credits are the most common schemes. R&D tax
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allowances offset taxable income by deducting a certain percentage of qualified R&D
expenditure. R&D tax credits reduce the amount of tax that must be paid (tax liability) by
the R&D expenditure (volume-based), or, less frequently, by the R&D expenditure in excess
of some baseline amount (incremental). While volume-based schemes are simpler to
implement and less subject to fluctuations, incremental design is less expensive and more
efficient for governments as it minimises the amount of subsidised R&D that would have
been undertaken even in the absence of support (OECD, 2010). Japan, Korea, Portugal and
Spain offer hybrid arrangements combining volume and incremental features. Belgium
offers either tax credit or tax allowance as alternatives.
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Accelerated depreciation of R&D capital is also widely used and allows deduction of
R&D investments (machinery, equipment, buildings, but also intangible capital, etc.) from
taxable income under more favourable conditions than for assets of the same class.

Exemptions from payroll taxes and social security contributions for R&D personnel are
less frequent (Belgium, France, Hungary, Netherlands, Spain). Since they act as a subsidy
for early-stage costs whereas tax credits generally subsidise later-stage profits, they are
particularly important for firms with cash flow constraints, notably small and young firms
(OECD, 2010).

Cross-country differences in the design of R&D tax schemes also include the definition
of eligible expenditures (e.g. labour costs, capital costs, costs of intellectual property rights),
the nature of eligible firms (in terms of size, age, domiciliation, sector of activity, etc.),
deductibility rates, caps and thresholds on qualified R&D expenditure or on the maximum
amount of tax deduction (in absolute terms or as a percentage of firms’ turnover, profit or tax
liability), special provisions for collaborative R&D projects, or different technologies. Most
countries allow carry-forwards for firms whose tax bill is lower than their allowable R&D
credit. Some provide refunding options for start-up firms and non-profitable firms.

Many countries have fine-tuned their R&D tax schemes to target specific types of firms
(e.g. start-ups or SMEs), industries (e.g. creative industries, such as textiles in France or
films in Hungary), or research areas (e.g. energy and green technology). R&D tax incentives
are also a tool to spur collaborative R&D and to strengthen industry-science linkages
(e.g. France, Hungary) and industrial networks (e.g. Ireland).

The diversity of national R&D tax arrangements makes cross-country comparisons
difficult. In addition, the relative generosity and attractiveness of national R&D tax
incentives depends not only on eligibility rules and design features, but also on the
taxation system of a country, e.g. the level of corporate taxation, or on firms’ ability to
claim and use incentives, such as their capacity to make a profit against which potential
tax relief on taxes can be applied or their human and financial capacity to administer
claims for R&D tax incentives and incur the related costs.

In a profit-making scenario, Portugal, Spain and Chile provided the most generous tax
mix for R&D and innovation in 2013 (Figure 5.5, Panel 1). However, tax arrangements are
more favourable for SMEs and young innovative firms in Canada, France, Korea,
the Netherlands, Portugal and the United Kingdom where start-ups and small firms benefit
from higher deduction rates. In France since 2004, new firms classified as young innovative
firms (JEI) get large exemptions on corporate income tax and social security contributions.

In a loss-making scenario, the tax subsidy rate on R&D expenditure is markedly lower
for both large and small firms (Figure 5.5, Panel 2). The gap is particularly significant in
Brazil and Hungary, whose R&D tax allowances do not include any carry-forward or
refundable options (Table 5.3). Carry-forwards and refundable options may partially
compensate for the loss of the benefit of the incentive by reporting tax provisions when
they can be applied or by providing firms with immediate repayments. Such tax
arrangements may be particularly beneficial for small and young firms (OECD, 2013b).

Firms also incur costs to assemble their case, pay contingent fees, or absorb
non-compliance costs. Indirect costs may reduce incentives to claim for R&D tax
assistance and make it difficult for small and young firms with less internal capacity or
higher liquidity constraints to access external expertise. Lengthy delays in cash
repayments may also reduce the incentive effect of R&D tax breaks.
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Figure 5.5. Generosity of tax subsidy for R&D expenditures by profit scenario and firm size, 2013
Tax subsidy rate as measured by 1 minus B-index
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Note: The B-index is a measure of the before-tax income needed to break even on USD 1 of outlays (Warda, 2001). A decline in the B-index
reflects an increase in R&D tax generosity. The B-index traditionally assumes that the “representative firm” is profitable and 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 refund and carry-forward provisions.
The subsidy rate calculations only include expenditure-based tax incentives on corporate income tax and payroll withholding taxes and
do not account for income-based tax incentives or incentives for taxpayers other than companies.
For more details on definitions and measurement, see the OECD Directorate for Science, Technology and Industry webpage on Measuring
R&D Tax Incentives, http://www.oecd.org/sti/rd-tax-stats.htm.
Source: Adapted from OECD (2013), “R&D tax incentives”, in OECD Science, Technology and Industry Scoreboard 2013: Innovation for Growth,
OECD Publishing, Paris, http://dx.doi.org/10.1787/sti_scoreboard-2013-16-en.

StatLink =azm http://dx.doi.org/10.1787/888933151740

Administrative requirements for obtaining R&D tax assistance vary widely across
countries, as does the assistance provided. Practices differ in terms of the documentation
required of claimants, the maximum delays for firms to submit claims, and the administrative
formalities, e.g. pre-registration (Australia, Japan), prior approval or accreditation (China,
the Netherlands, South Africa, Turkey), prior audit (Austria, Hungary, Poland), or extra
certification, e.g. environmental certificate (Belgium) or tax clearance certificate (Brazil).
Complex administrative formalities involve business costs that may discourage claimants and
prolong unduly the time required to process claims and refund firms.

Many countries offer services to assist firms in tax procedures (e.g. online information
and simplified claim form) and to improve the speed and predictability of claims
processing. Canada proposes a first-time claimant programme and offers assistance in the
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form of pre-claim reviews to help firms identify eligible R&D activities, plan investments,
and reduce the time and cost of preparation. Australia and Canada provide eligibility
self-assessment tools. Austria, France, Hungary and Spain provide a rescript (or
certification) that binds national tax authorities on tax breaks.

There are also differences in terms of the cost-effectiveness of the administration of
R&D tax incentives on the government side. Countries’ R&D tax schemes are also
administered differently, and not necessarily by the central tax authorities. The duties of
the responsible institutions (claims administration, controls, assessment of qualified
expenditures, etc.) differ as well. The administrative co-ordination of R&D tax schemes
with other support programmes (including grants), is specific to each country. The French
Tax Credit is administered by the Ministry of Higher Education and Research (MESR).
The Netherlands Enterprise Agency, a division of the Dutch Ministry of Economic Affairs
which is responsible for various programmes in the field of sustainable economic growth,
reviews applications and manages the R&D deduction (RDA) programme to which firms
apply as well as the tax credit for R&D wages (WBSO). The Australian R&D Tax Incentive is
jointly administered by Innovation Australia, an independent body in charge of innovation
support programmes, including venture capital programmes, and the Australian Taxation
Office. In Canada and the United Kingdom, the national tax authorities are in charge of the
SR&ED tax credit and the UK R&D tax relief, respectively.

Differences also exist in compliance controls, programme monitoring and evaluation.
Ex post controls, conditions applicable in case of infringement, and non-compliance costs
incurred by firms are very diverse. Australia, Canada and France have a system to monitor
R&D tax schemes and have developed performance metrics. In 2007 Canada surveyed R&D
tax claimants and the main stakeholders to obtain feedback on the administration of the
SR&ED programme and to optimise delivery of public services.

The lack of internationally comparable information on R&D tax governance and
administration is striking, especially when compared with the growing amount of public
money provided through R&D tax schemes and the pressing need for many governments
to rationalise their spending. Likewise, little information is available on the size and
evolution of national administrative units in charge of R&D tax relief, compared with the
number of R&D tax claims and the amount of foregone revenue (in terms of budget, staff,
tasks, educational background, S&T expertise, etc.).

Recent policy trends

The general trend over the past decade has been to increase the availability, generosity
and simplicity of use of R&D tax incentives in the OECD area and beyond (Figure 5.6,
Panel 1). Countries have redesigned their tax arrangements to make them more generous
and attractive by raising thresholds on R&D expenditures and tax concessions or by
increasing deduction rates and enlarging eligibility criteria. Many countries have
abandoned incremental design for volume-based schemes that are simpler to implement
for tax authorities and simpler to adopt for firms. As a consequence, public funding
allocated to business R&D through tax incentives has increased markedly and R&D tax
incentives have become a major instrument of STI policy in many countries (see
Chapter 1 and the policy profile on “Government financing of business R&D and
innovation”).
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Figure 5.6. Trends in R&D tax generosity and potential loss of predictability in tax regimes,

2001-11
Panel 1. R&D tax subsidy rate, OECD, 1981-2011 Panel 2. Number of significant changes in the B-index, 2001-11
OECD Bottom2 [ 2001-06 (post WTO agreements)
— =— = (QECD median [ 2007-09 (crisis and stimulus packages)
— - — - (QECD Top2 Il 2010-11 (post crisis)
2000 WTO agreements 2008-09
on R&D subsidies crisis
0.45 6
0.40 |
035 |- 5
0.30 | .r.__. \ )
025 | 1 ek
0.20 | ,.\ .I 3
015 | e R s 1
5 -\ 5 5
010 | ,~ [ '\ ~» 2
005 | =
000 fme—ee——————————— M 1
-0.05 | ~—
_010 Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il 0
AR I D RPN RXR]J DIl D CREECAED L L AR DN E XD @D L@ P DDLD
FHFE ST E S F I E D Q@;ijg;\g&fqg&i»Qngo&i@g,iz@;g;@%efﬁ*}g&i&@@%ﬁﬁi«@°
R ' o ) &%}- ¥ o
(Ag' N < \5&\

Note: The tax subsidy rate is measured by 1 minus the B-index. The B-index is a measure of the before-tax income needed to break even
on USD 1 of outlays (Warda, 2001). A decline in the B-index reflects an increase in R&D tax generosity. B indexes refer to all firms and are
based on “no tax exhaustion” assumption (no refund or carry-forward).
In Panel 1, the OECD top 2 and bottom 2 values refer to the second highest and lowest tax subsidy rates among OECD countries for which
data are available. The OECD aggregates do not include Chile, Estonia, Israel, Luxembourg, the Slovak Republic, Slovenia and Turkey.
In Panel 2, the number of significant changes in the B index over 1981-2011 is used as a proxy for the stability and predictability tax
schemes. A threshold of a minimum 0.01 point change in the B index is applied to identify significant tax policy changes. This accounting
approach does not take into account the revisions that may be introduced in R&D tax scheme design, procedures and management and
that could improve or hamper their predictability (e.g. self-assessment eligibility tool, rescript).
Source: Based on J. Warda (2013), B-index time series 1981-2011, December, mimeo.
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The stability of tax schemes -and more broadly R&D public support- has long been
acknowledged as a key factor of their uptake and their impact. Evidence has shown that
the effect of R&D policies can be undermined if they are particularly “unstable” (Guellec
et al.,, 2003). A stable policy environment and predictable tax relief improve cost certainty
for firms to plan their R&D investments. The stability of R&D tax schemes may also reduce
indirect costs incurred by firms in assembling cases and encourage them, especially the
smaller ones, to claim for public support. There have been significant cross-country
differences in tax predictability over the past two decade —as measured by the cumulative
number of reversals in the B-index- (Westmore, 2013). A similar approach comparing sharp
changes in B index values over 2001-11 illustrates the comparative stability of R&D tax
policy across countries (Figure 5.6 Panel 2). In many countries, the first half of the 2000s
-post WTO agreements period- has been marked by significant changes in R&D tax
arrangements with an effect on overall tax generosity and potentially on R&D tax
predictability. Although the tax schemes seem to have experienced less substantial
revisions since then, this policy area remains active. France, Mexico, New Zealand and
Spain have made significant adjustments in their R&D tax policy during the 2008-09 crisis
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- albeit for very different purposes -, and several countries have also implemented
substantial changes after 2010. By contrast, Australia and Canada have shown a relative
R&D tax continuity until 2012.

Few countries participating in the STI Outlook policy questionnaire 2014 reported
substantial changes in their tax arrangements for R&D and innovation since 2012
(Figure 5.7). While most changes are in line with past policy trends, some countries, among
the most generous, have slightly tightened their tax policy and have reinforced compliance
and control mechanisms.

Figure 5.7. Tax incentives for R&D and innovation among other areas of STI policy change,

2012-14
Countries reporting a substantial change in the policy area, compared with other STI policy areas
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Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. In the case of
income-based tax incentives and other taxes, which are not widely applied, few countries may report changes. Responses are provided

by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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Finland, Latvia and Sweden have recently adopted a new R&D tax allowance, an
accelerated depreciation scheme for R&D capital and a tax reduction on social security
contribution, respectively. The US government has made permanent the US Research and
Experimentation Tax Credit in 2014.

In 2013 Ireland raised the ceiling on R&D expenditures (from USD 248 000 PPP-
EUR 200 000- to USD 372 000 PPP -EUR 300 000-). Slovenia further reinforced its R&D tax
allowance by increasing the enhanced deduction rate to 100% of qualified expenditure,
compared to 40% before (plus an additional 20% in less developed regions).

More and more is expected from R&D tax incentives. They are increasingly designed to
serve multiple purposes. For instance, temporary increases in ceilings (Japan,
the Netherlands), longer carry-forwards (Japan) and exceptional refund of pending claims
(France) helped firms cope with the financial crisis. The scope of tax incentives has
broadened to include non-technological innovation. In 2013 France created an “innovation
tax credit” that covers, only for SMEs, non-R&D expenditures, e.g. design prototypes and
pilot plants for new products.
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R&D tax incentives have become an instrument to raise the attractiveness of a
national research ecosystem and, for some countries, to attract foreign R&D centres.
Recent policy interest in patent box regimes indicates a search for a better combination of
tax arrangements. In 2012 Costa Rica reformed its Free Zone Regime (FZR) to encourage
companies to establish operations in Costa Rica and dedicate 0.5% of their local sales to
local R&D activities. The Portuguese System of Tax Incentives for Company investments in
R&D (SIFIDE) has been revised to ease access conditions for large companies: some R&D
audits and IPR costs are now eligible for tax breaks and the ceiling on personnel costs has
been repealed. In 2013 the United Kingdom introduced an expenditure credit scheme
(RDEC) to make R&D tax relief more attractive to large firms and to leverage domestic R&D
activity. The UK tax credit will replace the existing tax allowance as from 2016 -both
running in parallel until then- and be payable to companies both with and without tax
liability.

In a context of fiscal constraints, issues of the cost-efficiency of R&D tax incentives,
the actual impact on innovation performance, and the sustainability of the current tax
mixes are raised. France has marginally reduced the eligible expenditure base and repealed
enhanced deductibility for new claimant firms. Australia established an R&D Tax Incentive
Advisory Committee to monitor the implementation of the R&D Tax Incentive. Canada has
consulted on contingency fees charged by SR&ED tax preparers in 2012 to assess possible
negative impacts on the programme. While no evidence has been found that this results in
higher compliance costs for businesses, many stakeholders have recommended enhancing
the stability and predictability of the R&D tax incentive regimes. Consequently, additional
funding has been granted to the first-time claimants programme to implement a new
in-person service and web-based seminars. Resources and guidelines have also been
provided to strengthen claim reviews and to apply non-compliance penalties. These
developments are in line with the institutional and organisational reforms of tax systems
and administrations that have taken place in the last few years in OECD countries and
emerging economies with a view to improving cost-efficiency, monitoring and services
delivery of tax administration (OECD, 2013c).

Further evaluation and impact assessment of R&D tax breaks will be needed as few
evaluations have assessed the additionality of R&D tax incentives (Kohler et al., 2012).
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FINANCING INNOVATIVE ENTREPRENEURSHIP

Rationale and objectives

Access to financing is crucial for creating and growing an innovative business, in
particular at the seed and early stages. The main sources of finance for start-ups are: the
founder’s own funds (plus money from friends and family), bank loans, equity capital
(including from business angels and venture capitalists) and government support. It is well
documented that young innovative businesses find it difficult to obtain financing. For instance,
surveys show that innovative small and medium-sized enterprises (SMEs) in the euro area
consider access to finance one of their most pressing problems in the wake of the sovereign
debt crisis of 2011 (EC, 2011). The difficulties arise from the high risk of entrepreneurial
activities and from information asymmetries between investors and entrepreneurs. New
ventures also have capital and human resource constraints, insufficient collateral and lack of
a track record. The quality of an innovators’ business plan and their overall readiness for
investment often play a determining role in their ability to secure funding.

Such market and system failures justify public intervention in entrepreneurial
financing. In addition to setting good framework conditions for investment in R&D and
innovation, governments promote access to finance via policy instruments such as grants,
loans, tax incentives and direct provision of capital (Table 5.4). Grants and subsidies can
mitigate financing constraints in young and small R&D-intensive, technology-based
enterprises in the early stages. Seed and early-stage funding can help entrepreneurs gain
access to finance and overcome the “valley of death” that can result from the difficulty of
obtaining project or debt financing or venture capital for higher-risk projects.

Major aspects

Venture capital remains an important source of financing for innovative ventures and
new start-ups, although the VC market remains volatile. Against a background of global
economic uncertainty, global VC investments fell in 2012 to their lowest level since 2009
(Ernest & Young, 2013). Overall investments declined by 20% year on year to
USD 41.5 billion, while the number of venture capital investment rounds declined by 8% to
4 970. Average round size decreased to USD 8.4 million in 2012 from USD 9.6 million
in 2011. Furthermore, the amount of money generated by initial public offering (IPOs)
declined globally by 27% from USD 22.1 billion in 2011 to USD 16.1 billion in 2012; the
decline was led by the United States and China. Similarly, VC-backed merger and
acquisitions (M&A) declined from 787 deals in 2011 to 618 deals 2012, continuing the
decline from the 2010 post-financial crisis peak of 856 deals. Activity in the United States
and Europe, which comprise over 90% of VC-backed M&A deals, fell by about 24%,
offsetting an increase in M&A in India. Globally, there is a trend for venture capital
investments to shift towards less risky, later-stage investments and with a heavy
concentration in the ICT sector. This may reflect both the lack of growth and innovation
potential in certain sectors or increased risk aversion as a result of economic uncertainty.

Meanwhile, investments by business angel groups fell significantly in the United States
in 2009, following the 2008 crisis, but in Europe they rose slightly. As experienced, wealthy
and informal investors, business angels tend to invest in early and riskier stages and play
a crucial role in filling the financing gap between the early and the later growth stages. The
access to credit deteriorated for SMEs in most countries, largely as a result of higher small
business interest rates and greater demand for collateral (OECD, 2013). There were also
modest or no increases in credit volumes, except in a few countries.
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Table 5.4. Examples of recent government programmes or instruments
to promote entrepreneurial financing

Financing instruments

Key features

Policy examples

Direct financing

Grants, subsidies

Venture capital

Loan/loan guarantee

Used as seed and early-stage funding for innovative
start-ups and SMEs in most countries, filling financing gap
between innovators and investors. Relatively small
amounts of money for feasibility study, proof of concept
and prototype development. Awards are generally granted
on an open and competitive basis.

Public venture capital provides strategic funds designed
to accelerate entrepreneurial activities at the seed and early
stages. In contrast, private venture capital provides equity
finance for later, less risky stages. Public venture capital
funds are often managed by private fund managers. Exits
can be made through mergers and acquisitions or IPOs
(initial public offerings). Corporate venture is another exit
channel.

One of the most common tools for access to finance

for entrepreneurial companies during the entire technology
life cycle. Loans are paid back (principal and interest).
Governments can offer reduced interest rate loans

(soft loans) or make loans repayable only if the project
succeeds. Governments often provide loan guarantees
for start-ups and SMEs because they lack collateral

or a track record.

ANR Bio, ANR PDT (Argentina); Single Business Service
(Australia); EXIST (Germany); Repayable grants for
start-ups (New Zealand); START (Russia); Industry
Innovation Partnerships (South Africa); SBRI (Small
Business Research Initiative) (United Kingdom), SBIR
(Small Business Innovation Research) (United States)
Clean Energy Finance Corporation (Australia); Seed Fund
Vera (Finland); Investment Grant for Business Angels
(Germany), FSI France Investment 2020; Development &
Growth Fund (Chile); Seed & Venture Capital Scheme
(Ireland); Innovation Bridge & ALMI Invest (Sweden)

Technological Modernisation, CAE (Argentina); Credit
Guarantee Scheme for SMEs (Hungary); INNPULSA
(Colombia); Vaekstfonden (Denmark); Loan Service

for R&I (EU); Loan Fund for Start-ups (Poland); Enterprise
Finance Guarantee (United Kingdom); TTGV’s Soft Loan
Programme (Turkey)

Indirect financing

Tax incentives

An instrument that is combined with direct government
finance in most countries. It includes exemption from
personal or corporate income tax or capital gains tax
depending on the nature of the intended policy objective
to stimulate private investment in R&D and innovative
entrepreneurial activities.

In 2013, 27 OECD countries provided tax incentives

for R&D. There are also VAT exemptions on imported
equipment and components (Colombia); a tax scheme
for foreign researchers and key employees (Denmark); tax
incentives for business angels (Finland); LSVCC (Canada);
ESVCLP (Australia)

Third party financing

Crowdfunding

A collective Internet fund-raising tool enabled by advances
in ICT and social networks. It is growing rapidly and allows
even novice entrepreneurs access to finance and it engages
people with science and innovation. Concerns include
regulatory issues, the need for scientific integrity

and the risk of cyber fraud.

Over 700 platforms globally: e.g. Kickstarter, CrowdCube,
RocketHub, IndiGoGo. JOBS Act (USA); University

of Utah’s Technology Commercialisation Office (TCO)

in agreement with RocketHub

Source: Country responses to the OECD STI Outlook policy questionnaire 2014; OECD (2013), OECD Science, Technology and Industry
Scoreboard 2013: Innovation for Growth, OECD Publishing, Paris, http://dx.doi.org/10.1787/sti_scoreboard-2013-en; and other sources.

Recent policy trends

Promoting innovative entrepreneurship through better access to finance remains an
issue for OECD economies. The problem is how to increase and broaden the sources of public
and private financing in order to stimulate innovation, given the increasingly short-term
focus of investors following the financial and sovereign debt crisis. As reforms to the banking
and financing system in the wake of the financial crisis, such as banks’ increased capital
requirements, may have reduced traditional investors’ appetite for risk, governments are
promoting new ways to stimulate access to finance for innovative entrepreneurship.

New institutional investors and sovereign wealth funds can be sources of innovation
financing. The Internet is also providing new channels for financing small ventures
through crowdfunding. In the United States, new legislation on crowdfunding (the JOBS
Act in 2012) has drawn growing attention to this phenomenon, both in that country and
elsewhere. Crowdfunding is rapidly emerging as a complementary source of funding.
Although it is still in its infancy, there are already more than 700 crowdfunding platforms
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worldwide. Besides providing research and seed funding, crowdfunding also plays a role in
linking and engaging citizens with science.

On the institutional level, tax incentives can stimulate innovation and entrepreneurship.
Most OECD countries currently have tax incentives to stimulate R&D as well as other types
of tax breaks for innovative ventures. Australia, Canada, France, Korea, Japan, Norway and
the United Kingdom provide preferential tax treatment to SMEs relative to large firms.
Colombia, Denmark, Israel and Finland have introduced new or additional tax incentive
schemes that target the promotion of entrepreneurial activities.

References and further reading

European Commission (EC) (2011), SMEs’ Access to Finance — Survey 2011, December, http://ec.europa.eu/
enterprise/policies/finance/files/2011_safe_analytical_report_en.pdf.

Ernst & Young (2013), Turning the Corner: Global Venture Capital Insights and Trends 2013, http://
www.ey.com/GL/en/Newsroom/News-releases/News_Global-Venture-Capital-funds-may-turn-the-corner-
in-2013.

Innovation Policy Platform (IPP), modules on financing innovation and innovative entrepreneurship,
available online at www.innovationpolicyplatform.org/content/financing-innovation?topic-filters=11384
and www.innovationpolicyplatform.org/content/innovative-entrepreneurship?topic-filters=11381.

MIT (2012), Technology Review, A Business Report on Innovation Funding, September, Cambridge, MA.

OECD (2011), Financing High-Growth Firms: The Role of Angel Investors, OECD Publishing, Paris, http://
dx.doi.org/10.1787/9789264118782-en.

OECD (2013), OECD Science, Technology and Industry Scoreboard 2013: Innovation for Growth, OECD Publishing,
Paris, http://dx.doi.org/10.1787/sti_scoreboard-2013-en.

OECD (2014), OECD Science, Technology and Industry Outlook Policy Database, edition 2014, Equity financing
and venture capital, available at http://qdd.oecd.org/Table.aspx?Query=D214A30E-32C6-4A41-B9C6-
9660C0004ACB.

176 OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014


http://ec.europa.eu/enterprise/policies/finance/files/2011_safe_analytical_report_en.pdf
http://ec.europa.eu/enterprise/policies/finance/files/2011_safe_analytical_report_en.pdf
http://www.ey.com/GL/en/Newsroom/News-releases/News_Global-Venture-Capital-funds-may-turn-the-corner-in-2013
http://www.ey.com/GL/en/Newsroom/News-releases/News_Global-Venture-Capital-funds-may-turn-the-corner-in-2013
http://www.ey.com/GL/en/Newsroom/News-releases/News_Global-Venture-Capital-funds-may-turn-the-corner-in-2013
http://www.innovationpolicyplatform.org/content/financing-innovation?topic-filters=11384
http://www.innovationpolicyplatform.org/content/innovative-entrepreneurship?topic-filters=11381
http://dx.doi.org/10.1787/9789264118782-en
http://dx.doi.org/10.1787/9789264118782-en
http://dx.doi.org/10.1787/sti_scoreboard-2013-en
http://qdd.oecd.org/Table.aspx?Query=D214A30E-32C6-4A41-B9C6-9660C0004ACB
http://qdd.oecd.org/Table.aspx?Query=D214A30E-32C6-4A41-B9C6-9660C0004ACB

I1.5. STIPOLICY PROFILES: INNOVATION IN FIRMS

START-UPS AND INNOVATIVE ENTREPRENEURSHIP
Rationale and objectives

The process of business entry and exit as well as post-entry firm growth enhance
productivity and drive economic growth. New enterprises exert competitive pressure on
incumbents and improve resource allocation by forcing less efficient firms out of the market, a
process which Schumpeter called “creative destruction”. This process is especially important
during a post-recession phase, as business creation can help renew productivity growth and
job creation (OECD, 2010; Criscuolo et al., 2014). New start-ups can exploit knowledge that is
not used or is underused by existing companies and draw on existing knowledge to enter new
or established markets (Acs et al., 2009). This is especially true in knowledge-intensive sectors.

The positive spillover effects of entrepreneurship and the barriers faced by start-ups
are the main rationale for policy intervention in favour of innovative entrepreneurship.
New OECD evidence indicates that most net job creation originates in young and
fast-growing firms. Young firms less than five years old have represented about 20% of
non-financial business sector employment over the last decade but have generated nearly
half of all new jobs (Figure 5.8 and Criscuolo et al., 2014). Over the recent economic crisis,
young firms continued to generate jobs, with most job losses due to the downsizing of
older firms. In the United States, from 1980 to 2005, almost all net job creation occurred in
firms less than five years old (Stangler and Litan, 2009). This disproportionate contribution

Figure 5.8. Gontribution of young firms to net employment growth, 2001-11
As a percentage of aggregate non-financial business sector employment

I Incumbent [ Entrant Il Exit ¢ Total
Net employment growth contribution, %
15

Note: Contributions are calculated as the net job creation by the group over total employment in manufacturing,
non-financial business services and construction. Young firms are aged 5 years old or less, old firms are at least
6 years old.
Averages across all available years. The period covered is 2001-11 for Belgium, Canada, Finland, Hungary,
the Netherlands, the United Kingdom and the United States; 2001-10 for Austria, Brazil, Spain, Italy, Luxembourg,
Norway and Sweden; 2001-09 for Japan and New Zealand; 2001-07 for France; and 2006-11 for Portugal.
Owing to methodological differences, figures may deviate from officially published national statistics. For Japan data
are at the establishment level, for other countries at the firm level. Data for Canada refer only to organic employment
changes and abstract from merger and acquisition activity.
Source: Criscuolo, C., P. Gal and C. Menon (2014), “The Dynamics of Employment Growth: New Evidence from 18
Countries”, OECD Science, Technology and Industry Policy Papers, No. 14, OECD Publishing, Paris, http://dx.doi.org/10.1787/
5jz417hj6hg6-en.

