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Preface

This book evolved in the context of an annual report on Germany’s technological
performance prepared on behalf of the German government. This report is primarily
based on a broad set of innovation indicators reflecting different aspects of the
innovation system. One characteristic of the report is the systematic benchmarking of
the German structures by indicators for a variety of other countries, and a broad
international dataset was developed as a result. The report is prepared by a consortium
of eight research institutes, each of which is responsible for specific subjects and
indicators. These sub-reports are critically discussed by the whole group, so that a
profound expertise on appropriate innovation indicators and their interpretation is
arrived at.

With this book, we respond to the request of many of our international partners
who are interested in the methodology and the results of our research, as the report
and the more detailed partial reports are published in German, and an English version
of the summary report was available for some individual years only. The interest
centres on the specific situation in Germany, on the one hand, but also on the broad
documentation of data for many other countries, on the other hand. Of course, we
cannot cover every facet of the last decades, but we selected some focal activities
which should be of special interest to a non-German readership.

Many people at the institutes of the three editors contributed to the successful
preparation of the book. At Fraunhofer ISI, we have to thank Renate Klein and Sabine
Waurst in particular for their meticulous work in the layout and checking of all
contributions, including the generation of joint reference and abbreviation lists, and
Christine Mahler-Johnstone for the language editing. At the Centre of European
Economic Research (ZEW), we would like to thank Vladimir Dzharkalov for
carefully formatting all the figures and tables, at the Lower Saxony Institute for
Economic Research (NIW), we are grateful to Mark Leidmann for technical
assistance.

We are most grateful to all contributors for their considerable commitment in
preparing interesting contributions within very narrow time limits. We hope that the
outcome will be helpful to a broad readership.

Karlsruhe, Mannheim, Hanover
January 2006

Ulrich Schmoch, Christian Rammer, and Harald Legler



Part 1. Introduction and Summary



1.1 Technological Performance — Concept and Practice

Harald Legler, Christian Rammer, Ulrich Schmoch

The contributions in this book are based on the activities of a group of nine German
research institutes which annually produce the ‘Report on the Technological Perfor-
mance of Germany’ on behalf of the German Federal Ministry of Education and
Research (BMBF). This report informs about indicators of the status quo and develop-
ments in science, research, and technology which are conceived to be of high impor-
tance for Germany’s international performance, and to be major determinants for
economic growth and employment in the long run.

The report is based on a set of core indicators which are annually updated and
which also allow for long-term observations, plus additional theoretical and empirical
studies on new indicators, specific technologies or sectors, specific regions or coun-
tries of interest, etc. So this book reflects only a small part of the total activities in this
context. The indicators compiled in the report refer to a variety of national or inter-
national sources such as R&D, industry, foreign trade, employment, or education sta-
tistics, but these data are analysed from the specific perspective of technological
performance, for instance, the focus is on employment in technology-intensive
sectors, foreign trade of technology-intensive goods and so on. In addition, specific
primary statistics of patents, publications, trade marks, technology start-ups and the
like are generated.

The approach followed by the German system of reporting on technological per-
formance differs from those found in many other countries or in most international
organisations. While the scoreboard activities of the OECD and the European Com-
mission (see OECD 2005; European Commission 2005) as well as the US Science
and Engineering Indicators Report (NSF 2004), or a recent study on Switzerland
(Arvanitis et al. 2005) follow a similar indicator approach, economic interpretation and
policy recommendations are fairly restricted in these publications. By contrast, in some
other countries such as Great Britain (DTI 2003), Australia (DEST 2003), New Zea-
land (MED 2003) or Austria (BMBWK et al. 2005), technology reporting is much more
focussed on the contribution of innovation policy to the national innovation system
performance, restricting the empirical analysis to a smaller number of key indicators.

A specific feature of the German report on technological performance is the stead-
fast endeavour to provide indicators on various aspects of the innovation system on a
sound methodological basis, on the one hand, and supporting explanations of the indi-
cators, on the other hand, so that the reader is enabled to interpret the findings in an
appropriate way. As the group of participating institutes does not belong to a public
authority, the analyses can keep a critical, but still solidary distance to official
German innovation policy.

The reporting system was established in 1985 by two of the institutes still partici-
pating today and focussed on industrial innovation activities according to the percep-
tion of that time. Since then, the awareness has steadily grown that the understanding
of innovation processes has to include other factors, as expressed in the growing
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4 Harald Legler, Christian Rammer, Ulrich Schmoch

interest in the concept of national systems of innovation (NSI), reflected in various

publications, e.g. Nelson (1988; 1993), Freeman (1988), Lundvall (1988; 1992),

Amable et al. (1997) or Edquist (1997). As a direct consequence, the number of topics

considered has been enlarged continuously, and the number of participating research

institutes has also increased.

