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PREFACE

As Europe embarks on its journey towards the knowledge-based economy, it needs to set in place the processes and instruments
that will allow it to develop appropriate policies for managing this transition. Research and development, as a generator of knowl-
edge, growth, employment and social cohesion, will play a vital role.

The importance of this challenge was recognized at the Lisbon Summit in March 2000, where the European Union set itself a
strategic goal for the next decade: to become the most competitive and dynamic knowledge-based economy in the world. To
achieve this goal, which requires effective and coherent policy processes, the European Council decided to introduce a new open
method of co-ordination, of which benchmarking will be one of the key tools.

In order to implement the Lisbon strategy in the field of R&D, the Council, in its Resolution of June 2000, called upon the Commission to set up a method-
ology and indicators for the benchmarking of national research policies in Europe in the framework of the creation of a European Research Area.

In November 2000, a working document including a methodological approach and a list of indicators was presented to the Council and received a positive
welcome. Since then, much work has been carried out under the aegis of a High Level Group of representatives of the Member States. In particular, a first
set of 15 science and technology indicators has been prepared by the European Commission services, in collaboration with the Member States, and is
included in the Working Document ‘Progress Report on Benchmarking of National Research Policies’ submitted to the Research Council.

I decided to dedicate this special edition of Key Figures 2001: Towards a European Research Area to these first indicators so as to disseminate this work to
a wider European audience and to stimulate a valuable debate on this topic. The indicators presented here are a first contribution to the benchmarking
process. With the help of the High Level Group, they will be evaluated and validated as a basis for benchmarking the performance of research policies. Im-
portant analytical work concerning the context and content of national policies will help to identify best practices, and thus to enrich the process through
which these policies are conceived. At the same time, efforts will be made to improve the quality and completeness of existing indicators, and to develop
new indicators.

Benchmarking is a joint activity of the European Union and its Member States. To be successful, benchmarking must involve the active and continuing com-
mitment of many actors, notably policy makers, experts, national statistical services, and the European Commission services. I am happy to say that the first
stage of this exercise has been initiated with the support of all these actors, and I hope that their participation can be continued and reinforced in the next
phases, which will be vital to the success of constructing a European Research Area.

Y

Philippe Busquin
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INTRODUCTION

Introduction

Background

This report presents a set of indicators which have been collected
as part of the first phase of the exercise of benchmarking of na-
tional research policies. The work was carried out in response to
the request of the Council made first at the Lisbon Summit of
March 2000 — where a new method of open co-ordination was es-
tablished and the Council Resolution of 16 June which more ex-
plicitly invited the Commission to draw up a methodology for
benchmarking of national research policies as well as a list of indi-
cators covering four key themes:

» Human resources in R&D, including the attractiveness of S&T
professions

« Public and private investment in R&D
« Scientific and technological productivity

» The impact of R&D on economic competitiveness and employ-
ment

The aim of this first set of indicators is to provide a broad com-
parative overview of the performance of Member States in relation
to the four themes, using currently available and internationally
harmonised statistics. Wherever possible, comparative indicators
have been provided for the USA and Japan'.

! This analysis has been prepared on the basis of data received before 15 May 2001 from the
Member States, Eurostat, OECD, NSF (USA) and Nistep (Japan)
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Approach for benchmarking national research policies

Benchmarking in the context of national research policies is an in-
strument for increasing national performances through improved
policy design and practices. Benchmarking provides an opportuni-
ty for learning and stimulates the application of new solutions and
practices in research policies. The benchmarking methodology in-
volves analytical and measurement activities at two stages, thus
providing a basis for improved policy implementation.

The benchmarking process begins with performance benchmark-
ing. This requires indicators for the measurement of performance,
for the identification of best performers, and for the measurement
of gaps in relation to the best performers.

Performance benchmarking indicates where best practices are like-
ly to be found, i.e. which processes and designs of research policies
lead to high level performance. The analysis of the process under-
lying these “best practices” involves all analyses and surveys that
are useful for understanding best practices in research policies (pub-
lic support for scientific and business sector research, education sys-
tems, financial institutions). However, if we are to fully understand
differences in countries’ performances in research and innovation,
certain conditions relating to other policy areas (education, taxa-
tion, employment) may also need to be included in the analysis.

However, a set of indicators and the understanding of best practices
are not the final objectives of the benchmarking exercise, but rather
the improvement of national research policies. The ultimate aim of
the benchmarking is that the new knowledge - gained in these ear-
lier benchmarking stages - should be applied to policy making, and
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adjusted to the national policy context. Benchmarking does not in-
volve transfer of practices directly from one context to another, but
rather draws on experience elsewhere to stimulate new thinking
about policy implementation. In this way benchmarking can im-
prove national policies, instruments and practices, or open totally
new possibilities that induce higher future performances.

When benchmarking a great number of countries with different eco-
nomic structures, different institutional set-ups and different cultur-
al/historical backgrounds, certain aspects need to be recognised. In
particular, as there is a great diversity of research and innovation sys-
tems in Europe, there are also numerous examples of best practices in
specific policy areas and, therefore, there is a great potential for learn-
ing from others. Finally, it is important to be aware of that excellence
or best practices are context-related. If the context changes, the best
practice must also be reviewed. Consequently, in a dynamic changing
world policies need to be continuously reviewed and adjusted.

Benchmarking, in contrast to traditional comparative analyses of
country performances, involves the participation of actors from
various institutional levels, and the co-evaluation of performance.
The contributions of policy makers, analysts and statistical ser-
vices in the Member States is a vital element of a successful bench-
marking process.

Selection of the first set of indicators: definitions and
sources

The first set of indicators provided in this report is therefore a
starting point for further analyses, and needs to be complemented
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and enriched by other information and analytical work by experts
in the field: for instance analyses of policy instruments in different
countries, and of the relationship between policy measures and the
performance of the research and innovation systems. In the text of
this report an attempt is made to identify various questions of this
nature that deserve more detailed examination.

A total of 20 indicators (5 per theme) were drawn up (see annex)
in consultation with the High Level Group on Benchmarking of
National Research Policies, composed of Member State represen-
tatives nominated by the research ministers. Inputs and advice
were also sought from a number of S&T indicators experts, in-
cluding Eurostat and the OECD. Of the 20 indicators, 15 are indi-
cators available from existing sources, and 5 are new indicators
that need to be developed by the European Statistical System.
These indicators were presented to the Council in November 2000,
and received a positive welcome.

In order to ensure the methodological validity of the indicators, de-
tailed definitions, sources and other methodological notes were
sent to the statistical services in the Member States for comments
during December 2000 - January 2001.

Benchmarking requires the most up-to-date, internationally com-
parable and policy-relevant indicators, which need to be available
at a sufficient level of disaggregation to allow useful analysis. It
was therefore decided that the indicators used for this exercise
should be based as much as possible on the official statistics pro-
vided to Eurostat and the OECD by the Member States’ statistical
offices because these are the most reliable and harmonised data
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that exist. Privately collected data were only used when there was
no official source available for all Members States (e.g. venture
capital). It should be emphasised that without the data produced
by the national and international statistical agencies this bench-
marking exercise could not take place.

In order to ensure that the best possible data were used for this
work, a two step approach was employed. First, the indicators
were collected for each country from harmonised international
databases at Eurostat and the OECD. Then these indicators were
sent to the Member States’ statistical services (via the High Level
Group on Benchmarking) for validation and completion. This in-
volved checking that the data were correct, the addition of any re-
vised data not yet available in international databases, and the in-
clusion where possible of estimates for the most recent years.

All contacts with Member States’ statistical services have been
managed by Eurostat, including the receipt and checking of data,
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as well as various discussions with Eurostat’s R&D and Innova-
tion Statistics Working Party.

This is a first attempt at using indicators for benchmarking in this
area, and it is important to look towards possible improvements
for the future. It is possible that, as a result of the analyses carried
out during the benchmarking process, needs for new or improved
indicators could emerge.

The development of the five new indicators is a first step in this di-
rection. This work will be undertaken by a special Eurostat task
force, involving representatives from Member States’ statistical of-
fices, which will explore the technical issues for developing these
indicators, which include measures of human resources, gender
and mobility, all of which are critical issues in the context of the
European Research Area.



THEME I1: HUMAN RESOURCES IN R&D AND ATTRACTIVENESS OF S&T PROFESSIONS

Living and working in an increasingly knowledge-driven economy
puts human resources - as the main ‘knowledge carriers’ - at the
forefront of policy debate. In order for a country to maintain its
competitive base, to provide quality of life to its citizens, and to
create employment opportunities and employable workers, the
skills of its workforce require continuous upgrading and are quin-
tessential to the country’s economic performance.

Policy-makers are therefore interested in information that will help
them to make policy decisions aimed at better exploiting the coun-
try’s employment potential, of which the upgrading of skills is an im-
portant aspect. A variety of indicators has been developed in recent
years and a wide variety of data have been collected for that purpose.

Indicators measuring the number of researchers in relation to the
total workforce, their disciplines, their qualifications, their re-
search and publication output, their research efforts and related
expenditures as well as their impact on new or improved products,
processes and services, are of interest to policy-makers. First of all,
because these indicators allow them to get factual information on
the basis of which they can make better informed decisions. And
secondly, because these data will allow them to compare their
country’s innovation performance in that particular area with that
of other countries.
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Unfortunately, there exist relatively few internationally compara-
ble statistics to assist policy-makers in the area of ‘Human re-
sources in R&D’. Developing indicators in this area is therefore
crucial to help policy-makers interested in fostering an innovation-
led economic performance base.

For this theme five indicators were selected, of which two make use
of available and internationally comparable data. These two indi-
cators are:

» number of researchers in relation to the total workforce’ which
measures the human resource capacity in R&D of each country

« number of new science and technology PhDs in relation to the pop-
ulation in the corresponding age group’ which gives an indication
of the increase in the highly-qualified human knowledge base

Statistical data for these two indicators are available at Eurostat, the
Member States, OECD and Unesco. In future work, it would be use-
ful to investigate how the comparability of these data could be im-
proved, and whether further breakdowns, for example by industry,
discipline, country of origin, sex, type of organisation, could help to
increase our understanding of the role of human resources in R&D.

The other three indicators are completely new and are not avail-
able at present in any internationally harmonized databases (they
are therefore not presented here). Future work will be required by
statistical offices to develop them. These three indicators are:

« number of young researchers recruited in universities and public
research centres in relation to the total number of researchers,
which reflects the attractiveness R&D professions for young
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science graduates and the prospects for sustaining a knowledge-
based economy

« proportion of women in the total number of researchers in uni-
versities and public research centres, which gives an indication
of the participation of women in science and their role in con-
tributing to knowledge resources

« proportion of researchers from other countries amongst re-
searchers in universities and public research centres, which re-
flects the international openness of national science systems and
measures the diffusion of external knowledge

Indicator: Number of researchers in relation
to the total workforce

What does this indicator tell us?

Research workers are responsible both for producing knowl-
edge and for exploiting it. It is through research workers that
firms can appropriate knowledge and use it to produce innova-
tive new products. Moreover, researchers are a key source of
new ideas and a crucial channel for learning within the compa-
ny. They also become an important vector for the transfer of
knowledge when they co-operate with other researchers in dif-
ferent institutions/countries, and when they change professions
or move from one sector to another. In the public sector such
workers play a vital role in the generation and transmission of
basic research.
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Analysis of national performance

The presence of researchers in the total EU workforce (5.3 per
thousand workforce) is considerably below that of Japan (9.3) and
the USA (8.1).

Amongst the EU countries one can broadly detect three different
groups. In the first one sees Finland and Sweden which have the
highest proportion of researchers in their workforce, with levels
closer to Japan and the USA than to the European average (Fi-
gure 1.1.1). Below these countries, one finds a group of Member
States with levels of researchers above the EU average (DK, E, B, D
and UK). The third group are situated below the EU average (IRL,
NL and A close to the average, and E, I, P, GR somewhat lower).

The rate of increase in total number of researchers is also consid-
erably higher in the USA compared with the EU average. In Eu-
rope, Ireland and Finland are the most dynamic countries in terms
of increasing their number of researchers (Figure 1.1.2), while
Austria, Portugal, Spain and Greece also show above average
rates of growth. However, some of the larger Member States show
more stable growth patterns below the EU average.

In figure 1.1.3 one sees the close relationship between the total
spending on R&D and investment in human capital (number of re-
searchers). Since salaries account for a significant part of R&D ex-
penditure, the strong correlation is not surprising. However, dif-
ferences in salaries may account for some of the divergence in
R&D intensity between countries with similar proportions of re-
searchers in their workforce.
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Figure 1.1.1. Total researchers (FTE) per 000 workforce,
latest available year (1)
10.62 Finland
9.26 Japan (3)
8.44 Sweden
—8.08 us
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Figure 1.1.2. Total researchers (FTE) - average annual
growth (%), 1995 to latest available year (1)
16.51 Ireland
12.68 Finland
7.86 Austria

6.46
6.14
6.11
6.07
5.54
I 5.28
5.12
5.05
4.86
3.77
3.33
3.27
2.57

0 2 4 6

Source: DG Research

Denmark
France
Belgium
Germany
United Kingdom
EU (2)
Ireland
Netherlands
Austria
Spain

Italy (3)
Portugal
Greece

Luxembourg (na)

12

Data: Eurostat, Member States, OECD, USA (NSF), Japan (Nistep)
Notes: (1) P,JP: 2000; D,E: 1999; B,EL,IRL,I,FIN,S:,US: 1997;
all other countries and EU: 1998. (2) L data are not included
in the EU average. (3) see annex.

7.61
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4.66
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3.96
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Source: DG Research
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Denmark
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Japan (3)
France
Germany
Italy (3)
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16 18

Data: Member States, OECD, USA (NSF), Japan (Nistep)

Notes: (1) P,JP: 1995-2000; D,E: 1995-99; B,EL,IRL,I,FIN,S,US: 1995-97;
A: 1993-98; all other countries and EU: 1995-98.
(2) L data are not included in the EU average. (3) see annex.