StatLink Sazm http://dx.doi.org/10.1787/888933151774
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to net job creation, however, reflects an up or out dynamics typical of young businesses:
most start-ups exit within 5 years, but those that survive grow very fast on average and
contribute more than proportionally to employment and productivity growth (Haltiwanger
et al,, 2013 and Criscuolo et al., 2014). The positive relationship between productivity
growth and business churning, as measured by net business entry (Bartelsman et al., 2009),
corroborates the contribution of “creative destruction” to productivity growth. Finally,
fast-growing firms account for most net job creation; a review of the empirical research
finds that between 4% and 6% of fast-growing firms generate half to three-quarters of new
jobs (Henrekson and Johansson, 2010).

However, business start-ups face various barriers to their development. For example,
business rules and regulations (e.g. registration fees, complexity of the taxation system,
costs of hiring and firing, penalising bankruptcy legislation) affect the ability of firms to
enter a market, experiment with a new technology or business model, and exit the market
when needed. Innovative start-ups face additional obstacles owing to the uncertainty of
the innovation process or lack of collateral, and in many countries are not able to attract
the capital they need to scale up (Andrews et al., 2013) (see the policy profile on “Financing
innovative entrepreneurship”).

Major aspects

Start-up and innovative entrepreneurship policies can be defined as those that seek to
improve the business environment for existing and future entrepreneurs. They can be
grouped in three categories:

e Policies that shape the recognition of opportunities: they include entrepreneurship
promotion (e.g. awareness-raising campaigns, awards programmes and entrepreneurship
events), entrepreneurship education (i.e. from primary to tertiary education, including
vocational and educational training), and information and advice on business creation
(e.g. mentoring and coaching, including through business incubation).

e Policies that facilitate market entry and enable firms to experiment with new technologies
and business models: they are primarily competition policies (e.g. anti-trust laws),
business regulations (e.g. administrative burdens on start-ups, regulations that affect
firm growth, bankruptcy legislation), taxation (e.g. tax, licences and fees required of new
firms), labour market policies (e.g. employment protection legislation) and social
security rules (e.g. non-wage labour costs and social insurance entitlements).

e Policies that influence market opportunities: they include policies affecting technology
development, public procurement and business financing (especially equity finance),
but also programmes that provide information and advice on expansion and
internationalisation (e.g. business accelerators).

Finally, start-up policies increasingly target certain segments of the population, on the
assumption that there is an entrepreneurial gap in some social groups (e.g. women, youth
and immigrants) or that some social groups are more likely than others to form companies
that generate value (e.g. university or corporate spin-offs). Targeted entrepreneurship
policies are often transversal, combining different elements of the three above-mentioned
policy categories.
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Recent policy trends

Business incubators and entrepreneurship education have been used to help new
entrepreneurs better respond to market opportunities. Incubators have a longstanding
tradition in OECD countries, and some have decided to include incubators in their national
innovation systems to improve the quality of publicly sponsored advice and training
(e.g. Mexico, Poland and Sweden). However, entrepreneurship education is still largely
delivered through ad hoc initiatives at the local level (e.g. Germany and Spain). Finland is
an exception in having made entrepreneurship education part of the national curricula of
primary and secondary schools.

As the economic crisis led to an increase in firm closures, many OECD countries simplified
business regulations to ease market entry for new businesses. Some have specifically targeted
innovative start-ups. For example, Italy has reduced registration fees, taxation and social
contributions for R&D-based start-ups through a new law on innovative start-ups (OECD,
forthcoming, 2014a). Similarly, Belgium gives favourable fiscal treatment to young innovative
companies with a view to reducing the cost of R&D staff in the business sector.

Business accelerators in many OECD countries help fast-growing entrepreneurs
harness opportunities for market expansion through skills development and mentoring
services (e.g. business advice, business coaching, training and peer learning activities).
Most business accelerators involve public-private partnerships in which programme
activities are delivered by private-sector organisations such as business consultancies and
business advisors (Belgium, Finland, Germany, the Netherlands and the United Kingdom).

Government investment funds have also been used to bolster innovative start-ups.
Korea has set up a public-private Future Creation Fund worth USD 471 million, two-fifth of
which is reserved for investment in start-ups and firms less than three years old (OECD,
forthcoming, 2014b).

Finally, entrepreneurship support programmes that target specific segments of the
population have gained strength since the onset of the global crisis. Greece, the Netherlands,
Poland and Portugal operate policies to encourage self-employment in certain groups (youth,
seniors, women, the disabled, the long-term unemployed and international migrants)
through a combination of financial assistance and business advice. However, while Greece
and Poland mainly use grants, the Netherlands and Portugal primarily offer loan guarantees
and interest rate subsidies. Germany and Slovenia run income-subsidy schemes that support
start-ups founded by unemployed people in the first period of business operations (six
months in Germany, two years in Slovenia) (OECD and European Commission, 2013).
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NEW INDUSTRIAL POLICIES

Rationale and objectives

Industrial policy has many meanings, not all of them specific to manufacturing
industry. A broad definition is “any type of intervention or government policy that
attempts to improve the business environment or to alter the structure of economic
activity toward sectors, technologies or tasks that are expected to offer better prospects for
economic growth or societal welfare than would occur in the absence of such intervention”
(Warwick, 2013).

There has been renewed interest in industrial and manufacturing policies over the
past decade. Following the recent economic crisis, many policy makers are looking for new
sources of economic growth. Concerns about a loss of manufacturing capabilities and
growing competition from emerging economies have also contributed to this surge in
interest, as have the prospects for a “new industrial revolution”.

The rapid emergence of China and India as low-cost manufacturing countries has led
some analysts to conclude that manufacturing in traditional manufacturing economies,
such as Germany, Japan or the United States, has declined. In nearly all OECD countries
manufacturing sector output has been shrinking consistently as a share of GDP and
employment for several decades as a result of: i) saturated local demand for manufactured
goods; ii) high productivity growth, which requires less employment to produce a given
output; iii) the blurring of manufacturing with services, as manufacturing firms
increasingly capture value in the services they provide; and iv) growing globalisation of
industrial production through outsourcing of labour-intensive, and more recently
knowledge-intensive, activities to lower-wage economies (Pilat et al., 2006) (see Chapter 1).

Yet, manufacturing still plays a central role in OECD economies. The structural shift of
OECD countries towards services has raised concerns about their capacity to maintain
productivity growth, as productivity gains have been smaller in services than in
manufacturing over the past decade. Concerns over the loss of manufacturing are also
related to an erosion of the industrial base, which could affect adjacent activities in the
value chain, including innovation and design (OECD, 2013) (see Chapter 1). Other observers
note that mature economies can adapt and improve their manufacturing prospects (Marsh,
2012), owing to advances in technology (e.g. new advanced materials, 3D printing), a
greater focus on tailor-made goods aimed at specific individuals and industry users, “lean
manufacturing”, and the introduction of sustainable forms of production.

Environmental pressure has also led governments to reconsider the merits of
intervention in the field of industrial policy (Aghion, 2011). Because innovation is
path-dependent, it is biased towards existing technologies. Governments can redirect
technological change towards cleaner technologies and spur private investment in new
environmentally friendly activities.

A number of countries have therefore been looking for new ways to strengthen
industrial output and, as the financial and economic crisis of 2008-09 accentuated
structural imbalances in many economies, to move away from overemphasis on the
financial and non-tradable (e.g. real estate) sectors towards advanced manufacturing,
low-carbon technologies and new technologies.
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Industrial policy had fallen into disfavour because it was considered to prevent
competition by allowing governments to “pick winners” and favour incumbents to the
detriment of young innovative firms. However, there is now a growing consensus that the
risks associated with selective industrial policy can be minimised through a new approach
to government’s facilitating and co-ordinating role and through new ways for government
and industry to work together and avoid undue influence from vested interests (Warwick,
2013). This new approach tends to reconcile industrial policy and competition policy
(Aghion, 2011). The evolution of industrial policy thinking is shown in Table 5.5.

Table 5.5. Evolution of theory and practice in industrial policy

Phase Rationale and key approaches Policy practices and instruments

1940s to late 1960s  Industrialisation is necessary for development. Industrial policy is needed, particularly infant industry protection,
Market failures prevent this from happening automatically. state ownership and state co-ordination.
Market failures are pervasive in developing countries.

1970s to 1990s Government failure is worse than market failure. Industrial policy Trade liberalisation (export), privatisation and attraction of foreign direct
is an invitation to waste and rent-seeking. investment (FDI) together with macroeconomic stability and minimum
Practical obstacles to industrial policy are significant. government interference are the basic requirement for growth

and industrialisation.
Ubiquity of structural adjustment programmes.

2000s to present Market and government failures are present. Institutional setting matters but design is difficult.
The “how” rather than the “why” of industrial policy is important. Flexibility in the practice of industrial policy is important.
Differences exist with respect to the extent to which comparative Innovation and technological upgrading should be a central objective
advantage needs to be defined, not the principle. of industrial policy.
Promoting national innovation systems should also be an important
objective.

Source: Based on Naudé (2010), details on representative authors/contributors to the debate on industrial policy shown in the original source.

Major aspects
New industrial policies often have the following features:

e A focus on improving framework conditions: innovation is driven by business, and for
innovation to occur businesses must be operating in favourable conditions: enforcement
of competition rules, trade openness, availability of skills (education and vocational
training), etc.

e Supporting linkages: innovation activities rely on various types of links between actors
(firms, universities, individuals, intermediaries). Many of these do not operate efficiently
and lead to market or systemic failures, thereby motivating government intervention to
support research co-operation, knowledge sharing between firms or between firms and
universities. As linkages can have a geographical or a sectoral dimension, cluster policies
can be effective (see the policy profile on “Cluster policy and smart specialisation”).

e Supporting technologies upstream: government support is provided more at the upstream
stage and for generic technologies, so as not to impede downstream competition or
infringe the state aid rules embodied in international treaties (WTO, EU). This approach
contrasts with the “picking winners” focus of the previous period.

e Using a variety of instruments and attempting to optimise the policy mix: some countries
give public procurement a specific role in fostering innovation (see the policy profile on
“Stimulating demand for innovation”). As lead user, governments can influence the
diffusion of innovation. Demand-side initiatives are considered particularly effective in
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stimulating issue-oriented or mission-oriented innovation by creating a market for
technology in areas where it is needed to meet environmental and societal challenges
(e.g. health and healthcare).

e Supporting entrepreneurship: in many technology fields new companies are essential
for developing innovations, and they maintain a fruitful competitive pressure on
established firms. But they face various barriers (e.g. access to finance, markets, skills)
that government can help address.

e Attracting foreign multinationals and strengthening the role of domestic companies in
global value chains: governments recognise that international linkages are essential to
modern industry and that technology flows are global (see the policy profile on
“Attracting international S&T investment by firms”).

e Evaluation is essential: it should be independent and effective, so that failing programmes
are terminated or reoriented (the inability to do so was a major failure of previous
industrial policies).

Recent policy trends

A number of OECD countries have launched industrial and manufacturing policy
initiatives in recent years. While targeting STI priority areas or sectors is common in many
countries, only Denmark and the United Kingdom have implemented major initiatives in
new industrial policy (see the policy profile on “National strategies for science, technology
and innovation”).

e Denmark has commissioned eight “growth teams” in thematic areas in which Danish
businesses have an international competitive advantage and potential. It is currently
designing new industrial policies to enhance competitiveness in these areas.

e The United Kingdom launched its Industrial Strategy in 2012. It focuses on technologies,
skills, access to finance, partnerships with sectors and procurement. Eleven sectors were
identified and strategies developed in partnership with industry with a view to building
confidence and investment over the longer term. Significant industry-government
funded initiatives include the Aerospace Technology Institute with USD 2.9 billion PPP
(GBP 2 billion), the Automotive Advanced Propulsion Centre with USD 1.5 billion PPP
(GBP 1 billion), and the Centres for Agricultural Innovation and an Agri-Tech Catalyst
with USD 232 million (GBP 160 million). In addition, the government has committed
USD 870 million PPP (GBP 600 million) to eight emerging technologies with potential
cross-sectoral applications in which the United Kingdom has research expertise and
business capability. The government also supports high-value manufacturing and
energy generation technologies, e.g. through a USD 217 million PPP (GBP 150 million)
programme focused on the development of ultra-low emission vehicle technologies. The
network of innovation centres (Catapults) complements public support mechanisms by
providing a business-led, capital-intensive infrastructure to commercialise new and
emerging technologies. The Technology Strategy Board has invested over
USD 203 million PPP (GBP 140 million) over six years in the first High Value
Manufacturing Catapult and has been granted an additional USD 267 million PPP
(GBP 185 million) in its 2015-16 budget to expand the Catapult network to cover energy
systems and precision medicine.
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Many countries have adopted a sector-oriented approach in their national strategy or
plan for STI and, in some cases, have implemented sector-oriented initiatives combining
direct funding (e.g. subsidies, equity funding) and indirect funding (e.g. tax incentives)
instruments.

e The “Our Plan - Real Solutions for all Australians” of the new Australian government
outlines, among other things, innovation policy priorities to boost the competitiveness
of Australian manufacturing. A USD 104 million PPP (AUD 155 million) growth fund has
been established to support initiatives in regions under pressure in their manufacturing
sectors, particularly in the automobile sector, in an attempt to support a transformation
from heavy industry manufacturing to higher value-added production. This initiative
follows up on the Steel Transformation Plan legislation passed in 2011, which provided
USD 198 million PPP (AUD 300 million) of assistance to eligible steel manufacturing
businesses to support innovative activity, investment or production.

e France adopted the New Industrial France in 2013 with 34 strategic sector-based initiatives
(electric planes, digital hospitals, e-education, green cars, big data, robotics,
cybersecurity, etc.) that offer substantial potential in terms of value added and jobs.

e Korea upgraded its 2nd S&T Basic Plan (the 577 Initiative) with the 3rd S&T Basic Plan
(2013-17) with a view to economic prosperity and public well-being through the High Five
Strategy and identification of and support for new industries.

e The Netherlands presented its Top Sectors initiative following the 2010 general election.
The new enterprise and innovation policy introduces a sector approach across
government policy for nine top sectors: water, food, horticulture, high technology, life
sciences, chemicals, energy, logistics and creative industries.

e In its National Science, Technology and Innovation Strategy (UBTYS) (2011-16), Turkey
defined automotive, machinery and manufacturing technologies, energy, information
and communications technologies (ICTs), water, food, defence and aerospace as priority
sectors for R&D. The Scientific and Technological Research Council of Turkey (TUBITAK)
subsidises investments in the manufacturing of high-technology products and parts
developed through related R&D projects.

e Canada wishes to strengthen the competitiveness of the manufacturing sector, and in
particular, the automobile, aerospace and shipbuilding industries. The government offers a
two-year extension of its accelerated capital cost allowance for new machinery and
equipment investment in the manufacturing sector, representing a total USD 1.1 billion PPP
(CAD 1.4 billion) in tax relief over the 2014-15 to 2017-18 period. The government also
committed to provide stable funding of close to USD 813 million PPP (CAD 1 billion) over five
years for the permanent Strategic Aerospace and Defence Initiative, part of which is being
directed to an Aerospace Technology Demonstration Programme, in addition to new
funding. An Advanced Manufacturing Fund has also been implemented in Ontario with a
USD 163 million PPP (CAD 200 million) endowment for five years. As part of the 2014 budget,
USD 607 million PPP (CAD 750 million) was provided for the Automotive Innovation Fund
over the next five years.

e The United States aims to become a “magnet for manufacturing” and to create high-quality
manufacturing jobs by bolstering a national effort to bring together industry, universities
and government to invest in emerging technologies. The 2014 Federal Budget provides
USD 2.9 billion to expand R&D on innovative manufacturing processes, advanced
industrial materials and robotics.
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A cluster approach has been reinforced through smart specialisation frameworks in
Belgium, Chile, Estonia and Slovenia. In 2014 Chile launched the Growth, Innovation and
Productive Agenda to promote a diversified economy through key sectors for social and
economic development. Japan also recently renewed its Industrial Cluster Plan for 2014 to
revitalise Japanese industry and regions.

China and emerging economies are traditional practitioners of industrial policy and
have deployed large sectoral plans in the aftermath of the global economic crisis.

e Brazil launched Plano Brasil Maior in 2011, which put innovation at the centre of industrial
policy and made significant changes to the innovation support framework, including to
the National Economic and Social Development Bank (BNDES), which is now responsible
for financing innovation and investment. The Plan includes tax breaks for
labour-intensive industries such as clothing, footwear, furniture and software.

e India approved a national manufacturing policy for the first time in 2011 to create jobs and
bolster economic growth through the next decade (Warwick, 2013). The aim is to raise
the share of manufacturing from the current 16% of GDP to 25% by 2022. The new policy
proposes developing national investment and manufacturing zones, or mega-industrial
parks so as to reduce the regulatory burden on industry. The government has identified
seven locations across India for such parks, developed with private participation on the
Chinese model.

e China has set up the 2012 Plan for National Strategic Emerging Industries to increase their
share in GDP by 8 percentage points by 2015 and by 15 percentage points by 2020.

Italy focuses on FDI to support micro-enterprises and small-sized companies, combining
traditional farming, craftsmanship and manufacturing with high-end high-technology
sectors. The Invest in Made in Italy Fund will invest in the equity of micro-enterprises, with
average “vouchers” of between EUR 50 and 500 000. New Zealand Trade and Enterprise also
provides information on investment opportunities inland and helps link high-growth
New Zealand businesses and international investors. The focus is on biotechnology, food
and beverages, clean technology, infrastructure, ICTs, manufacturing and petroleum and
minerals. Costa Rica has targeted FDI by multinationals through fiscal incentives to
companies in strategic high-technology manufacturing sectors.
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STIMULATING DEMAND FOR INNOVATION

Rationale and objectives

Demand-side innovation policy is often understood as a set of public measures to
increase public and private demand for innovations, to improve conditions for their uptake
or to improve the articulation of demand in order to spur innovation and facilitate
diffusion (Edler, 2007). It usually aims at lowering barriers to the market introduction and
diffusion of innovations.

Recently, governments have focused attention on a range of demand-side innovation
policies - from public procurement of innovations, to standards and regulations, to lead
markets and user-/consumer-driven innovation initiatives - to “pull” innovation (see the
policy profile on the “Policy mix for business R&D and innovation”). This reflects the
adoption of a broader approach to innovation policy that addresses the full extent of the
innovation system and cycle. In a context of fiscal consolidation, there is also interest in
using demand-side policies to leverage demand for innovation without creating new public
spending. An additional goal of public policies for demand-side innovation is to boost
innovation capacity in sectors with strong societal demand for innovation such as the
health, environment and energy sectors (see the policy profiles on “Innovation for social
challenges” and “Green innovation”).

The rationale for demand-side innovation policies is to stimulate innovation in areas of
pressing societal need for which government action can complement market mechanisms,
ideally with minimal financial outlays. However, individual demand-side instruments have
specific rationales. For example, procurement processes can help accelerate the emergence
of technologies for which there is an urgent societal need. Innovation-oriented public
procurement can also be designed to help lessen gaps in the supply of risk finance for small
early-stage ventures. By contrast, the rationale for government action in the area of technical
standards corresponds to the public-good characteristics of standards and the spillovers
generated from the sharing of technical knowledge. By itself, the market may provide too few
standards or inappropriate ones (e.g. they may be anti-competitive). Governments can
catalyse industry-led standards setting that are not anti-competitive through its role as large
consumer and as regulator. The process by which standards typically are set, involving the
development of consensus among producers, requires the sharing of knowledge and
accelerates the diffusion of technology.

Major aspects

Demand-side innovation policies take a variety of forms, with innovation-oriented
public procurement, innovation-related regulations and standards the key instruments.
User-driven innovation, design-driven innovation and eco-labelling initiatives also fall into
the category of demand-side innovation as they seek to respond to consumer needs. Small
business R&D grant programmes such as the SBIR scheme in the United States and variants
in Australia, the Netherlands and the United Kingdom fund R&D in the early stages of
product development and as such are supply-side programmes. However, the competitive
call for solution element of such schemes places them close to “pre-competitive
procurement of innovation”. Environmental regulations, which have been a key driver of
technological innovation to reduce CO, emissions and a range of industrial pollutants, are
another example of demand-side innovation policies. In addition, consumer policies or tax
policies that affect demand for innovation (e.g. for green innovation) are also important.
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Pricing of environmental externalities and markets for carbon (i.e. carbon pricing) can also
increase demand for innovation. Some governments have reintroduced prizes and
competitions to induce R&D and innovation activities.

However, demand-side innovation policies, notably public procurement of innovation,
are not without risk, as they may favour large firms over small firms or specify certain
technologies and lead to technology lock-in. Public procurement agencies also often seek
efficiency goals such as “value for money” that are not easily reconcilable with innovative
solutions, although many public procurement agencies have recently broadened their
missions to include such criteria. Public procurement is also highly fragmented across city,
regional and national agencies and much policy action focuses on improving
communication for procurement. Awareness-raising initiatives and the training of civil
servants in public procurement agencies are used in many countries to foster
“innovation-friendly” procurement. The limits of using public procurement as an
innovation policy instrument (i.e. favouring domestic firms) are due to World Trade
Organisation (WTO) rules, which exclude national preferences, and the possible
supplementary cost and higher risk of innovative solutions compared with existing ones.

There are relatively few evaluations of demand-side innovation policies except for
pre-commercial procurement schemes. This is due both to technical challenges associated
with evaluation and the relative novelty of demand-side innovation policies. Evaluation is
further complicated by the fact that policies that can be considered demand-side have
innovation as one — sometimes secondary - goal among a number of objectives. For
example, most studies of regulations on minimum fuel economy standards for vehicles do
not focus on innovation but (understandably) seek instead to assess the overall costs and
benefits of the regulations. Another issue is that the data are often inadequate to assess
both the impact on innovation and the impact on the programme goal. In the case of public
procurement, although a majority of countries have special provisions to encourage
participation by SMEs, 61% of OECD member countries do not track the number or value of
contracts awarded to SMEs. Without such data, measuring effectiveness is extremely
difficult (OECD, 2013). Furthermore, while existing data on firm innovation activity
(e.g. Community Innovation Surveys) provide a partial picture of potential links between
R&D, innovation and procurement activity, it has not been possible to distinguish general
procurement from innovation-oriented procurement. The OECD is currently working on
measuring the links between R&D, innovation and procurement with a view to better
measuring the scale, extent and impact of this demand-side policy tool (OECD, 2014,
forthcoming). Closely related to this effort, some countries are beginning to release new
survey-based indicators highlighting whether innovations were introduced as part of
procurement contracts. Efforts are also ongoing to use public procurement databases as a
source of evidence linked to innovation data.

Recent policy trends

Governments at national and supranational level, notably at EU level, have
increasingly made policy statements and implemented demand-side innovation policies.
However, most measures have been centred on public procurement of innovation, often
oriented towards green growth objectives (Figure 5.9). For example:

e The European Commission has fostered several lead market initiatives at EU level, and the
European Research Area Committee has called for the EU to dedicate 2% of public
procurement budgets to innovation.
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Figure 5.9. Initiatives to stimulate demand for innovation among other areas
of STI policy change, 2012-14
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Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. Responses are
provided by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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e Finland, the Netherlands, Spain and Sweden have set policy “targets” for public
procurement of innovation. Austria and France have suggested the potential for targets
in policy documents or statements. Policy targets range between 2% and 5% of public
procurement budgets, a significant amount, given that public procurement accounts for
13% of GDP in OECD countries. In Germany alone, public procurement in 2013 totalled
around USD 497 billion PPP (EUR 300 billion).

e Austria’s innovation-related public procurement concept (Leitkonzept fiir eine
innovationsfordernde 6ffentliche Beschaffung, IOB) aims to encourage industry to deliver
innovative goods and services and to supply public bodies and citizens with advanced
and (eco-) efficient goods and services. In 2013, implementation of the concept began
through the establishment of a service centre (PPPI Service Point; PPPI = “Public
Procurement Promoting Innovation”) in the Austrian Procurement Agency; the
amendment of the Austrian Public Procurement Law which makes innovation an
additional procurement criterion; and the start of pilot projects in the field of
pre-competitive procurement and public procurement of innovation.

e In February 2013 the Norwegian Ministry of Trade and Industry and the Ministry of
Government Administration, Reform and Church Affairs launched the Strategy for
Enhancing the Innovation Effect of Public Procurement. The objectives include making
procurement a strategic tool for the work of public authorities and involving the
business sector in defining future development needs.

Smart public procurement initiatives such as improved dialogue between procurers
and suppliers or subsidies to help suppliers and procurers to design and respond to
innovation-friendly public tenders have sprung up in a range of countries.

e Canada launched the military component of the Build in Canada Innovation Programme
(BCIP) in 2013. Through BCIP, federal departments test prototypes developed by
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Canadian businesses and provide feedback to help improve these innovative products
before they are marketed to customers.

e Denmark’s new Market Development Fund (arising from the merger of the Fund for
Green Transformation and Commercial Innovation) aims to make it easier for
public-sector institutions to obtain innovative solutions by specifying requirements in
new ways. The public sector can help to target enterprise innovation so as to enable
enterprises to develop better and less costly solutions.

e The new German Centre of Excellence for Innovative Procurement (KO-INNO) aims to
foster the awareness, readiness and skills public procurers need to procure innovative
products and services. Under the responsibility of the German Federal Ministry for
Economic Affairs and Energy (BMWi), KO-INNO organises workshops, strategic dialogue
and advisory services. An Internet-based project database provides information about
innovative products, services and procedures as well as areas in which innovative
solutions are required. Best practice examples show how innovation-oriented
procurement can function successfully. In addition, new PPPs that link up with business
to leverage funding in lead market projects (“Innovation Alliances”) are set up under the
responsibility of the German Federal Ministry of Education and Research.

e The Netherlands’ public procurement expertise centre PIANOO offers guidelines and
training to governmental bodies.

Some countries are also offering financial support to bridge the gap between
procurement and innovation:

e Following a pilot project, Finland’s Tekes provides R&D subsidies to public procurers and
to SMEs via the Innovations in Public Procurement programme.

e Korea maintains an insurance-based scheme to reduce risks from innovative procurement,
the New Technology Purchasing Assurance and Procurement-conditioned SME R&D
programme.

e The United Kingdom operates a Forward Commitment Procurement programme in
which public agencies commit to buy non-existing products or services at a specified
future date, performance level and cost. Communication of early-user needs and
supplier engagement are central features of the scheme.

Simplifying and facilitating innovation-friendly procurement is another trend in many
countries. Costa Rica’s Merlink integrates the government’s procurement activities in one
e-platform. In Colombia, new rules (Decree 1510 of 2013, Article 155 on technological
disaggregation) allow state entities to disaggregate investment projects to allow the
participation of nationals and foreigners and the assimilation of technology by nationals.
Technological disaggregation makes it possible to support innovation by Colombian
businesses. The Finnish government adopted a Decision-in-Principle in June 2013 on the
promotion of sustainable environmental and energy solutions (cleantech solutions) in
public procurement.

With a view to balancing procurement and competition goals, the Swedish Competition
Authority (KKV) will take over the main responsibility for support for public procurement,
including innovation procurement, from July 2014. The Swedish Innovation Agency
VINNOVA will continue to retain partial responsibility. The European Commission has
established the Multi Stakeholder Platform whose aim is to propose actions for a European
standardisation landscape in support of innovation.
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Beyond procurement of innovation, standards, and lead market initiatives, prizes have
re-emerged as an incentive for governments (and private companies) to procure R&D and
innovation-based solutions. In 2012, the United Kingdom’s NESTA established a Centre for
Challenge Prizes to design, run and facilitate inducement prizes.
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PUBLIC RESEARCH MISSIONS AND ORIENTATION

Rationale and objectives

Public research is carried out by research universities and public research institutions
(PRIs) which are publicly owned, publicly operated or primarily funded with public money
(IPP, 2014). PRIs are very diverse: their missions, activities, governance and performance vary
widely across countries. Although some PRIs may offer education and training services, they
usually only provide R&D support to business firms and public authorities; they may also act
as intermediaries between firms and universities by interpreting the technical needs of the
market (OECD, 2011). For universities teaching is an essential function, along with research.