THEME I: HUMAN RESOURCES IN R&D AND ATTRACTIVENESS OF S&T PROFESSIONS

Questions arising from the analysis of the indicator

It would be interesting to examine the following questions:

How have Finland and Sweden achieved such a high proportion
of researchers in their workforce?

What are the factors and policies behind Ireland’s rapid increase
in numbers of researchers (what is the role or focused policies
and what is the role of increasing total employment, as well as
the catching-up growth observed in Portugal, Spain and Greece?

What government policy measures are used in Member States to
attract young graduates to R&D professions?

What are the differences between countries in terms of the im-
portance of the public sector as an employer of researchers, and
what policies are used to stimulate such employment?

What are the differences between the public sector and industry
in terms of the supply of and demand for researchers?

What will be the effects of the ageing population on the future
stock of researchers?

What are trends in numbers of researchers by sex? This question
is being tackled by the Member States in the Helsinki Group
(group of national civil servants on women and science).

Key FIGURES 2001 12

Some comments on interpreting the indicator

The number of research scientists and engineers (RSEs) reflects the
current use of human resources in R&D occupations. They ex-
clude technicians and other supporting staff, and do not measure
the supply of highly qualified S&T personnel, some of whom may
be unemployed, or employed in non-S&T professions.

To give a more accurate estimate of human resources, data pre-
sented here are in full-time equivalents, and not pure headcounts
of researchers. This allows one to take account of part-time
working, etc.

Definitions and sources

Researchers are defined as the total number of research scientists
and engineers in a country (Frascati Manual definition -paragraph
5.4.2.2) expressed in full-time equivalents (FTEs).

Source: OECD MSTI, Member States, USA (NSF) and Japan (Nis-
tep).

Total workforce is defined as the total economically active popu-
lation

Source: Eurostat, Community Labour Force Survey, Member
States and Japan.

R&D intensity: see definitions in Theme 2 “Total research and de-
velopment expenditure in relation to GDP”.
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Figure 1.1.3. Total researchers (FTE)
per 000 workforce and R&D intensity, 1998 (1)
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Total researchers (FTE) per 000 workforce

Source: DG Research
Data: Eurostat, Member States, OECD, USA (NSF), Japan (Nistep)
Notes: (1) P: 2000; D,E: 1999; B,EL,IRL,IT,FIN,S,US: 1997.

(2) L data are not included in the EU average. (3) see annex.
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Indicator: Number of new science and
technology PhDs in relation to the
population in the corresponding age group

What does this indicator tell us?

In the new knowledge based economy, the availability of high qual-
ity human resources is essential for the generation and diffusion of
knowledge. New PhD graduates in science and technology represent
the highly qualified output of the education system in disciplines that
will be of crucial importance for industry in this new economy.

Analysis of national performance

The European Union has slightly more new S&T PhDs per thou-
sand 25-34 year olds (0.55) than the USA (0.47), and significantly
more than Japan (0.24).

Sweden, Finland, Germany and France have the highest propor-
tions of new S&T PhDs (Figure 1.2.1).

The catching up of Spain and Portugal is clear in Figure 1.2.2, which
shows high growth of these two countries from a relatively lower
base. Sweden achieves both high numbers of S&T PhDs per 25-34
population, and strong growth in new PhDs in 1999. In the two
figures, we see that Germany, Austria and the USA have medium,
and fairly stable, levels of S&T PhD output in relation to corre-
sponding population. Amongst the countries with declining numbers
of new S&T PhDs in 1999, Belgium and Netherlands have the low-
est levels of new PhDs in relation to the corresponding population.
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Figure 1.2.1. Total new Science and Technology PhDs per 000
population aged 25 to 34 years, latest available year (1)
1.17 Sweden
0.97 Finland
0.75 Germany
0.71 France
0.63 United Kingdom
0.61 Ireland
0.56 Austria
0.56 Denmark
I 0.55 EU (2)
I 0.47 us
0.43 Spain
0.36 Belgium
0.35 Netherlands
0.24 Japan
0.23 Portugal
0.17 Italy (3)
Greece (na)
Luxembourg (na)

0.0 0.5 1.0 1.5 2.0

Source: DG Research
Data: Eurostat, Member States, OECD, Unesco, Japan (Nistep)
Notes: (1) FE,UK,EU: 1998; I: 1997; all other countries: 1999.
(2) EL,L data are not included in the EU average. (3) see annex.
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Figure 1.2.2. New science and technology PhDs - growth (%),
1998-1999 (1)

12.12 Portugal
8.27 Sweden
3.94 Denmark
2.86 Spain
0.74 Japan
Ho.63 us
10.37 EU (2)
-0.15 Germany
-1.61 Austria
-3.43 Ireland
-4.51 Finland
-5.25 Netherlands
-7.19 Belgium
-7.62 France
Greece (na)
Italy (na)

Luxembourg (na)

United Kingdom (na)
-10 -5 0 5 10 15

Source: DG Research
Data: Eurostat, Member States, OECD, Unesco, Japan (Nistep)
Notes: (1) F,E: 1997-1998; all other countries and EU: 1998-99.

(2) EL,LIRL,L, UK data are not included in the EU average.
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Questions arising from the analysis of the indicator

It would be interesting to explore further the following issues:

« What good practices explain the strong performance of Sweden
in producing doctoral graduates in science disciplines?

« While the larger EU countries (Germany, France, UK) have a rel-
atively high annual output of S&T PhDs, these same countries
show rather low rates of growth in their population of re-
searchers (Fig. 1.1.2). What are the problems faced in chan-
nelling qualified scientists into S&T professions?

« Given that the EU is ahead of the USA and Japan in terms of new
PhDs per population aged 25-34, it would be interesting to
know more about their eventual career paths: what percentage
actually become research scientists or engineers, and what pro-
portion of them find work abroad?

» How does the output of the education system in S&T (both
PhDs and S&T graduates more generally) meet the needs of the
economy, and what are the key areas for the emerging knowl-
edge economy?

» What are the trends and relevant policies in terms of recruitment
of young researchers by universities and public research insti-
tutes?

Some comments on interpreting the indicator

It should be borne in mind that there are large variations between
the education systems of different countries, which can raise some
problems for distinguishing PhDs from certain other forms of ad-
vanced research qualification. For example, the number of gradu-
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ates might also be considered as a potential source for future re-
searchers.

There are also important differences between countries with re-
spect to the age of attainment of a PhD. Moreover, the number of
new PhDs is strongly dependent on the population structure. For
these reasons, the indicator used relates PhD output to the popu-
lation in the corresponding age group (taken to be 25-34 to cover
the heterogeneity in national education systems).

There may be some discontinuity in PhD data arising from the
change from the old ISCED76 to the new ISCED97. For this rea-
son, the analyses presented here only use data collected according
to ISCED97 which covers the period 1998 - 1999 (1997-1998 for
France and Spain).

Definitions and sources

Science and technology PhDs are defined as PhD graduates in the
following disciplines (ISCED97 classes in brackets): Life sciences
(ISC42), Physical sciences (ISC44), Mathematics and statistics
(ISC46), Computing (ISC48), Engineering and engineering trades
(ISC52), Manufacturing and processing (ISC54), Architecture and
building (ISC58).

Source: Joint Unesco / OECD/ Eurostat Questionnaire, Member
States and Japan.

Population in the corresponding age group is defined as the popu-
lation aged 25-34 years. Source: Eurostat, Demography statistics.
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R&D expenditure and financing are at the very centre of a knowl-
edge-based economy because its dynamics and competitiveness de-
pend primarily on the production, distribution and exploitation of
knowledge and information. In this approach, knowledge is a fac-
tor of production and its production (investment in knowledge) re-
sponds to economic incentives. Knowledge is produced by public
R&D systems, education and training systems and by firms.
Therefore, knowledge originates from different actors, sectors and
organisations.

This view of the production of knowledge as an investment in dif-
ferent sectors and by various actors is reflected in the indicators re-
lating to R&D expenditure. The R&D expenditure of various ac-
tors (public, business) measures the efforts devoted to the
production and use of knowledge that takes place in the context of
research activities. However, since R&D expenditure is only an in-
put factor, it gives no information about the efficiency of produc-
ing knowledge outputs, which is determined by the efficiency of
the innovation system (research infrastructure, co-operation, in-
teractions, capability to absorb external technology etc.).

Investment in knowledge is understood as an economic activity.
However, certain characteristics of knowledge such as weak appro-
priability of knowledge outputs, uncertainties and indivisibility in
knowledge production, generate an under-investment in knowledge
in the economy. The social returns of knowledge investment are
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higher than the private returns, which justifies public support for
basic public, scientific research as well as in certain cases for other
actors conducting research activities. The indicators relating to the
proportion of the government budget allocated to research, and the
share of SMEs in publicly funded R&D executed by the business
sector both reflect a political decision to support knowledge pro-
duction, either generally or by specific actors such as SMEs.

The capital market functions imperfectly in financing new, high tech
and knowledge intensive activities that are risky and uncertain. This
weakness requires that new sources of finance and adequate institu-
tional frameworks are created for financing new, risky and promis-
ing opportunities. The indicator on venture capital investment in
early stages of firm’s life cycle (seed and start-up) describes the utili-
sation of new financing instruments. The venture capital industry
plays an additional, very important role for firms in early stages as
it provides managerial skills and economic competencies for these
firms, and therefore increases their probability of survival in the
market. However, such competencies still need to be created in Eu-
rope where the venture capital industry itself is in early stage of de-
velopment.

Statistical data for the indicators in theme 2 are available primari-
ly from Eurostat, member states and OECD. The Japanese
(Nistep) and US (NSF) data come originally from the OECD. The
Japanese authorities have confirmed and completed the data. Only
the data for venture capital come from unofficial - but compara-
tively reliable - sources for the EU countries (EVCA), the USA
(NVCA) and Japan (VEC). The comparability is seriously weak-
ened for the data on SMEs even in the EU member states, the USA
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and - particularly - in Japan because of differences in the definition
of SMEs. Such problems should be solved at a later stage.

Theme 2 about public and private investment in R&D, there-
fore, focuses on knowledge creation through various types of
R&D activities and their financing either in the public or busi-
ness sector and by various actors. The following indicators have
been selected:

« Total research and development expenditure in relation to GDP,

» Research and development expenditure financed by industry in
relation to industrial output,

» Share of the annual government budget allocation to research,

« Share of SMEs in publicly funded R&D executed by the business
sector,

» Volume of venture capital investment in early stages (seed and
start-up) in relation to GDP.
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Indicator: Total research and development
expenditure in relation to GDP

What does this indicator tell us?

The share of R&D expenditure in GDP expresses a country’s rela-
tive efforts to create new knowledge, to disseminate and to exploit
the existing knowledge bases both in the public and in the business
sector. R&D expenditure represents one of the major drivers of
economic growth in a knowledge-based economy. High levels and
strong dynamics of R&D intensity positively support the future
growth dynamics of a country.

Analysis of national performances

R&D intensity was higher in the USA and Japan than in the EU.
Average annual growth (1995 to the last available year) of total
R&D spending (Figure 2.1.2) and of R&D intensity were also
higher for these two countries (Figure 2.1.3). This development
implies that the gap in the R&D intensity between the USA and EU
widened during this period.

Within the EU there is great diversity. In particular, Sweden and
Finland have a significantly higher R&D intensity than all other
Member States as well as the USA and Japan. In particular, Finland
stands out in that it has both a high intensity and a high real
growth rate of R&D expenditure, while Sweden’s growth rates are
more moderate, although higher than the EU average.
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Figure 2.1.1. R&D intensity (%), latest available year (1)
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Source: DG Research
Data: Eurostat, Member States, OECD, Japan (Nistep)
Notes: (1) D,A,P,FIN: 2000; NL,JP: 1998; EL,IRL,S: 1997;
all other countries and EU: 1999. (2) L data are not
included in the EU average. (3) see annex.

Figure 2.1.2. R&D expenditure - average annual real growth (%),
1995 to latest available year (1)
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Notes: (1) D,A,P,FIN: 1995-2000; NL,JP: 1995-98; EL,IRL,S: 1995-97;
all other countries and EU: 1995-99. (2) L data are not included
in the EU average. (3) see annex.
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On the other hand, R&D intensity in Germany, France, Belgium,
and Denmark is higher than the EU average R&D intensity (Fi-
gure 2.1.1). However, only Belgium and Denmark experience re-
latively high growth rates of R&D intensity followed by Germany
while in contrast, Netherlands, United Kingdom and France have
negative growth rates. (Figure 2.1.3).

R&D intensities in the Netherlands, UK and Austria are at
roughly the level of the EU average. However, only Austria’s
growth rate of R&D expenditure is higher than that of the EU
average. In the Netherlands and UK, the growth rate for R&D
expenditure is very modest, and R&D intensity is falling (Fi-
gure 2.1.3).

At low levels of R&D intensity, only Portugal is in a real process
of catching up. While total R&D expenditure has grown very
rapidly in Ireland, so has its GDP, resulting in a more modest in-
crease in its R&D intensity.

Questions arising from the quantitative analysis

A high level and strong dynamics of R&D intensity are the basis
for strong growth of a knowledge-based economy. However, mar-
ket forces alone may not generate the optimal level of R&D in-
vestment in an economy. Research and technology policy address-
es this gap through support for investment in scientific research as
well as in selected business sector research activities. Thus, the dy-
namics of R&D intensity may also reflect the success of policy
measures in a country.
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How can Finland and - to a lesser extent — Sweden, both already
at high levels of R&D intensity, manage to increase this intensity
more than all the other countries? It would be useful to have a bet-
ter understanding of research and technology policy practices in
these countries in order to gain insights into successful policy de-
signs. What role does size of the country, i.e. scale, play in deter-
mining policy strategies?

What types of public policy measure might explain Portugal’s
strong rise in R&D investment from a comparatively low level?
The same question is valid also for Ireland and Spain, although the
trends are slightly less marked.

What is the role of international technology transfer in technology
policy, which is very important for countries at a lower R&D in-
tensity?

What are the roles of the public sector and/or business sector for
the dynamics of this indicator, and what are the related policies?

Considering Italy’s economic and technological capacity what ob-
stacles explain the relatively lower dynamics of R&D expenditure?

What factors explain the relatively weak dynamics (Germany, UK
and France), particularly the decreasing R&D intensities in UK
and France? Does this result from policies that allocate economic
resources to less R&D-intensive activities because they have a
higher return? Or is the optimal level of R&D investment con-
strained by macroeconomic factors such as public sector budget
deficits?
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Some comments on interpreting the indicator

. L. . Figure 2.1.3. R&D intensity and average annual growth
This is an aggregate indicator which conceals several structural 9 of R&g intensity g g
and qualitative aspects that should be kept in mind when compar-
ing across countries. The most important aspects are: - S 575 *FIN
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» The level of R&D expenditure will depend partly on the struc- 26

ture of the industrial sectors in a country. If a country is spe- g& 5
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this indicator because the propensity to invest in R&D differs SZ o

across types of firms (such as size or nationality). z S 0 ! N 3 4
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» Total R&D indicators include both public and business sector 2
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R&D expenditure. The breakdown of expenditure between R&D intensity, 1999 (%) (1)

these sectors varies considerably across countries. Source: DG Research
« This important indicator measures only the investment in R&D, Mot (D mﬁth’gég.ta,\fijp?f Sog,aan (ster,

while performance is also a function of the efficiency of the in- (2) D,APFIN 1995-2000; NL,JP: 1995-98; EL,IRL,S: 1995-97.

novation system (3) L data are not included in the EU average. (4) see annex.

« R&D intensity is sensitive to the business cycle. Therefore, the
period of analysis will affect the value of the indicator.

Gross domestic product (GDP) is defined according to National
Accounts ESA 1995 definition, in national currency and current
Total research and development expenditure is defined as Gross prices, converted to Euro and PPS.

domestic expenditure on R&D (GERD) according to Frascati-
Manual definition, in national currency, converted to Euro and
PPS. Source: Member States. OECD for the USA. OECD and na-
tional sources for Japan.

Definitions and sources

Source: Eurostat, Member States and national sources for Japan.
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Indicator: Research and development
expenditure financed by industry in relation
to industrial output

What does this indicator tell us?

R&D expenditure financed by industry describes the innovative ef-
forts of industry in creating new knowledge and in exploiting exist-
ing knowledge bases. These financial resources are directed towards
industry needs, and tend to be focused on applied and development
research with more direct economic objectives than public research.
In addition to public funding of R&D, R&D financed by industry
provides the basis for future industrial competitiveness.

Analysis of national performances

The relative effort made by industry to finance R&D is lower in
the EU than in the USA and Japan (1.4% in EU versus 2.1% in
USA and 2.5% in Japan). Also, the growth rate of R&D financed
by industry is considerably higher in the USA than that of EU
average.

Within the EU the share of industrial output allocated to R&D dif-
fers significantly between countries. Certain countries - Sweden,
Finland Germany and also Denmark - reach values for the relative
industry financed R&D around those of the USA and Japan. In
particular, Sweden and Finland have a considerably higher values
(4.0% and 3.2% respectively) than the USA. In particular, Finland
but also Denmark experience a much stronger growth in industry-
financed R&D than the USA.
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Figure 2.2.1. Industry financed R&D as % of industrial output,
latest available year (1)
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Notes: (1) D: 2000; F,NL,JP: 1998; EL,IRL,P,S: 1997;
all other countries and EU: 1999. (2) L data are not
included in the EU average. (3) see annex.
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Figure 2.2.2. Industry financed R&D - average annual real

growth, 1995 to latest available year (1)
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The relative effort made by industry to finance R&D is slightly
above the EU average in Belgium and France, and in Belgium
growth of this R&D is also higher than the average for the EU. All
other Member states reach values of relative R&D efforts financed
by industry that are below the EU average. Some of them (such as
Austria and UK) also have low growth rates of this investment,
while Greece has experienced a negative growth. In contrast, Por-
tugal, Ireland and Spain - who all have relatively low intensities of
business financed R&D - are catching up, with growth rates well
above that of the EU average (and that of the USA).

Questions arising from the quantitative analysis

A high level and strong dynamics of R&D financed by industry in-
dicates strong innovative efforts, i.e. the creation of new knowl-
edge and the utilisation of existing knowledge bases. However,
market forces alone do not generate an optimal level of R&D fi-
nanced by industry for the economy. Therefore, technology policy
utilises diverse instruments for supporting the R&D activities of
the industry. Consequently, the dynamics of R&D finance reflects
also the success of the technology policy in various countries.

What types of policy instruments and designs explain the initially
high levels and the strong dynamics of R&D financed by industry
in relation to its output in Finland, Sweden and Denmark? What
can be learned from these policy practices?

For those countries at a low initial level of R&D expenditure financed
by industry, the question arises: what type of policy instruments sup-
port the catching-up processes (e.g. in Portugal and in Spain)?



THEME 2: PUBLIC AND PRIVATE INVESTMENT IN R&D

What is the impact of the structure of the enterprise population,
and in particular of specialisation in high tech industries, on R&D
expenditure?

To what extent is the success of some countries in terms of business fi-
nancing of R&D activities due to favourable framework conditions?

What factors explain the totally different dynamics of R&D fi-
nanced by industry in Portugal and Greece, which are both at a
low level of relative R&D efforts financed by industry?

[s there a substitution effect between public and business sector fi-
nancing of research?

Some comments on interpreting the indicator

This indicator also has certain characteristics that may raise prob-
lems for interpretation:

» R&D expenditure is divided by industrial production and not by
value added. Production, however, may contain differing inter-
mediate chains and values, which makes the comparison across
countries difficult.

« The level of R&D financed by industry also depends on the struc-
ture of industry. If a country is specialised in industries that typically
have a high R&D intensity the value of the indicator will be high.

» The characteristics of the enterprise population will also affect
this indicator because the propensity to finance R&D differs
across types of firms: SMEs have a typically low propensity to fi-
nance R&D, while foreign-owned firms might have a typically
higher propensity.
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» The efficiency of R&D expenditure financed by the industry will
be influenced by the structure of the innovation system and, in
particular, existence of connections and networks between pub-
lic and business research.

«» High growth rates of industry financed R&D of a small country
might not reach absolute increases of a large country at a much
lower growth rate.

Definition and sources

Research and development expenditure financed by industry is de-
fined as GERD financed by the Business enterprise sector accord-
ing to Frascati-Manual definition, in national currency and con-
verted in Euro. Source: Member states, OECD for the USA. OECD
and national sources for Japan.

Industrial output is defined as the domestic product of industry
(DPI), in national currency and converted in Euro. Source: OECD
and Member states. National sources for Japan.

Indicator: Share of the annual government
budget allocated to research

What does this indicator tell us?

The share of the annual government budget allocated to research
measures the relative importance given to R&D in the govern-
ment’s general spending commitments and, therefore, indicates the
relative position accorded to R&D amongst government spending
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measures. The government plays an important role in allocating
resources to the production of scientific knowledge and - to a less-
er extent - in stimulating knowledge creation in the business sector.
Government research budget is, therefore, vitally important in sup-
porting the transition towards the knowledge-based economy.

Analysis of national performances

In international context, the share of government R&D budget in the
EU is considerably lower than that of the USA and also that of Japan.
Similarly, the EU’s government R&D budgets grows at a much low-
er rate than in Japan and also — even if less outstanding — in the USA.

The importance that is given to R&D support in government bud-
gets varies considerably between the member states. In France and
the Netherlands the role of the government R&D budget is very
high (5.0% and 3.3% respectively) compared to the EU average
(2.0%) and to the other European countries. However, in France
the government R&D budget — at an initially high level - registered
an average annual decline during the period 1995-1999. The
shares of government budgets reach in Finland, Germany, UK and
Spain values that are around the EU average, but, of these four

countries, only Spain had a very high growth rate of government
R&D budget followed by Finland.

Portugal, Sweden, Denmark, Belgium and Italy have relatively low
shares of government budget allocated to research. Among these
countries, only Portugal has had a very high growth rate followed
by Belgium; both are therefore catching-up from a low level. Swe-
den showed strong negative growth in 1995-2000, as did Italy, al-
though its decrease was much less dramatic.
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Figure 2.3.1. Share of government budget allocated to R&D,
latest available year (1)
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Notes: (1) B,EL,E,FIRL,I,UK,US and EU: 1999; all other countries: 2000.
(2) L data are not included in the EU average. (3) see annex.
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Figure 2.3.2. Government R&D budget - average annual real Figure 2.3.3. Government R&D budget - civil R&D as % of total,
growth (%), 1995 to latest available year (1) latest available year (1)
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Austria, Ireland and Greece have a very low share of the annual
government budget allocated to research (excluding interest).
While Greece and Ireland have positive growth rates well above

the EU average, in Austria the average annual growth rate was neg-
ative during the period 1995-2000.

The relative importance of civil and defence R&D in total R&D
budget varies between countries (Figure 2.3.3). Some of the negative
growth rates may result from declining defence expenditure in the
wake of the breakdown of the Soviet regime - and perhaps also part-
ly due to the efforts to meet the Maastricht convergence criteria.

Questions arising from the quantitative analysis

Given the essential role that the government R&D budget plays in
knowledge production in the economy, several aspects relating to
policy design are important to explore:

What factors explain the extremely high share of research in the
French government budget, and - to a lesser extent — in that of the
Netherlands?

What factors explain the negative growth rates in France and Swe-
den? Is this a result of declining defence expenditure?

What are the reasons for, and what policies explain, the negative
growth rates of the R&D budget in Sweden, which already has a
relatively low share. Is this a real reduction or a switch to other
types of instruments?

What policies explain the strong catching up process in Spain and
Portugal?
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What share of the government budget for R&D is really available
for new active policy, given the large amounts devoted to salaries
for researchers and the operating costs of public research insti-
tutes?

Some comments on interpreting the indicator

In interpreting this indicator the following points should be kept in
mind:

» The government budget covers only the direct government sup-
port for a country’s R&D expenditures. Other, indirect policy
measures are also available that are not included in government
budget data, for example R&D credits or tax incentives.

» The bulk of the public budget is usually spent on salaries of pub-
lic sector researchers and on running of the public sector re-
search institutes.

« The share of the annual government budget allocated to research
covers only budget appropriations or outlays as opposed to re-
alised expenditure.

« The comparability of the Japanese data depends on the discrep-
ancy of the definition between “Annual government budget”
and “General budget expenditure”

Definition and sources

The government budget allocated to research is defined as govern-
ment budget appropriations or outlays for R&D (GBAORD) ac-
cording to The OECD Frascati-definition (except in Japan), in na-
tional currency and converted into Euro and 1995 Purchasing
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Power Standards (PPS95). Source: Eurostat and Member States.
For the USA: NSE.

The annual government budget is defined as general government
expenditure (excluding interest), in national currency, ESA 1995.
Source: DG EcFin (AMECO database), data originally from Euro-
stat and Member States. The data for Japan is provided according
to “General budget expenditure” that comes nearest to definition
of “Annual government budget”. Source: Annual Report on Pro-
motion of Science and Technology, Ministry of Education, Culture,
Sports, Science and Technology. The source for the US data: NSE.

Indicator: Share of SMEs in publicly funded
R&D executed by the business sector

What does this indicator tell us?

This indicator informs us about the relative importance of SMEs
in executing publicly funded R&D. Public funding of R&D gives
governments an instrument for directing resources to their chosen
research priorities (sectors, technology fields) and/or to certain
types of performers (categories of firms). Supporting SMEs in their
research and development activities has become an important pol-
icy objective over recent years, and SMEs appear to provide a fer-
tile breeding ground for new ideas and innovative ways. However,
their activities can be hampered by lack of resources, and by the
relatively high information and administrative costs of participat-
ing in research programmes.
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Analysis of national performances

The share of SMEs in publicly funded R&D executed by the busi-
ness sector is considerably higher in the small European countries
(Ireland, Greece, Portugal, Denmark, Finland, Austria, the Nether-
lands and in Spain) in comparison to Japan. However, in the USA
this indicator stands behind almost all European countries. Gener-
ally, in Europe the relative share of publicly funded R&D execut-
ed by SMEs is considerably higher for the small countries than for
the large countries (Germany, UK, France)-Spain making an ex-
ception. This might be explained by the size structure of the enter-
prise population in these countries (i.e. if the small countries have
much higher proportions of small companies). In this case, this in-
dicator will score more highly in the smaller countries than in the
larger ones.

Among the countries with a high share of SMEs in publicly fund-
ed R&D, Ireland (83.3%) has the highest value, followed by
Greece, Portugal and Spain. Although they start at high levels,
growth rates are still very high for Portugal and Spain and also for
Ireland, while in Greece the growth rate is rather low.

The dynamics of this indicator shows considerably differences be-
tween countries and in international comparison. Now Japan's
growth rates lies above that of the USA and many European
countries — except those in Denmark, Portugal and Spain. In Eu-
rope, there are important differences in the dynamics of this in-
dicator. Denmark is an exception as it has both a high value for
the share of publicly funded R&D executed by SMEs, combined
with a very high growth rate.
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Figure 2.4.1. Share of SMEs in publicly funded R&D executed
by the business sector (%), latest available year (1)
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all other countries: 1998.
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Figure 2.4.2. Publicly funded R&D executed in the SMEs
sector - average annual real growth (%), 1995 to latest
available year (1) (only available for eleven countries)
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THEME 2: PUBLIC AND PRIVATE INVESTMENT IN R&D

Among the large countries, not only are the shares low, but the
growth rates are also negative for UK and France (Germany has
only one value, so no growth rate could be calculated).