Public research plays a key role in innovation systems by providing new knowledge and
pushing the knowledge frontier. Universities and PRIs often undertake longer-term,
higher-risk research and complement the research activities of the private sector (OECD,
2010a). Although the volume of public R&D is less than 30% of total OECD R&D (OECD, 2014a),
universities and PRIs perform more than three-quarters of total basic research (Figure 6.1).

Figure 6.1. Basic research performed by the public sector, 2012 or latest available year
As a percentage of total basic research
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Note: The higher education sector may include private organisations, e.g. university hospitals, in some countries. For Chile, China,
Norway, the Russian Federation, Spain and the United States, basic research expenditure only covers current costs.
Data for China, the Czech Republic, Israel, the Russian Federation, the Slovak Republic and the United States refer to 2012. Data for Chile and
South Africa refer to 2010. Data for Mexico refer to 2009. Data for Australia and Switzerland refer to 2008. Otherwise data refer to 2011.
Source: OECD, Research and Developments Statistics (RDS) Database, March 2014, www.oecd.org/sti/rds; Eurostat, Science, Technology and
Innovation Databases, June 2014, http://epp.eurostat.ec.europa.eu/portal/page/portal/science_technology_innovation/data/database; UNESCO
Institute for Statistics (UIS), Science, Technology and Innovation Database, June 2014, http://data.uis.unesco.org/Index.aspx?queryid=115. Data
retrieved from IPP.Stat on 8 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.
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In addition to basic research, public research meets specific needs of national interest
such as defence, health and energy. It also involves research in areas where there are
insufficient incentives to spur private investment such as those related to social and
environmental challenges. Universities and PRIs can also shape a region’s capacity to
innovate by attracting R&D-intensive firms or the R&D facilities of multinationals
enterprises (MNEs).
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Public research faces several major challenges:

e Turning science into business: While scientific research remains at some distance from
commercial uses, it is no longer considered cut off from applications and users (OECD,
2010a). Universities and PRIs are increasingly expected to fulfil a “third mission”, that of
transferring knowledge to industry, and to adapt their governance arrangements,
incentive frameworks and academic culture to this new context.

e Globalisation and openness: The investments required to keep pace with technological
change have increased, as has global competition for increasingly mobile research
assets, including talent (see Chapter 1). Universities and PRIs have to compete for
resources and talent on international markets, even as science become increasingly
open, to achieve economies of scale, anchor knowledge spillovers and increase the
visibility of domestic research.

e Technology convergence: The convergence of key technologies and interdisciplinary
research creates opportunities that may be difficult to seize in discipline-based and
“silo”-type public research systems.

e Ageing workforces: An ageing scientific workforce requires a renewal of research capacity.
Demand for research skills is expected to increase because of governments’ sustained
commitment to increase national R&D spending at a time when some country-level
evidence has shown disinterest in science among young people (see Chapter 1).
Science-related fields of study, which include science and engineering, manufacturing
and construction, are less popular, with women in particular preferring other fields of
studies (OECD, 2014c).

Major aspects

Major aspects of public research policy include the governance of the research system,
which encompasses research-performing units and policy implementation agencies, the
strengthening of research infrastructures, and the attractiveness of academic research careers.
Other relevant issues - the funding of public research activities, for instance through the
Research Excellence initiatives (OECD, 2014b), the commercialisation of public research results,
linkages with industry, and the internationalisation of universities and PRIs — are discussed in
more detail in other policy profiles (see the policy profiles on “Financing public research”, the

“Commercialisation of public research”, “Patent policies”, “Intellectual property markets”,
“Cluster policy and smart specialisation” and the “Internationalisation of public research”).

The governance of public research requires a national strategy and co-ordination
arrangements, in particular because universities and PRIs have become more autonomous
in terms of their resources and staff management in recent years. Governments
orchestrate public research by defining research priorities at national level, developing
research infrastructure roadmaps and implementing technology platforms, or through
agreements or contracts, research accreditation systems, and allocation of public
resources. Stakeholders, including researchers, students, industry and local actors,
participate in decision making. The presence of the business sector in high-level advisory
bodies or on institutional executive boards, as well as the promotion of strategic
public-private partnerships, helps create a market perspective in the design and
implementation of public research policy (see the policy profile on “Strategic public/private
partnerships”). Evaluation and impact assessment of science can be used to inform policy
learning, reinforce accountability and reallocate public resources in the most efficient way.
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Scientific research requires robust research infrastructure. This includes large and
expensive research infrastructures but also libraries and information archives, both of
which need to be renewed as they wear out or become outdated (IPP, 2014). According to
country responses to the OECD STI Outlook policy questionnaire 2014, strengthening
public R&D capacity and infrastructures is currently one of the most important STI policy
issues at national level, along with improving framework conditions for innovation and
strengthening skills for innovation (see the policy profile on “National strategies for
science, technology and innovation”).

Maintaining research capacity implies attracting new talent, in particular when the
scientific workforce is ageing and government are strongly committed to R&D. The
attractiveness of research careers depends on research conditions (e.g. academic freedom,
early-stage mentoring, access to high-quality research infrastructures, R&D support staff,
international visibility), working conditions (e.g. remuneration, tenure track, work-family
balance), and public awareness of career opportunities in science (e.g. role models in
schools) (see the policy profiles on “Labour market policies for the highly skilled” and
“Building a science and innovation culture”).

Recent policy trends

Public research has changed in many OECD countries. Universities have taken the
place of PRIs as the main performer of public research. Higher education expenditure on
R&D (HERD) has increased steadily over the past decades in the OECD area as government
expenditure on R&D (GOVERD) has declined (Figure 6.2). An important reason has been the
universities’ teaching role and the major contribution to innovation of knowledge
embodied in persons and skills that research universities nurture (IPP, 2014). This
knowledge is especially important for research students, many of whom seek long-term
careers in business firms.

Figure 6.2. Trends in OECD R&D expenditure by the higher education
and government sectors, 1981-2012
As a percentage of GDP
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Source: OECD, OECD Main Science and Technology Indicators (MSTI) Database, June 2014, wwuw.oecd.org/sti/msti. Data
retrieved from IPP.Stat on 08 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.
StatLink = http://dx.doi.org/10.1787/888933151802
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The target and focus of public research have also evolved in recent years as missions
and mandates change to respond to wider economic and political developments (e.g. green
growth, societal issues) and to strengthen the contribution of public research to
innovation. In particular, multidisciplinary sciences have drawn increasing attention.
Some countries have reinforced an interdisciplinary approach to public research
governance, evaluation and funding arrangements to address “grand challenges” such as
climate change, ageing societies and development (see the policy profiles on “Green
innovation” and “Innovation for social challenges”).

e Multidisciplinary research has been integrated in the national strategic agenda of
France, Germany and Portugal. The new EU Framework Programme (FP), Horizon2020,
marks a clear break with previous FPs by focusing on major societal challenges and by
bringing together different technologies, sectors, scientific disciplines and innovation
actors. South Africa has recently developed a national bio-economy strategy that aims to
ensure that R&D and innovation focus on solutions rather than disciplines.

e In 2014, Norway adopted the Idélab (“idea laboratory”) to bring researchers from different
disciplines together to exchange ideas across scientific boundaries and generate
ground-breaking projects in a given area. Austria’s national innovation platform,
Ambient Assisted Living, was established in 2012 to build the relevant research
community and promote project results to stakeholders. Slovenia established an
interdisciplinary research council that is in charge of evaluation and public budget
allocation and a web portal for exploring the interdisciplinary aspects of the national
scientific community (http://scienceatlas.si/).

e The United Kingdom Research Councils have a number of long-term cross-council
programmes that address national challenges through multidisciplinary research. A
recently conducted review of the UK Research Councils included consideration of whether
the peer review process or the council structure impedes multidisciplinary research. Further
investigation was recommended. In Costa Rica, some public universities grant extra points
during project evaluations for projects that take multidisciplinary approaches.

e The Slovenian Research Agency devotes 2% of its budget to multidisciplinary research
activities and aims to raise this to 10%. In 2013, New Zealand allocated USD 50 million
PPP (NZD 73 million) to the National Science Challenges to enable a more strategic
approach to the government’s science investment by targeting a series of goals and
focusing collaboration between institutions and disciplines on large and complex issues.
This budget appropriation came on the top of USD 41 million PPP (NZD 60 million)
granted in 2012 and will be followed by an additional USD 20 million PPP (NZD 30
million) annually in the coming years. Austria’s Earth System Sciences (ESS) programme
of 2013 supports interdisciplinary long-term research projects on the physical, chemical,
atmospheric, hydrological, biological, social, technological and economic processes of
the Earth system and their interaction. Calls of the Turkish support programme for
research, technological development and innovation projects in priority areas may
include special conditions to encourage multidisciplinary research. Costa Rica’s Special
Fund for the Financing of Public Higher Education provides grants for projects involving
more than one university and diverse areas of expertise.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 197


http://scienceatlas.si/

11.6. STIPOLICY PROFILES: UNIVERSITIES AND PUBLIC RESEARCH

Public R&D budgets have levelled off in real terms in many countries and have started to
decrease in others (see Chapter 1). Public R&D expenditure usually has a buffering effect
during economic downturns as it partially offsets declines in more market-sensitive business
R&D expenditure. Public research played a major role in sustaining national research systems
during the 2008 crisis but the current budgetary outlook puts pressure on public R&D spending
and has encouraged governments to adjust the design and governance of public research
policy. OECD R&D expenditure by the higher education and government sectors has stagnated
as a percentage of GDP since 2010 in a context of weak GDP performance (Figure 6.2).

In this context, governments have put greater emphasis on efficiency, prioritisation
and concentration of resources, and universities and PRIs faced with global competition
have sought to increase critical mass and enhance systemic efficiency (see Chapter 1). The
search for greater efficiency has led to a restructuring of research activities: an increase in
mergers and in the size of institutes, better co-ordination across research units, and the
introduction of new public management approaches in universities and PRIs to reinforce
autonomy, accountability and business-like operational models.

e In France, a 2013 law on research and higher education aims to structure universities
and PRIs into regional centres, to encourage scientific partnerships and technology
transfer and to strengthen the international visibility of these groupings. Greece adopted
new laws for the higher education sector to merge research organisations, to create a
critical mass of researchers and to decrease administrative and operational costs.
In 2012 Germany adopted a law on academic freedom to increase budgetary flexibility in
non-university academic institutions. It gives these institutions a lump sum budget and
more flexibility in matters of finance and staffing decisions and for acquisition of shares
in companies and in construction projects.

e The Russian Federation started reorganising the Russian Academy of Sciences and its
branch academies in 2013 to optimise the governance of basic research. Korea modified
the governance of PRIs under the auspice of the Ministry of Science, ICT and Future
Planning in 2012 in order to streamline research activities. The portfolios of research
councils in charge of basic science and of applied industrial technologies have also been
integrated to cover the entire innovation cycle.

e Since 2012 Austria has implemented a comprehensive planning instrument, the Mapping
Process for the Austrian Higher Education System, a dialogue-based process to improve
the use of resources, establish mutually agreed priorities and define institutional profiles
in public universities. Norway’s long-term national plan for research and higher education
sets priorities and objectives for public investments over a ten-year period for investments
in buildings, research infrastructure, fellowships and expanded student enrolments.

Evaluation has also taken on greater importance. The Academy of Finland started to
prepare an international review of the state of scientific research in 2012, and all the STI
institutions have been evaluated, including the Funding Agency for Technology and
Innovation (Tekes), the VTT Technical Research Centre, the Academy of Finland, the
Strategic Centres for Science, Technology and Innovation (SHOKs), and the Research and
Innovation Council. Also in 2012, the Russian Federation changed the approach and
procedures involved in the assessment of research organisations. The Italian quality
assurance agency for higher education and research (ANVUR) was reorganised in 2013 and
conducted its first overall assessment exercise of Italian research output (2011-13) in all
universities and PRIs. The UK Research Excellence Framework (REF) assessment of university
research undertaken in 2014 includes an impact assessment component.
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Increased attention to excellence in public research has led policy makers to seek to

reinforce research infrastructures, and this has been one of the STI policy areas that have
seen the most change in recent years (Figure 6.3). The public research system, policy
support for multidisciplinary research and public funding mechanisms have undergone
less substantial reforms.

Figure 6.3. Public research initiatives among other areas of STI policy change, 2012-14

Countries reporting a substantial change in the policy area, compared with other STI policy areas
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Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. Responses are
provided by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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To develop and strengthen their public research infrastructures, countries have

engaged in long-term planning through roadmaps and master plans, better co-ordination
of research units and increased investment in research capacity and platforms.

Australia renewed its National Collaborative Research Infrastructure Strategy (NCRIS)
and provided USD 126 million PPP (AUD 186 million) over 2014-15 to secure access to
major existing research facilities and to support the collaborative infrastructure needed
to undertake world-class research. As part of the 2014-15 Budget, NCRIS will receive an
additional USD 102 million PPP (AUD 150 million) for an additional year until 2016,
giving the government time to reassess the existing research infrastructure provision
and requirements. In the framework of its Cohesion Action Plan, Italy allocated USD 102
million PPP (EUR 77 million) to strengthen computer networks and digital
infrastructures, to consolidate infrastructures for environmental monitoring as well as
for collaborative and multidisciplinary research in this area, and to set up a system for
long-term digital preservation of research results (through standard open solutions).
Portugal has designed its first strategy for research infrastructures and adopted a
roadmap to 2020. A roadmap for centres of excellence is also under preparation in
the Slovak Republic. As part of their new performance contracts, Austrian universities
are encouraged to collaborate on the creation and use of research infrastructures. France
has also made co-ordination a top priority and adopted a new roadmap for research
infrastructures. The United Kingdom has included science and innovation infrastructure
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in its national critical infrastructure plans, and a Science Capital Roadmap to be
published late 2014 will set out the UK strategy for future investments. The government
has also committed USD 1.6 billion PPP (GBP 1.1 billion) a year, indexed to inflation, for
science capital from 2015-16.

e To date, Canada has provided close to USD 4.4 billion PPP (CAD 5.5 billion) to the Canada
Foundation for Innovation (CFI), including USD 400 million PPP (CAD 500 million) in 2012
to sustain its core investment activities in advanced research infrastructure. The
government announced a further USD 182 million PPP (CAD 225 million) in 2013, in
particular for the next Leading Edge/New Initiatives Fund competition, support to
cyber-infrastructure, and priorities approved by the minister of Industry. Research and
teaching infrastructure at post-secondary institutions is also eligible for funding under
the Provincial-Territorial Infrastructure Component of the new Building Canada Fund.

e In 2013 Costa Rica, with co-funding from the World Bank, launched a USD 200 million
project to improve higher education R&D capacities and upgrade institutional
management and infrastructure. Also in 2013 Belgium (Wallonia) issued a USD 2 million
PPP (EUR 2 million) call to finance the upgrading and acquisition of S&T equipment,
while Iceland established the Infrastructure Fund, which built on and extended the
former Equipment Fund. In recent years New Zealand provided direct funding for
large-scale, high-cost infrastructures that are beyond the funding capacity of individual
institutions in synchrotron sciences, genomics, high-performance computing and
e-research services. The Russian Federation launched a competitive programme,
Mega-Science Infrastructure Projects, to create and develop a complex of extra-large
research facilities over 2014-17 and a competitive programme, 5/100/2020, to support
world-leading science and education centres through institutional grants for a total of
USD 2 billion PPP (RUR 40 billion) over 2014-16.

The need for greater openness in science has encouraged universities and PRIs to forge
more links, notably with industry and across international borders. As a result, the sources
of public research funding have changed (OECD, 2011) (see the policy profile on “Financing
public research”). The governance of research institutions has also evolved to engage more
stakeholders, including researchers, students, firms and local actors.

e The UK Research Councils have encouraged researchers to think about the impact of their
research through Academic Beneficiaries, Impact Summaries and Pathways to Impact
(formerly known as Impact Plan). This toolkit was developed following discussions with
the research community and is implemented as part of the Research Councils’ application
and assessment process. In 2011 Denmark amended its University Act to give universities
more autonomy in setting their individual organisational and management structures so
as to increase the involvement of staff and students and to strengthen openness, for
instance by including external members in nomination and appointment boards.

e Canada reformed the National Research Council (NRC) on the model of the German
Fraunhofer Institutes in 2013. The NRC became Canada’s national research and
technology organisation (RTO) and the NRC’s corporate structure was reorganised into
three divisions - Engineering, Life Sciences and Emerging Technologies — which interface
with industry clients.

e The French Law on Higher Education and Research 2013 aims to enhance co-operation
with local government to optimise funding, simplify the administration of performance
contracts, empower local actors and reach critical mass at European level.
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FINANCING PUBLIC RESEARCH

Rationale and objectives

Public research plays a key role in innovation systems. It is the source of new
knowledge, especially in areas of public interest, such as basic science or fields related to
social and environmental challenges, which businesses are not always well equipped or
motivated to invest in.

Funding arrangements between the central government, on the one hand, and
universities and public research institutes (PRIs), on the other, are an important channel for
delivering public research policy and a major driver of change in the public research
landscape.

Major aspects

Most countries combine, in different proportions, discretionary institutional core
funding (“block grants”) and competitive R&D project grants. Institutional funding provides
stable funding over the long term and a certain degree of research autonomy, which is
essential for basic research (Table 6.1). While roadmaps and master plans help
governments anticipate and plan the long-term development of research infrastructures, a
longer-term view of research funding is also necessary to maintain research
infrastructures at the institutional level. Block grants are granted on the basis of various
criteria (e.g. formulae, performance indicators, budget negotiations). Competitive R&D
project grants put more emphasis on research outcomes in the shorter run. Project funding
is attributed to individuals or groups for specific projects over limited time periods (OECD,
2011). While institutional funding gives institutions more scope to shape their research
agendas, project funding provides governments more scope to steer research towards
certain fields or issues. Project funding may also allow governments to target the best
research groups or support structural change (Lepori et al., 2007).

The results of performance-based research funding systems (PRFSs), which assess
institutions’ research output and outcomes, may be used to allocate a share of the block
funding (OECD, 2010a). PRFSs models vary across countries, as do the methodologies and
metrics used (e.g. bibliometrics, external funding, number of graduates, patenting,
summary indexes, university league tables, peer reviews). While the amounts involved
may be small, the PRFSs can have strong incentive effects, in particular in terms of
institutional prestige. However, universities and public agencies incur high application and
evaluation costs, and such indicator-based systems also require maintaining a national
documentation system and a statistical infrastructure. Aside from these costs, the
diversity of research institutions and the heterogeneity of scholarly output - the propensity
to publish varies widely among disciplines (e.g. life sciences versus social sciences and
humanities) - mean that PRFSs may be less appropriate than other funding instruments for
encouraging interaction with industry or capturing the economic benefits of research
activities. PRFSs may also increase existing tensions between excellence and equity,
notably by reinforcing leading institutions while reducing opportunities for others to
improve. Concerns have been raised about the bias of certain PRFSs’ criteria and evaluation
modes against women, early career researchers or ethnic groups (OECD, 2010a).
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Table 6.1. Major policy instruments to finance public research and some country examples

Financing instruments

Key features

Some country examples

Institutional
core funding

Government budget
appropriations

Non performance-based “block”
funding

Indicator-based
(university)

Performance-
based research
funding systems
(PRFSs)

Peer reviews
(department/
field/university)

Individual peer
reviews

Research Excellence Initiatives (REI)

Project-based funding

Towards full economic cost recovery (FCR)

Traditional funding channel of public
research and primary funding instrument in
most countries. Basic funding guaranteed
mid- to long-term. Not dependent on
applications. Various means of assigning
budgets, including budget negotiations and
agreements, formulae.

Relies on quantitative formulas using
bibliometrics, citations and a broad range
of indicators (external research funding,
completion rates, employment of graduates,
faculty size, students population size,
number of prizes and awards, university
league tables, summary indexes etc.).
Implemented at the university, department
or field-in-university levels. May be
informed by metrics, or summary indexes.
May affect researchers’ remuneration

or institutions’ rating and the allocation

of block funding.

Basic funding guaranteed mid- to long-term.
Organised in programmes. Time-bound.
Application-based. Competitively organised.
Outcome-oriented. Focus on exceptional
research quality. System-level perspective
(i.e. national science landscape). Frequent
reference to socio-demographic issues.
Time-bound. Application-based.
Competitively organised.
Outcome-oriented. Public and private
funding may also be combined and involve
so-called “matching funds”.

Require pricing and amortising capital,
infrastructures and overhead mobilised in
research activities in a view to maintain
financial sustainability and future capability.

Most countries (General University
Funds — GUF), e.g. Australia (mission
compacts)

Austria, Denmark, Finland, Germany,
Greece, Norway, Russian Federation
(National Research University), Turkey
(Entrepreneurial and Innovative University
Index)

Australia (Australian Composite Index),
Denmark, ltaly (VTR), Poland, Slovak
Republic, United Kingdom (REF)

New Zealand (PBRF), Spain (Sexenio)

Germany (Excellence Initiatives), France,
Poland (Leading National Research
Centre — KNOW)

Austria (Higher Education Area Structural
Fund), France (ANR), European
Commission (ERA Communication)

Australia (Sustainable Research Excellence
— SRE), Canada Foundation for Innovation
(CFl), Estonia, Germany (DFG-BMBF),
Slovenia, Switzerland (SNSF Overhead
programme)

“Third part” funding  Universities’ and PRIs’ own resources™*

Industry investment*
(through research contracts, cooperative R&D,
corporate patronage)

Science philanthropy
(private foundations, charity, wealthy individuals)

May encompass a broad range of legal,
administrative or regulatory reform to allow
universities and PRIs increasing revenues
from tuition fees, the provision

of knowledge services or the
commercialisation of research results.
Encompass various policy instruments
targeted to firms in support of collaborative
R&D and industry-science linkages
(including tax incentives for subcontracted
R&D, innovation vouchers, public grants,
loans and subsidies for business R&D
involving public research partners etc.)
Mainly tax-based incentives to attract
private investments.

Germany (Academic Freedom Act),
France (France Brevets),

Russian Fed. (licensing publicly-funded
IPRs),

France (enhanced deductibility of R&D tax
expenditure on subcontracted R&D),
South Africa (DST agreements with
multinationals), Spain (CDTI direct aids),
Turkey (reform initiative for research
institutions)

France (2011 Law on scientific patronage),
Norway (tax incentive on private donations),
Spain (Law on patronage and sponsorship)

* See the related policy profiles on “Tax incentives for R&D and innovation” (subcontracted R&D), “Government financing of business R&D

and innovation” (innovation vouchers), “Commercialisation of public research” (collaborative R&D).

Source: Based on OECD (2010), Performance-based Funding for Public Research in Tertiary Education Institutions: Workshop Proceedings, OECD
Publishing, Paris, http://dx.doi.org/10.1787/9789264094611-en; OECD (2014), Promoting Research Excellence: New Approaches to Funding, OECD
Publishing, Paris, http://dx.doi.org/10.1787/9789264207462-en; country responses to the OECD STI Outlook policy questionnaire 2014.
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Research excellence initiatives (REIs) offer an alternative to performance-based block
funding. REIs are at the interface of institutional core funding and programme funding and
share elements of both (OECD, 2014). Through REIls, governments award a limited number
of very large, long-term block grants to universities and PRIs on the basis of competitive
proposals. The aim of REIs is to concentrate exceptional researchers in a well-equipped
working environment as a way to support research institutions that carry out ambitious,
complex research agendas. Country-level evidence shows that REIs also fund doctoral and
post-doctoral training (OECD, 2014). Unlike the PRFSs, REIs enhance interdisciplinary
research by providing researchers with more opportunities to work across disciplines. They
allow for greater flexibility, notably in terms of managing resources and hiring researchers.
They can also help research institutions establish or strengthen ties with the private sector
and the research excellence centres funded by REIs can engage in transferable skills training.

Full economic costing of research activities is another approach to research funding. It
can help research institutions amortise assets and overhead and invest in infrastructures
at a rate that allows for ensuring future capability (OECD, 2010b). The capital,
infrastructure, maintenance and functioning costs associated with each piece of research
are included in the final price. This represents a step towards internal and external market
pricing of public research.

Governments also encourage universities and PRIs to increase their own revenues.
Legal, administrative or regulatory reforms can give universities and PRIs the autonomy
and legitimacy to collect tuition fees, provide and charge for knowledge services, or license
and commercialise publicly funded research results (see the policy profile on
“Commercialisation of public research”).

Policies play a role in channelling and leveraging private sources of funding for public
research. Some policy instruments encourage industry investments in public research
while others target wealthy individuals or private non-profit organisations (foundations,
charities) to boost patronage of science. A variety of government schemes support
collaborative R&D, industrial research contracts and industry-science linkages that
indirectly fund public R&D activities. Examples include grants or subsidised loans that
require performing R&D projects in co-operation with at least one university or PRI,
innovation vouchers, or tax incentives on corporate income tax for expenditures incurred
on R&D subcontracted to universities or PRIs.

Private philanthropists can secure additional funding for universities and exert a
strong influence on the orientation and outcomes of public research. Although private
donations account for a minor share of public research funding as a whole, evidence shows
that science philanthropy is concentrated in fundamental and translational research areas,
as well as in leading institutions at the scientific frontier. Indeed, science patronage is
estimated to provide almost 30% of annual research funds to leading US universities
(Murray, 2012). Governments generally offer tax-based incentives to encourage private
sponsorship. But this raises questions about the future of research for the public good. As
private donations are oriented by personal interests, they may be dissociated from market
forces or public goals and may skew research towards peripheral fields and have a positive
impact on elite universities but have little value for the wider scientific community (Broad,
2014).
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Recent policy trends

There is a clear global trend towards more competitive funding with the introduction
of performance-based elements in core institutional funding and a move towards more
contractual arrangements.

Ireland is introducing a performance-funding framework whereby up to 10% of an
institution’s core funding will be allocated on the basis of institutional performance
criteria. Institutional performance will be assessed through self-assessment and peer
reviews in accordance with mutually agreed mission-based contracts. Italy is currently
allocating 13% of the university budget to performance-based indicators. Of the
USD 1 060 million PPP (EUR 800 million) for 2013, two-thirds reflect research performance.
New Zealand appropriated an additional USD 69 million PPP (NZD 100 million) in
Budget 2012 to increase the volume of performance-based research funding to
USD 200 million PPP (NZD 300 million) a year. The Polish law on higher education was
amended in 2012 to foster performance-based financing and to introduce a new
management model in university departments and research centres that have been
granted the leading national research centre (KNOW) status. Additional funding is
provided for employees’ remuneration, scholarships and infrastructure upgrade. The
reorganisation of the Russian Academy of Sciences included the introduction of
transparent performance-based funding mechanisms. In 2012 Turkey adopted a
performance-based system to fund research centres and is implementing institutional
performance evaluations in universities. A new Entrepreneurial and Innovative University
Index was developed to encourage entrepreneurship and innovation in universities; the
first ranking was published in 2013.

In 2013, Austria replaced the formula-based block funding of public universities in
their 2013-15 performance contracts with the Higher Education Area Structural Fund of
USD 543 million PPP (EUR 450 million), which combines indicator-based performance and
co-operative project-based competitive grants. A 2012 European Research Area
communication encourages more competitive allocation of institutional funding to PRIs
and supports wider uptake of peer reviews for project-based funding.

The sources of public research funding have also changed as a result of greater
industry involvement (OECD, 2011). However, firms’ investment in R&D, including in public
research, suffered as a result of the global financial crisis. The share of higher education
and government R&D expenditure funded by industry dropped significantly over the crisis
years and has since exceeded pre-crisis levels in only a few countries (Figure 6.4).

Incentives for industry to invest in public research have been reinforced in several
countries and at the EU level. Tax incentives for R&D are increasingly used to leverage private
funding for public research (see the policy profile on “Tax incentives for R&D and
innovation”). In Italy, the Destinazione Italia plan includes several tax credit measures for
enterprises investing in research. The tax credit fund guaranteed about USD 800 million PPP
(EUR 600 million) for 2014-16. Germany’s Academic Freedom Act 2012 allows non-university
academic institutions to make greater use of third-party private funds. Likewise,
Luxembourg revised the performance agreements of public research organisations
for 2011-13 to bring third-party funding up to 30% of institutions’ budgets.
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Figure 6.4. Public research funded by industry, 2007 and 2012

As a percentage of total higher education and government R&D expenditure
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Note: Data for Canada, China, the Czech Republic, Denmark, Estonia, Finland, Greece, Hungary, Ireland, Poland, the Slovak Republic,
Slovenia, the United Kingdom and the United States refer to 2012. Data for Chile, Israel and South Africa refer to 2010. Otherwise data
refer to 2011. Data for Australia refer to 2004 and 2008. Data for Greece refer to 2005 and 2012.
Source: OECD, Research and Developments Statistics (RDS) Database, March 2014, www.oecd.org/sti/rds; Eurostat, Science, Technology and
Innovation Databases, June 2014, http://epp.eurostat.ec.europa.eu/portal/page/portal/science_technology_innovation/data/database. Data retrieved
from IPP.Stat on 26 June 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.
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Sweden has been encouraging strategic public-private partnerships since 2013 by
providing USD 35 million PPP (SEK 300 million) to support two large national initiatives to
address societal challenges and increase international competitiveness through systems
innovation, strategic innovation areas and challenge-driven innovation. It aims to leverage
USD 25 million PPP (SEK 220 million) of private funding and further USD 80 million PPP
(SEK 700 million) in 2016 for a public engagement of USD 80 million PPP. Since 2012, the UK
Research Partnership Investment Fund has provided USD 725 million PPP (GBP 500 million)
in research capital to support R&D partnerships between universities, business and
charities. These partnerships must raise over the double of funding (USD 1.5 billion PPP, or
GBP 1 billion) from private sources. At EU level, the Joint Technology Initiatives (JTIs) are
new long-term public-private partnerships that support large-scale multinational research
with a view to accelerating the development of solutions to social and environmental
challenges and to reversing the declining role of industry in Europe. The JTIs will receive
about USD 12 billion PPP (EUR 10 billion) from the private sector over the next seven years.
Priority areas include aeronautics, medicines, electronic components and systems,
transport and bio-based industries.

The impact of science philanthropy is expected to increase as central government
budgets remain under severe fiscal pressure. In 2014 Norway reintroduced a scheme for
private donations to research that was first implemented in 2006 and repealed in 2012. The
donation reinforcement scheme gives a top-off of 25% to private donations above
USD 340 000 PPP (NOK 3 million) to long-term basic research. However, Finland repealed
tax exemptions on private donations to higher education institutions at the end of 2012.
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OPEN SCIENCE

Rationale and objectives

Information and communication technologies (ICTs), new data storage infrastructure and
large-scale computing are modifying the way science is conducted and the way the results of
research are disseminated. They offer new opportunities to organise and publish the inputs
and outputs of research, whether scientific publications or large datasets, to make it available
for free, or at extremely low marginal cost, to other scientists and researchers and potential
users in the business community and society. Furthermore, even though fields such as physics
and medicine have long been data-intensive, ICTs make it possible to collect large amounts of
data that can be the basis of scientific experiments and research and help make science more
data-driven. This transformation of science into a more open and data-driven enterprise is
often known as open science. It is enabled by public policies that encourage greater access to
the results of publicly funded research, including publications and data.

The increased access to scientific research results has the potential to make the
research system more effective and productive by reducing duplication and the costs of
creating, transferring and re-using data; by allowing the same data to generate more
research; and by multiplying opportunities for domestic and global participation in the
research process. Another reason for public policies to promote open access is the
innovation potential of knowledge spillovers from public research. The disclosure and
release of public and scientific data can also promote the development of innovative
products and services and increase consumers’ awareness and choice. Finally, open access
and open data initiatives can promote citizens’ awareness of and trust in science. In some
cases, more citizen engagement may lead to active participation in scientific experiments
and data collection.

Major aspects

The existing models for the diffusion of scientific outcomes (publications, but also
data and other research material) are evolving towards systems in which scientific outputs
are increasingly publicly available. Policy makers, as key funders of public research, can
play an important role by promoting access to and use and re-use of scientific research
results. In particular, they can remove barriers to open science efforts by setting
appropriate incentive mechanisms, developing the infrastructure necessary to make open
science happen and, in some cases, adopting mandatory rules for the open disclosure of
publicly funded research results. Scientists often compete to achieve excellent scientific
results. They therefore have little incentive to share pre-publication data and experiment
material. Mechanisms that acknowledge researchers for the publication of datasets and
curation of datasets and other scientific material can promote scientific information
sharing by removing the current disincentives.

Two main publishing models have emerged to promote open access to scientific
articles. Green open access refers to the “self-archiving” of the published articles or the final
peer-reviewed manuscript by the researcher after or alongside its publication in a scholarly
journal. Access to this article is often delayed by a period of embargo. Gold open access, or
“open access publishing”, or “author pays publishing” means that a publication is
immediately provided in an open access mode online by the scientific publisher.
Associated costs are shifted from readers to the university or research institute to which
the researcher is affiliated or the funding agency sponsoring the research or the institution.
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In addition to access to articles, open science requires the development of infrastructure
for sharing research results and data, as well as the access to such infrastructure by
scientists and researchers. This may involve the creation of publication and data
repositories, the use of clean metadata, and the development of skills to enable researchers
and scientists to share data and scientific content. Several countries are developing the
infrastructure necessary to collect, store and disseminate research results (both articles
and data).

Recent policy trends

OECD and non-member countries are increasingly developing frameworks, guidelines
and initiatives to encourage greater openness in science. Most of the respondent countries
to the STI Outlook policy questionnaire 2014 highlighted recent changes in their policy
framework for open science (Figure 6.5). Policy changes related to open science rank
equally with areas such as commercialisation of public research results, public research
infrastructures, sector- and technology-oriented programmes, grants and subsidies, and
industry-science co-operation.

Figure 6.5. Open science initiatives among other areas of STI policy change, 2012-14
Countries reporting a substantial change in the policy area, compared with other STI policy areas
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Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. Responses are
provided by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the STI Outlook policy questionnaire 2014.
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Examples of recent policy initiatives include:

e The creation of online repositories, databases, archives and digital libraries and platforms
containing information on R&D projects and researchers’ CVs. Estonia and Poland have
created national networks of repositories and digital libraries. Finland has launched an
infrastructure roadmap to promote open science. China has developed online platforms
for data and publication archiving. Argentina developed the SICyTAR database with
information on the CVs, publications and affiliations of researchers, and Colombia has
set mandatory guidelines. The European Commission has also been active in promoting
the development of EU and member country repositories and platforms.

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 209


http://dx.doi.org/10.1787/888933151831

11.6. STIPOLICY PROFILES: UNIVERSITIES AND PUBLIC RESEARCH

e Mandatory access. Major funding agencies in Australia, Costa Rica, Denmark, Estonia,
Germany, Switzerland, the United Kingdom and the United States have mandated
public access to the results of the research they fund. Norway and several other
countries are also considering adopting rules for mandatory open access.

e Financial support. Funding agencies in Germany, Norway, the Netherlands, Switzerland
and the United Kingdom have adopted funding mechanisms to cover some of the costs of
the open access publishing procedure. Elsewhere, governments encourage universities or
research organisations to allocate funding for open access initiatives directly. In Europe,
the European Commission supports open access and open data efforts, and it requires
research results financed by the Horizon 2020 programme to be publicly available after
publication (although it allows researchers to choose how they disclose research results).
According to Horizon 2020 regulations, fees related to open access publishing are eligible
for reimbursement under the conditions of the grant agreement. In addition, a subset of
projects funded by Horizon 2020 will participate in a pilot open research data initiative
that will mandate the disclosure of research datasets and the associated metadata.

e Open government data. Open science can also be promoted through the disclosure of
government data. A number of OECD and non-member countries have adopted policies in
this respect. Australia, Canada, Finland, France, the United Kingdom and the United States
have disclosed government data on a range of different topics from weather data to
Geographic Information Systems (GIS) data in the frameworks of their open government
initiatives. China has also implemented a government data-sharing programme
covering 24 sectors since the beginning of 2000s.

e Modification of intellectual property rules for research or exemptions. Australia and
Finland are currently discussing modifications of the existing legal framework for the
publication of publicly funded research results to make the copyright legislation
increasingly open science friendly. Germany has amended its copyright legislation, and
the United Kingdom has recently passed a series of amendments to its copyright legal
framework (coming into force in 2014), which include greater freedom of re-use of copied
or recorded material for educational and non-commercial research purposes.
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COMMERCIALISATION OF PUBLIC RESEARCH

Rationale and objectives

The commercialisation of public research is a major goal of national S&T policies and
a key function of universities and PRIs, alongside teaching, education and the
dissemination of knowledge. Public research has been the source of many of today’s
innovations, sometimes as a by-product of basic research and sometimes without any
prospect of a direct business application. Well-known examples are the techniques of
recombinant DNA, the global positioning system (GPS), MP3 technology and Siri, Apple’s
voice recognition technology. Data on scientific sources of many of today’s nanotechnology,
ICT and biotechnology patents provide additional evidence of the linkages between
technological innovations and public research (OECD, 2013a).

While knowledge and research generated by the public research system diffuses
through a variety of channels — mobility of academic staff, scientific publications,
conferences, contract research with industry, and licensing of university inventions - much
policy attention in OECD countries has centred on promoting knowledge transfers through
publications, the patenting and licensing of academic inventions, and the promotion of
academic start-ups. More recently, these channels are complemented by public-private
partnerships, open science initiatives and entrepreneurial channels, such as
student-based start-ups and related financing and mobility schemes. Anecdotal data from
the United States, for example, show that start-ups created by university graduates are
more numerous and more dynamic than those founded by teachers and researchers.

The rationale for public support for commercialisation has its roots in market and
system failures. Weak commercialisation of public research may have several sources:
asymmetric information, as potential users may not be aware of university inventions; risk
or non-appropriability of the results of public R&D because ownership of university
inventions may not be clear enough for industrial partners to engage in commercialisation;
demand for research may be weak as companies, especially SMEs, may not carry out their
own R&D; co-ordination problems among R&D participants, as firms’ and universities’
incentives may be misaligned because of their different missions; and lack of finance for
developing prototypes and demonstration projects that would help attract private finance
for commercialising academic inventions.

Major aspects

While some countries’ universities and PRIs have succeeded in increasing the
commercialisation of public research, as measured by the number of disclosed inventions,
academic patents, licensing agreements or university spin-outs, recent data show a
slowdown in the main commercialisation indicators in many OECD countries. This raises
concerns among policy makers and practitioners about the effectiveness of existing
approaches to technology transfer and commercialisation.

Average annual growth of university patent applications fell from 11.8% between 2001
and 2005 to 1.3% between 2006 and 2010. PRIs experienced negative growth of -1.3% over
the latter period, compared to growth of 5.3% growth between 2001 and 2005. Data on
disclosures of invention (the first official recording of an academic invention) per USD 100
million in research expenditures show a slight average drop from 2004-07 to 2008-11.
University spin-offs have not significantly expanded, despite continued policy support; in
the United States, among 157 universities, the annual average number of spin-offs per
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university is only four. Data on spin-off companies per USD 100 million in research
expenditures in major OECD countries generally hit a low in 2008, with the ratio stabilising
in 2009-11 at pre-2008 levels. However, licensing income has remained relatively stable in
OECD countries (Figure 6.6), although a few universities account for the bulk of licensing
income. In Europe, 10% of universities accounted for approximately 85% of licensing
income (OECD, 2013b).

Figure 6.6. Licensing income from public research, 2004-11
As a percentage of research expenditures

[ Australia [ Canada I Europe [ United Kingdom [ United States
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Source: OECD (2013), Commercialising Public Research: New Trends and Strategies, OECD Publishing, Paris, http://dx.doi.org/10.1787/
9789264193321-en. Based partly on calculations and data from Australia’s Department of Innovation, Industry, Science and Research (DIISR)
(2011 and 2012), “Australian National Survey of Research Commercialisation: 2008 and 2009” and “2010 and 2011”; European Commission
(2012), “Interim Findings 2011 of the Knowledge Transfer Study 2010-12”, Bonn/Maastricht/Solothurn; US Association of University
Technology Managers (AUTM) (2009-12), “Highlights of the AUTM U.S. Licensing Activity Survey: FY2008 [through] FY2011”; Canadian AUTM
(2009-12), “Highlights of the AUTM Canadian Licensing Activity Survey: FY2008 [through] FY2011”; Higher Education Funding Council for
England (HEFCE) (2009-12), “Higher Education - Business and Community Interaction Survey 2007-08 [through] 2010-11.”
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While the situation may be due in part to the changing ecology of innovation, such as
the fact that modern technological innovations are complex and rely on several patents,
the slow adjustment of institutional and public policies have also played a role. Many
governments and institutions have focused excessively on patenting and licensing as a
channel for commercialisation. This has led to a rise in the number of patents filed and a
narrow emphasis on exclusive licensing of inventions. Many institutions have also focused
on the role of professors in commercialisation and less on student entrepreneurs.
Governments, universities and PRIs are now experimenting with new strategies to improve
the commercialisation of public research.

Recent policy trends

Given policy trends regarding commercialisation in recent years (OECD, 2012, 2013b),
many countries are diversifying their commercialisation policies and promoting two-way
flows between industry and science through public-private partnerships (see the policy
profile on “Strategic public/private partnerships”), joint research initiatives/centres,
outward and inward licensing of IP by universities and PRIs, and incentives for the mobility
of entrepreneurial academics (see the policy profile on “Labour market policies for the
highly skilled”).
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Governments have also tried new ways to facilitate co-operation between industry and
research staff, such as new models of technology transfer and licensing offices (TTOs/TLOs),
the use of collaborative intellectual property tools such as patent pools and patent funds,
and initiatives to facilitate access to the results of public research:

e The Australian National Industry Investment and Competitiveness Agenda, anticipated
later in 2014, will focus on initiatives to promote national competitiveness and
productivity, including the commercialisation of good ideas. The Austrian RTI strategy
promotes the establishment of “knowledge transfer centres”. The programme is
estimated to cost USD 24 million PPP (EUR 20 million) and will be managed by the
Austrian operational bank.

e Belgium’s TETRA project supports the development of prototypes and demonstrators of
innovations by SMEs and social organisations that could commercialised if there is a
sufficiently large group of companies in Flanders that would benefit from the results.
The project results must also be consistent with the degree programmes of the HEIs or
universities implementing the project to ensure that the knowledge is transmitted
indirectly through their graduates to Flemish companies.

e The Czech Republic recently implemented a series of measures to support TTOs by:
establishing technology transfer points and offices in research institutions; creating
instruments to fund the proof-of-concept stage of technologically based projects; and
supporting the popularisation of S&T through the creation of science learning centres
and improving access to research information and information about research results.

e France has recently created a number of technology transfer companies (SATTSs) to
reduce the fragmentation of technology transfer services at regional level. Israel is
encouraging the development of private or for-profit models for TTO offices, which are
often institutionalised in the form of limited liability companies. Internet platforms that
provide a market for academic inventions have also been the target of policy support.

e Mexico is creating and strengthening TTOs through the Sectoral Innovation Fund
(FINNOVA) to increase opportunities for linkages between institutions that generate
knowledge and the private sector through consulting, licensing and start-ups. Support
will focus on certification of TTOs and additional support for TTOs to engage in later
validation of the commercial potential of research results as well as support to SMEs to
cover consultancy costs when they require a certified TTO to solve a problem.

e Turkey’s TUBITAK launched the 1513 Technology Transfer Office (TTO) Support Programme
to provide funding to TTOs for training, capacity building for university-industry
co-operation, project management support, academic entrepreneurship activities, and
IPR support.

Governments continue to improve the legal and institutional framework for
commercialisation and for collaboration on R&D between academia and industry. Creating
standard licence agreements has also become widespread in universities and governments
(e.g. the Lambert Toolbox in the United Kingdom, the models of co-operation agreements
in Germany, the standard agreements Schliiter Denmark, the consortium agreement
DESCA models in EU’s FP7 projects) to facilitate the transfer of research to industry. An
additional advantage of standard agreements is that they limit the potential for conflicts
and disputes related to IP.
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Improving and expanding access to the results of public research

Improving access to public research results has become another channel for
commercialisation based on partnering schemes (see the policy profile on “Strategic
public/private partnerships”) and on vouchers that encourage SMEs to collaborate on or
purchase public research. Open access policies also facilitate access to public research
results (see the policy profile on “Open science”).

From 2013 reports funded by the Canadian Institutes of Health Research (CIHR) are
freely available on the publisher’s website or an online repository within 12 months of
publication. New Zealand and Spain also require the publication of the results of funded
research in digital format in an open access repository. The Office of Science and Technology
Policy (OSTP) of the US White House published in early 2013 a policy memorandum to
federal agencies spending more than USD 100 million on research, requiring that the
“direct results of public research (peer reviewed publications and scientific digital data) be
made available to and useful to the public, industry and scientific community”. As open
access also requires adequate infrastructure, the European Commission has supported the
construction of repositories and infrastructure through Framework Programmes for
Research and Technological Development, such DRIVER and OpenAIRE.

Encouraging the circulation of knowledge

Mobility of researchers is an important channel for the circulation of knowledge.
Programmes such as Belgium'’s Doctoris programme and France’s industrial agreements for
training through research (CIFRE) are two examples of policies to foster mobility and the
development of competences of doctoral students (see the policy profile on “Strengthening
education and skills for innovation”).

Financing and entrepreneurship support for commercialisation

While venture capital tends to attract the attention of policy makers, commercialisation
is often held back by a lack of financing at the pre-commercialisation stage. Many
government commercialisation programmes now include support for prototype
development and early-stage funding. In addition, new modes of funding, such as IP-based
financing (securitisation) and crowdfunding, are helping accelerate the transfer and
commercialisation of public research and are being examined in many OECD countries.

e Australia’s Growth Partnerships (AGP) is a competitive, merit-based pilot funding
programme managed by CSIRO. It is designed to help SMEs overcome technical problems
and give them an opportunity to accelerate their growth in high-impact industries that are
aligned with CSIRO’s National Research Flagships Programme. CSIRO has allocated funds
for investment through the AGP Programme to high-potential, technology-receptive SMEs
so they can access CSIRO R&D capability and IP.

e The People’s Republic of China’s government has adopted a “carrot and stick” approach to
the creation of university spin-offs and to attract venture capital and business angels. On
the one hand, the sharp decrease in funds since the 1990s forced many Chinese public
universities to develop entrepreneurial activities to support university development. On
the other, systematic preferential policies, such as tax treatment and easy access to state
loans, promote linkages between academy and industry.

e Canada is providing USD 49 million PPP (CAD 60 million) over five years to help incubator
and accelerator organisations expand their services to entrepreneurs under the Canada
Accelerator and Incubator Program (CAIP) as part of the Venture Capital Action Plan. The
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Economic Action Plan 2014 proposes to provide CAIP with an additional
USD 33 million PPP (CAD 40 million) over four years, starting in 2015-16, increasing its
total funding to USD 81 million PPP (CAD 100 million). The Business Development Bank
will make available a further USD 81 million PPP (CAD 100 million) to invest in firms
graduating from these business accelerators.

e New Zealand’s Pre-seed Accelerator Fund (PSAF) is shared among five organisations that
allocate funding to specific projects. The aim is to undertake early-stage technology
commercialisation activities to: maximise the commercial benefits to New Zealand from
publicly funded research; improve the commercial capability and skills of PRIs; promote
linkages between PRIs and potential private-sector partners, including industry players
and capital providers, in New Zealand and offshore.

e The UK’s Graphene Global Research and Technology Hub aims to accelerate the
development of commercial applications in the United Kingdom, by connecting UK
researchers and businesses, and providing specialist equipment and expertise. It will be
operational from 2015 and its budget is estimated at USD 74 million PPP (GBP 50 million). In
the life sciences, the UK Biomedical Catalyst is a funding vehicle to support innovative ideas
in biomedical sciences across the “valley of death”. It will provide USD 261 million PPP
(GBP 180 million) in support between 2012/13 and 2014/15. In 2014, the government has
provided USD 22 million PPP (GBP 15 million) in capital — with twice as much funding from
other sources, including private sources -, to four pilot University Enterprise Zones (UEZ) to
encourage university-business interaction, support the development of incubators and
create a space for businesses combined with a wrap-around business support offer. More
broadly, the network of Catapult Centres aims to give businesses access to specialist
equipment and emerging technologies and connect them to academic expertise.

e Several universities and PRIs provide additional funding for the creation of start-ups
with their own funding mechanisms, either fully funded or co-financed with
institutional resources. In Europe, about 73 such funds have been identified. In general,
they also provide consultancy services, incubator support, market research and training.
Examples include the Seed Fund Chalmers in Sweden and Gemma Frisius Funds at the
University of Leuven, Belgium.
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INNOVATION AND THE DIGITAL ECONOMY
Rationale and objectives

The Internet is an important driver of innovation and growth. It accelerates the diffusion
of information, boosts communication efficiency, facilitates networking among firms, and
reduces geographical distance. The eco-system of the digital economy is mainly composed
of high-speed communications infrastructure, digital content and smart applications.

Major aspects
High-speed communication infrastructures

High-speed fixed and mobile networks are the core infrastructure of the digital
economy and provide the foundation for applications and services. Access has improved
dramatically over the past decade (Figure 7.1) although there are important differences
among countries in this respect (Figure 7.2).

Figure 7.1. Fixed broadband subscriptions per 100 inhabitants, OECD average,
2002-12
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Source: OECD, OECD Broadband Portal, June 2014, www.oecd.org/sti/broadband/oecdbroadbandportal.htm.
StatLink Sa=P http://dx.doi.org/10.1787/888933151856

The recent substantial growth in mobile broadband has opened up communication
possibilities for people who do not have access to a fixed-line connection. Mobile broadband
penetration has risen to almost 60% in the OECD area, according to June 2013 data, and
Australia, Finland, Sweden, Japan, Korea and Denmark are now above the 100% penetration
threshold. This means that some inhabitants of these countries have more than one mobile
broadband subscription for their smartphones, tablets and other devices (Figure 7.3).

As network infrastructure is the physical foundation of the digital economy,
governments play an important role in optimising broadband provision to underserved
areas and fostering an environment conducive to investment in a range of broadband
technologies. Policy makers also place strong emphasis on ensuring sufficient competition
among providers of fixed and mobile services to spur innovation and lower prices for
businesses and consumers.

218 OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014


http://www.oecd.org/sti/broadband/oecdbroadbandportal.htm
http://dx.doi.org/10.1787/888933151856

II.7. STIPOLICY PROFILES: NETWORKS, CLUSTERS AND TRANSFERS

Figure 7.2. Fixed broadband subscriptions per 100 inhabitants, June 2013
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Source: OECD, OECD Broadband Portal, June 2014, www.oecd.org/sti/broadband/oecdbroadbandportal. htm.
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Figure 7.3. Mobile broadband subscriptions per 100 inhabitants, June 2013
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08 July 2014, http://stats.oecd.org//Index.aspx?Queryld=57863.
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Digital content

Widespread adoption of broadband has opened up a world of digital content to users. The
rapid growth of “apps” highlights the innovative potential of open networks for delivering new
content and services (OECD, 2013a, 2013b). Recently, digital content markets have shown
strong annual growth rates and online revenue shares have increased considerably. This rapid
increase is spurred by the increase in broadband adoption, lower prices for devices and access,
improved digital literacy, and network upgrades (OECD, 2013c).
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Beyond promoting availability of and accessibility to the underlying information and
communication infrastructure, governments have acted to encourage the development of
local content. Several initiatives have supported the digital accessibility of their country’s
cultural heritage and the creation of new forms of interactive cultural content.
Furthermore, governments have promoted the use of digital content in the areas of skills
development and education.

Smart ICT applications in the data-driven economy

The Internet introduces new opportunities for innovation in traditional sectors. An
example is the development of smart electricity grids that can leverage information to
operate more efficiently and provide new services to users. For example, over 10% of an
individual household’s electricity consumption can be cut down simply by providing better
information or providing information in better ways. Reductions in “peak demand” can
also contribute directly to lowering greenhouse gas emissions since this makes the
connection of additional power plants during peak times unnecessary (OECD, 2012).

As the economy is becoming “smarter”, many issues need to be better understood. The
increasing deployment of smart ICT applications generates large amounts of data, which
can become a major resource for innovation and efficiency gains. Data, as an intangible
asset, will play a role in creating competitive advantage and driving innovation
(OECD, 2013d), on the condition that privacy issues are addressed.
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CLUSTER POLICY AND SMART SPECIALISATION

Rationale and objectives

Clusters are a geographic concentration of firms, higher education and research
institutions, and other public and private entities that facilitate collaboration on
complementary economic activities. While some of the world’s leading clusters specialise
in high-technology industries (e.g. Silicon Valley, Bangalore) they are also found in sectors
ranging from wine making to automobiles to biotechnology.

Clusters are increasingly exposed to global competition (see Chapter 1) and many
OECD governments are keen to enhance their competitive advantage and to help firms and
entrepreneurs in clusters move up the value chain through innovation and greater
specialisation. The main rationale for public policies to promote clusters, through
infrastructure and knowledge-based investments, networking activities and training, is an
increase in knowledge spillovers among actors in clusters and thus the generation of a
collective pool of knowledge that results in higher productivity, more innovation and
increased competitiveness.

By promoting “smart specialisation” strategies, national and regional governments are
attempting to enhance the competitiveness of firms and clusters. Smart specialisation is
an evidence-based policy framework that uses indicators, technology foresight and other
priority-setting tools to help entrepreneurs and firms strengthen existing scientific,
technological and industrial specialisation patterns while identifying and encouraging the
emergence of new domains of economic and technological activity.

Major aspects

Most OECD countries promote a cluster-based approach to innovation (Table 7.1).
Argentina, Belgium, France, Portugal and Spain have made cluster policies an integral part
of their national innovation strategies or plans. Other countries have programmes to
promote the creation of new clusters or to strengthen existing ones. Belgium, Germany and
the Netherlands have targeted specific sectors/industries in their national innovation
strategies or plans. Several policy tools have been adopted to support clusters and
specialisation.

Networking platforms: Most OECD countries and regions have policies to promote the
creation of networking platforms and collaboration among cluster members. These
networks facilitate science-science interactions (between research centres and
universities), science-industry interactions and industry-industry interactions. These
networks are increasingly used to support cluster-to-cluster collaboration, including
across regions and countries.

Internationalisation of clusters: Globalisation and competition have fostered both the
internationalisation and the specialisation of clusters. This has implications for public
support policies. France and Germany are encouraging competition between clusters and
targeting public support on the basis of excellence, including at international level. The EC
European Cluster Excellence Initiative (2009-12) aimed to improve European clusters’
capabilities by developing methodologies and tools to support cluster organisations and
providing cluster managers with practical advice and training in the management of
clusters and networks. A set of cluster management quality indicators has been developed,
as well as a quality labelling system for professional cluster management.
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Technology specialisation: There is also a growing effort to foster cluster development
around enabling technologies (e.g. ICTs, biotechnology, nanotechnology) and emerging
industries (OECD, 2010). Indeed, cluster dynamics are a force for the economic, industrial
and technological specialisation of a region or country. The RTA index for 2008-10 reveals a
strong specialisation in biotechnology and nanotechnology in Denmark, New Zealand and
Spain, a strong specialisation in environment-related technologies in Austria, Denmark,
Germany, Japan and Norway, and a strong specialisation in ICT in the People’s Republic of
China, Finland, Japan and Korea (Figure 7.4).

Figure 7.4. Revealed technological advantage in selected technological areas, 2009-11
Index based on patent applications filed under PCT

@ Bio- and nano-technologies ICT <> Environment-related technologies
2.5
20 (o
* o
15 | * LS
HRRE & S S
o < * o0 > <&
1.0 g A S * e —
L R 2
o o] RS & SRS
6O % g s © Co e o o6 *® 004 .
05 | & s
R <& P
L 4
O Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
TR LCEILTR I I LTI @ P DSOS ISR
Q,é& %Q%®®§%\% @1\»‘}\%@& \é(i\%\\pé\ & @® @d\@\% k‘é\&%&@@@%% T @Q\QQQVQG}%@@‘S\ \\@Q@%&%\Q\% Sié&%%\\ S
N & D > LS SEEEE
NS S NG \54\\\2%-%@\ ° o

Note: The revealed technology advantage (RTA) index is calculated as the share of a country in patents filed in a given field relative to the
share of the country in total patents. When the RTA is equal to 1, no specialisation is observed. When the RTA is equal to 0, no patent is
filed in the field. Only economies with more than 250 patents over the periods are included in the figure.