Questions arising from the quantitative analysis

This indicator reflects the relative importance of SMEs in execut-
ing publicly funded research in the business sector. This is one of
the principal policy instruments in supporting research activities
in the business sector. Some central questions for further analysis
include:

» What factors and policies explain the exceptional Danish expe-
rience with a high share of publicly funded R&D executed by
SMEs and a very high growth rate?

» Are the high shares of SMEs in publicly funded R&D executed
in the business sector in Ireland, Portugal and Greece an out-
come of a specific policy for supporting SMEs’ research activi-
ties and research participation?

« For those countries with low values for this indicator, one
should analyse whether the result comes from policy priorities
towards large firms (more developed policy instruments com-
pared with those for SMEs) or from the structure of the enter-
prise population.

» What factors explain the negative growth rates in UK and

France? (For example, restructuring processes in the economy
(M&A) that decrease the number of SMEs).
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Some comments on interpreting this indicator

In interpreting this indicator, the following points should be kept

in mind:

« The definition of an SME (size and other characteristics) differs
between countries. The problem is even more complex than just
finding a common definition, because the typical size of large or
small firms may vary across countries depending on their size or
sectoral characteristics.

« The value of the share is not only influenced by policy priorities,
but also by the relative shares of large and small firms in the en-
terprise population.

« The share of SMEs in high tech industries varies between coun-
tries.

» This instrument is one possible instrument for supporting R&D
in SMEs. Other possibilities include, for example, R&D tax re-
ductions and R&D credits etc., which may also play an impor-
tant role.

Definitions and sources

Publicly funded R&D executed by the business enterprise sector
(BERD financed by government) is defined according to the OECD
Frascati Manual, and expressed in national currency. Source:
OECD, Member States and Japan.

Small and medium-sized enterprises (SMEs) are defined as follows:
enterprises which have fewer than 250 employees, and have either,
an annual turnover not exceeding ECU 40 million, or an annual
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balance-sheet total not exceeding ECU 27 million, and conform to
the criterion of independence as defined in paragraph 3 in
96/280/EC: Commission Recommendation of 3 April 1996).

The data received on SMEs do not always comply with the above
Eurostat definition. The comparability of these data is therefore
uncertain and should be analysed in detail at a later date. Japanese
definition for SMEs concerns companies with less than "300" em-
ployees.

Source: Member States, Japan (Report on the Survey of Research
and Development, Statistics Bureau) and the USA (NSF).

Indicator: Volume of venture capital
investment in early stages (seed and start-
up) in relation to GDP

What does this indicator tell us?

The economic function of seed and start-up venture capital fund-
ing is to provide financing to high risk, promising new high tech
and knowledge intensive companies. Although small in relative
terms, the volume of venture capital in early stages in relation to
GDP plays a strategic role in financing innovations and, thus, in
supporting structural change towards a knowledge-based econo-
my. In particular, venture capital companies provide not only eq-
uity capital, but also managerial skills and competencies that are
critical for the success of firms at the early stages of their life cycle.
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Analysis of national performances

While the EU average for the intensity of early stage venture capi-
tal is clearly below that of the USA and Japan, the real growth rates
for this type of venture capital were remarkably higher in EU av-
erage than in the USA and Japan.

In Europe, the rapid development and catching-up of the venture
capital industry began in the 1990s. Certain countries - Sweden,
Belgium and NL - already have a high intensity of early stage ven-
ture capital. However, only Sweden is in the position of increasing
its early stage venture capital investment very rapidly from a high
level of intensity.

In Finland, Germany, France and Ireland, the early stage venture
capital intensity is roughly around the EU average, at a relatively
modest level. However, the growth rates for these countries are
rather high, especially in Ireland and France (more than 100 %
growth).

Another group of countries - Italy, Greece, Spain UK, Denmark
and Austria - have an early stage venture capital intensity that is
considerably lower than the EU average. In this group, only Aus-
tria is experiencing strong dynamics in its early stage venture cap-
ital funding, starting from a very low level, but catching up at an
annual average rate of 163.8 % during the period 1995-99.

On the other hand, UK, Spain, Greece, Italy, Denmark and Portu-
gal have both relatively low intensities and low growth rates com-
pared with the corresponding EU averages.
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Figure 2.5.1. Seed and start-up venture capital - investment
per 000 GDP, latest available year (1)
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Source: DG Research
Data: Eurostat, EVCA, NVCA, VEC
Notes: (1) JP: 2000; all other countries refer to 1999.
(2) L data are not included in the EU average. (3) see annex.
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Figure 2.5.2. Seed and start-up venture capital investment -
average annual real growth (%), 1995 to latest available year (1)
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While there is a wide diversity of early stage intensities in Eu-
rope, the fast growth of early stage venture capital investment in
most countries underlines the increasing importance of venture
capital as a source of funding for the R&D activities in early
stage firms.

Questions arising from the quantitative analysis

Venture capital funding for early stage high tech and knowledge in-
tensive companies plays a strategic role for economic dynamics,
since capital markets function imperfectly in financing risky and
uncertain projects (such as high tech and knowledge intensive
start-ups). Consequently, supporting the emerging venture capital
industry is a significant part of technology policy in several Euro-
pean countries. These policies obviously differ considerably be-
tween countries.

What are the financial and other regulatory measures of Member
States explaining the surge of early stage venture capital invest-
ment, in particular in Sweden?

What policy measures explain the strong growth in early stage ven-
ture capital funding in Austria compared with Italy or UK, which
have similar levels of early stage venture capital intensity?

At the European level, how important are the efforts of the Risk
Capital Action Plan (SEC(98)552) in abolishing the fragmenta-
tion of the European risk capital market and in supporting the
development of risk capital in the European Union ?
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Some comments on interpreting the indicator

The interpretation of this indicator should consider several quali-
tative aspects when compared across countries:

« Venture capital is only one financial source for start-ups. Oth-
er sources such as bank loans and grants or credits backed up
by the state can also play an important role. Obviously, the
relative importance of venture capital varies between coun-
tries, depending on the structure of the capital markets, insti-
tutional regulations and the role of the state in early stage fi-
nancing.

« The managerial quality of the venture capital industry differs
considerably between countries, resulting in varying survival
rates. In the USA, the tradition of providing business competen-
cies is very strong, while in Europe it is still rather weakly devel-
oped.

« The definitions of venture capital and the various stages vary
between countries, which makes comparisons difficult between
the EU, the US and Japan. Comparisons are particularly diffi-
cult with the Japanese figures because certain assumptions
must be made for estimating the venture capital in early stages.
The credibility of the data depends therefore on the correctness
of these assumptions. Also the survey population is different in

Japan.
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Definitions and sources

Venture capital in early stages of a company - i.e. seed and start-up
stages — provides financing mainly for the initial business plan, re-
search activities, the product development and first marketing. It is
part of total venture capital (= equity investments made for the
launch, early development or expansion of business). Total venture
capital itself is a part of total private equity capital to enterprises
not quoted on a stock market. The definitions of seed and start-up
venture capital in the US also include first-stage financing. The
Japanese data for early stage financing are based on two assump-
tions: firstly, early stages correspond to the period before estab-
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lishment or less than 5 years of the company's life time and, sec-
ondly, the ratio of early stage venture capital in new investment is
the same as that in total new investment.

Sources: European Venture Capital Association for the Member
States and National Venture Capital Association for the USA.
Source for Japan: The Venture Enterprise Center (VEC).

Gross domestic product (GDP) has been collected according to na-
tional accounts definition (ESA 1995 definition), and is expressed
in euros and current prices.

Source: Eurostat
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In our ever globalising economies, with their increasingly similar
competition bases, measuring the workforce in science and tech-
nology across countries catches the interest of policy-makers. It is,
however, a difficult task for three reasons:

Firstly, because there are different definitions in terms of ‘who to
count’; secondly, because there are different definitions for ‘occu-
pational or industrial categories’; and thirdly, because of the sheer
limitations of existing datasets.

Although measuring the productivity of the workforce in science
and technology is a difficult task, several indicators have been de-
veloped such as

» the number of patents,

» the number of scientific publications and the number of citations
of highly cited publications,

« the percentage of innovative firms cooperating with other
firms/universities/public research institutes” which indicates the
cooperation patterns which may contribute to strengthening
knowledge and innovation transfers.

For these indicators data are available which allow for interna-
tional comparisons, and the most recent figures are presented in
this section.
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Further developments which could be interesting to explore in fu-
ture work include: the share of patents in high tech areas, per busi-
ness R&D expenditure or per thousand researchers, and the num-
ber of scientific publications by science domain, per non-business
R&D expenditure, per thousand researchers, as well as the pro-
portion of joint publications in the national total.

It is important to note that the patent indicator is not only used to
measure the technological performance of a country, but is often
used as a proxy for innovation activities. However, it should be kept
in mind that information on patents should always be seen in rela-
tion to the country's size, its economic structure, its degree of spe-
cialization and the importance of multinational companies. In order
to get a better overview of a country's scientific and technological
productivity, patent data should best be combined with other indi-
cators measuring R&D productivity such as, for example, number
of publications, number of citations, number of NTBFs, share of
high-tech industries (and their average annual growth), share of
patents in high tech sectors (and their average annual growth), share
of export of high tech products (and their average annual growth),
technology balance of payments (and their average annual growth).

Therefore, two new indicators have been suggested for providing
additional measures of the productivity of the scientific and tech-
nological workforce:

» Number of spin-offs generated by universities and research cen-
tres which is intended to measure the development of new eco-
nomic activities by R&D personnel.
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» Rate of usage of broadband electronic networks for research by
R&D laboratories which measures the rate of connectivity and
use of electronic research networks. The underlying assumption
is the larger and better connected electronic research networks
are, the more likely is the increase in quantity and quality of sci-
entific productivity and the speedy diffusion of scientific and
technological output.

These two indicators are completely new and are not yet available
from internationally comparable sources (they are therefore not
presented here). Work will need to be launched to develop them in
the future with the help of the statistical offices.

Indicator: Number of patents at the
European and US patent offices per capita

What do these indicators tell us?

An application for a patent indicates that there has been a produc-
tion of new knowledge linked to an invention, and more impor-
tantly that this knowledge may have potential economic returns.
For a country, patenting therefore reflects part of its inventive ac-
tivity, and its capacity to exploit knowledge and translate this into
potential economic gains. As public information, patents are also
an important vehicle for the transfer of technological knowledge.

The use of patents at the two major patenting offices (the Euro-
pean Patent Office and the US Patent and Trademark Office) is im-
portant for two reasons. Firstly because the EU and the USA rep-
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Figure 3.1.1: European patents per million population
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resent key markets for future products which exploit the inven-
tions being patented. Secondly, the patenting performance of the
EU and the USA varies significantly between the two systems ow-
ing to a “home advantage” effect: i.e. the US is dominant in the US
patent system because it is their home market, while the European
countries are dominant in the European system.

Analysis of national performances

One observes a broadly similar ranking of the European countries
in terms of patenting per capita for both European and US patents.
(Figures 3.1.1 and 3.1.3).

While in the European patent system the EU and the US have
broadly the same level of patents per capita (Figure 3.1.1), in the
US patent system the US has a much higher patent intensity than
Europe (Figure 3.1.3)

The highest levels of patenting per capita are exhibited by Sweden,
Finland and Germany. Some of the Member States have relatively
low levels of patenting per capita (and often extremely low num-
bers of patents in absolute terms), but exhibit a clear upward
growth trend. (Figures 3.1.2 and 3.1.4).

An important factor influencing the level of patenting of a coun-
try is its industrial structure. Since some industries have a
greater propensity to patent than others, those countries spe-
cialised in these industries will tend to have higher rates of
patenting.
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Figure 3.1.2 : Average annual growth (%) in European patents,
1995 to latest available year (1)
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. o . Questions arising from the quantitative analysis
Figure 3.1.3: US patents per million population
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Figure 3.1.4 : Average annual growth in US patents (%),
1995 to latest available year (1)
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» Some sectors have a much higher propensity to patent than
others. Consequently, when comparing countries’ patenting
levels there is a need to bear in mind differences in their indus-
trial and technological structures.

= Innovation and invention in the service sector is not adequately
captured by patents, since relatively few service companies
patent compared with the manufacturing sector.

« Not all inventions are patented. Firms can choose other strate-
gies to protect inventions (e.g. secrecy).

Two other points should be made concerning comparisons be-
tween the European and US patent systems. Firstly, because these
patent data are recorded by their year of publication, comparisons
between the EPO and USPTO figures are difficult (since the publi-
cation date of a patent depends upon the administrative delays spe-
cific to a particular patent office). Secondly, there is a “home ad-
vantage” effect in that, the US will have a dominance in the US
patent system because it is their home market, while the European
countries will be dominant in the European system.

One method which has been proposed for eliminating the “home
advantage” effect is the use of “Triad patents” (i.e. those patents
that are applied for at all three patent systems: EPO, USPTO and
JPO). The results of research work in this area are promising, and
this might be a useful indicator to employ in future benchmark-
ing work.

The treatment of patents of multinational companies is also a com-
plex area. Such companies may carry out research in one country,
but may make an application to patent an invention through the
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headquarters office in another country. The classification of
patents by country of inventor (as opposed to country of appli-
cant) attempts to resolve this problem, but this is a complex issue
which can benefit from further research efforts.

The denominator used here is million population. One can envisage
other possible denominators, depending on the interpretation desired
(e.g. number of researchers in a country), and these may produce sig-
nificantly different results. It is therefore important to interpret such
ratios carefully according to the issue and the analysis in question.

Definitions and sources

Total number of European and US patents per thousand popula-
tion. European patents cover all patents applied for at the Euro-
pean Patent Office (including Euro-PCT applications), and US
patents relate to all patents granted at the US Patent and Trade-
mark Office. Patents are recorded by year of publication, and al-
located to the country of the inventor (using fractional counting in
the case of multiple inventor countries).