Source: OECD, OECD Patent Database, March 2014, wwuw.oecd.org/sti/inno/oecdpatentdatabases.htm. Data retrieved from IPP.Stat on
08 July 2014, http://dotstat.oecd.org//Index.aspx?Queryld=57863.
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Recent policy trends

Many OECD countries and regions are combining clusters policies and specialisation
strategies, which are on even footing in terms of recent policy changes (Figure 7.5). The
smart specialisation concept has been promoted at EU level through the establishment of
the S3 Platform to assist regions and member states to develop regional smart
specialisation strategies and identify the high value-added activities that offer the best
chances of strengthening their competitiveness. Austria, Belgium, the Czech Republic,
Greece, Hungary, Italy, Latvia, the Netherlands, Portugal, the Slovak Republic and Spain
have new smart specialisation strategies. A recent EU survey investigated the potential
contribution of clusters and cluster policies to the design and implementation of smart
specialisation strategies and highlighted potential trans-regional learning and the need for
a data infrastructure on clusters and cluster policies, with more advanced mapping
indicators and tools, methods and evidence-based findings from evaluations of cluster
policies.
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Table 7.1. Cluster development support policies and specialisation patterns
in selected OECD countries

Creating and consolidating Creation of new clusters through co-ordinated action for R&D Argentina, Chile, Norway

clusters activities (e.g. public funding programmes)
Promotion of network structures, service support Argentina, Austria, Australia, Belgium, Canada, China, Colombia,
for entrepreneurs, cluster co-ordination Denmark, France, Germany, Greece, Ireland, Japan, New Zealand,

Norway, Sweden

Networking Science-science (e.g. promotion of collective research centres, Belgium, Canada, Denmark, France, Norway, South Africa, Spain,
platforms centres of excellence) Switzerland
Industry-science (e.g. promotion of public-private networks, Argentina, Australia, Belgium, Canada, Colombia, Denmark,
science parks) Finland, France, Germany, Italy, Norway, Poland, Portugal,
United Kingdom
Industry-industry (e.g. promotion of sectoral networks) Belgium, Colombia, Denmark, Germany, Poland, Portugal, Spain,

United Kingdom

Technology specialisation Biotechnology and nanotechnology Australia, Belgium, Canada, Denmark, India, Ireland, Israel,
(RTA index) Netherlands, New Zealand, Poland, Spain, United States
Environment-related technologies Australia, Austria, Canada, Czech Republic, Denmark, France,
Germany, Hungary, Japan, Norway, Poland, Spain
ICTs Canada, China, Finland, Ireland, Israel, Japan, Korea, Sweden,
United States
Internationalisation Cluster competition and cluster excellence programmes Austria, Belgium, Germany, France, Ireland, Japan, Netherlands, EC
(Towards) smart Australia, Austria, Belgium, Czech Republic, Estonia, Finland, Germany, Ireland, Israel, Netherlands, Poland, Russian Federation, Spain,
specialisation Turkey, United Kingdom, EC

Note: The revealed technology advantage (RTA) index is the share of a country in patents filed in a given field relative to the share of the
country in total patents. When the RTA is equal to 1, no specialisation is observed. When the RTA is equal to 0, no patent is filed in the
field. Only economies with more than 250 patents over the periods are included in the ranking.

Source: Country responses to the OECD STI Outlook policy questionnaire 2014 and OECD (2010), OECD Science, Technology and Industry
Outlook 2010, OECD Publishing, Paris, http://dx.doi.org/10.1787/sti_outlook-2010-en.

Figure 7.5. Clusters and smart specialisation initiatives among other areas of STI policy change,
2012-14

Countries reporting a substantial change in the policy area, compared with other STI policy areas
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substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. Responses are
provided by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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Most recent policy attention has focused on strengthening the research component of
clusters. In recent years, Australia has adopted a hybrid model for developing
specialisation precincts to build on areas of existing research strengths, while also funding
national collaborative research infrastructure networks. The first precinct was established
in Perth, with the participation of university, government, industry and Australia’s national
science agency CSIRO (Commonwealth Scientific and Industrial Research Organisation).
Four other precincts are under development. Future activities will take place in the
framework of the forthcoming National Industry Investment and Competitiveness Agenda.
Ireland launched a large-scale Research Centres programme around HEIs in 2012 to
develop a dynamic research ecosystem that would evolve with the changing needs of
industry and society. In addition the competitive Spokes Programme 2013 offers
conditional funding to encourage new industrial and academic partners to join Research
Centres projects.

With a broader approach, the Russian Federation launched 25 pilot innovative clusters
in 2012 with a USD 67 million PPP (RUB 1.3 billion) federal subsidy covering the purchase of
new equipment, education and training, cluster management and networking activities
and external consultancy, for instance for the preparation of investment projects in the
sphere of innovation, but also for the development of transport and logistics, power,
housing and social infrastructure. An additional amount of approximately EUR 125 million
will be allocated every year until 2016.

Several governments have seen globalisation as an opportunity for developing
clusters. Efforts are being made at European level to strengthen clusters of excellence:

e Costa Rica has implemented a strategy to promote cluster development around FDI in
high-technology sectors (e.g. advanced electronics, medical devices, automotive devices,
etc.). The Free Zone Regime provides fiscal incentives and benefits to international
companies that invest. Costa Rica has also made efforts to better link SMEs to MNEs, for
instance through matching programmes to help SMEs with adequate capacities to
supply MNEs.

e The EU Regions of Knowledge programme promoted cross-border co-operation among
research-driven clusters with a total budget of USD 150 million PPP (EUR 126 million)
over 2007-13. In addition the Territorial Co-operation Programme has been identified as
a potential lever for the development of cross-border cluster efforts.

The European Secretariat for Cluster Analysis (ESCA) is a one-stop shop for labelling
cluster organisations through the Cluster Excellence Management Label System, which
benchmarks and certifies clusters on the basis of strict criteria. It has benchmarked
570 clusters. The ESCA also supports cluster policy makers and programme owners with
advice on development of cluster programmes.
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BC92-323F36A512FE,

® Smart specialisation, available at http://qdd.oecd.org/Table.aspx?Query=696C719F-9922-46D1-8D63-
82D63B5122BE,

@ Sector/technology-targeted policies,

- biotechnology, available at http://qdd.oecd.org/Table.aspx?Query=162C9AF5-43DE-456E-852D-0BE3
1E7BD54D,

- nanotechnology, available at http://qdd.oecd.org/Table.aspx?Query=31E7B2CE-F6F0-4E16-A898-BF1D
C8A0A703,

- ICT, available at http://qdd.oecd.org/Table.aspx?Query=97DDD022-0077-4C4A-BBOF-76290E85FA67, and

- sector-targeted policies available at http://qdd.oecd.org/Table.aspx?Query=A16345EE-1C53-4FB9-BCCO-
375C4AB1CAGE .
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PATENT POLICIES

Rationale and objectives

A patent is a legal title that gives the holder the right to exclude others from using a
particular invention. If the invention is successful on the market, the patent holder will
profit from its monopoly power. Patents therefore allow inventors to internalise the
benefits they generate. Without such a mechanism, inventions could be imitated, which
would reduce inventors’ return on their investment. Patents are granted in return for
disclosure of the invention and therefore play a role in the diffusion of knowledge.
Inventors and firms apply for patents at patent offices, which grant or reject patents for
their jurisdiction, mainly the domestic market, in accordance with their legal statutes.
Most patent offices are national organisations; the main exception is the European Patent
Office (EPO).

Major aspects

Patent filings have increased sharply worldwide, rising from 997 000 in 1990 to 2 350 000
in 2012, according to the World Intellectual Property Organization (WIPO). This rise was
partly driven by a pronounced increase in patent filings in China and, to a lesser extent, in
the United States (Figure 7.6 and Chapter 1). Inventors choosing to file in multiple countries
have also been an important driver of the global patent surge. However, some observers have
recently voiced concerns about a decline in patent quality and ascribe it, in part, to lower
legal standards of novelty and a work overload among patent office examiners. Poor quality
patents are often held responsible for the increase in dubious litigation for alleged
infringement (“trolling”) in certain jurisdictions over the past two decades, and patent offices
and court decisions have sought to raise patent quality since the mid-2000s.

Over the last few decades, patents have expanded to cover new technical fields,
notably software and genetic material, and in some countries to non-technical fields such
as business methods. Certain actors have welcomed this trend, but other observers have
noted that patenting in these fields potentially hampers the diffusion of technology, with

Figure 7.6. Patent filings, 2000-12
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offices. Data retrieved on 08 July 2014.
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possible negative impacts on inventive activities in areas closely aligned to science and to
mental processes (which are non-patentable areas). Patents in information and
communication technologies (ICTs), health and biotechnologies represent the majority of
patent applications worldwide, although their relative importance has decreased from
almost 72% in 2000 to 55% in 2011. The 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 7% of all patents, saw their relative share increase to almost 11%
in 2011 (Figure 7.7).

Figure 7.7. Patents by technology fields, 1999-2011
As a percentage of total patent applications under the Patent Co-operation Treaty (PCT)
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Note: The data refer to counts of patent applications filed under the Patent Co-operation Treaty (PCT), at
international phase, by priority date.
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).
Sources: OECD, OECD Patent Database, March 2014, www.oecd.org/sti/inno/oecdpatentdatabases.htm.
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According to WIPO, the average share of non-residents among patent owners
worldwide increased from 31% in 1990 to 35% in 2012, coinciding with the globalisation of
the economy. Over this period, efforts to make the patent system more global have
increased. In particular, the Patent Cooperation Treaty (PCT), administered by WIPO,
facilitates simultaneous patent applications in a number of countries (although the
processing and the grant remain national). Collaboration among patent offices has sought
to improve the compatibility of countries’ patent laws. The Agreement on Trade-Related
Aspects of Intellectual Property Rights (TRIPS) initiated this trend. This international treaty,
established in 1994 and implemented by the World Trade Organization (WTO), established
a set of minimum standards for national laws to respect, including a broad definition of
patent subject matter (all fields of technology, including drugs), a minimal statutory
duration of 20 years, neutrality vis-a-vis the nationality of the patent applicant, etc. New
procedures to reduce duplication of work by patent offices (notably search) have been set
up, such as “patent prosecution highways” and a number of bilateral agreements between
national offices to exchange work on particular applications.
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The TRIPS agreement applies to all WTO member States, but transitional arrangements
are provided for least developed economies under Article 66. Many emerging and
developing countries have also implemented the TRIPS to support domestic innovation.
The inclusion of pharmaceutical compounds in the compulsory patentable subject matter
has raised the issue of access to essential care for the poor. Therefore, some flexibility has
been introduced, notably since the Doha Agreement. First, it allows countries without
sufficient manufacturing capability to import drugs from other member states utilising
compulsory licences. Second, it provides that least developed countries are not obliged to
provide patent protection for pharmaceutical products until January 2016. Another issue in
some developing countries is enforcement of patent rights. This requires a strong and
independent judicial system, without which infringement may flourish. Countries such as
China and India have made significant efforts as have others.

Recent policy trends

The United States passed the America Invents Act in 2011. It was the most complete
reform of the patent system since 1952 and adopts the principle of “first inventor to file”
(instead of “first to invent”). It also introduced a post-grant opposition system to revoke
patents that are deemed invalid early in the process and at relatively low cost. The Act also
introduced a “fast-track option” to process patent applications within 12 months. The
option is especially meant to assist start-ups, which are under more pressure to obtain
intellectual property (IP) protection quickly. Australia and the United Kingdom have similar
fast-track systems in place. Moreover, the US Act includes a provision for alternatives to
costly litigation in courts to reduce costs of IP for entrepreneurs.

The Japan Patent Office (JPO) implemented several procedural changes in 2013. It revised
the examination guidelines of the “requirement of unity of invention” and of the “amendment
that changes a special technical feature of an invention”. Moreover, the JPO has introduced the
system of “collective examination for IP portfolios”, under which JPO conducts examinations
of different types of IP and grants rights on a cross-sectional basis in line with the timing of
business expansion. In Europe, the new Community patent entered in force on 1 January 2014.
It will complement the current European patent, which is a bundle of national rights. The
Community patent comes with reduced translation requirements (three languages) and a
unified court system. The aim is to reduce the cost for applicants and simplify procedures.

In Australia the Intellectual Property Laws Amendment Act of 2012, which took effect from
April 2013, aims to raise the quality of granted patents to improve alignment with
international standards. In Germany, a recent modification of its IP laws in July 2013
specifies that search reports will include written opinions to give applicants a more
detailed view of whether the examiner considers the application patentable.

Emerging countries such as Chile, Colombia, Costa Rica and Indonesia have recently
implemented a series of policies to optimise the legislative and procedural aspects of their
IP systems (see OECD 2014 for evidence on recent reforms in Colombia and Indonesia).

Reforms have also been introduced to improve IP enforcement. The United Kingdom
Patent County Court of England and Wales was reformed to reduce the costs of defending IP
rights through procedures to impose a time limit on case hearings. The United Kingdom
Intellectual Property Office is currently exploring ways to enhance existing schemes, such as
mediation to provide more efficient dispute resolution. Denmark has recently introduced a
number of initiatives to improve criminal IP enforcement and to reduce counterfeiting.
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Various policy instruments have been implemented to support IP applications. They
range from subsidies for preparing and presenting patent applications to the provision of
information and advisory services. They mostly target small and medium-sized
enterprises (SMEs). Countries that have recently implemented policies of this type include
Argentina, Belgium, Canada, the Czech Republic, Sweden and the United Kingdom. One
example is Germany’s SIGNO programme, with an annual budget of USD 20 million PPP
(EUR 16 million), which aims to support SMEs and start-ups, particularly in the crafts
industry. Another example is the Business Coaching for Growth programme in
the United Kingdom, which aims to help SMEs exploit their innovation potential; their
utilisation of IP is an important element of the programme. This initiative follows the
recently published Innovation and Research Strategy for Growth, which includes among its
key actions helping SMEs protect their IP to support their growth.
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INTELLECTUAL PROPERTY MARKETS

Rationale and objectives

Intellectual property rights (IPRs) - patents, trademarks, industrial designs and
copyrights — are increasingly traded in markets. Public policy plays an important role in
shaping intellectual property (IP) markets and thus their impact on innovation. In today’s
highly networked world, the circulation of ideas is vital to innovation. Knowledge flows
make possible a broader, more diverse and better use of existing competences and
knowledge, beyond the uses or applications foreseen by the sole proprietor. Inventors,
designers and authors, particularly researchers in universities and public research
institutes, are not always best placed to exploit their own knowledge. Organisations are
therefore increasingly looking for ways to trade knowledge capital. However, high
transaction costs often impede the successful negotiation of licences or other types of
agreements.

IPRs facilitate the transfer of knowledge and technologies by assuring the parties
involved that the knowledge will not be misappropriated. IP transactions can sometimes
be motivated by strategic considerations, for example to block competitors from entering
specific markets or for litigation purposes. By pledging their IP as security, owners may also
be able to secure finance. IP market activities may encourage investment in new
knowledge creation but can also lead to opportunistic rent-seeking behaviour, with
potentially perverse effects.

Major aspects

It is difficult to produce accurate estimates of the size of the IP marketplace because
most transactions are proprietary and confidential. Available information suggests an
upward trend: cross-country licence and royalty payments and receipts for all types of IP,
including among affiliates, increased in the OECD area by an average annual rate of 10.1%
between 2000 and 2011 (Figure 7.8), well above the annual average growth rate of OECD
gross domestic product (GDP) of 5% over the period. According to Athreye and Yang (2011),
the global total reached approximately USD 180 billion in 2009.

The share of patenting companies that license their technologies to non-affiliated
companies was estimated at 13% in Europe and 24% in Japan (Zuniga and Guellec, 2008).
Based on confidential US tax data for 2002, Robbins (2006) estimated US domestic and
international licensing of patents and industrial processes at USD 66 billion, or 4.5% of the
total private R&D stock (BEA, 2011).

The acquisition of IPRs has become a key strategic tool for companies seeking to
maintain and increase their markets, while IP transactions and disputes - especially
involving information and communication technology (ICT) patents — have been widely
reported in the media. The patent marketplace has also evolved with the appearance of
new intermediaries and business models (Millien and Laurie, 2009; Yanagisawa and
Guellec, 2009; Chien, 2010; Hagui and Yoffie, 2011). A number of governments have adopted
related policy measures to promote the economic use of patented IP rights (OECD, 2013c):

e Patenting funds aim to reduce transaction costs and risks of litigation by pooling patents
and licensing the entire portfolio to members. However, they may create asymmetries
between insiders or incumbents and outsiders.

e Patent-assertion entities acquire IP to assert the patents against companies. Although
they bring liquidity to the market, their business model is controversial because these
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Figure 7.8. International technology flows of royalties and licence fees, 2001-12
Average annual growth rate, based on current USD, percentages
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companies are (since they do not manufacture goods or supply services) immune from
retaliatory IP suits. This allows them to extract a maximum surplus from unlicensed
companies. This could discourage innovation in complex areas of research.

o New online IP marketplaces aim to replicate highly successful platforms for standard
products, but some adopt more sophisticated approaches. For example, an exchange
platform for unit licence contracts, a new form of IP derivative product, was created in 2011.

Another important policy topic related to increasingly global IP markets is taxation
rules for IP revenue. These rules can affect where and how companies, particularly
multinationals, exploit knowledge (OECD, 2013b). For example, guidelines on the
expensing or amortisation of IP purchase costs can influence knowledge-sourcing
strategies. Competition policy also plays an important role in evaluating mergers of
[P-intensive companies or the creation of patent pools. Authorities have been investigating
the use of injunctions against competitors by holders of standard-essential patents, which
are often subject to fair, reasonable, non-discriminatory (FRAND) licensing pledges, in
order to prevent abuse of market power.

Recent policy trends

Substantial policy efforts have been made to foster the commercialisation of IP. This
includes the provision of services to help support firms’ commercialisation efforts. Other
initiatives have provided IP market platforms: Denmark released IP Handelsportal in 2011,
an Internet-based IP marketplace portal where sellers can offer their rights or licences for
sale and buyers can get information. The programme also offers tools to help value IP, an
important challenge for the operation of IP markets, among other services. Similarly
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the United Kingdom’s Digital Copyright Hub is a central portal that will connect databases
of licensing bodies with automatised licensing and cross-sector search for details of rights
holders. The objective is to support creative industries. The portal received initial seed
funding from the UK government, but its costs are now borne by an industry consortium
that runs the project.

Policy efforts are also made to encourage universities and public research institutes
(PRIs) to commercialise their IP. Belgium and Slovenia provide support for technology
transfer offices. France has established Accelerated Technology Transfer Societies (SATT),
14 of which were in place in 2014. They aim to protect and manage the IP of PRIs. Various
countries have also recently implemented awareness programmes as part of their policy
tools. In 2014, selected Danish universities will be part of the PATLIB network, which
specifically aims to promote awareness. Another approach to supporting commercialisation
efforts by universities and PRIs has been adopted by the United Kingdom’s Fast Forward
Competition, which has a total annual prize fund of about USD 1 million PPP (GBP 750 000)
in 2014 and helps fund university-industry collaborations. The United Kingdom is also
currently updating the Lambert Toolkit, which provides decision guides, model agreements
and other materials for negotiations involving publicly funded universities and research
institutes. Updates are based on an evaluation of the toolkit conducted in 2013. South
Africa created the National Intellectual Property Management Office in 2013 as a
specialised unit of the Department of Science and Technology to support publicly financed
institutions in their commercialisation efforts.

Legislative provisions have also been modified to facilitate commercialisation. In
Japan, amendments to the Patent Law have enhanced the protection of licence agreements
with effect from April 2012. In France, Law 2013-660 requires PRIs to license their patents
preferentially to small and medium-sized enterprises and to companies that will exploit
them within the EU. It also reaffirms the principle of a single mandate for IPR management,
aimed at reducing transaction costs associated with licensing. Beyond patents,
the United Kingdom aims to introduce by April 2014 regulatory frameworks to establish
codes of practice for societies collecting copyright royalties. Following the
recommendations of the Hargreaves Report in 2011, it also plans to implement measures
to support creative industries, including extended collective licensing and conditions for
using orphan works, i.e. copyright-protected works for which rights holders are not known
or cannot be contacted to obtain permission. In Sweden, where researchers have full
ownership rights for their research results, they will be required to notify employers of
results with commercialisation potential. This is to avoid any possible negative effects of
this type of IP ownership on commercialisation.
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STRENGTHENING EDUCATION AND SKILLS FOR INNOVATION

Rationale and objectives

Education policies play a central role in innovation, by supplying the foundations and
skills innovative economies require to develop processes and undertake organisational
changes, but also to adopt new products and to adapt to changes over time. A number of
OECD and partner countries highlight education and skills as key priorities in innovation
policy. Since innovation and technological development in recent decades have had a
profound impact on the labour market and the skills required for many occupations, there
is an increasing focus on how well the education system equips young people with the
skills to participate in and respond to innovation in the workplace.

The skills associated with innovation include specialised knowledge, general
problem-solving and thinking skills, creativity, and social and behavioural skills, including
teamwork. As many of these skills are developed from an early age, they need to be
acquired in part through formal education. The increased recognition of the importance of
these broader skills has also highlighted the contribution to innovation of training that
goes beyond the traditional focus on science, technology, engineering and mathematics
(STEM) disciplines, even though these disciplines occupy a prominent position in
innovation policies. A range of education policies aimed at broadening learning can
influence different types of innovation, even if innovation does not feature explicitly in the
aims of the policy. Skills policies are of growing importance; recent OECD work has
highlighted that almost two-thirds of adult population lack the skills to succeed in a
technology-rich environment (Figure 8.1) (OECD, 2013).

Major aspects

Increasing students’ participation in STEM remains a primary component of policy
measures to strengthen education for innovation. Policies include incentives to increase
student places, improve teaching, adopt performance targets for schools, and reform
national STEM curricula. Figure 8.2 shows the proportion of new entrants to tertiary
education who study engineering, science and health fields.

Postgraduate and doctoral-level education also needs to foster skills for innovation,
partly because many doctoral students go on to undertake innovation in the higher
education, public and private sectors. Figure 8.3 shows net entry rates into advanced
research (doctorate) programmes.

Recent policy trends

Despite the continuing focus on science and technology education and careers, a
number of recent policy measures in OECD and partner countries address the wider skills
required for innovation. There is a growing trend to shape school and university curricula
and teaching methods to encourage the development of these skills in addition to
subject-based knowledge, while extracurricular activities seek to foster competencies such
as creativity. Denmark’s national innovation strategy (2012) aims to integrate innovation and
entrepreneurship training into mainstream education at all levels through initiatives such as
more practice-based instruction. Since 2011, Belgium (Wallonia) has implemented the
Creative Wallonia action plan to foster creativity both within and beyond formal education.
The scheme uses instruments such as teacher training and encouraging higher education
institutions to teach skills linked to creativity and innovation. As part of a five-year plan
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Figure 8.1. Adult population by level of proficiency in problem solving
in technology-rich environments, 2012
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Note: Problem solving in technology-rich environments requires “computer literacy” skills (i.e. the capacity to use ICT
tools and applications) and the cognitive skills required to solve problems. The OECD Survey of Adult Skills as part of
the OECD Programme for the International Assessment of Adult Competencies (PIAAC) assesses the proficiency of
adults aged 16-65 in literacy, numeracy and problem solving in technology-rich environments. It collects in particular
a range of information on the use of information and communication technologies at work and in everyday life, and
on a range of generic skills, such as collaborating with others and organising one’s time.
Source: Based on OECD (2013), OECD Skills Outlook 2013: First Results from the Survey of Adult Skills, OECD Publishing,
Paris, http://dx.doi.org/10.1787/9789264204256-en.

StatlLink %izr http://dx.doi.org/10.1787/888933151932

launched in 2013, Korea aims to encourage more problem-solving and practice-oriented
instruction in primary and secondary education. In Costa Rica, the Innovating at Home
programme teaches parents to develop their children’s creativity from an early age.

Fostering students’ entrepreneurial skills is one way to increase innovative
entrepreneurship. Policy measures can take the form of dedicated entrepreneurship
education or efforts to include entrepreneurial skills in curricula and school subjects. The
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Figure 8.2. Percentage of entrants to tertiary education in engineering, science and health fields,

2012
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Notes: Entrants as a percentage of all tertiary-type A, tertiary-type B and advanced research programme entrants according to the
International Classification of Education (ISCED 1997). Tertiary-type A programmes (ISCED 5A) are largely theory-based and are designed
to provide qualifications for entry to advanced research programmes and professions with high skill requirements, such as medicine,
dentistry or architecture. They have a minimum cumulative theoretical duration of three years’ full-time equivalent, although they
typically last four or more years. Tertiary-type B programmes (ISCED 5B) are typically shorter and focus on practical, technical or
occupational skills for direct entry into the labour market. Advanced Research Qualifications (ISCED 6) refer to tertiary programmes that
lead directly to the award of an advanced research qualification, e.g. Ph.D. The theoretical duration of these programmes is three years
full-time in most countries, although the actual enrolment time is typically longer. The programmes are devoted to advanced study and
original research.
Data for Australia, France and Italy exclude tertiary-type B programmes, while data for Belgium, Ireland, the Netherlands, Poland,
the Russian Federation and Spain exclude advanced research programmes. Data for Argentina refer to 2011.
Source: OECD (2014), Education at a Glance 2014: OECD Indicators, OECD Publishing, Paris, http://dx.doi.org/10.1787/eag-2014-en; UNESCO
Institute for Statistics (UIS), Education Database, May 2014, http://data.uis.unesco.org/Index.aspx?DataSetCode=EDULIT_DS for Argentina,
China, Colombia, India, Indonesia and South Africa; Eurostat, Education and Training (ETR) Databases, June 2014, http://
epp.eurostat.ec.europa.eu/portal/page/portal/education/data/database for Latvia.

StatLink Si=m http://dx.doi.org/10.1787/888933151941

Action Plan for Entrepreneurship in Education in Norway (2009-14) aims to strengthen
skills such as creativity and innovative thinking through their integration in curricula at all
levels of education. Similarly, Portugal’s National Strategy for Industrial Development for
Growth (2014) and the 2013 Spanish Law on support to entrepreneurship and its
internationalisation aim to foster entrepreneurial competencies through changes to school
curricula. Entrepreneurship is now a mandatory component of primary and secondary
school curricula in Sweden and Finland. Since 2012 higher education students in Poland
must study an entrepreneurship component, while entrepreneurship has become a part of
the training of higher education teaching staff in Estonia. Mexico has reoriented higher
education programmes in order to foster entrepreneurial skills and an entrepreneurial
culture. A number of countries have implemented training, public information and
communication, or mentoring initiatives to promote innovation and entrepreneurship.
Introducing technology into the classroom is another popular policy measure that is
seen as a means of facilitating the acquisition of new skills, as well as a way to foster
students’ interest in topics such as computer programming. Norway’s Virtual School
Mathematics programme offers secondary school pupils in need of greater challenges an
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Figure 8.3. Net entry rates into advanced research programmes, 2012
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Notes: Net entry rates are sum of age-specific entry rates. Advanced Research programmes lead directly to the award of an advanced

research qualification, e.g. Ph.D. The theoretical duration of these programmes is three years full-time in most countries, although the

actual enrolment time is typically longer. The programmes are devoted to advanced study and original research.

Data for Argentina refer to 2011.

Source: OECD (2014), Education at a Glance 2014: OECD Indicators, OECD Publishing, Paris, http://dx.doi.org/10.1787/eag-2014-en; UIS, Education

Database, May 2014, http://data.uis.unesco.org/Index.aspx?DataSetCode=EDULIT_DS for Argentina, China, Indonesia and South Africa; Eurostat,

Education and Training (ETR) Databases, June 2014, http://epp.eurostat.ec.europa.eu/portal/page/portal/education/data/database for Latvia.
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online teaching programme with virtual classrooms; this also allows teachers to give more
attention to students who require extra support. The United Kingdom has introduced a
new computing curriculum, which places more weight on the principles and practice of
computer science and covers digital literacy and ICTs. Ireland has launched an ICT strategy
for schools in order to help develop an e-learning culture.

Increasing the number of students in STEM subjects at all levels of education is seen
as a way to increase the pool of individuals able to enter research occupations or undertake
innovation. For example, as part of the Five-Year Strategic Plan for Federal STEM Education
(2013), the United States aims to increase the number of graduates in STEM fields by
one-third, or one million, over the next decade. Belgium, Latvia and South Africa all have
national plans to boost STEM participation at the tertiary or secondary levels, and other
countries also have such policies. Since 2013, New Zealand has sought to increase the
number of graduates in engineering, in line with the needs of the labour market.

Policy measures to boost participation in STEM disciplines include the funding of new
places in tertiary education, and better information and promotion campaigns to inform
young people about career opportunities in science and technology or as researchers. The
STEM Ambassadors programme in the United Kingdom has created a nationwide network
of volunteers in scientific and technological occupations who work with schools across the
country to increase interest in STEM subjects. Finland established a national working
group on science in 2013, one of the aims of which is to boost interest in science among
young people. In addition, many countries have measures to increase STEM participation
among under-represented groups, particularly women.
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Efforts to boost participation and interest in STEM subjects may have limited benefits
in the absence of high-quality and motivating teaching in schools. Policies to improve the
quality of STEM teaching, such as raising the skills of teachers or reforming the curriculum,
are therefore important complementary initiatives. Japan has used the Super Science High
School programme to reform the national school curriculum in science and mathematics
education and to explore innovative teaching methods. Australia, Austria, Greece, Ireland,
Norway, Slovenia, the United Kingdom and the United States are all undertaking or are
exploring policy initiatives to improve STEM teaching. Initiatives to attract top STEM
graduates into teaching, particularly in low-performing schools, are another policy option.

There are several examples of national efforts to expand and reform doctoral
programmes. The Australian Research Training Scheme, which has been operating for ten
years, supports research training for students who undertake research master’s and
doctoral degrees. It has a budget of USD 600 million PPP for 2013-14. The National
Development Plan in South Africa includes a provision to increase the number of
doctorates per million population from 34 in 2012 to 100 in 2030. Austria, the
Czech Republic, Germany, Finland, Ireland and Mexico have recently reformed
postgraduate education. Australia, Canada and the Czech Republic have policies explicitly
aimed at attracting high-quality postgraduate students from abroad. To increase the
mobility of doctoral students, Belgium has the “Doctoris” programme and France the
“Industrial agreements for training through research” (CIFRE) programme. While the
primary aim of such policies is typically to improve the link between research conducted in
universities and in the private sector, they also help develop a wider set of competencies
among doctoral students.

The ability to work across disciplines has become recognised as an important skill for
innovation, especially as concepts such as “design thinking” have become more popular in
tertiary education. At the doctoral level some countries specifically assist multidisciplinary
doctoral programmes. Japan’s Programme for Leading Graduate Schools offers financial
support for multidisciplinary PhD degree programmes that train graduate students to be
creative global leaders through multidisciplinary coursework, laboratory rotations, and
internships, in addition to the standard PhD thesis. The South African Young Summer
Schools Programme offers doctoral students a three-month training programme in
systems analysis (multidisciplinary thinking). In Austria, a number of universities are
developing new structural programmes to supplement and broaden doctoral training,
while interdisciplinary and transferable skills training are included in Finland’s National
Guidelines for the Development of Doctoral Training (2012).

Some OECD countries have centres of excellence that seek to strengthen postgraduate
research degrees. In Japan an evaluation of the Centres of Excellence programme in 2013,
which was designed to enhance education and research in graduate schools, showed that
44% of the centres selected in 2007 “mostly achieved” their objectives and 54% “fully
achieved” their objectives. Similarly, Norway’s mid-term evaluation in 2012-13 of the first
five National Researcher Schools concluded that both the researcher schools and the
scheme as a whole are achieving their aims of raising the quality of postgraduate training.
In the United Kingdom, Doctoral Training Centres are being extended to new disciplines,
with a critical mass of supervisors. The centres are co-funded by the universities, Research
Councils and public- and private-sector partners in strategic interdisciplinary research
areas in various university departments.
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LABOUR MARKET POLICIES FOR THE HIGHLY SKILLED

Rationale and objectives

Labour market demand for highly skilled workers has grown rapidly as advanced
economies have become increasingly knowledge-based. Given the importance of human
resources for innovation, university graduates enjoy better work prospects, a higher wage
premium and have more training opportunities than less educated workers (OECD, 2013a;
OECD, 2014, forthcoming). They are less likely to remain unemployed, especially for a long
time. They have suffered less from the global crisis (OECD, 2012a) and, unlike other
categories of workers, employment for professionals and technicians, i.e. higher-skilled
“non-managerial” occupations, showed signs of recovery between 2011 and 2012 (OECD,
2013a). Higher education is thus a factor in employability and lifelong learning.

Nonetheless, skills allocation in the labour market is not always optimal, as reflected
in university graduates’ employment rates (Figure 8.4). These are affected by the mismatch
between labour supply and demand, levels of unemployment, which can be temporary or
lasting, and the degree of disengagement of workers from the labour force. While
university graduates enjoy close to full employment in Iceland, Norway or Sweden, their
employment rates are substantially lower in Greece and Turkey. Employment rates also
show that females are underrepresented in skilled employment, although they often
account for a higher share of tertiary studies. This is a common issue in all countries; the
gender gap is particularly striking in Japan, Korea and Turkey. In addition they are more
likely to work part-time (OECD, 2014, forthcoming). The unbalanced participation of
minorities in scientific and technological (S&T) occupations has also been widely
documented (NSB, 2014) (see also the policy profile on “Innovation for social challenges”).

While many countries are concerned by potential skills shortages in science and
engineering, there is conflicting evidence from firms on the extent of “shortages” or of
“overqualified” graduates in jobs that require lower level of expertise. Recent international
survey data show for instance that between 10% and 40% of OECD doctorate holders do not
work in research and many are in jobs unrelated to their doctoral degree, especially after a
few years of their working life (Auriol et al., 2013).

The under-employment or mis-employment of the highly skilled, whether women or
minorities or not, raises several issues related to the loss of competences for the market,
the risk of skills erosion in the long run, and low return on public and private investments
on education.

While education policies affect education systems and mainly support the supply of
skills for innovation (see the policy profile on “Strengthening education and skills for
innovation”), labour policies aim to raise the level of knowledge and skills effectively used
by the labour force. Labour and employment policies address issues concerning both the
demand for and supply of labour. Governments pull demand by supporting businesses that
recruit highly skilled workers, especially the small firms that typically face difficulties for
attracting skills. They can help improve the attractiveness of STI careers and steer supply
by attracting foreign talent and boosting enrolment in science, technology, engineering and
mathematics (STEM) studies. Labour policies encompass vocational training and mobility
schemes and also ensure skills upgrading after schooling or university.

The demand for skills differs in different economies. First, the range of skills for
innovation ranges from S&T capabilities to the so-called “soft skills” (e.g. management,
communication, entrepreneurship). Second, the type of skills required varies widely across
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Figure 8.4. Employment rate of university graduates by gender, 2012
Number of university graduates in employment as a % of the population of university graduates aged 25 to 64
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Note: University graduates include graduates at tertiary-level A and from advanced research programmes, according to the International
Standard Classification of Education (ISCED 1997). Tertiary-type A programmes (ISCED 5A) are largely theory-based and are designed to
provide qualifications for entry to advanced research programmes and professions with high skill requirements, such as medicine,
dentistry or architecture. They have a minimum cumulative theoretical duration of three years’ full-time equivalent, although they
typically last four or more years. Advanced Research Qualifications (ISCED 6) refer to tertiary programmes that lead directly to the award
of an advanced research qualification, e.g. Ph.D. The theoretical duration of these programmes is three years full-time in most countries,
although the actual enrolment time is typically longer. The programmes are devoted to advanced study and original research.
EU21 includes Austria, Belgium, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Luxembourg,
the Netherlands, Poland, Portugal, the Slovak Republic, Slovenia, Spain, Sweden and the United Kingdom. Data for Chile refer to 2011.
Source: OECD (2014), Education at a Glance 2014: OECD Indicators, OECD Publishing, Paris, http://dx.doi.org/10.1787/eag-2014-en; UNESCO
Institute for Statistics (UIS), Education Database, May 2014, http://data.uis.unesco.org/Index.aspx?DataSetCode=EDULIT_DS for Argentina,
China, Colombia, India, Indonesia and South Africa; Eurostat, Education and Training (ETR) Databases, June 2014, http://
epp.eurostat.ec.europa.eu/portal/page/portal/education/data/database for Latvia.
StatLink Sazm http://dx.doi.org/10.1787/888933151967

industries and firm size (Toner, 2009). Third, the optimal mix of skills is not static and varies
over time. In some countries, moderately skilled jobs (as defined by wages) have declined
owing to computerisation or the offshoring of routine and repetitive tasks, but growth
employment has been strong in professions that require more abstract, cognitive skills
(OECD, 2010a). Governments have a role to play in monitoring potential skills shortages and
helping labour markets and the skills-formation system align objectives and capacities.

Major aspects

Demand-side employment policies help to reduce the costs for firms of hiring highly
skilled workers (e.g. tax incentives for R&D expenditure, including wages, or payroll
withholding tax for the highly skilled) (see the policy profile on “Tax incentives for R&D and
innovation”). They may also cover the recruitment of young researchers (e.g. industrial PhD
grants, postdoc fellowships). Other initiatives promote innovation in workplaces
(e.g. adoption of new technologies and working methods) to help employers make the most
of available skills.

Academia and public administration are major destinations of the highly skilled. The
creation of research chairs in academia or high-level positions in public administration
help steer demand for talent and support public-sector research and innovation processes,
while generating good career opportunities.
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Table 8.1. Typology of labour policies for the highly skilled and some country examples

Key policy features

Key policy instruments

Some country examples

Demand-pull Targeting firms* Tax incentives (e.g. tax relief on social contributions  Belgium (tax credit for R&D wages), Canada
for researchers and new hired PhD holders), (Industrial Research Assistance Program), Spain
industrial PhD programmes, workplace development (tax credit for R&D wages and payroll witholding
projects, learning networks. tax deduction)
Targeting academia and public  Job creation (e.g through the establishment of new  Colombia (Labor Placement programme), Mexico
administration academic chairs or special positions at universities), (CONACYT's Chairs Initiative), South Africa
new Centres of Excellence. (South African Research Chairs Initiative)
Supply-push Improving training and life-long Financial support (e.g. scholarship, freeze tuition The Netherlands (Reform of training programmes

learning opportunities

Encouraging mobility
(sectoral and/or international)

Targeting researchers*

Targeting inactive/
underrepresented population
(e.g. women, minorities etc.)

fees), development of national qualifications
framework, etc.

Regulatory reforms to allow pension portability,
research grants portability, etc.; creation of job
positions in secondment / fiscal incentives

for the recruitment of secondees, development

of national qualifications framework, etc.

Reform of immigration laws, reform of universities
and public employment law, fiscal incentives,
mobility support services (e.g. housing).

Financial incentives (e.g. tax incentives on personal
income, new scholarships, etc.), improved working
and research conditions (e.g. administrative and/or
research support, research facilities/labs, research
autonomy/freedom, etc.), work-family balance

(e.g. parental leave, part-time arrangements, etc.),
reform of public employment law (e.g. tenure track,
recuitment and promotion systems).

Targeted measures to reduce gender/minorities gap,
e.g. aiming to increase their presence and visibility
in doctoral studies, academia or research councils
(e.g. senior positions, role models, mentorship, peer
reviews panels), networking programmes, financial
incentives (e.g. special awards, fellowships) etc.

at secondary vocational education institutes), Turkey
(Turkish Qualifications Framework), UK (Higher
Apprenticeship scheme)

Colombia (Highly Recognized Diaspora Program),
Germany (Qualified Professional Initiative), Poland
(Mobility Plus), South Africa (Exceptional Skills
Work Permit), Spain (Entrepreneur Act)

Australia (Discovery Early Career Researcher Award,
Future Fellowships), Austria (Collective agreements
between university representatives and the union

of public employees), Denmark (personal income tax
exemption for highly skilled), New Zealand
(Rutherford Discovery Fellowships)

Austria (Talente programme), Norway

(Gender Balance in Senior Positions and Research
Management - BALANSE), Slovenia

(National Committee for Women in Science)

Matching demand
and supply

Monitoring and forecasting
gaps

Information system and skills
frameworks

(connecting labour markets
and skills-formation system)

Skills policy governance

Data collection and surveys on current and
forecasted market needs and education enrolment
and graduation trends.

Information plaftorms on job opportunities, provision
of guidance to job seekers/ firms, development

of national qualifications framework, recognition

of informal and on-the-job learning in national
qualifications frameworks etc.

Joint participation in the design of skills policy
agenda, and the implementation of STI policy

(e.g. business participation in universities’ boards).

France (Regular public reports on scientific
employment, since 2006), New Zealand (Project
for the collection of career prospects information,
2013), United Kingdom (Commission

for Employment and Skills)

Japan (JREC-IN), Italy (Professions, employment
and needs website), EU (EURAXESS portal)

UK Employer Ownership Initiative

* See also the policy profiles on “Strengthening education and skills for innovation”, “Public research missions and orientation”,
“Commercialisation of public research results” and “Tax incentives for R&D and innovation”.
Source: Based on country responses to the OECD STI Outlook policy questionnaire 2014.

Other employment policies aim to develop and upgrade the supply of skills.

Acquisition of skills is an on-going process; it does not end with formal education (OECD,
2010a). Various financial instruments (e.g. frozen tuition fees, scholarships) or working
arrangements (e.g. sabbaticals) promote adult education and on-the-job training. Some
incentives are directed to firms (e.g. regulations and taxation for professional training).
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Mobility during one’s career also provides learning opportunities. Measures to
encourage intersectoral mobility aim to reduce regulatory barriers between institutions
(e.g. portability of pensions or research grants) and to create opportunities for interaction
between industry and science (see the policy profiles on “Public research missions and
orientation” and “Commercialisation of public research results”). Policy initiatives to
encourage international mobility include changes in laws on immigration or public
employment (e.g. at universities), simplification of residence and work permit procedures,
financial incentives to attract foreign or national highly skilled workers from abroad
(e.g. stipends, tax incentives for highly skilled foreign workers, social security net), or
provision of mobility services and networking facilities (e.g. one-stop shop, website,
housing assistance).

Labour policies for innovation target researchers in particular. They aim to improve
the attractiveness of research careers by increasing remuneration (e.g. new research
funding, premiums on research output, including publications, academic spin-offs,
teaching), improving employment conditions (e.g. reforms of recruitment and promotion
systems, tenure career paths, work-family balance arrangements including parental leave
and part-time work), and improving research conditions (e.g. increased autonomy for
research, support staff, world-class research facilities). Targeted measures may support
researchers at different stages of their careers.

Women and minorities are an untapped or underexploited talent pool that has
attracted particular policy attention. There are initiatives to enhance their presence and
visibility in senior positions (e.g. appointment to executive boards or peer-review panels)
or to serve as role models in schools and higher education institutions. Financial incentives
(e.g. targeted awards or research grants) encourage them to pursue S&T careers and
conduct research. Targeted research grants can also help offset the obstacles they may
encounter in obtaining research funding through general competitive processes.

Matching demand for and supply of skills requires maintaining an information system
to monitor changes in labour demand and education capacities (e.g. firm surveys,
forecasting analysis), providing job seekers and firms with platforms to meet, and
establishing a skills or qualification framework to support recruitment and enable mobility
and lifelong learning (e.g. recognition of informal learning). Co-ordination exercises
between government, the business sector and education providers are essential, as is the
participation of business-sector representatives in the design of the skills policy agenda
(e.g. consultative processes), and the delivery of skills policy (e.g. executive boards at
institutional level).

Recent policy trends

The OECD Innovation Strategy pointed to the need to empower people to innovate as
an issue deserving consideration (OECD, 2010b). A number of OECD countries and
emerging economies identified in their responses to the OECD STI Outlook policy
questionnaire 2014 the strengthening of skills for innovation as one of their major national
innovation policy priorities (see the policy profile on “National strategies for science,
technology and industry”).
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Labour policies for the highly skilled have changed less than other STI policy areas in
recent years (Figure 8.5). Policy attention has focused on improving researchers’ career
prospects, especially for junior researchers and women, attracting new talent from abroad,
and building national frameworks and information systems to help better match demand
for and supply of skills.

Improving the attractiveness of S&T careers is high on STI policy agendas both in
OECD and non-member countries. Governments aim to strengthen job opportunities,
especially in science and for young researchers and women.

Figure 8.5. Labour policy initiatives for the highly skilled among other areas
of STI policy change, 2012-14

Countries reporting a substantial change in the policy area, compared with other STI policy areas
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Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. Responses are
provided by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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New R&D jobs will be created in Belgium, France and Japan. Belgium (federal
government) has increased public support for business R&D by raising the tax concession
on payroll withholding for R&D wages to 80% (formerly 75%) as of 2013 and by
fence-ringing the related tax budget against future budget cuts. France has planned to
create 1 000 jobs in higher-education and public-sector research between 2012 and 2016, in
a context of overall public employment decline. Japan’s New Growth Strategy (2009-20)
aims to create over 4 million new jobs in life innovation and green innovation to provide
young researchers with career prospects and ensure full employment of S&T doctorate
holders.

Many recent policy initiatives have targeted young researchers by providing them with
better terms of remuneration, new research funding, and new research and job
opportunities in industry.

e Estonia introduced a new research career model for PhD students in 2012 that extends
social security coverage and increases remuneration in order to reduce dropouts during
doctoral studies.
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e Italy established the Scientific Independence of Young Researchers programme in 2014
to fund research projects of young researchers. The CONACYT Chairs Initiative (2013)
aims to create new positions for young researchers in Mexico on a competitive basis.
Russia’s Federal Targeted Programme allocates new resources over 2014-16 to support
researcher mobility, strengthen career development opportunities for recent PhD
graduates and encourage researcher training abroad. Slovenia issued a public call in 2013
for research projects carried out by postdoctoral researchers in public research institutes
and co-financed by industry in areas of strategic importance.

e Under its Economic Action Plan 2014 Canada plans to expand the Mitacs Elevate
programme, which currently provides postdoctoral fellows with industry-relevant
research experience and training. Support will be provided for up to 3 000 new full-time
internships for post-secondary graduates in fields of high demand over 2014-16. Korea
has initiatives to reduce the gap between supply of and demand for young scientists and
engineers in small and medium-sized enterprises. Measures include improving the
industrial working environment, establishing a one-stop information network for jobs,
encouraging pre-employment while studying, and attracting engineers from abroad.

Women'’s participation in science remains an area of STI policy attention. The
Initiative on Gender Balance in Senior Positions and Research Management (BALANSE)
(2013-17) seeks to promote gender balance at the senior level in Norwegian research by
financing female researchers’ projects and supporting research on gender issues. France
has been implementing a series of actions to improve the number and visibility of women
in science over the past years and in 2013 signed an agreement with four women’s
associations to promote gender balance in scientific professions. Korea includes gender
issues among the orientations of its 3rd S&T Basic Plan (2013-17).

Tapping into the global talent pool to enrich the national supply of skills has become
crucial. Canada, Denmark, Germany and the United Kingdom have recently launched
national strategies or action plans for the internationalisation of higher education. These
include components of branding, inward and outward mobility of students and academics,
and improving the learning environment (see Chapter 1 and the policy profile on
“Internationalisation of public research”). Germany launched the Qualified Professional
Initiative in 2012 to encourage STEM graduates with foreign academic degrees to pursue a
career in Germany. The Czech Republic’s NAVRAT-Return programme (2012-19) aims to
reverse a situation of brain drain by re-integrating outstanding national scientists working
abroad.

Efforts have been made to build knowledge around future skills needs and to
strengthen institutional capacity to monitor skills shortages:

e New Zealand commissioned a project to assess ten-year career prospects in key occupations
in order to inform students and education providers. Norway developed two forecasting
models (one for the supply side and one for the demand side) to identify future skills
needs. Korea conducted a National Forecasting for S&T Workforce (2013-22) and Ireland
implemented in collaboration with industry the 2012 ICT Action Plan to increase the
supply of high-level graduates in information and communication technology.

e The Colombian Intersectoral Commission for Human Resources Management has been
established to identify potential skills imbalances.
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The governance of skills policy has also undergone changes, with new evaluation
exercises, new strategic policy setting, and improved co-ordination of various public and
private stakeholders.

e New Zealand has conducted a stocktaking of post-PhD opportunities and post-doctoral
positions to assess the efficiency of current policy settings.

e Turkey adopted a new National Qualifications Framework in 2014. National qualifications
frameworks are also being prepared in Colombia and Finland. In 2014-15 the Dutch
Qualifications Framework will be simplified and made more transparent to meet private
demand better and be more useful for vocational training institutes.

e Several initiatives are under way in the United Kingdom, with a focus on strengthening
vocational education and training. A 2013 UK publication, Rigour and Responsiveness in
Skills, sets out the government’s vision of human resources and skills development
policies and proposes a roadmap for reform, including of the vocational education system.
The Higher Apprenticeship Scheme is being expanded to offer a new work-based route to
high-level professions in industry that were traditionally restricted to graduates. The
Employer Ownership initiative involves employers in the formulation of the skills policy
agenda and enables them to deliver solutions for training their own workforce.
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BUILDING A SCIENCE AND INNOVATION CULTURE
Rationale and objectives

Innovation requires developing and mobilising a broad range of skills throughout
workplaces and society (Hanel, 2007; OECD, 2010; Toner, 2011). Skills for innovation span a
wide range of personal attributes, including relevant subject knowledge (from theoretical
to practical expertise and know-how), creative thinking (such as analytical and critical
capabilities), and behavioural and social traits (e.g. self-confidence, risk taking, leadership,
teamwork, attitudes towards change). Innovation can be influenced by the social and
cultural values, norms and behaviours that can create an “innovation culture”, in which
public perceptions of science, technology and entrepreneurship play a very important role.

While the importance of innovation for sustaining economic growth and driving
improvements in living standards is generally acknowledged, there is also widespread
evidence of significant attitudinal and knowledge “gaps”. Public perception surveys in a large
number of countries indicate that, although most people have a positive view of the impact
of science and technology (S&T) on their personal well-being, a significant proportion have
mixed or negative opinions about the effects of scientific research (Figure 8.6) (OECD, 2013a).
It can be difficult to make survey results internationally comparable (Bauer, 2012) but they do

Figure 8.6. Public perception of scientific research benefits, 2010
Responses to the question: “Have the benefits of scientific research outweighed the harmful results?”
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Note: International comparability may be limited. Results are 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 were 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 Australia, 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”. In Mexico, respondents were asked to choose among: 'Strongly agree, Agree, Disagree, Strongly disagree and Don’t know”.
For Japan and the Russian Federation, data refer to 2011. For Korea, data refer to 2006.
Source: OECD, based on OECD (2013), OECD Science, Technology and Industry Scoreboard 2013: Innovation for Growth, OECD Publishing, Paris,
http://dx.doi.org/ 10.1787/sti_scoreboard-2013-en, and on EU and national sources.

StatLink Sazm http://dx.doi.org/10.1787/888933151983

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014 249


http://dx.doi.org/10.1787/sti_scoreboard-2013-en
http://dx.doi.org/10.1787/888933151983

11.8. STIPOLICY PROFILES: SKILLS FOR INNOVATION

point to significant differences across regions. From the perspective of the adoption of new
goods and services, a European poll found that nearly half of the EU25 population was
significantly hostile to new innovations or very reluctant to try new products or services or
pay a premium for them (European Commission, 2005).

There is significant policy interest in the attitude towards innovation of individuals in
different age groups. More recent youth cohorts have shown less interest in science and
innovation than was hoped for, and governments are concerned about how to motivate
individuals to pursue science and innovation careers. The ageing of the population and labour
force in most OECD countries also means that individuals in the middle of their careers and
later need to deal with the challenges and opportunities created by technology developments
and innovations. Governments can play a role in unleashing talent, fostering vocations,
providing youth with the skills to participate in rapidly changing knowledge-based economies,
and allowing the elderly to adopt solutions that can help them remain active and independent.

Policy makers will need to identify and monitor systematically skills and attitudes of
relevance to science and innovation in order to improve them. Individual and collective
attitudes are complex and constantly evolving phenomena, although some changes only
occur over generations. At the same time, some social and environmental challenges
require more immediate action in terms of consumption behaviour and social habits, for
instance (see Chapter 1). Efforts to promote a science and innovation culture can be
undermined not only by high-profile incidents and crises of confidence (e.g. Fukushima),
but also by a less apparent erosion of trust in the decision-making process and in its use of
science and evidence. This has triggered some serious rethinking about the impacts of S&T
on the economy and society and a reassessment of the appropriate policy responses.

Figure 8.7. School helped to develop a sense of initiative and a sort of entrepreneurial attitude, 2012
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Note: Results are based on sample surveys conducted by means of phone interviews. The survey was co-ordinated by the European
Commission (EC), Directorate-General Enterprise and Industry, between 15 June and 8 August 2012 and targeted the population aged
15 years and over. The statement presented to respondents was: “My school education is helping me/has helped me to develop my sense of
initiative and a sort of entrepreneurial attitude”. Respondents indicate whether they totally agree, tend to agree, disagree or totally disagree.
Source: OECD (2013), Entrepreneurship at a Glance, OECD Publishing, Paris, http://dx.doi.org/10.1787/888932829438, based on EC (2012),
Entrepreneurship in the EU and Beyond, Flashbarometer No. 354, June 2012, Brussels, http://ec.europa.eu/public_opinion/flash/fl_354_en.pdf.
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Major aspects

Policy measures directed to civil society, schools, universities and workplaces have
sought to develop a science and innovation culture in view of the fact that innovation is
science-, business-, practitioner- and user-driven (Vincent-Lancrin, 2012) and pervades
many spheres of human activity (Table 8.2).

Such policy measures seek to improve public access to information on the future of
science, technology and innovation and to promote society’s participation in policy design.
The OECD Declaration on Future Policies for Science and Technology underscored the
importance of raising awareness of S&T and recommended public participation in the
definition of major technological orientations (OECD, 1981).

Other policy measures aim to raise awareness of and interest in S&T, especially among
youth. Traditionally this has meant broad dissemination of scientific information, via the
mass media, promotion of science events and other initiatives and support for the activities

Table 8.2. Typology of policy measures for enhancing a science and innovation culture

Spheres Main target populations

Key policy instruments

Some country examples

Civil society Adult population

and citizens

Youth

Public dialogue (awareness workshops, conferences,
standards)

Participation to STI policy design (public consultation)

Science communication (science centre/museum,
science weeks/fairs/years/exhibitions), science media
(TV, radio, broadcasts, website and social medias),
outreach programme by scientists)

France's Observatory of Biology

Finland’s national stakeholder confrerie,

Great New Zealand Science Project

Australia Questacon, Canada Science.gc.ca, Chile VA!,
Korea Science Festival and Idea Festival, Start-up Expo
and Start-up Fair, Germany BIOTechnikum truck,

Students at all
educational levels

Classrooms and
education systems

Teachers

Awards/prizes and competitions in science
and innovation

Formal education initiatives (lecture courses,
new curricula)*

New pedagogical practices and networking activities
(hands-on exercises, experiment labs, participatory
learning, role models and mentorship)*

Capacity building for teaching, including the design
of innovative teaching methods and materials
Training opportunities, awareness conferences and
workshops, financial incentives

China innovation and entrepreneurship race,

New Zealand’s Future Scientist prize, Slovak Republic’s
Innovative Deed of the Year (design)

Danish Foundation for Entrepreneurship-Young
Enterprise, Norway's Action Plan for Entrepreneurship
in Education, Sweden's compulsory teaching

of entrepreneurship

Austria Young Science, Germany Little Scientists'
House, Norway's IPRs educational scheme, Slovak
Republic Scientific Patisserie

Austria's new teaching methods, Ireland's Project
Maths

Estonia's Training of academic teachers

on entrepreneurship, New Zealand's fellowships

for S&T teachers, Young Enterprise Norway

Workplaces Academia (researchers,
doctorate students

and postdocs)

Firms

Training opportunities (e.g. IPRs, start ups etc.),
awareness conferences and workshops

Support for commercialisation of public research
results and industry-science linkages (remuneration
schemes, performance criteria and promotion,
industrial PhD)*

Support to industry-science linkages, and technical
assistance to firms (innovation vouchers, experts
detachment, industrial PhDs, extension programmes)*
Training opportunities, seminars and information
workshops and support, visibility

Technology Transfer Offices in many countries

Innova Chile CORFO, Germany's VIP and EXIST grants,
New Zealand's Callaghan Innovation's R&D Student
Grants

Technology Transfer Offices in many countries,
Colombia's pilot program for training and advice

in innovation management

Costa Rica's CATI (IPRs) and National Portal

of Innovation, New Zealand's Entrepreneurship
Development Programme, South Africa's Science
awareness awards, United Kingdom's Business Link

* See also the policy profiles on “Strengthening education and skills for innovation”,

» o«

Start-ups and innovative entrepreneurship”,

“Commercialisation of public research results”, and “Financing business R&D and innovation”.
Source: Based on country responses to the STI Outlook policy questionnaire 2014.
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of science museums. The development and use of information and communication
technologies (ICTs), the increasing access to digital infrastructures and the Internet, and
greater interactive online communication - e.g. social media - have helped engage the public
but have also reduced reliance on traditional sources. For example, it is common for
individuals to consult health or technical information on Internet sites, the quality of which
may vary. Some initiatives focus on specific fields: Germany’s BIOTechnikum double-decker
truck travels around the country to spread information on biotechnology and related career
prospects; the Slovak Republic has an annual “Innovative Deed of the Year” competition to
select the best young designer; Germany has competition on solar-energy-driven model cars.