Sources: Data from the European Patent Office, and the US Patent
and Trademark Office. Calculations by OST and Fraunhofer ISI.

Total population is as defined as in the national accounts (ESA 1995).

Source: Eurostat, National Accounts and Japan.
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Indicator: Number of scientific publications
and number of highly cited papers per capita

What does the indicator tell us?

The first part of this indicator measures the scientific output (num-
ber of publications) per country. This indicator is very often used as
a sign of the research capacity and growing knowledge pool of a
country, or of a specific research community etc.. Whereas numbers
of publications only tell us about quantity, guality is more closely
associated with the second indicator relating to citation counts. In
most scientific domains, the number of citations a paper receives in
a particular period (citation window) reflects its importance.

Analysis of national performances

The analysis of the publication data per capita (Figure 3.2.1) show
that Sweden, Denmark, Finland, Netherlands, United Kingdom,
Belgium and Austria are not only above EU-average, but also
above the US and Japan. Except for UK and Netherlands, this
group of countries also scores a growth rate of number of scientif-
ic publications above both the EU-average and USA for the period
1995-1999 (Figure 3.2.2).

The US decline in number of publications, and its negative growth
rate, are quite remarkable and deserve further explanation.

Of the six Member States that score below the EU-average in terms
of scientific publications per capita (Figure 3.2.1), Portugal, Greece,
Ireland and Spain are catching up ranking as the top four countries -
in terms of growth in number of scientific publications (Figure 3.2.2).
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Figure 3.2.1: Number of scientific publications per million
population, latest available year (1)
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Notes: (1) All data refer to 1999.
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Figure 3.2.2: Average annual growth (%) of number of scientific
publications, 1995 to latest available year (1)
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The Scandinavian countries show a remarkable lead measured by
their number of scientific publications (Figure 3.2.1). This lead is not
something new. In these countries, the growth rates of the number of
publications are higher than the EU-average since 1995.

Citation data (Figure 3.2.3) show a different picture. Here, the
data has been calculated as the sum of the top 1 % of the publica-
tions per field (normalised by field) in a period from 1997-1999.
On a country level, achieving more than 1 % of highly cited pa-
pers, is in this respect, performing above the world average. Com-
paring the EU-15, US and Japan, the US percentage is with 1.27%
only slightly higher than the EU one with 1.20%. Japan is signifi-
cantly lower with 0.65% (Figure 3.2.3).

Looking at the total number of the most highly cited papers (Fig-
ure 3.2.4), the US and EU-15 produce most of the publications.
Japan is behind the larger publishing countries such as UK, Ger-
many, and France, but Italy and the Netherlands also have high
levels. Per capita, Sweden and Denmark have a larger number of
highly cited publications than the Netherlands, UK and Belgium.
The US performs well below 5 Member States and Japan even
much lower. (Figure 3.2.5).

There are several interesting developments, one concerning the
Netherlands: despite the fact of a low, far below EU-average
growth rate in the number of publications, the Netherlands
achieve well above EU-average rates for the number of highly cit-
ed papers, number of highly cited papers per capita and number of
publications per capita. This pattern is very similar for Denmark
and Sweden.

Key FIGURES 2001

41—

Figure 3.2.3: Number of highly cited papers as percentage
of total number of scientific publications,1997-99
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Figure 3.2.4 : Total number of highly cited papers,

latest available year (1)
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Figure 3.2.5: Number of highly cited publications
per million population, latest available year (1)
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Finally, if one combines the growth of the number of researchers!
with the growth of numbers of publications (Figure 3.2.6), one ob-
tains a complex picture. On the basis of figure 3.2.6. one could ar-
gue that the countries France, Germany, Italy and Portugal have a
higher marginal scientific productivity, as the growth of publica-
tions is stronger than the growth of researchers. In contrast, the
opposite group of countries showing a lower marginal scientific
productivity are Ireland, Finland, Denmark, Sweden, Netherlands
and United Kingdom, while Austria, Spain, Greece, Denmark and
Belgium hold equal growth positions.

Questions arising from the quantitative analysis

« Which policies could be linked to the high per capita rates (pub-
lications and citations) in Denmark and Sweden?

» What causes the discrepancy between the Netherlands’ low pub-
lication growth rate and low increase in number of researchers
on the one hand, and its top performance per capita, as well as
its above average performance in total number of highly cited
papers on the other hand?

» What underlying factors explain the rapid catching up process of
the cohesion countries in terms of growth rate of number of sci-
entific publications in the period 1995-1999?

' The growth rates of number of researchers (FTE) have been calculated from the data provided
by the Member States and the OECD respectively (I). For some countries only 1995 and 1997
data, for others 1995 to 1998 data are available (see Theme 1, Indicator 1). Data for
Luxembourg are not available. As the data are rather incomplete, the growth rates need to be
interpreted with caution.
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« Is size of the research system and a critical mass within an ex-
plaining factor for the differencies?

« What are the scientific specialization patterns within the mem-
ber states, e.g., basic/applied research orientation, domestic co-
operation and networks, outward orientation, use of English
language or another native language?

Some comments on interpreting the indicator

In order to interpret these indicators correctly, some preliminary re-
marks should be made regarding the nature of the data. The owner
of the SCI database (used for all these calculations) is American, and
the database therefore tends to have a bias towards English lan-
guage publications, and to reflect the scientific profile of the USA.
For example, almost 50 % of the data of the SCI relates to life sci-
ences, whereas engineering represents only a small number, There-
fore, it should be borne in mind when interpreting the data that
those countries specialised in fields which either show a low propen-
sity to publish, or fields which are not well represented, will show a
lower scientific output than countries with an opposite profile.

In general, the number of citations a paper receives in a particular
period (citation window) reflects its influence. However, there ex-
ist several cases, were self-citation or citation cartels disturb the
analysis significantly.

Citation rates have to be analysed equally careful, as the propensi-
ty of citation counts per paper vary according to the size of a field
and its scientific community. The scientific community of theoret-
ical physics, for example, is much larger than that for crystallog-
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raphy. More papers will be produced in the first case, and these
face more competition to be cited then in the latter field. It is there-
fore often necessary to “normalise” these size effects for a citation
analysis, and in order to compare between countries or fields. The
data for the citation data here have been field normalised, and the
top one percent from each field has been taken for analysis

The denominator used here is million population. One can envis-
age other possible denominators, depending on the interpretation
desired (e.g. number of researchers in a country), and these may
produce significantly different results. It is therefore important to
interpret such ratios carefully according to the issue and the analy-
sis in question.

Definitions and sources

Number of scientific publications: CD-rom version of the database
of the Institute for Scientific Information — ISI, Philadelphia and
processed by the Centre for Science and Technology Studies -
CWTS, Leiden University. Full-counting per country, i.e. a publi-
cation by authors from two or more countries will be credited as
one publication to each of the respective countries. Only articles,
notes, reviews and letters are included.

Most cited publications: the ratio of citation count to publication
count. The data are determined by cites from 1997-1999. Only ar-
ticles, notes, reviews and proceedings are included. The High Im-
pact Papers are calculated as the top 1 % in each field, to normalise
by field size.
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Figure 3.2.6: Number of scientific publications and number
of researchers - average annual growth (%), 1995-98 (1)
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Data: ISI, CWTS

Notes: D,E,P: 1995-99; B,EL,IRL,I,FIN,S,US: 1995-97
(2) L data are not included in the EU average.

The source of data is the Science Citation Index (SCI), of the Insti-
tute for Scientific Information - ISI, Philadelphia, USA. The data
on publications has been processed by the Centre for Science and
Technology Studies — CWTS, University Leiden, the Netherlands.
The data on highly cited papers was directly provided and
processed by ISI.
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Indicator: Percentage of innovative firms
co-operating with other
firms/universities/public research institutes

What does this indicator tell us?

This indicator measures cooperation patterns that may contribute
to the strengthening of transfers of knowledge and innovation. In-
creasingly, innovation relies on the combination of different
sources of knowledge and expertise. Some of this may be external
to the firm, and can be acquired through co-operation with other
firms, as well as through the exploitation of public research by
means of links between firms and universities/public research in-
stitutes. Such cooperation can help to accelerate the generation of
new ideas and their diffusion.

Innovation cooperation can have important effects on S&T pro-
ductivity in firms, through sharing (and thus reducing) the costs of
R&D, while at the same time improving the quality of new prod-
ucts and shortening product life cycles.

Analysis of national performances

On average 25% of innovative EU firms co-operate with other
firms, universities or public research centres (Figure 3.4.1). This
phenomenon is strongest in Finland, Sweden and Denmark where
more than 50% of firms are involved in such co-operation.

If one examines the link between the co-operative activities of in-
novators and their sales of new or improved products (Fi-
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Figure 3.4.1. Percentage of innovating firms cooperating with
other firms, universities or public research institutes (1996)
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Note: (1) see annex
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Figure 3.4.2: Share of turnover linked to new or improved
products from innovators by engagement in innovation
co-operation, manufacturing (1996)
Finland
Sweden
Denmark
France
Belgium
United Kingdom
Netherlands
Portugal
Spain
Ireland
Austria
Italy
Germany
] EU (1)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
With innovation co-operation
Without innovation co-operation
Source: DG Research

Data:  CIS, Eurostat, DG Enterprise
Note: (1) L data are not included in the EU average
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gure 3.4.2), one finds that in France, Denmark, Sweden and Fin-
land enterprises involved in innovation co-operation account for
more than three-quarters of the sales due to innovative products.
Germany is the one country below the EU average (which it
strongly influences due to its high share of turnover in new and
improved products), with less than 40% of its sales due to inno-
vative products.

Questions arising from the quantitative analysis

Notwithstanding some methodological reasons for differences be-
tween countries (see below), it would be interesting to examine:

» Why do innovative firms in certain countries achieve higher lev-
els of co-operation. Is this mostly explained by structural factors
(higher proportion of sectors where co-operation is more preva-
lent, higher proportion of large firms...)?

» What are the public efforts in the Member States to stimulate
university-industry links, and what is the assessment of the ef-
fects of these measures?

» What measures do countries employ to support the development
of networks and clusters of innovative firms?

Some comments on interpreting the indicator

The source of data on innovation co-operation is the 2" Commu-
nity Innovation Survey (CIS), which covered innovative activities
during the period 1994-96. While the 2™ CIS was significantly bet-
ter than the 1% CIS in its coverage and comparability, there was
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some evidence that the definition of innovation was still not inter-
preted in exactly the same way in all countries.

For example, the term “technological innovation” gave rise to dif-
ferent interpretations in different countries (the term was not used
by Germany due to possible ambiguities). Some of the variations
in the percentage of innovative firms per country may be due in
part to this problem.

It has been found that co-operation tends to be significantly high-
er for large firms than for small ones, and is stronger in particular
sectors, hence a country’s industrial structure will have an effect
upon the size of this indicator.

There were also significant variations between countries in the re-
sponse rate to the CIS2 questionnaire. However, where non-re-
sponse was below 70% of the active enterprises in the sample, a
non-response analysis was performed, and the results of this analy-
sis were taken into account to adjust the weighting factors used to
produce grossed-up figures for the whole population.

Nevertheless, this survey represents the most robust and harmonised
source of data on innovation in Europe that currently exists.

Data for the US and Japan are not available, as these countries do
not carry out surveys comparable to the CIS.
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Definitions and sources

The indicator is defined as the percentage of all innovative firms in
the manufacturing sector that co-operate with other firms (com-
petitors, clients or customers, consultative enterprises, suppliers),
or with universities or other higher education institutes, or with
government or private non-profit research institutes.

An innovative firm is defined as one that has introduced techno-
logically new or improved products or services on the market, or
technologically new or improved processes. The product should be
new to the enterprise, but does not necessarily have to be new to
the enterprise’s market.

Innovation cooperation is defined as active participation in joint
R&D and other innovation projects with other organizations. It
does not necessarily imply that both partners derive immediate
commercial benefit from the venture. Pure contracting out
work, where there is no active participation, is not regarded as
cooperation.

(These definitions are in accordance with the 2nd Community In-
novation Survey and OECD/Eurostat Oslo Manual methodology.)

Source: Eurostat, 2nd Community Innovation Survey
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Economic competitiveness is essentially measured by the capacity to
produce with less work, either direct or indirect. For a country,
labour productivity is an appropriate indicator for this purpose. Em-
ployment is linked to the level of activity and to competitiveness: if
an activity is not competitive, its growth is impossible. R&D is an
essential instrument in increasing competitiveness and employment.

Potential economic growth depends directly on investment in new
knowledge innovations. They increase the technology set and the
productive capacity of the traditional factors of production. This
implies that new knowledge innovations increase the rates of return
of all other types of investments (education, capital goods, etc.).

The accumulation of these investments — which are needed in the
growth process — is therefore induced by innovations. Investment
in knowledge and other types of investment is complementary and
interactive Economic competitiveness is achieved through the ca-
pacity to transform knowledge into economic performance, by
means of investment in new technologies. In this case, this is asso-
ciated with high growth and employment rates. However, the di-
rect measurement of the impact of R&D is the growth rate of
labour productivity, as it captures both the direct and indirect ef-
fects of innovations.

The process of commercialisation and increasing competitiveness
is reflected in emerging new activities and new products for the
domestic and export markets. This induces restructuring of exist-
ing activities both through strong structural change towards high
tech and knowledge intensive activities and through the moderni-
sation of the old economy by diffusion of new technologies.
Knowledge and innovation are the ultimate sources of the com-
petitiveness of firms. Competencies to commercialise the knowl-
edge and complementary assets to knowledge are also required for
competitiveness in the knowledge-based economy.