Promotion of science and innovation among youth largely takes place in classrooms.
However, the evidence suggests that individuals in many countries think that schools do
not make a substantial contribution to promoting entrepreneurial competencies and
attitudes (Figure 8.7). Major reforms of education systems seek to add new disciplines and
new learning practices to curricula. They have concerned all levels of education, from
primary schools to higher education institutions and have required building capacity in
teaching and infrastructure (see the policy profile on “Strengthening education and skills
for innovation” and on “Start-ups and innovative entrepreneurship”).

Policy initiatives to build a science and innovation culture also target workplaces. They
encourage a new research and innovation culture to help universities fulfil their “third”
mission of transferring and co-creating relevant knowledge with the rest of society.
Training, information workshops and revised remuneration and promotion frameworks
seek to raise awareness of intellectual property rights (IPRs) and interest in the
commercialisation of public research results in the research community. Researchers,
especially early in their careers, are helped to launch start-ups (see the policy profile on
“Commercialisation of public research results”). Firms receive technical assistance through
financial and non-financial channels such as innovation vouchers, extension programmes
and seconding of experts.

Recent policy trends

In recent years, policy efforts aimed at strengthening a science and innovation culture
have also attempted to go beyond science and technology, narrowly defined, to reflect the
broader and changing nature of innovation. Policy initiatives similar to those previously
implemented to nurture a scientific culture now aim to nurture an entrepreneurial spirit
and broader forms of creativity and to promote the exploitation of links between them.

Recently, several countries have implemented new policy initiatives to build a science
and innovation culture (Figure 8.8). Among the countries reporting new policy initiatives,
this has been one of the most active policy areas in the overall policy mix for innovation
and the most active on for human resources and education related policies. Most of these
initiatives are large public events (e.g. Australia’s national science week, Greece’s research
night, Korea Science Festival, Start-up Expo and Start-up Fair), promotion campaigns
(e.g. Chile’s Year of Innovation and Imagine Chile initiative), competitions or awards
(e.g. Australia’s Innovation Challenge, Canada’s new awards for entrepreneurial culture,
China’s innovation and entrepreneurship race, Costa Rica’s Innovation Champions
publication, Turkey’s Entrepreneurship Competitions).

Several countries have included developing a science and innovation culture in their
strategic STl agenda (see the policy profile on “National strategies for STI”). In middle-income
economies such as Colombia, Chile and Costa Rica, building an innovation culture is a key
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Figure 8.8. Initiatives to build an innovation culture among other areas of STI policy change,
2012-14

Countries reporting a substantial change in the policy area, compared with other STI policy areas
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Note: The x-axis presents all areas of STI policy covered in the OECD STI Outlook policy questionnaire 2014 (the codes presented in the
chart refer to the question code in the 2014 questionnaire). The y-axis shows the number of countries reporting that the situation has
substantially changed in each policy area. Simple counts do not account for the magnitude and impact of policy changes. Responses are
provided by Delegates to the OECD Committee for Scientific and Technological Policy.
Source: Country responses to the OECD STI Outlook policy questionnaire 2014.
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component of their national STI strategy. Malaysia has identified this as one of its five main
STI policy priorities for 2014. The same is true of more advanced economies with a
traditionally high level of performance on STI indicators. Finland is broadening the scope
of its Action Plan for Research and Innovation Policy (2012) to encourage experimentation
and risk taking through longer-term basic research funding. The 4th Japanese S&T Basic
Plan (2011-15) is based on the concept of “science in society, science for society” and
promotes a wide range of S&T communication activities. Likewise, Korea has adopted a
“Creative Economy” initiative to foster creativity, imagination, challenges and start-ups
and has developed a new S&T culture programme.

Some countries are adapting their governance structures and building capacity in this
area although it sometimes remains insufficient (European Commission, 2013). Following
the USD 117 million PPP (EUR 100 million) allocated by the Investment for the Future
Programme to develop projects of S&T culture, France recently established the National
Council for Scientific, Technical and Industrial Culture. A comprehensive evidence-based
strategy is also being prepared. In Finland a working group is examining the current state of
national science education in order to formulate policy recommendations for new national
curricula, learning materials, teaching methods, qualifications and training for the early
childhood and pre-primary levels. The Russian Federation is devoting USD 164 million PPP
(RUR 3.3 billion) over 2014-20 to finance activities to develop researchers’ communication
channels and popularisation of science: organisation of S&T communications events,
museum creation, and creation and maintenance of Internet resources and mass medias. An
additional USD 135 million PPP (RUR 2.7 billion) is granted in the form of subsidies to target
youth at schools through information infrastructure, competitive incentives for science and
education personnel, and traditional S&T communication channels.
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The European Innovation Union has noted the need to strengthen links between
universities and businesses and to create knowledge alliances that foster combining scientific,
entrepreneurial and creative skills. New Zealand’s Science and Society project is a joint
education-science plan to increase engagement and achievement in science, technology,
engineering and maths and improve the understanding, skills and adoption of S&T in society.

Austria introduced a new teacher training model for pupils in primary and secondary
schools in 2013 and the Federal Framework Law created the legal foundations of its
implementation.
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STI country profiles reader’s guide

The country profiles (CPs) in the 2014 OECD STI Outlook (STIO) are designed to provide a
concise overview of science, technology and innovation (STI) policy and performance in OECD
members and selected non-OECD economies. Each country profile is based on information
gathered from the country’s response to the OECD STIO policy questionnaires 2012 and 2014,
as well as various additional OECD and non-OECD sources.

Headings in the country profiles are linked to the STIO policy profiles, which examine
the main global STI policy trends across countries. Issues featuring in both the policy and
country profiles are: i) innovation policy governance; ii) new sources of growth; iii) new
challenges; iv) universities and public research; v) innovation in firms; vi) innovative
entrepreneurship; vii) technology transfer and commercialisation; viii) clusters and smart
specialisation; ix) globalisation; and x) skills for innovation.

The table of key figures presents indicators on the country’s economic performance
(labour productivity), environmental performance (green productivity and demand), the
size of its R&D system as measured by gross domestic expenditure on R&D (GERD), the
degree of public commitment to S&T as measured by the share of GERD that is publicly
financed, and the changes in these indicators over the past five years. In the text, all
amounts are given both in USD in purchasing power parities (PPP) of the relevant year (if
available) and in national currencies.

Panel 1 contains a double figure that sheds light on the strengths and weaknesses of
the country’s STI performance. It uses indicators on the country’s national innovation
system and performance with respect to: universities and public research, business R&D
and innovation, innovative entrepreneurship, information and communication technology
(ICT) and Internet infrastructure, networks, clusters and transfers, and skills for
innovation. The dot for each indicator positions the country relative to the OECD median
and to the top and bottom five OECD countries. Non-OECD countries are also compared to
the OECD benchmarks, and may fall out of the range indicated in the figure (e.g. below the
lowest OECD country). All indicators are normalised (by GDP and population cohorts) to
take account of the size of the economy and the relevant population cohorts, and are
presented as indices (OECD median = 100) for benchmarking purposes.

Panel 2 shows the structural composition of business expenditure on R&D (BERD) in
terms of performance of the main industry sectors, firm size and firms’ national affiliation.
It reflects the country’s industry structure and its business innovation efforts. Panel 3
presents the country’s revealed technological advantage (RTA), as measured by
international patent applications filed under the Patent Cooperation Treaty (PCT) in three
key technology fields (bio- and nano-technology, ICTs, and environment-related
technologies). It also shows the number of patents filed by universities and public research
institutions in these fields.
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Panel 4 gives an overview of the country’s policy mix for public R&D, i.e. the
orientation and funding modes of public research. It also illustrates changes in the policy
mix for R&D over the past five years. Finally, Panel 5, a new feature in STIO 2014, reflects
the balance and relative importance of various government measures to support business
R&D and innovation. It is based on the country’s self-assessment in its reply to the OECD
STIO 2014 policy questionnaire.

Further details on the methodology, data sources and descriptions of indicators used
in the country profile are provided in Annex 9.A. Data, metadata as well as the original
sources and databases of the indicators used in the STIO 2014 are accessible at the
statistical portal IPP.Stat (cut-off date: 8 July 2014).

Abbreviations used in the country profiles
BERD: Business expenditure on research and development
EU: European Union
FDI: Foreign direct investment
GDP: Gross domestic product
GERD: Gross expenditure on research and development
HEIs:  Higher education institutions
IPRs: Intellectual property rights
MNEs: Multinational enterprises
PRIs: Public research institutes

R&D:  Research and development

S&E: Science and engineering
Sss: Smart specialisation strategy (also known as 3S)
STI: Science, technology and innovation

S&T: Science and technology
3S: See SSS
STEM: Science, technology, engineering and mathematics

USD: United States dollars
(converted using the purchasing power parities of the relevant year)

VC: Venture capital
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Synthetic table

Table 9.1. Comparative performance of national science and innovation systems, 2014

Country relative position: in the top 5 OECD or above (%), in the middle range on par or above OECD median (4),
in the middle range below OECD median (A) and in the bottom 5 OECD or below (=)

Competences and capacity to innovate

Universities and public research R&D and innovation in firms Innovative entrepreneurship
. Publications in , Top 500 o
Public R&D Top 500 the Business R&D Triadic patent . Young Ease of
) S . ’ corporate R&D o Trademarks |Venture capital o
expenditure  universities to_p—quamle expenditure investors families (per GDP) (per GDP) patentingfirms entr_epreneur—
(per GDP) (per GDP) journals (per GDP) (per GDP) (per GDP) ship index
(per GDP) (er GDP)
PUB_XGDP UNI500_GDP PUB25_GDP BE_XGDP  CORPRD500_GDP  PTRIAD_GDP  TRDMRK_GDP VC_XGDP PTYG_GDP EASE_|
(@) (b) () (d) (e) (f) (9) (h) (i) 0]
Argentina ARG A A o o
Australia AUS A A A A A A A A A
Austria AUT A * A A A A A A * A
Belgium BEL A A A A A A A A A A
Brazil BRA A o} A o A
Canada CAN A A A A A A * * A
Chile CHL > A o A A
China CHN A A A A A
Colombia coL
Costa Rica CRI > C
Czech Republic CZE A A A A A A A A
Denmark DNK * A * A * A A A A
Estonia EST A A A o A A A A
Finland FIN * * A * * * A * * A
France FRA A A A A A A A A A A
Germany DEU * A A A A * A A * A
Greece GRC A A o} A ¢ A
Hungary HUN ) A A A A C A A
Iceland ISL * * A A * A
India IND A
Indonesia IDN o ) o A
Ireland IRL A A A A A A A * A
Israel ISR A * A * A A A *
Italy ITA A A A A A A A A *
Japan JPN A A o * A * A A A
Korea KOR A A A * A A A A A
Latvia LVA A A
Lithuania LTU A A
Luxembourg LUX e o A A A * A A
Malaysia MYS A A A A
Mexico MEX > > o A
Netherlands NLD A A * A A A A A A *
New Zealand NZL A * A A A A * A *
Norway NOR A A A A A A A A A A
Poland POL A A A o A
Portugal PRT A A A A A A A A A
Russian Federation  RUS A A A A A
Slovak Republic SVK A ¢ ¢ ¢ *
Slovenia SVN A A A A A A A A A
South Africa ZAF A A A A A A
Spain ESP A A A A A A A 5
Sweden SWE * * * * * * A A * A
Switzerland CHE A A * A * * * A * A
Turkey TUR A A A
United Kingdom GBR A A A A A A A A A A
United States USA A A A A A A A * *
EU28 EU28 A A * A A A A A A
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Table 9.1. Comparative performance of national science and innovation systems, 2014 (cont.)

Country relative position: in the top 5 OECD or above (%), in the middle range on par or above OECD median (4),
in the middle range below OECD median (A) and in the bottom 5 OECD or below (<)

Interactions and skills for innovation

ICT and Internet infrastructures Networks, clusters and transfers Skills for innovation
Fixed Wireless Industry Patents filed ' . . Adult Top adult Doctoral
ICT  broadband broadband " | financeg DY International International - Tertiary - \-vion o Performers o g Oraduate
investment subscribers subscribers goverp ment public R&D umversﬂ@s co- . CO_, educapon tertiary performers vrate n
(per GDP) (per (per regdmess expenditure and public authorship invention |expenditure education technology in science smelnce a}nd
} } index labs (per (%) (%) (per GDP) o problem o engineering
population) population) (per GDP) GDP) level (%) solving (%) (%) %)
icrin xeop  FERARD- WEBAID- gy i | PUB.SER- pATPRIXGDP INTCOA XSA GOPAT XPCT| TER XGDP ADTERPOPXT PTSO{’;% Ts(();'\)j)?f PHD&{;,:ENG
G () m (0) ®) @ 0 ®) 0 (v) W W
Argentina ARG ¢ o A * A o
Australia AUS A A * A A A A A A A A * A
Austria AUT A A A A A A * A A A A A A
Belgium BEL A A A A A A * * A A A A
Brazil BRA ) A A o A o )
Canada CAN A A A A A A A A * * A A A
Chile CHL o e} A A A A *
China CHN > C A A C
Colombia coL o o} A A A * A o
Costa Rica CRI * * A
Czech Republic CZE A A A o A A A A A A A A A
Denmark DNK * * * * A * A A A A * A A
Estonia EST A A A A A * A A * A
Finland FIN A A * A * A A A * A * * *
France FRA A * A A A * A A A A A A
Germany DEU A A A A * A A A A A A A *
Greece GRC A A A A ) A A A A o A
Hungary HUN A A A A A A A
Iceland ISL A A A * * A A A A
India IND > ¢ A ¢ A
Indonesia IDN e o o A * o
Ireland IRL A A A * A A A A A A
Israel ISR A A A A * A A A * A A
Italy ITA A A A A : A A ) A A
Japan JPN * A A A A A < A * A * A
Korea KOR A * * * A * * * A A
Latvia LVA A A A A A * A A o] A
Lithuania LTU A A * A A A A
Luxembourg LUX A A A A A * * ¢ A A
Malaysia MYS A A A *
Mexico MEX > C 5 A A A >
Netherlands NLD A * A * * A A A A A * A A
New Zealand NZL * A A A * A A A A A * A
Norway NOR A A A A A A A A A * A A
Poland POL e A A A © * A A ¢ A
Portugal PRT A A A > A A A A > A
Russian Federation RUS ) A A * ) o A A * o
Slovak Republic SVK A A A A A A A
Slovenia SVN A A A A A A A A A A A A
South Africa ZAF ) ¢ A A A A 5
Spain ESP A A A A A A A A A A A A
Sweden SWE * A * A A A A A A * A *
Switzerland CHE * * A A A * * A A A *
Turkey TUR A C A >
United Kingdom GBR A A A * A A A A A A A *
United States USA A A A * A A * * A A A
EU28 EU28 A A A A A A A A A A

Note: Non-OECD countries are also compared to OECD countries and may therefore be out of range (e.g. lower than the lowest OECD country). They
appear in this table with top five and bottom five OECD values

Israel: “The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use of such data by the OECD
is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli settlements in the West Bank under the terms of international law.”
Source: See references and methodological annex of the OECD STI Outlook 2014 country profiles.
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ARGENTINA

The Argentinian government recognises that innovation is
a key source of growth and currently concentrates its
efforts in several areas.

Hot issue 1: Innovating to address social challenges (including
inclusiveness). Argentina focuses on resolving the chal-
lenges of social exclusion. The Ministry of Science, Technol-
ogy and Productive Innovation (MINCYT) has made
addressing social challenges a priority in its guidelines for
the development of the country’s innovation system.
In 2009, MINCYT created Argentinian Sectoral Fund
(FONARSEC), a fund mainly financed by grants from the
World Bank and the Inter-American Development Bank,
which also supports innovation initiatives that foster social
inclusion.

Hot issue 2: Improving co-ordination of and participation in
governance. Many public bodies are involved in Argentina’s
STI system. MINCYT, with a budget of USD 1 443 million
(ARS 4 994 million) in 2013, has a central role in managing
innovation investments and R&D institutions. Agencies
such as the National Research Council (CONICET) and the
National Agency for the Promotion of Science and Technol-
ogy (ANPCYT) distribute government grants for research.
The Evaluation and Quality Assurance Unit (UEAC) of the
National Agency for the Promotion of Science and Technol-
ogy and the National Directorate of Programmes and Proj-
ects of the Undersecretary of Institutional Evaluation
conduct evaluations with a view to quality assurance. To
improve co-ordination, MINCYT’s allocation of resources
has been progressively aligned over the last five years with
policies from other ministries and agencies through the Sci-
entific and Technological Cabinet (GACTEC), an inter-min-
isterial body in charge of formulating S&T policy. The
Federal Council on Science and Technology (COFECYT) acts
as an advisory board for maintaining policy coherence
among federal, provincial and local governments, and for
safeguarding regional interests in MINCYT’s allocation of
resources. In March 2013, MINCYT presented its national
STI strategic plan, Argentina Innovadora 2020, which seeks to
optimise and articulate the country’s public and private STI
efforts.

Hot issue 3: Targeting priority areas/sectors. Sectoral funds
constitute the backbone of Argentina’s S&T policy. Most of
ANPCYT’s budget focuses on the strategic knowledge areas
and business sectors identified in the Argentina
Innovadora 2020 plan. FONSOFT is a trust fund to support
ICT, in which Argentina hopes to develop a comparative
advantage. The FONARSEC fund supports development of
target technologies (e.g. bio- and nano-technology) and sec-
tors (e.g. energy, health and agro-industry).

Hot issue 4: Increasing overall human resources, skills and
capacity building. Argentina spent 1.47% of GDP on tertiary
education in 2011, a level close to the OECD median
(Panel 1%). However, performance of 15-year-olds in science
is well below the OECD median (Panel 1V) and points to
shortcomings in the quality of education. The share of doc-
toral graduates in S&E is also well below the OECD median
(Panel 1%). To improve the supply of human resources for
STI, two programmes, Becas Bicentenario and Becas TICs, pro-
vide up to 30 000 scholarships a year for tertiary education
for low-income students.

CONICET funds domestic doctoral programmes and post-doc-
toral training and provides grants to support knowledge trans-
fer between universities and the private sector. The
government also has programmes targeting Argentina’s dias-
pora. Since its inception in 2004, more than 1 000 scientists
had returned to Argentina as part of the RAICES programme
as of 2013. These efforts have led to an increased supply of
younger researchers, with the share of researchers under 40
rising from 41% in 2003 to nearly 48% in 2011. Furthermore, to
improve the performance of Argentina researchers, ANPCYT’s
PITEC and PAE programmes support public-private partner-
ships in research projects aimed at increasing the contribu-
tion of research to Argentina’s economy, including addressing
pressing socio-economic challenges.

Highlights of the Argentinian STI system

Universities and public research: In addition to efforts to
improve the skills base described above, MINCyT has
invested in the country’s R&D infrastructure needs. In 2013,
as part of its Work Plan for Science and Technology, four

Key figures, 2013

Economic and environmental performance ARG OECD Gross domestic expenditure on R&D ARG OECD
Labour productivity GERD
GDP per hour worked, USD PPP, 2013 n.a. 477 Million USD PPP, 2012 5447 1107 398
(annual growth rate, 2008-13) n.a. (+0.8) As a % of total OECD, 2012 0.5 100
Green productivity GERD intensity and growth
GDP per unit of CO, emitted, USD, 2011 3.4 3.0 As a % of GDP, 2012 0.74 2.40
(annual growth rate, 2007-11) (+3.8) (+1.8) (annual growth rate, 2007-12) (+13.7) (+2.0)
Green demand GERD publicly financed
NNI per unit of CO, emitted, USD, 2011 n.a. 3.0 As a % of GDP, 2011 0.48 0.77
(annual growth rate, 2007-11) n.a. (+1.6) (annual growth rate, 2007-11) (+15.2) (+2.8)
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Figure 9.1. Science and innovation in Argentina
Panel 1. Comparative performance of national science and innovation systems, 2014
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Note: Normalised index of performance relative to the median values in the OECD area (Index median = 100).
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new buildings of a total 11 122 square metres of R&D infra-
structure, including the new headquarters for the national
DNA databank and nanotechnology offices and laborato-
ries, were completed. This represents a 17% increase in
R&D surface compared to 2007.

Innovation in firms: With BERD of 0.16% of GDP in 2012, well
below the OECD median (Panel 19), Argentina lags far
behind the OECD in innovation performance, triadic pat-
ents (Panel 1f) and trademark registrations (Panel 18). To
improve innovation performance, government programmes
target key knowledge areas and sectors to improve the
quality of human capital for research and innovation and
the articulation between public research and industry.

ICT and Internet infrastructures: Argentina’s Internet infra-
structure and use is below OECD levels (Panel 1" ™ ™). Some
10.9% of Argentinians had a fixed broadband subscription,
a higher share than in Brazil (9.2%) but below that of Chile
(12.4%). About 21% of Argentina’s inhabitants are wireless
broadband subscribers, leading Mexico (10.8%), but trailing
Brazil (37.3%). Argentina’s e-government development
index is still low with respect to the OECD median.

Clusters and smart specialisation: The government aims to
reduce the regional gap in STI capacity by increasing share
of GERD performed by the 19 least R&D-intensive provinces
from 28% in 2011 to 37% in 2020. COFECYT disbursed
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USD 38 million (ARS 113 million) in 2012 to work towards
this goal.

Globalisation: International co-authorship of scientific pub-
lications is close to the OECD median (Panel 19). Interna-
tional co-patenting (Panel 17) is considerably above the
OECD median. More generally, the government seeks to fos-
ter international co-operation in S&T. To this end, it has
established partnerships and recently increased the num-
ber of co-operative projects and programmes with Brazil,
Chile, Mexico, the United States and Canada as well as
France, Belgium, the United Kingdom, Germany,
the Netherlands and Italy.

Recent developments in STI expenditures: Argentina spent
0.74% of GDP on R&D in 2012, considerably below the OECD
median. The government finances the majority of GERD
(0.48% of GDP), and its contribution grew by 15.2% a year
over 2007-12, marginally faster than the overall annual
growth of GERD (14.6%) over the same period. While low
compared to the OECD median, Argentina’s public R&D
spending at 0.57% of GDP (Panel 18) is higher than that of
Chile (0.14%) or Mexico (0.25%). BERD stood at 0.16% of GDP
and grew moderately compared to 2004 (0.14%). MINCyT is
currently evaluating the means of measuring private R&D;
preliminary results indicate that BERD may have been
somewhat underestimated.
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Panel 2. Allocation of public funds to R&D, by sector, Panel 3. Most relevant instruments of public funding of
type and mode of funding, 2012 business R&D, 2014
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Note: Policy information comes from country responses to the OECD STI Outlook policy questionnaires 2014 and 2012. Argentina’s responses are

available in the OECD STI Outlook Policy Database, edition 2014 at http://qdd.oecd.org/Table.aspx?Query=7534DEC8-6D3D-4D19-B320-69E375B75D82.

Source: See reader’s guide and methodological annex.

StatLink &i=r http://dx.doi.org/10.1787/888933152019
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AUSTRALIA

Australia’s economy has been one of the world’s most resil-
ient during the global economic crisis and has benefited
greatly from a global commodities boom. Following
the 2013 general election, the Australian government is
implementing “Our Plan — Real Solutions for all Australians”
to build a stronger, more productive and diverse economy,
with more efficient government and more productive busi-
nesses.

Hot issue 1: Encouraging innovation in firms including SMEs
and supporting entrepreneurship. Australia’s economy relies
relatively heavily on primary and resource-based indus-
tries. In line with its industrial structure, BERD is at the
OECD median at 1.23% of GDP (2011); the share of
high-technology manufacturing is considerably below the
OECD median (Panel 2). Innovation output, as measured by
triadic patents, is also below the median (Panel 1f) while
trademark registrations are slightly above (Panel 18). The
government encourages innovation and entrepreneurship
in firms of all sizes and in all sectors of the economy. The
R&D tax incentive, introduced in 2011 to replace the R&D
tax concession, offers preferential conditions for SMEs.
In 2014, the Australian government announced it would
invest USD 329 million (AUD 484.2 million) in a new Entre-
preneurs’ Infrastructure Programme with AusIindustry
being the single business service to deliver it. The new pro-
gramme will encourage entrepreneurship and equip busi-
nesses to undertake changes and expansion and
commercialise new ideas.

Hot issue 2: Improving framework conditions for innovation.
Australia has a reasonably favourable business environ-
ment (Panel 1J). However, availability of venture capital is
below the OECD median (Panel 17). The new government
aims to improve productivity and job growth by cutting the
costs of red tape for business and community groups by
USD 680 million (AUD 1 billion) a year. This includes abol-
ishing the carbon tax introduced by the previous govern-
ment and lowering the company tax rate.

Hot issue 3: Improving the return on and impact of science.
Australia has a relatively strong science base with high pub-
lic expenditure on R&D, world-class universities, and
high-quality scientific publications (Panel 1* ® ). Indus-

try-financed public R&D expenditure is above the OECD
median (Panel 1°), as a result of government tax incentives
that are designed to improve academic-industry linkages.
The government aims to ensure that the science sector con-
tinues to deliver economic and social benefits to all Austra-
lians. To increase co-operation between public science and
industry, the Industrial Transformation Research Pro-
gramme, administered by the Australian Research Council,
funds research partnership between Australian universities
and industry. CSIRO, Australia’s national science and tech-
nology agency, has incorporated impact-led decision mak-
inginto all science areas to help plan, monitor and evaluate
the impact of its research programmes.

Hot issue 4: Targeting priority areas and sectors. The govern-
ment aims to achieve a world-class “five-pillar economy” by
building on the country’s strengths. Five industry growth
sectors and related services are targeted: i) manufacturing
innovation, ii) advanced services, iii) agricultural exports,
iv) world-class education and research, and v) mining
exports. It is considering policy initiatives that target prior-
ity areas and sectors. The Australian government is cur-
rently considering mechanisms to provide greater focus to
its investment in science and research, including the devel-
opment of science and research priorities to drive invest-
ment in areas of immediate and critical importance to
Australia and its place in the world.

Hot issue 5: Innovation to contribute to structural adjustment.
The Australian government is supporting investment in
industries and maintaining industry capabilities through
the Growth Fund and the Manufacturing Transition Grants
Programme. In addition, its Industry Investment and Com-
petitiveness Agenda will focus on initiatives to promote
national competitiveness and productivity, including econ-
omy-wide measures to boost the competitiveness of Aus-
tralian manufacturing and lower the costs of doing
business.