The following indicators measure some aspects of this restructur-
ing and growth of new knowledge and technology activities:

« “Growth rate of labour productivity” measures the rate at
which the GDP per hour worked is increasing. At least a consid-
erable part of the increase in efficiency of production is assumed
to reflects the impact of R&D

«» “Share of high and medium high-tech industries” in GDP and to-
tal employment shows the importance of economic activity in
the creation and use of new products and new process,

» “Share of knowledge intensive services” in GDP and total em-
ployment shows in what measure new knowledge has been mas-
tered and improved in the economy, and to what extent new
technology is used and disseminated,

« “Technological balance of payments receipts as a proportion of
GDP” indicate the degree of specialisation and competitiveness
(if we analyse also exports minus imports) in knowledge inno-
vation,
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» Growth in a country’s world market share of exports of high-
tech products” is also an indicator of specialisation, but here in
the production and export of products with a high knowledge
content.

Indicator: Growth rate of labour productivity

What does this indicator tell us?

Labour productivity is an indicator that measures the value added
created by one unit of labour (here one hour of average working
time). It is clearly associated with the level of technology across all
economic activities and to the relative share of activities in high
and low productivity sectors. However, it also depends upon the
capacity to absorb new technology, and in particular upon the
availability of highly qualified workers able to exploit the benefits
of technological progress. High growth rates of labour productiv-
ity require prior innovative investment and are crucial for enhanc-
ing competitiveness and social welfare.

Analysis of national performances

One observes that labour productivity in the USA is a little higher
than in the EU and much higher than in Japan. However, Japanese
labour productivity growth is the highest, followed by the EU and
the USA.
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Figure 4.1.1. Labour productivity (GDP per hour worked)
in PPS, latest available year (1)
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Notes: (1) US,JP: 1999; all other countries: 2000. (2) see annex.
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In the European Union, Luxembourg has the highest level (nearly
twice the average EU level) and the second highest growth rate of
labour productivity.

The labour productivity levels of many other European coun-
tries follow with great distance to Luxembourg but are still
above (Figure 4.1.1) the EU average (Belgium, Netherlands,
Italy, France, Denmark, Ireland, Austria and Germany). Also the
annual average growth rate is lower than the EU average for
only two of these countries, Italy and the Netherlands. The high-
est rate of growth of labour productivity is found in Ireland
(4.2%), just before Luxembourg. For Austria it is also quite high
(2.6%). (Figure 4.1.2).

Just below the European Union average level we find Finland,
Sweden, United Kingdom, while the lower levels of labour pro-
ductivity are found in the Mediterranean countries (Portugal,
Greece and to a lesser extent Spain). As the annual average
growth rates of their labour productivity are rather high, Portu-
gal and Greece are on a « catching-up » trajectory. However, this
is not the case for Spain where the rhythm of productivity
growth is rather slow. The United Kingdom’s level of productiv-
ity, which is slightly before the EU average, remains steady dur-
ing this period.

Questions arising from the quantitative analysis

» Why is it that the strong R&D investment of the Scandinavian
countries (except for Denmark) has a relatively low impact on
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Figure 4.1.2. Labour productivity (GDP per hour worked) -
average annual real growth (%), 1995 to latest available year (1)
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labour productivity? (Sweden and Finland are below the EU aver-

age).

« Why is Spain’s productivity growth so low compared with
Greece and Portugal, which have similar levels of productivity?
Why is growth for Italy and the Netherlands also so low?

» What political instruments could stimulate growth in productivity
without negative impacts on employment and sustainable growth?

Some comments on interpreting the indicator

= We have to be cautious when comparing countries’ values. First-
ly it is difficult to compare the levels of productivity of European
Union, the United States and Japan because of the large fluctua-
tions in exchange rates in recent years. The need to convert na-
tional currencies into one comparable unit poses special prob-
lems. Here GDP data have been converted into purchasing
power standards (PPS) at constant prices (to adjust for differ-
ences in purchasing power of currencies, and to eliminate the ef-
fects of inflation). While such conversion methods are well de-
veloped and widely employed, they do not eliminate all
problems of comparability. Secondly, the evaluation of total an-
nual hours worked is complex and not yet considered as totally
reliable by all the users for comparison between countries. Thus,
even if this unit is theoretically better than "number of work-
ers", some still prefer to use number of workers as unit of labour.

» The level of productivity and GDP both depend upon the struc-
ture of the economy. Certain industries are associated with high-
er productivity and higher value added. Countries whose

economies are more oriented to such sectors may tend to have
higher rates of productivity. The most significant case is illus-
trated by Luxembourg, but more generally by less populated
countries.

« The growth rate of labour productivity depends also on other
factors than the R&D investment. Important factors affecting
the growth rate of the labour productivity are for example are
the investment in real capital, infrastructure or the micro-foun-
dation of the economy.

» Even with high level of technology, labour productivity can re-
main low. Where the rhythm of innovation is very fast, and tech-
nological obsolescence is rapid, the replacement of equipment,
re-training, etc. can lead to more labour intensive activity.

« Labour productivity also depends on the utilisation of produc-
tion capacities, i.e. the stage of the business cycle is important.

« Other productivity indicators also exist relating to factors of
production other than labour force, for example total factor
productivity. However, they are not well adapted for our pur-
pose here.

Definitions and sources

This indicator is measured by the ratio « GDP divided by the an-
nual number of hours worked ».

Gross domestic product (GDP) is calculated according to NA ESA
1995 definition, and has been converted into Purchasing Power
Standards.

Source: Eurostat.
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Quantity of labour is measured by the total annual hours worked,
which are calculated by multiplying number of persons employed
(source Eurostat, from national accounts) by a yearly average of
hours worked (calculated by OECD) plus forecasts for 2000.
Source: Eurostat/ OECD

Indicators: high-tech and medium high-tech
industries:
— Share of total output and contribution
to growth of output
- Share of total employment and contribution
to growth of employment

What do these indicators tell us?

The share of high- and medium high-tech industries indicate the
strength of an economy in R&D intensive activities and the
strength in transforming scientific and technological knowledge
into economic activity. They are associated with intensive R&D
and the creation of knowledge and new products. Some of these in-
dustries are responsible for profound changes in the organisation
of work as well as in the consumption of households. The presence
of high levels of activity in a high- and medium high-tech industry
also indicates a degree of competence and mastery in a specific
technology.

The value added of high- and medium high-tech industries as a per-
centage of total GDP, and employment in these industries as a per-

centage of overall employment help us to evaluate the importance
of high- and medium high-tech industries in a country and their
contribution to growth and employment.

Analysis of national performances

For the USA and Japan, the share of value added in high- and
medium high-tech industries is higher (10.42 and 8.08 respective-
ly) than for most of the European countries except Germany for
which data are available. In the USA value added in the high- and
medium high-tech industries is growing more slowly than GDP. In
particular, the annual average growth of high- and medium high-
tech industries is negative for Japan in 1995 - 99 (Figure 4.2.3).

In Europe, only Germany has a higher share of value added of
high- and medium high-tech industries than both the US and Japan
although Finland’s is above that of the US. Belgium and Denmark
reach values just below the EU average followed by Austria,
France, Spain and Netherlands. The share is lowest in Portugal.
However, only in Portugal - starting at a low level - and in Finland
are these industries growing at a considerably faster rate than GDP,
i.e. the share of high- and medium high-tech industries is increas-
ing since 1995 (Figure 4.2.3). In Belgium, the Netherlands and
Spain the growth of value added in high- and medium high-tech in-
dustries is very low since 1995.

Turning to the share of high-tech industries in total employment
(Figures 4.2.2 and 4.2.4), the EU average is now considerably
higher than that of the USA and lightly higher than in Japan.
Among the European countries, Germany has the highest share of
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Figure 4.2.1. Share of value added of high- and medium
high-tech industries in total output (%), latest available year (1)
(only available for eleven countries)
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Source: DG Research
Data: Eurostat, Member States, OECD, Japan (Nistep)
Notes: (1) D,P,US: 1998; DK: 1997; all other countries: 1999.

employment in high-tech industries followed by Sweden at levels
above the EU average. Another group of European countries (UK,
Italy, Ireland, France, Finland, Belgium and Denmark) reach val-
ues that are under the EU average but relatively near to it. Austria
and Spain lie further down with their shares. Finally, Greece and
Portugal have the lowest shares but again the share of high tech in-
dustries is growing faster than the total employment (see Figure
4.2.4), i.e. the shares are increasing since 1995. Also in Ireland,
Finland and Spain the growth of high- and medium high-tech in-
dustries is relatively high. However, since total employment has
also risen strongly over the same period the share remains roughly
constant.

In some large countries (UK and France) growth in high tech in-
dustries is comparable to growth in total employment, with rela-
tively low levels of average growth. In particular, while the
growth of total employment is negative in Sweden and Austria,
growth of employment in the high- and medium high-tech indus-
tries is positive since 1995. Again, the share of high- and medi-
um high-tech industries is declining in Japanese total employ-
ment since 1995.

Questions arising from the quantitative analysis

» What policy measures and instrument support the permanently
strong dynamics of high tech industries in Finland and catching-
up processes in Ireland and Portugal?

« It would be interesting to examine more closely the specific high-
tech industries in which countries are specialised. Observation of
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Figure 4.2.2. Share of high- and medium high-tech
employment in total employment (%), latest available year (1)
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Notes: (1) DK,EL,A,EU,US: 1998; all other countries: 1999.
(2) L data are not included in the EU average. (3) see annex.

long term evolution of their specialisation in this area could be
necessary. This may partly explain some of the differences in
growth rates.

« High- and medium high-technology industries are considered as
driving sectors of the economy that require high quantities of
skills, excellence and competencies. What is the role of these fac-
tors in the countries increasing their share, what policy measures
have been applied and what policy measures could assure this
“technology mastery”?

» What are the factors behind the relatively slow dynamics of the
Netherlands and Belgium in high- and medium high-tech indus-
tries?

« What are the factors that explain the large differences be-
tween countries in labour productivity (in terms of value
added divided by the number of workers) in high and medium
high-technology industries? To what extent is this linked to
differences in the composition of « high- and medium high-
technology industries », purchasing power exchange rates, or
the measurement of the number of annual hours worked per
employee?

Some comments on interpreting the indicators

“High- and medium high-tech industries” do not produce only
high-tech products, but may even produce some low-tech prod-
ucts. Conversely, there can be “high- and medium high-tech” pro-
duction in some traditional industries.
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These indicators only give information on the direct effects on out-
put and employment in high- and medium high-tech industries.
However, there may be considerable indirect effects on growth and
employment in other sectors of the economy due to dissemination of
technical progress in other sectors, derived innovations, and substi-
tution of new products or services for traditional ones. In some cas-
es secondary effects may also create unemployment in other sectors.

Definitions and sources

In Europe, output in high-tech and medium high-tech industries is
measured by value added, in euro, in high-tech and medium high-
tech industries according to the OECD-high-tech and medium
high-tech industries definition (see OECD STI working paper
1997, (OECD/GD(97)216)), which includes: aerospace, comput-
ers, office machinery, electronics-communications, pharmaceuti-
cals, scientific instruments, motor vehicles, electrical machinery,
chemicals, other transport equipment and non-electrical machin-
ery, (i.e. NACE Rev. 1 codes: 35.3, 30, 32, 24.4, 33, 34, 31, 24
(excl. 24.4), 35.2+435.4+35.5, 29) Source: These data were collect-
ed in the Member States and the USA.

The Japanese data utilises a different classification by converting
the NACE rev. 1 to SICJ Rev. 10 through ISIC Rev. 3. Therefore,
the definition of high- and medium high-tech industries differs
from that for the member states and USA and causes problems
with comparability. Source: Census of Manufactures, Ministry of
Economy, Trade and Industry.

Figure 4.2.3: GDP and value added of high- and medium-
high tech industries - average annual real growth,1995-99 (1)
(only available for eleven countries)
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Source: DG Research
Data: Eurostat, Member States, OECD, Japan (Nistep)
Note: (1) D,P and US: 1995-98; DK: 1995-97; FIN: 1996-99.

Employment in high-tech and medium high-tech industries is de-
fined as the number of employed persons (full and part time) in the
high-tech and medium high-tech industries (see above for the
member states, USA and Japan). Source: Eurostat (Labour Force
Survey)

Total employment is defined as the number of employed persons
according to the Labour Force Survey

Source: Eurostat (Labour force survey), Member States. For Japan:
Labour force survey, statistics bureau, Ministry of public Manage-
ment.
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Figure 4.2.4: Total employment and high- and medium high-tech
employment - average annual growth, 1995-99 (1)
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Source:DG Research
Data: Eurostat, Member States, OECD, Japan(Nistep)
Notes: (1) DK,EL,A,EU,US: 1995-98; P: 1998-99.
(2) L,P data are not included in the EU average.
(3) see annex.

Total output is defined as gross domestic product (GDP) according
to National Accounts ESA 1995 definition, in national currency
and current prices, converted to Euro and PPS. Source: Eurostat

Indicators: knowledge intensive services:

— Share of total output and contribution
to growth of output

— Share of total employment and contribution
to growth of employment

What do these indicators tell us?

The shares of knowledge intensive services in total economic out-
put and total employment inform us about the relative importance
of knowledge intensive activities and structural change towards
knowledge-based economy. Knowledge intensive services require
highly skilled personnel and cover a very broad range of activities.
Some of these activities play a very important role for the produc-
tivity of research activities as they provide research services to
manufacturing firms and also to other services.

Analysis of national performances

Amongst the countries for which data are available, Belgium, Ger-
many and the Netherlands have the highest shares of value added of
the knowledge intensive sectors in GDP. These three countries are
followed closely by France, Austria, Denmark and Spain. Portugal’s
share is considerably lower.

Nevertheless, Portugal - starting at a low level - has a very much
higher rate of growth of value added in these sectors than all other
countries. In other countries the dynamics of the knowledge inten-
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Figure 4.3.1. share of value added of knowledge intensive

services in total output: latest available year and average

annual real growth from 1995 to latest available year (1)
(only available for eight countries)

0.81" 40.64 Belgium
13 | —— 42.24 Germany
197 B 39.52  Netherlands
-1.59m 35.93 Denmark
0.61 e — 33.54 Austria
o 32.88 Spain
0.041 31.71 France
Y Portugal
Greece (na)
Ireland (na)
Italy (na)
Luxembourg (na)
Finland (na)

Sweden (na)
United Kingdom (na)
EU (na)
Japan (na)
UsS (na)
-10.00 0.00 10.00 20.00 30.00 40.00 50.00
B share (%)
M rate of growth (%)

Source: DG Research
Data: Eurostat, Member States
Notes: (1) D: 2000; P: 1998; all other countries: 1999.

KEY FIGURES 2001  §7

Figure 4.3.2. Share of knowledge intensive services
employment in total employment: last available data and
rate of growth from 1995 to last available data

P .38 Sweden
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— 37.41 Finland
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011 36.33 Denmark
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UsS (na)
Japan (na)
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W share (%)
M rate of growth (%)

Source: DG Research

Data:  Eurostat

Notes: (1) EL,EU: 1998; all other countries: 1999.
(2) L data are not included in the EU average.
(3) see annex.
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sive sectors is rather modest (between — 1.59% for Denmark and
1.97% for the Netherlands. (Figure 4.3.1).

Surprisingly, the values and rankings of the employment shares are
quite different from those for value added. (Figure 4.3.2). Sweden
has the highest level of employment in knowledge intensive services,
followed by the UK and the Netherlands. Also Finland, Belgium,
Denmark and France reach values higher than the EU average, while
Ireland, Germany, Austria, Italy and Spain are below the EU aver-
age. The lowest shares of employment in these activities are achieved
by Portugal and Greece. But Portugal exhibits the highest rate of
growth , along with Ireland (Figure 4.3.2).

The contribution of knowledge intensive services to employment is
growing in nearly all countries, even in the large countries (which
is not the case for the high-tech sectors). The only countries whose
share of employment in these services is decreasing are Denmark
and Finland (Figure 4.3.2).

The differences between the results for value added and those for
employment can be explained by differences in labour productivi-
ty of these sectors across countries.

Questions arising from the analysis

» What are the reasons for the significant differences between
countries in labour productivity for these industries? To what
extent is this due to differences in average working hours (since
the employment data used here are in headcount)? What part is
played by the country differences of specialisation in knowledge

intensive sectors with high productivity or in low productivity
for the different levels of labour productivity?

« In what extent do the practices of manufacturing sector for out-
sourcing services and the easiness for establishing new enterpris-
es explain the differences in the shares?

» What type of policies can explain the relatively much higher
growth for the value added in the knowledge intensive service
sector in comparison to that of the GDP?

« What is the impact of the size of the economy, i.e. that of the in-
ternal market for the dynamics of knowledge intensive sector?

Some comments on interpreting the indicators

» Knowledge intensive services are providers of services to manu-
facturing firms or to households. However, it is also possible that
many knowledge intensive services are provided in-house of
manufacturing enterprises. Therefore, the labour productivity in
manufacturing firms and in services should not be analysed in-
dependently.

« The definition of “knowledge intensive services” may be differ-
ent from that employed in other analyses published elsewhere on
this subject (or in relation to “high-tech services” etc.). Some de-
finitions are more selective according to the sectors used.

« Using the highly aggregated 2 digit level of the NACE (or ISIC)
classification does not allow a fine distinction between those ser-
vices that may be highly knowledge intensive and those which
are not. Further improvements in the classification of these ser-
vices will be necessary.
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Definitions and sources

For Europe, output of knowledge intensive services is defined as
the value added of knowledge intensive services according to the
Eurostat definition: post and telecommunications, computer and
related activities, research and development, water transport, air
and space transport, financial intermediary, real estate, renting and
business activities, education, health and social work and recre-
ational, cultural and sporting activities (i.e. NACE Rev.1 codes 61,
62, 64-67,70-74, 80, 85, 92)

Source: collected in the Member States

Data are not presented here for the USA because it is not possible
to obtain disaggregated figures for codes 61, 62 and 92.

Data for Japan has been sent by Japanese authorities. However, be-
cause of some issues of comparability which still need to be re-
solved, these data have not been included at the present stage.

Employment in knowledge intensive services is the number of em-
ployed persons (full and part time) in knowledge intensive services
according to the Eurostat definition (as above) Source: Eurostat,
Community Labour Force Survey

Total employment: for definition and source see the section “high-
tech and medium high-tech industries”.

Total output is defined as gross domestic product (GDP) according
to National Accounts ESA 1995 definition, in national currency
and current prices, converted to Euro and PPS. Source: Eurostat

Indicator: Technology balance of payments
receipts as a proportion of GDP

What does this indicator tell us?

This indicator measures the importance of a country’s receipts
from exporting technical knowledge and services (including li-
censes, know-how, trademarks, technical services, etc.). It indi-
cates country’s competitive position on the international market
for knowledge. The use of TBP receipts data here, in the context
of competitiveness, is intended to measure a country’s capacity to
sell its intangible knowledge outputs. Technology exports - as well
as imports - are of course also a vehicle for the transfer of tech-
nology.

While this is an extremely valuable indicator, some caution is
necessary in interpreting the results, since the items included un-
der TBP can vary considerably from one country to another (see
below).

Analysis of national performances

When the competitiveness of knowledge products is measured by
TBP receipts as % of GDP, several European countries - in partic-
ular, Belgium, Netherlands and Austria - as well as Germany and
the UK - appear ahead of the USA and Japan (Figure 4.4.1). Spain
and Finland, countries that have lower levels of receipts, neverthe-
less register the highest increases (Figure 4.4.2).
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Figure 4.4.1. Technology balance of payments receipts
as % of GDP,latest available year (1)

2.05 Belgium

1.29 Netherlands
1.12 Austria
0.64 Germany
0.45 United Kingdom
I 0.39 us
0.27 Portugal
0.19 Japan
0.18 France
0.14 Italy (2)
0.08 Finland
0.03 Spain

Denmark (na)
Greece (na)
Ireland (na)
Luxembourg (na)
Sweden (na)

EU (na)

0 0.5 1 1.5 2 2.5

Source: DG Research

Data: Eurostat, OECD

Notes: (1) D: 2000; E,F,FIN: 1998; I: 1997; all other countries: 1999.
(2) see annex

While technology receipts are one measure of a country’s compet-
itiveness in selling its intangible knowledge outputs, imported
technology can also have an effect on competitiveness through en-
hancing the technological potential and innovativeness of the pur-
chasing country (especially if it complements existing domestic
technology). If one considers the balance of technology exports
and imports (Figure 4.4.3), one sees Portugal in particular — but
also Finland, Germany and Spain — are significant net importers of
technology.

Questions arising from the quantitative analysis

Some important questions for further analysis include:

» What are the factors explaining the high levels of technology re-
ceipts recorded by Belgium, the Netherlands and Austria?

» What are the effects on technology exports and imports of tax
and regulatory policies? What makes technologies difficult to
buy and sell ?

» How do the transactions of multinational firms influence tech-
nology receipts and payments in certain countries?

« How can government help firms to absorb technologies better,
and aid SMEs in procuring the technologies they need at rea-
sonable cost?

» What is the complementary role of national R&D effort and the
acquisition of foreign technologies?

KEY FIGURES 2001 60



THEME 4: THE IMPACT OF R&D ON ECONOMIC COMPETITIVENESS AND EMPLOYMENT

Figure 4.4.2. Technology balance of payments receipts - average
annual real growth (%), 1995 to latest available year (1)

38.12 Spain

29.16 Finland
16.86 Portugal
14.89 Japan
14.47 Italy (2)
13.25 Belgium
10.92 Austria
10.81 France
9.91 Germany
7.65 United Kingdom
5.12 Netherlands
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Greece (na)
Ireland (na)
Luxembourg (na)
Sweden (na)

EU (na)
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Source: DG Research

Data: OECD, Member States, Japan (Nistep)

Notes: (1) D: 1995-2000; E,F,FIN: 1995-98; I: 1995-97; P: 1996-99;
NL: 1998-99; All other countries: 1995-99 (2) see annex.

Figure 4.4.3. Technology balance of payments
(exports - imports) as % of GDP, latest available year (1)
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Source: DG Research
Data: Eurostat, OECD, Member States
Note: (1) E,FIN,UK,JP: 1998; FI: 1997; all other countries: 1999.
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Some comments on interpreting the indicator

In interpreting this indicator, the following points should be kept

in mind:

» The structure of a country’s industry will influence the value of
indicator: the higher the share of knowledge intensive sectors,
then the higher the potential for knowledge exports (assuming
these sectors are competitive).

» Strong imports of these products are not a sign of a weak com-
petitive position of the knowledge producing industry in the do-
mestic market when the imports are not close substitutes to the
exported knowledge products.

» For some countries, a significant part of these flows may be ac-
counted for by the technology exports of multinationals to their
foreign subsidiaries.

» Similarly, in those countries where there is a strong presence of
foreign multinationals, there may be high levels of technology
receipts.

« In spite of the efforts of international agencies (and notably the
OECD) to harmonize these data, there are still differences be-
tween countries in terms of what is included in the TBP.

Definitions and sources

Technology balance of payments receipts are defined according to
the Technology Balance of Payments Manual of the OECD, and
are expressed in current euros. It is not possible to calculate an EU
15 estimate because the TBP data include intra-EU flows.
Source: OECD, MSTI, Member States and Japan (Nistep).

Gross domestic product (GDP) is defined according to National
Accounts definitions (ESA 1995), and has been converted into eu-
ros in terms of 1995 purchasing power standards (PPS).

Source: Eurostat, Member States and national sources for Japan.

Indicator: Growth in a country’s world
market share of exports of high-tech
products

What does this indicator tell us?

High-tech industries (and the high-tech products they produce) are
of considerable importance for the knowledge based economy.
They are generally associated with high levels of R&D investment
and increased productivity, while providing highly paid jobs for
skilled workers. A growing export market share is an indicator of
competitiveness in these key sectors.

Analysis of national performances

The market share in exports of high-tech products is closely corre-
lated with the size of a country. This is evident in figure 4.5.1,
where we see the larger countries tend to have the highest market
shares, with the USA and Japan in the lead. Ireland’s relatively high
position is exceptional, given its size, and is a clear indication of its
dynamic high-tech sector. (The very high share of EU-15 in this
graph is discussed below.)
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Figure 4.5.1. World market share of exports of high-tech Figure 4.5.2. World market share of exports of high-tech
products (%), latest available year (1), (2) products - average annual growth (%), 1995 to latest
available year (1), (2)
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Notes: (1) The world market refers to total world HT exports Notes: (1) The world market refers to total world HT exports
including intra-EU exports. (2) All data refer to 1999. including intra-EU exports. (2) All data refer to 1995-99.
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Figure 4.5.3. World market share of exports of high-tech
products excluding intra-EU trade (%), latest available year (1)

18.49

12.62

EU (2) us Japan

DG Research

Comext, Comtrade

(1) All data refer to 1999; The world market refers to total
world HT exports excluding intra-EU trade

(2) EU refers to extra-EU HT exports.

Figure 4.5.4. World market share of exports of high-tech
products excluding intra-EU trade - average annual
growth (%), 1995 to latest available year (1)
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Source: DG Research

Data: Comext, Comtrade

Notes: (1) All data refer to 1999; The world market refers
to total world HT exports excluding intra-EU trade.
(2) EU refers to extra-EU HT exports.

The main indicator to be analysed here, and a more comparable in-
dicator, is the growth of market share. This is shown in figure 4.5.2,
in which we see that Finland, Ireland, the Netherlands and Greece

have recorded significant increases in their share of the world mar-
ket in high-tech exports (Figures 4.5.2 and 4.5.3). France and the UK
have relatively high market shares which have remained relatively
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stable, but the share of Germany has shown a slight average de-
crease. Portugal, Italy, and to a lesser extent Spain have seen a
shrinkage of market share over the same period. The declining share
of Japan over the last few years is also particularly striking.

The very high market share for total EU-15 exports in figure 4.5.1
is due to the fact that this includes intra-EU trade as well as exports
to non-EU countries. In order to make a more accurate bench-
marking between the EU-15, the USA and Japan, one should ex-
clude intra-EU trade, in much the same way as one would exclude
internal trade between states within the USA. An analysis of this
kind is shown in figure 4.5.3, where exports for EU-15 are those
with non-EU countries (i.e. excluding intra-EU exports), and the
world market is taken to be the sum of all countries” high-tech ex-
ports, excluding intra-EU exports.

Here we see that the European Union’s share of the high tech ex-
port market is situated between the USA and Japan. The growth of
market share (Figure 4.5.4) is also highest for the USA, with the EU
also showing a average increase over the period, but again we see
that Japan’s share has fallen quite sharply.

Questions arising from the quantitative analysis
» What are the main barriers for countries trying to access high
technology markets (regulations, non-tariff barriers...)?

» How can government policy help to enhance a country’s com-
parative advantage in particular technology fields?

» What are the factors behind the high growth in Ireland and Fin-
land? What has been the influence of the ICT sector in particu-

lar in these countries? In Ireland, what has been the role of multi-
nationals in exports of high tech products?

» What sorts of measures to protect intellectual property rights are
required in order to promote competitiveness in high technology
products (e.g. improvements in copyright protection to encourage
the development of software and internet-based materials)?

Some comments on interpreting the indicator

High-tech products often have highly specialised niche markets.
Exports of such goods are therefore especially important for small
countries with limited domestic demand.

Some of a country’s high-tech exports may relate to sales by affili-
ates of foreign companies, which can be significant in certain pro-
duct markets that are dominated by multinational firms.

An important distinction needs to be made between high-tech
products and high-tech industries. While most high-tech pro-
ducts are produced by high-tech industries, some are manufac-
tured by medium- or even low-tech industries. At the same time,
some high-tech industries also manufacture medium- or even
low-tech products.

It is also important to bear in mind the role of business cycles in
the evolution of exports of specific high-tech products (for exam-
ple Japanese semi-conductors).