Highlights of the Australian STI system

STI policy governance: As a result of the change in govern-
ment, the Department of Industry and Department of Edu-
cation were established in November 2013. The Department

Key figures, 2013

Economic and environmental performance AUS OECD Gross domestic expenditure on R&D AUS OECD
Labour productivity GERD
GDP per hour worked, USD PPP, 2013 55.5 477 Million USD PPP, 2010 20 469 1107 398
(annual growth rate, 2008-13) (+1.7) (+0.8) As a % of total OECD, 2010 2.1 100
Green productivity GERD intensity and growth
GDP per unit of CO, emitted, USD, 2011 2.1 3.0 As a % of GDP, 2010 2.19 2.40
(annual growth rate, 2007-11) (+2.0) (+1.8) (annual growth rate, 2008-10) (+0.8) (+2.0)
Green demand GERD publicly financed
NNI per unit of CO, emitted, USD, 2011 2.0 3.0 As a % of GDP, 2008 0.78 0.77
(annual growth rate, 2007-11) (+2.5) (+1.6) (annual growth rate, 2006-08) (+4.4) (+2.8)

268

OECD SCIENCE, TECHNOLOGY AND INDUSTRY OUTLOOK 2014 © OECD 2014



111.9. STI COUNTRY PROFILES: AUSTRALIA

Figure 9.2. Science and innovation in Australia

Panel 1. Comparative performance of national science and innovation systems, 2014
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Note: Normalised index of performance relative to the median values in the OECD area (Index median = 100).
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of Industry’s vision is to enable growth and productivity for
globally competitive industries, by building skills and capa-
bility, supporting science and innovation, promoting invest-
ment, and improving regulation. The Department of
Education is responsible for promoting a rise in economic
productivity and social well-being through access to quality
higher education, international education and interna-
tional quality research. The Australian government is con-
sidering whole-of-government co-ordination mechanisms
for science, research and innovation with a view to provid-
ing strategic advice on all aspects of the system.

Universities and public research: Excellence in Research for
Australia (ERA) evaluates the quality of the research under-
taken in Australian universities against national and inter-
national benchmarks. The outcomes are determined and
moderated by committees of distinguished researchers,
drawn from Australia and overseas. The unit of evaluation
is broadly defined as the Field of Research (FoR) within an
institution based on the Australia and New Zealand Stan-
dard Classification (ANZSRC). The indicators used in ERA
include a range of metrics such as citation profiles which
are common to disciplines in the natural sciences, and peer
review of a sample of research outputs which is common in
the humanities and social sciences. ERA is a comprehensive
collection. The data submitted by universities covers all eli-
gible researchers and their research outputs. The precise
set of indicators used has been developed in close consulta-
tion with the research community. This approach ensures
that the indicators used are both appropriate and neces-
sary, which minimises the resourcing burden of ERA for
Government and universities and ensures that ERA results
are both robust and broadly accepted. The first full round of
ERA occurred in 2010 and the results were published in
early 2011. This was the first time a nationwide stocktake of
discipline strengths and areas for development had ever
been conducted in Australia. The second round of ERA was
completed with the publication of the ERA 2012 National
Report on 6 December 2012. The next ERA round will occur
in 2015 and preparations are currently under way. Subse-
quent rounds will occur every three years.
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The National Collaborative Research Infrastructure Strategy
(NCRIS), administered by the Department of Education, sup-
ports major research infrastructures in order to encourage
collaboration between the research sector, industry and gov-
ernment on world-class research. NCRIS is designed to pro-
vide Australia’s research sector with ongoing access to
high-quality, operational research infrastructure facilities to
ensure that Australian research continues to be competitive
and rank highly on an international scale. The Australian
government is providing USD 102 million (AUD 150 million)
in 2014-15 to secure Australian researchers’ access to current
major research facilities and the supporting infrastructure
and networks necessary to undertake world-class research.

Globalisation: The Department of Industry has a partner-
ship agreement with the Australian Trade Commission,
which affirms strong mutual interests in jointly developing
Australia’s economic interests through industry policy,
international trade and productive FDI. One outcome of this
collaboration has been the development and promotion of a
common narrative and a consistent message to interna-
tional audiences on opportunities for investment and col-
laboration on innovation. The current agreed priorities
between the organisations are: resources and energy
investment; skills; global value chains [mining, equipment,
technology services (METS), oil and gas, food processing,
and advanced manufacturing in medical technology and
aerospace]; advanced services and technologies invest-
ment; and improving the co-ordination of delivery.

Skills for innovation: Australia performs well on skills indi-
cators: as demonstrated e.g. by its fourth highest PISA
scores in science for 15-year-olds in the OECD area and the
adult tertiary education attainment level (Panel 1% Y). To
help ensure the quality of future skill supplies, the Austra-
lian Curriculum Programme seeks to strengthen overall
education, especially in maths and science skills. Austra-
lia’s vision for 2020 is a strong and productive Australian
research workforce, with the scale, breadth and depth of
skills required to support innovation, education of the next
generation of Australians, and ultimately productivity
improvements across the economy.
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Panel 2. Structural composition of BERD, 2011 Panel 3. Revealed technology advantage in selected fields, 2009-11
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Note: Policy information comes from country responses to the OECD STI Outlook policy questionnaires 2014 and 2012. Australia’s responses are
available in the OECD STI Outlook Policy Database, edition 2014 at http://qdd.oecd.org/Table.aspx?Query=BD5FF3D2-640B-473B-BE5F-136DF7A79D18.
Source: See reader’s guide and methodological annex.
StatLink Sazm http://dx.doi.org/10.1787/888933152021
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AUSTRIA

Austria is a small and open advanced European economy
which had seen rapid progress in its research and innova-
tion system. Keeping up the dynamic development of the
Austrian innovation system is an important task. After
nearly two decades of sustained growth, the expansion of
R&D expenditure has slowed in the aftermath of the finan-
cial crisis, and constraints on public R&D expenditure are
tight in current budgets. The main challenge is to increase
the efficiency of current spending and to continue struc-
tural and institutional reforms in research organisations
and public administration while launching new initiatives
to address some of the main bottlenecks perceived in the
research, technology and innovation system. In
March 2011, the Austrian Council of Ministers announced a
new Research, Technology and Innovation (RTI) Strategy
for 2011-20: Becoming an Innovation Leader.

Hot issue 1: Strengthening science - industry linkages, includ-
ing knowledge transfer. Industry-science linkages have
improved in recent years, with an average share of public
research funded by industry (Panel 1°). Longstanding initia-
tives to promote strategic science-industry collaboration
include the competence centres for excellent technologies
(COMET), co-operation and innovation networks
(COIN-Net), as well as the Christian Doppler (CD) Laborato-
ries. The Josef Ressel Centres programme (started in 2012)
applies the principles of the CD Labs in local contexts. The
Laura Bassi centres of expertise support a forum for skilled
female and male researchers from academia and the pri-
vate sector to work together. Recent initiatives include the
Knowledge Transfer Centres and IPR Commercialisation
Programme (2014-18) and new rules and guidelines for the
ownership and licensing of publicly funded research results
and IPR licensing support for PRIs.

Hot issue 2: Reforming the education system. Against the
backdrop of increased international competition, Austria is
preparing for a potential lack of human resources for STI. To
ensure the required supply, education is a key part of the
RTI Strategy. The New Secondary School initiative is a major
educational reform and the MINT Programme aims to
improve education in mathematics, IT, natural science and
technology. Forschungskompetenzen fiir die Wirtschaft is an
initiative to build R&D skills, while the Lifelong Learning

Strategy and the Lifelong Guidance Strategy aim to increase
human capital at all levels. Joint ministerial programmes
such as Jugend innovativ, Sparkling Science and Innovation
Generation aim to stimulate interest in and skills for STI in
young people.

Hot issue 3: Using innovation to address social challenges.
Like other advanced countries, Austria faces social chal-
lenges related to ageing, health and climate change, which
the government intends to address through STI. A number
of inter-ministerial working groups on societal challenges
have been created in recent years, and Austria has joined
seven out of ten EU Joint Programming Initiatives (JPIs). In
one of the JPIs, Urban Europe, Austria plays a leading role in
its governance.

Hot issue 4: Strengthening public R&D capacity and infra-
structure. Austria has been reinforcing its science base with
relatively high public-sector R&D expenditure (Panel 1?). Its
share of top 500 universities is in the upper middle OECD
range and international publications are in line with the
OECD median (Panel 1? ). Maintaining healthy funding or
university research, especially competitive project-based
funding, is essential to their future performance. New per-
formance contracts were concluded between the state and
public universities and the Academy of Sciences in 2012
and 2013, respectively. To improve its research infrastruc-
ture, Austria takes an active part in the European Strategy
Forum on Research Infrastructures (ESFRI) and is involved
in several initiatives of the European Research Infrastruc-
ture Consortium (ERIC). Austria co-ordinates the ERIC on
Biobanking and Biomolecular Resources Research Infra-
structure (BBMRI). Universities are encouraged to collabo-
rate on R&D infrastructure investment and use.

Hot issue 5: Increasing the innovation potential of SMEs. Aus-
tria’s number of global corporate investors in R&D (Panel 1€)
is at the OECD median, and foreign MNEs are the main force
in R&D performed by large companies (Panel 2). However,
many innovative, R&D-performing SMEs (Panel 2) are com-
petitive in niche export markets and a noteworthy strength.
Public support has shifted towards indirect support mea-
sures and moved slightly towards business R&D (Panel 4).
The RTI Strategy seeks to increase research-intensive firms
(particularly SMEs) by 3% a year and firms conducting R&D

Key figures, 2013

Economic and environmental performance AUT OECD Gross domestic expenditure on R&D AUT OECD
Labour productivity GERD
GDP per hour worked, USD PPP, 2013 55.1 477 Million USD PPP, 2013 10817 1107 398
(annual growth rate, 2008-13) (+0.8) (+0.8) As a % of total OECD, 2012 1.0 100
Green productivity GERD intensity and growth
GDP per unit of CO, emitted, USD, 2011 43 3.0 As a % of GDP, 2013 2.86 2.40
(annual growth rate, 2007-11) (+1.7) (+1.8) (annual growth rate, 2007-12) (+3.1) (+2.0)
Green demand GERD publicly financed
NNI per unit of CO, emitted, USD, 2011 44 3.0 As a % of GDP, 2011 1.01 0.77
(annual growth rate, 2007-11) (+2.2) (+1.6) (annual growth rate, 2007-12) (+7.4) (+2.8)
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Figure 9.3. Science and innovation in Austria
Panel 1. Comparative performance of national science and innovation systems, 2014
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Note: Normalised index of performance relative to the median values in the OECD area (Index median = 100).
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by 25% by 2020. To this end, the system of fiscal incentives
was simplified in 2011, and the remaining instrument, the
R&D premium, was raised from 8% to 10% to reach
USD 691 million (EUR 547 million) in 2012. New initiatives
include a package of measures (Jungunternehmer-Offensive)
introduced in 2012 to support young entrepreneurs and the
Frontrunner Initiative for leading innovative firms. A new
voucher scheme for innovation in creative industries was
introduced in 2013, and the Loan Initiatives for innovative
start-ups as well as the AWS PreSeed and AWS Seed Financ-
ing schemes for high-technology companies were broad-
ened and expanded.

Highlights of the Austrian STI system

STI policy governance: With the adoption of the RTI Strategy
in 2011, a task force comprising all relevant ministries was
established to oversee its implementation, and issued a
comprehensive plan in November 2013. A concept for inno-
vation-related public procurement was adopted in 2012,
with the Ministry of Science, Research and Economy and
the Ministry for Transport, Innovation and Technology
jointly overseeing its implementation.

New sources of growth: A “manufacturing of the future” ini-
tiative has a budget of USD 70-80 million to strengthen
Austrian manufacturing through research on future tech-
nologies and processes. Austria does not currently have a
technology advantage in biotechnology and ICT (Panel 3).
The Biotechnology Action Plan bundles existing initiatives
with new measures to promote the development of biotech-
nology with a budget of USD 60 million (2013-15). ICT of the
Future is a new funding programme to support technology
development and innovation in ICT applications linked to
societal challenges.

New challenges: Austria’s technology advantage in environ-
ment-related technologies has increased in the past years
(Panel 3). The new Energy Research Initiative (ERI) based on
the 2010 Energy Strategy will support technology develop-
ment for the production of renewable energy sources and the
storage of CO,. The Cleantech Initiative provides risk capital
for innovative enterprises in energy and environmental tech-
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nologies. The government-owned AWS Bank’s capital injec-
tion of USD 8.3 million (EUR 6.9 million) is expected to
leverage around USD 42 million (EUR 35 million) in funding.
E-Mobility is an initiative to develop a more sustainable and
efficient transport system.

Clusters and smart specialisation: With the Automotive
Cluster Styria, founded in 1995, Austria was an “early
mover” in cluster policy. Almost every federal state (Land)
runs cluster initiatives or incubators to link companies and
research institutions around thematic priorities. Nation-
wide, there are more than 100 innovation infrastructure
sites (Impulszentren). A national platform for clusters was
established in 2008 to create a structured and co-operative
forum for regional and national clusters. Around 55 cluster
initiatives with around 10 000 partners and 20 technology
parks participate in the platform. In 2014 the focus will be
on enabling technologies and societal challenges.

Globalisation: The Go-International programme of the Aus-
trian Chamber of Commerce encourages internationalisa-
tion, including of innovative firms. The export cheque for
technology-oriented enterprises, for example, co-finances
various activities of these businesses abroad. Austria is
actively involved in EU activities, such as ERA-NET, Joint
Programming Initiatives or Joint Technology Initiatives, and
the government is working on the implementation of its STI
internationalisation strategy “Beyond Europe” to
strengthen collaboration outside the EU. The Austrian R&D
funding schemes are generally receptive to co-funding and
partnerships from abroad.

Recent developments in STI expenditures: GERD was 2.86% of
GDP in 2013 (Key Figures) and is estimated to stay in this
range in 2014 (Austrian Report on Research and
Technology 2014). This puts Austria well ahead of the EU28
and OECD averages. Austrian growth of GERD - the fastest
among EU countries during 2007-12 - has slowed recently
due to budgetary constraints. The recent Work Programme
for the Austrian Government 2013-18 endorses the objec-
tive to spend 2% of GDP on higher education by 2020. The
government also supports the ambition to raise GERD to
3.76% of GDP by 2020, with up to 70% funded by business.
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Panel 2. Structural composition of BERD, 2011
As a % of total BERD or sub-parts of BERD
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Note: Policy information comes from country responses to the OECD STI Outlook policy questionnaires 2014 and 2012. Austria’s responses are available
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Source: See reader’s guide and methodological annex.
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BELGIUM

Belgium is a small EU economy and is very open to interna-
tional trade and FDI. Its economy is strongly service-oriented
and it has some internationally competitive technology
sectors (e.g. pharmaceuticals and chemicals).

Hot issue 1: Improving overall human resources, skills and
capacity building. While Belgium’s labour-force skills are
reasonably strong (Panel 1% %V %), the demand for engi-
neers exceeds the number of graduates in certain areas.
The federal government offers tax deductions to increase
the employment of researchers, and it raised the deduction
on the withholding tax on researchers’ salaries from 75% to
80% in July 2013. This tax incentive amounted to
USD 759 million (EUR 630 million) in 2012, up from
USD 675 million (EUR 560 million) in 2011. In 2012, Flanders
launched the STEM Action Plan in combination with a sci-
ence communication plan to increase the number of sec-
ondary and higher education students in STEM. Wallonia’s
Beware Fellowships support researcher mobility and pro-
mote awareness of S&T among youth by supporting actors
in the field.

Hot issue 2: Improving the returns to and impact of science.
Belgium has a sound science base and seven of the world’s
top 500 universities. Universities and PRIs publish and pat-
ent actively (Panel 1? & P). Industry-science relations are
good and the business sector finances a relatively high
share of public R&D (Panel 1°). Transfer of knowledge is a
major concern at all government levels. Commercialisation
of research is a key part of the federal government’s strat-
egy and resulted in USD 258 million (EUR 219 million) in tax
deductions on revenues from commercialisation of pat-
ented inventions in 2010. The Brussels Capital Region (BCR)
supports the creation of university spin-offs through
financing and technology transfer offices. The Flanders
Holding Company manages the Transformation and Inno-
vation Acceleration Fund (TINA), with a budget of
USD 235 million (EUR 200 million) in 2010. It provides risk
capital financing for innovation projects and acts as “entre-
preneur” and facilitator. Since 2012 the Spin-off Financier-
ing instrument supports the setting up of spin-off
companies from research results. Wallonia supports the
technology transfer offices co-ordinated by the Agency for
Technology Promotion. Its Technological Innovation Part-

nership encourages collaborative research, with new mech-
anisms (e.g. collective research calls) to improve
collaboration by SMEs and research centres. It is launching
a new Green Impulse Fund for young innovative compa-
nies.

Hot issue 3: Addressing the challenges of STI globalisation
and increasing international co-operation. Belgium seeks to
create a favourable environment for business innovation
and to attract foreign investment in R&D and innovation. It
has a well-developed and productive science base and a
strong international reputation in R&D in certain techno-
logical fields and in patenting (Panel 1f). Belgian STI activi-
ties are well integrated internationally (Panel 1% ') and
foreign affiliates account for more than half of BERD
(Panel 2). Attracting inward FDI continues to be a major pri-
ority of the Belgian governments. To this end, they support
national research infrastructures, active participation in
international scientific and industrial research initiatives,
and the integration of Belgian scientists in the European
Research Area.

Hot issue 4: Targeting priority areas/sectors. Each region has
identified its own priority areas. There is some overlap. The
BCR focuses on certain sectoral niches and on R&D and
innovation to meet societal challenges. The priority sectors
identified in the new BCR Innovation Plan are ICT, health
care and the environment. Funding schemes have been pre-
pared along with a cluster initiative to foster a growth eco-
system and critical mass in the priority sectors. The
Flanders Policy Note 2009/2014 on Scientific Research and
Innovation identifies similar priorities, and the Flanders
2011 Concept Note on Innovation Centre stresses the role of
innovation in addressing grand societal challenges through
thematic “innovation hubs”. Initiatives include the setting
up of living labs and thematic initiatives (e.g. Energyville,
ICleantech, a call for social innovation, the establishment of
the Centre for Medical Innovation).

Wallonia’s Research Strategy 2011-15 identifies priorities
linked to societal needs; six sector-oriented clusters (péles
de compétitivité) were created with government support as
part of the Marshall plan, updated to Marshall Plan 2 Green,
to help raise competitiveness and stimulate innovation

Key figures, 2013

Economic and environmental performance BEL OECD Gross domestic expenditure on R&D BEL OECD
Labour productivity GERD
GDP per hour worked, USD PPP, 2013 64.3 477 Million USD PPP, 2012 10 095 1107 398
(annual growth rate, 2008-13) (0.0) (+0.8) As a % of total OECD, 2012 0.9 100
Green productivity GERD intensity and growth
GDP per unit of CO, emitted, USD, 2011 3.3 3.0 As a % of GDP, 2012 2.24 2.40
(annual growth rate, 2007-11) (+1.3) (+1.8) (annual growth rate, 2007-12) (+3.8) (+2.0)
Green demand GERD publicly financed
NNI per unit of CO, emitted, USD, 2011 3.3 3.0 As a % of GDP, 2011 0.58 0.77
(annual growth rate, 2007-11) (+1.0) (+1.6) (annual growth rate, 2007-11) (+6.0) (+2.8)
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Figure 9.4. Science and innovation in Belgium
Panel 1. Comparative performance of national science and innovation systems, 2014
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Note: Normalised index of performance relative to the median values in the OECD area (Index median = 100).
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with initiatives for green technologies, health, energy and
social innovation. Wallonia also has specialised life science
and sustainable development funds. The federal level
mainly targets the space sector; more than USD 240 million
(EUR 200 million) a year go to the European Space Agency.

Hot issue 5: Improving framework conditions for innovation
(including competitiveness). Belgium’s business environ-
ment and financing for entrepreneurship are at or slightly
below the OECD median (Panel 1™ J). Innovative entrepre-
neurship has been integrated in the BCR’s research and
innovation system. The BCR’s BRUSTART II fund targets
small innovative companies, and its new VC fund supports
“pre-commercial” research. BCR’s funding agency IMPULSE
also provides support to young innovative companies for
business planning, technical-economic monitoring, legal
and financial matters, and search for partners. In Flanders,
in addition to the TINA fund, the Vinnof fund invests in
innovative growing companies and the ARKimedes fund
invests in start-ups and fast-growing SMEs with innovation
mezzanine, seed and early-stage funding. In Wallonia the
public investment companies (Invests, Novallia) invest in
spin-offs and start-ups. The Creative Wallonia Action Plan
launched in 2011 aims to stimulate the creative economy
and to support an innovation culture throughout the econ-
omy.

Highlights of the Belgian STI system

STI policy governance: Belgium is a federal country com-
posed of three Communities (Flemish, French and Ger-
man-speaking) and three regions (Brussels-Capital Region,
Flanders and Wallonia). STI competences are distributed
across all of these. The Communities are the main source of
scientific research support, and the regions of innovation
and business R&D support. Since 2010, greater intergovern-
mental co-operation on R&D and innovation has been dis-
cussed among all relevant policy actors and governments.

New challenges: Many initiatives address global and societal
challenges. In 2014 the BCR is developing Smart City Mobil-
ity in conjunction with innovative public procurement for
transport. The Walloon Marshall Plan 2 Green emphasises
environmental issues and industrial ecology, and in 2011
Wallonia launched a competitiveness cluster for green
technologies, which supports several energy research pro-
grammes and launched the Employment-Environment Alli-
ance to promote sustainable construction. Flanders’ two
major measures are the Flemish Climate Policy Plan 2013-20
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and the Flemish Second Energy Efficiency Action Plan
(2011-16), which has adopted new energy standards, espe-
cially in construction and housing, aimed at building
energy-neutral buildings by 2021. The federal level has
focused on societal challenges by launching BRAIN, an
important research programme.

Innovative entrepreneurship: The development of research
and innovation in SMEs is a policy priority at the federal as
well as the regional level. SMEs have received a wide range
of support for improving their innovation capabilities
(training, consultancy, funding, business angels, etc.). The
federal government has increased the reduction on the
advance tax payment for all research and technical staff in
young innovative companies from 50% to 75%. In addition
to instruments for SMEs such as the SME Wallet and the
innovation voucher, BCR has developed new instruments in
conjunction with EU initiatives aimed at SMEs. In Flanders,
support for innovation in SMEs reached a record 58% of
total direct innovation support for businesses in 2013.
Recent initiatives include Sprint projects, which target large
companies that conduct middle-large development proj-
ects, or VIS-trajecten IV aimed at “innovation-follower”
companies. The Walloon government’s overall budget for
direct support of business R&D and innovation increased by
more than 70% over the last five years to USD 144 million
(EUR 120 million) in 2013. Novallia is a USD 53 million
(EUR 46 million) scheme that promotes SMEs’ innovation
projects via loans at fixed interest rates. Wallonia has also
developed several schemes to promote research and inno-
vation in SMEs through the Walloon Small Business Act and
Creative Wallonia Plan.

Clusters and smart specialisation: Discussions were
launched in all regions in 2011 on a “smart specialisation
strategy” to reshape innovation policy instruments and
governance. The BCR innovation plan (2013-20) is aligned
both with the EU’s Strategy 2020 and with the region’s
smart specialisation strategy. The Flemish government
launched several calls in 2012-13 to stimulate
demand-driven initiatives, such as proposals for key
enabling technologies, for testing the trajectories of a clus-
ter-oriented policy, and for projects from co-operating busi-
nesses to develop a roadmap for a new industrial
entrepreneurship. Cluster policy is the backbone of Wallo-
nia’s smart specialisation strategy, which focuses on inno-
vation and creativity, greening, internationalisation, and
SMEs.
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Panel 2. Structural composition of BERD, 2011
As a % of total BERD or sub-parts of BERD
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Note: Policy information comes from country responses to the OECD STI Outlook policy questionnaires 2014 and 2012. Belgium’s responses are
available in the OECD STI Outlook Policy Database, edition 2014 at http://qdd.oecd.org/Table.aspx?Query=7534DEC8-6D3D-4D19-B320-69E375B75D82.

Source: See reader’s guide and methodological annex.
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BRAZIL

An emerging economy, Brazil has the world’s seventh larg-
est economy. It weathered the global economic downturn
well, but growth has slowed over the last two years. To
boost economic performance, the Greater Brazil
Plan 2011-14, adopted in 2011, gives innovation a central
role and includes proposals for significant changes in legis-
lative frameworks.

Hot issue 1: Innovation to contribute to structural adjustment
and to a new approach to growth. The National Strategy for
Science, Technology and Innovation (ENCTI) 2012-15 aims to:
i) close the technological gap with developed economies;
ii) support Brazil’s leadership in areas of the knowledge
economy that take advantage of the country’s rich natural
resources, such as green innovation, agro-business and other
natural-resource-based activities; iii) strengthen the interna-
tionalisation of the national research system; iv) foster the
development of a green economy; and v) address the coun-
try’s substantial social and regional inequalities. To achieve
these objectives, the government targets GERD of 1.8% of
GDP in 2014, up from 1.16% in 2010. Compared to other
major emerging economies, Brazil’s 2010 R&D intensity is
second to China’s (1.76% of GDP), ahead of India’s (0.76%,
2007) and South Africa’s (0.76%), and well ahead of Chile’s
(0.33%) and Mexico’s (0.45%) of the same year.

Hot issue 2: Promoting innovation in firms, entrepreneurship
and SMEs. Brazil is home to a few of the world’s largest
R&D-investing firms (Panel 1€). It is also at the forefront of
high-technology fields such as deep-water oil extraction.
This leadership in innovation, however, has not spilled over
to the Brazilian economy; the country’s overall innovation
performance on non-technological innovation such as
trademark registration is very weak (Panel 18). To address
this challenge, the ENCTI aims to increase BERD from 0.56%
of GDP in 2010 to 0.9% in 2014. Difficult framework condi-
tions for innovation are also responsible for weak STI per-
formance, although barriers to entrepreneurship are lower
in Brazil than in China or India (Panel 1j).

To promote business innovation, Brazil’s innovation policy
has progressively shifted from a strong focus on support for
science to stronger support for business R&D. Several
changes have been made in the legislative framework: the

Innovation Law (Lei da Inovagdo 2004), the Goodwill Law (Lei
do Bem, 2005), and a 2007 modification of tax exemption
rules to permit direct funding and to provide more incen-
tives for businesses to engage in innovation. On
14 March 2013, the federal government launched the Inno-
vate Company Plan (Plano Inova Empresa) to: raise the level
of R&D in companies; encourage projects with greater tech-
nological risk; combine finance (credit) with non-refund-
able grants and equity financing; maximise the use of the
state’s purchasing power; decentralise policy implementa-
tion to reach microenterprises and SMEs and reduce
administrative bureaucracy. Between 2013 and 2014, it allo-
cated USD 21.6 billion (BRL 32.9 billion) for companies’
investment in product and processes innovation.

Hot issue 3: Supporting innovation to address social chal-
lenges (inclusiveness). Funding agencies provide support for
developing low-cost, easy-to-use applications that address
social challenges. For example, HABITARE, an initiative
with a budget of USD 14 million (BRL 22 million)
for 2009-10, supports innovations in housing technology
including for social housing. The programmes and mea-
sures to support entrepreneurship and start-ups described
above can also help make innovation more inclusive, and
measures for higher school enrolment rates (see below) also
aim to reduce social exclusion.

Highlights of the Brazilian STI system

STI policy governance: Brazil’s STI policy governance has not
changed significantly in recent years. Developments are
underway to increase the decentralisation of instruments
and strengthen the co-ordination of federal, state and pri-
vate resources for innovation in the process of programmes
implementation. The National Council for Industrial Devel-
opment was redesigned in August 2011 to improve co-ordi-
nation and involvement of stakeholders. Ministries, the
president of the National Bank for Economic and Social
Development (BNDES), private businesses, and industry
and labour union representatives participate in the Council.

New sources of growth: Brazil’s STI strategy seeks to
strengthen its comparative advantage in the “green” econ-
omy. In environmental technologies, Brazil has an RTA above

Key figures, 2013

Economic and environmental performance BRA OECD Gross domestic expenditure on R&D BRA OECD
Labour productivity GERD
GDP per hour worked, USD PPP, 2013 n.a. 477 Million USD PPP, 2010 25292 1107 398
(annual growth rate, 2008-13) n.a. (+0.8) As a % of total OECD, 2010 25 100
Green productivity GERD intensity and growth
GDP per unit of CO, emitted, USD, 2011 5.0 3.0 As a % of GDP, 2010 1.16 2.40
(annual growth rate, 2007-11) (0.0 (+1.8) (annual growth rate, 2007-10) (+6.1) (+2.0)
Green demand GERD publicly financed
NNI per unit of CO, emitted, USD, 2011 n.a. 3.0 As a % of GDP, 2010 0.63 0.77
(annual growth rate, 2007-11) n.a. (+1.6) (annual growth rate, 2007-10) (+6.2) (+2.8)
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Figure 9.5. Science and innovation in Brazil
Panel 1. Comparative performance of national science and innovation systems, 2014
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