This analysis has used two data sources: Eurostat’s Comext data-
base for the EU Member States, and Comtrade (a UN database) for
the USA, Japan and World totals (which is the same approach used
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to calculate high tech exports for the Structural Indicators exercise).
The advantage of this method is that Comext gives much more up-
to-date and accurate data for the EU countries, while Comtrade is
the only source for the other countries. However, these two sources
use slightly different definitions and methodologies for recording
trade, which may affect comparability in some cases.

The introduction of the single market on 1 January 1993 led to the
abolition of customs formalities between the Member States,
which had served as the traditional source of trade statistics. In or-
der to continue to monitor intra-EU trade, a new collection system
was introduced known as INTRASTAT, which involves statistical
declarations sent directly by businesses to the competent national
authorities, as well as a system of thresholds abolishing all statisti-
cal obligations for almost two thirds of businesses. INTRASTAT
requires various adjustments to be made to data in order to correct
for the under-estimation of certain flows. For this and other rea-
sons, Eurostat advises that figures on intra-EU trade should be in-
terpreted with caution. They are also subject to frequent revision.

Definitions and sources

High-tech products are those with a high R&D intensity, as de-
fined in the OECD high-tech product classification. The detailed
list of products included is as follows (SITC Rev.3 product codes
in brackets):

1. Aerospace
[7921+7922+7923+7924+7925+79293 +(714-71489-
71499)+87411]

2. Computers-office machines
[75113+75131+75132+75134+(752-7529)+75997]

3. Electronics-telecommunications
[76381+76383+(764-76493-
76499)+7722+77261+77318+77625+
7763+7764+7768+89879]

4. Pharmacy [5413+5415+5416+5421+5422]

5. Scientific instruments
[774+8711+8713+8714+8719+87211+(874-87411-
8742)+88111+88121+88411+88419+89961+89963++89967]

6. Electrical machinery
[77862+77863+77864+77865+7787+77844]

7. Chemistry [52222+52223+52229+52269+525+57433+591]

8. Non-electrical machinery
[71489+71499+71871+71877+72847+7311+73131+73135+
73144+73151+73153+73161+73165+73312+73314+73316+
73733473735

9. Armament [891- -]

Exports are measured in value terms and in current prices (Euro).

Source: Comext (Eurostat) for the EU Member States, Comtrade
(UN) for the USA, Japan and World totals.
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ANNEX 1: NOTES CONCERNING THE DATA

GENERAL NOTES

(1) Country codes

B: Belgium

DK: Denmark

D: Germany

EL: Greece

E: Spain

F: France

IRL: Ireland

[ Italy

L: Luxembourg

NL: Netherlands

A: Austria

P: Portugal

FIN: Finland

S: Sweden

UK: United Kingdom
EU: European Union
US: United States of America

JP: Japan
(2) na means not available.

(3) EU: The EU averages were derived from the data received from
the Member States. Estimates were used to fill gaps in the data.
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(4) Ttaly: The data have not yet been approved or amended by
Italy.

(5) The average annual real growth rates for all financial indicators
with the exception of labour productivity were calculated from data
in PPS at 1995 prices and exchange rates. The conversion from na-
tional currency was carried out using the PPS rates (source: Euro-
stat) and price indices of GDP (source: DG ECFIN) available at the
beginning of April 2001. In the case of labour productivity, the data
were provided directly by DG ECFIN.

(6) The average annual rate of growth g of I between first year
(vear a) and last year (year b) is given by:

1
I b-a

gZ(Tﬂ) — L

NOTES BY INDICATOR

INDICATOR. Number of researchers in relation to the
total workforce.

(i) Number of researchers for B (1995-97), DK (1998), D (1999),
P (2000) and JP (1999-2000) are estimated or provisional.

(ii) Japan: Number of researchers (1995-98) adjusted by OECD.
Number of researchers (1999-2000) and total workforce (2000)
supplied by Japan.
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INDICATOR. Number of new science and technology
PhDs in relation to the population in the
corresponding age group.

(i) All PhD data refer to the ISCED97 definition of science and
technology PhDs.

(ii) Japan: PhD and population data supplied by Japan.

INDICATOR. Total research and development
expenditure in relation to GDP.

(i) Gross domestic expenditure on R&D (GERD) for B (1999), DK
(1999), D (2000), F (1999), A (2000), P (2000), FIN (2000) is es-
timated or provisional.

(ii) Gross domestic product (GDP) for A (2000), P (2000), FIN
(2000) is estimated or provisional.

(i) Japan: GERD adjusted by OECD.

INDICATOR. Research and development expenditure
financed by industry in relation to industrial output.

(i) R&D expenditure financed by industry for DK (1999), D (2000),
EL (1997), P (2000) and US (1999) is estimated or provisional.

INDICATOR. Share of the annual government budget
allocated to research.

(i) Government budget appropriations or outlays for R&D
(GBAORD) for B (1999), D (2000), EL (1999), E (1999), F (1999),
S (2000) and US (1999 and 2000) are estimated or provisional.
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(ii) General government expenditure excluding interest for DK
(2000), A (2000), P (2000), FIN (2000), S (2000) is estimated or
provisional.

(iii) Japan: General government expenditure refers to the ‘general
account budgets’ and was supplied by Japan.

(iv) US: The % share of the annual government budget allocated to
research was supplied by the US.

INDICATOR. Share of SMEs in publicly funded R&D
executed by the business sector.

(i) Publicly funded business sector R&D performed by SMEs for D
(1997), EL (1997), P (2000) and JP (1995-99) is estimated or pro-
visional.

(ii) Total publicly funded business sector R&D for EL (1997) and
P(2000) is estimated or provisional.

INDICATOR. Volume of venture capital investment in
early stages (seed and start-up) in relation to GDP.

Total seed and start-up venture capital for DK (1999) is estimated
or provisional. Total seed and start-up venture capital for Japan
(1995-2000) is estimated and was supplied by Japan.

INDICATOR. Number of patents at the European and
US patent offices.

Total number of EPO applications and total number of USPTO
patents granted for all countries for the year 2000 are estimated or
provisional.
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INDICATOR. Percentage of innovative firms co-
operating with other firms/universities/public
research institutes.

Percentage of innovating firms for DK (1996) is estimated or pro-
visional.

INDICATOR. High-tech and medium high-tech
industries: share of total employment and
contribution to growth of employment.

Employment in high-tech or medium high-tech industries for DK
(1998) is estimated or provisional.

KEY FIGURES 2001 69  mm—

INDICATOR. Share of knowledge intensive services in
total output and contribution of these services to
growth of output.

Value added of knowledge intensive sectors for D (2000) and F
(1999) is estimated or provisional.

INDICATOR. Technology balance of payments receipts
as a proportion of GDP.

Total technology balance of payments receipts for D (2000) is es-
timated or provisional.
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ANNEX 2: List of indicators specified in the Working document from the Commission services
“Development of an open method of co-ordination for benchmarking national research
policies: Objectives, methodology and indicators™

1. THEME 1: Human resources in RTD, including attractiveness of science and technology professions

INDICATORS

STATUS *

FURTHER DEVELOPMENTS
TO BE EXPLORED

SCIENTIFIC AND SOCIO-
ECONOMIC MEANING

« Number of researchers in relation
to the total workforce

Data available
Source: Eurostat/
OECD/ Member
States

- Investigate how comparability of data
could be improved

- Breakdown by industry, universities and
public research centres

Measures the human resource capaci-
ty in R&D of each country and its
breakdown by main sector

« Number of new science and technol-
ogy PhDs in relation to the popula-

Data available
Source: Eurostat/

- Breakdown by discipline, including socio-
economic sciences

Indicates the increase in the highly-
qualified human knowledge base

tion in the corresponding age group | OECD/ UNESCO - Breakdown by the country of origin
= Number of young researchers re- | New indicator - Data on average age of researchers and | Reflects the attractiveness of science
cruited in universities and public | (to be developed) number of research posts created for young people and the prospects

research centres in relation to the
total number of researchers

— share of researchers retiring in the next 10 years
- Salary levels

for sustaining a knowledge-based
economy

= Proportion of women in the total
number of researchers in universi-
ties and public research centres

New indicator
(to be developed)

- Investigate possibility of breakdown by lev-
el of responsibility

Indicates the participation of women
in science and their role in contribut-
ing to knowledge resources

= Proportion of researchers from oth-
er countries amongst researchers in
universities and public research
centres

New indicator
(to be developed)

- Breakdown by country of origin
- Data on researchers’ participation in Euro-
pean programmes

Reflects the international attractive-
ness of national science systems and
measures the diffusion of external
knowledge

The absolute values of indicators will be supplemented with growth rates when appropriate.

“Data available” indicates that a harmonised source of data exists (e.g. Eurostat, OECD). “New indicator” means that either no data are currently available nationally or internationally, or that only

very partial data that are not harmonised exist.



ANNEX 2: LIST OF INDICATORS SPECIFIED THE WORKING DOCUMENT FROM THE COMMISSION...

2. THEME 2: Public and private investment in RTD
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INDICATORS

STATUS

FURTHER DEVELOPMENTS
TO BE EXPLORED

SCIENTIFIC AND
SOCIO- ECONOMIC MEANING

Total research and development ex-
penditure in relation to GDP and
breakdown by source of funding

Data available
Source: Eurostat/
OECD/ Member
States

- Breakdown of the funding by basic and ap-
plied research

Measures the economy’s propensity
to allocate resources to research and
development

Research and development expen-
diture financed by industry in rela-
tion to industrial output

Data available
Source: Eurostat/
OECD/ Member
States

- Proportion of R&D executed by industry
financed by public funding

Measures the relative importance of
business sector R&D expenditure in
the total economy, and public support
for R&D executed by industry

Share of the annual government
budget allocated to research

Data available
Source: Eurostat/
OECD/ Member
States

- Breakdown of research budget by main
policy objectives

- Allocation of budget to policy support

- Breakdown of research budget by main
sector (e.g. civil and defence)

Measures the relative importance
given to R&D in the government’s
general spending commitments

Share of SMEs in publicly funded
R&D executed by the business sec-
tor

Data available (but
no regular har-
monised statistics)

- Proportion of SMEs (and if possible new
SMEs) amongst enterprises conducting
research activities

Measures the public support for
research activities of SMEs

Volume of venture capital invest-
ment in early stages (seed and start-
up) in relation to GDP

Data available (but
no harmonised statis-
tics) Source: EVCA,
NVCA, AVCA,
Member States

- Investigate how comparability of data
could be improved

- Share of venture capital invested in high-
tech industries

Indicates the financing of new high-
growth/innovation-based firms
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3. THEME 3: Scientific and technological productivity
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INDICATORS

STATUS

FURTHER DEVELOPMENTS
TO BE EXPLORED

SCIENTIFIC AND
SOCIO- ECONOMIC MEANING

= Number of patents at the European
and US patent offices per capita

Data available
Source: EPO/USPTO

— Share of patents in high-tech areas
- Explore other possible scaling factors (e.g.

business R&D expenditure, number of
researchers)

Measures technological performance
of countries

= Number of scientific publications
and most cited publications per
capita

Data available
Source: Science
Citation Index

Breakdown by science domain (examine
the possible inclusion of social sciences and
humanities)

Explore other possible scaling factors (e.g.
non-business R&D expenditure, number of
researchers)

Proportion of joint publications in the
national total

Need to examine methodological issues

Measures scientific performance and
co-operative patterns

= Number of spin-offs generated by
universities and research centres

New indicator
(to be developed)

Indicators of performance of spin-offs
Explore suitable scaling factors (per capita,
GDP, etc.)

Measures the development of new
economic activities by R&D person-
nel

Percentage of innovative firms co-
operating with other firms/univer-
sities/public research institutes

Data available
Source: Eurostat

Other forms of co-operation between uni-
versities and industry

Indicates co-operation patterns which
may contribute to strengthening
knowledge and innovation transfers

= Rate of usage of broadband elec-
tronic networks for research by
R&D laboratories.

New indicator
(to be developed)

- Need to examine methodological issues

Measures the rate of connectivity and
use of electronic research networks -
the larger and better connected, the
more likely is the increase in quantity
and quality of scientific productivity
and the speedy diffusion of scientific
and technological output
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4. THEME 4: Impact of RTD on economic competitiveness and employment

INDICATORS

STATUS

FURTHER DEVELOPMENTS
TO BE EXPLORED

SCIENTIFIC AND
SOCIO- ECONOMIC MEANING

Growth rate of labour productivity

Data available
Source: Eurostat/
OECD/ Member
States

- Growth in total factor productivity

— Growth rate of labour productivity in high
tech, medium-tech. and low-tech. compa-
nies

Measures overall competitiveness of
an economy and captures all econom-
ic effects induced by innovations and
S&T progress

Share of high-tech and medium-
high-tech industries (+ their contri-
bution to growth) in total employ-
ment and output

Data available
Source: Eurostat/
OECD/ Member
States

- Breakdown by sectors (including contribu-
tion of the ICT sector)

Indicates the contribution of high-
tech (and medium-high-tech) sectors
to growth and employment

Share of knowledge intensive ser-
vices (+ their contribution to
growth) in total employment and
output

Data available
Source: Eurostat/
OECD/ Member
States

- Breakdown by individual service sectors

Measures the contribution to employ-
ment and output of knowledge inten-
sive services

Technology balance of payments
receipts as a proportion of GDP

Data available (but
not for all countries
and all years)
Source: Eurostat/
OECD/ Member
States

- Breakdown by type of transaction (e.g.
rights of use of patents, etc.)

- Breakdown by intra-EU and extra-EU

- Investigate how to redefine the indicator
for S&T purposes

Measures the importance of a coun-
try’s receipts from exporting technical
knowledge and services (including li-
censes, know-how, trademarks, tech-
nical services, etc.)

Growth in a country’s world mar-
ket share of exports of high-tech
products

Data available
Eurostat
(Comext)/UN (Com-
trade)

- Breakdown by type of product

Indicates changes in international
competitiveness in high-tech products
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