Today, the system reporting on technological performance is guided by five prin-
ciples:

e First, technological performance is captured by a comprehensive indicator approach
that attempts to consider a variety of dimensions which may be classified into four
groups: Education and human capital, knowledge generation (R&D in the public
and private sector), implementation of knowledge (patents, innovations, firm start-
ups), and market success and diffusion (productivity, production, employment,
foreign trade).

e Secondly, indicators are differentiated by sectors, or fields and technology as far as
possible, paying special attention to those sectors that rely particularly on new
knowledge and new technologies. This thematic differentiation allows speciali-
sation patterns to be identified, as well as sectoral strengths, weaknesses and dyna-
mics.

e Thirdly, indicators are used to analyse both current trends as well as long-term
changes in economic and technological structures.

e Fourthly, international benchmarking is at the very centre of the reporting system,
taking those countries into consideration which are Germany’s main competitors in
world markets. In the course of time, the number of countries systematically con-
sidered increased from five in 1985 to about 12 to 20 presently, depending on the
indicator considered. In recent years, particular attention has been paid to emerging
economies.

¢ Finally, indicator analysis and interpretation attempt to identify and address critical
factors for NSI performance, such as the interaction between industry and science,
financing of innovation and new firms, the legal framework, the policy support
system, and sectoral and technology shifts.

Consequently, the analyses are based on a large dataset covering various aspects of
national systems of innovation (NSI) whereof major elements are illustrated in Fig. 1.
In our work, we consider the NSI as a heuristic concept, guiding the research in spe-
cific elements and linkages between them. With regard to this concept, the report pri-
marily addresses various dimensions of the industrial, the education, and the research
system. Some elements of the infrastructure, such as the provision of venture capital,
the conception of intellectual property legislation or the role of norms and standards,
are analysed in special focus reports. The same applies to the role of intermediaries
between the industrial and the research system or public research and innovation
policies.

Some attempts have been made to look at the linkages between these different ele-
ments in more detail, as a basic assumption of the NSI concept is the co-evolution of
the various elements depicted in Fig. 1. This project proved to be extremely complex,
as the indicators on different aspects of innovation systems are classified in different
ways (disciplines, sectors, technologies, goods, services etc.) and are often linked, but
indirectly, and with different time lags. Some relationships found for some countries
do not apply to others. So a satisfactory ‘final’ solution has not been achieved yet. But
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in any case, the report shows the different dimensions of technological performance
for various countries and allows specific national profiles to be drawn.

External Conditions
l International markets and competition, international mobility, production and diffusion of knowledgel
Demand Socio-cultural Environment
Finanancing regimes and taxation,
Consumers (final demand) propensity to innovation and
Producers (intermediate demand) entrepreneurship, mobility
Ind ial S Education and Political
ndustrial System Research System System
L . Intermediaries Professional
arge companies >
. «—> TTOs, —> education and Government
T Technology training
Brokers Higher ed . R hand
igher education g esearch an
Mature SMEs < > and research innovation policies
-
New technology- . Public sector - Regulation/Laws
based firms - research o
Infrastructure
Financ. Intermed., IPRs and Innovation and Standards and
venture capital information business support norms

Source: Based on Kuhlmann and Arnold (2001: 26) — own supplements

Fig. 1. Illustration of major elements of the heuristic model of national systems of innovation

In view of the enormous extent of globalisation, the analysis of innovation systems on
a purely national basis is not sufficient. Therefore, we enlarged the illustration of NSIs
in Fig. 1 by the introduction of external conditions such as international markets,
international competition and so on. The aspect of international relations is addressed
in most parts of the performance report by looking at international trade flows or
comparing countries, and in special reports, the globalisation strategies of enterprises
are examined in more detail. In any case, this topic will receive increased attention in
the next years.

To satisfy the concept of systems of innovation in a more comprehensive way,
framework conditions such as the financial environment, mobility issues, the demand
of enterprises and private consumers, the general attitudes towards new technologies
or the various elements of the political system need more attention. A further interes-
ting aspect is a more detailed analysis of the impact of socio-cultural indicators on
tolerance, willingness to take risks, political interest etc. on innovation performance.
Nevertheless, the existing dataset already provides a broad spectrum of information
showing relevant structures for international performance and changes of key ele-
ments, not only for Germany, but also for many other countries. All in all, the report
on technological performance and the contributions to this book already cover a
broad set of elements which are generally linked to the NSI concept, but could be
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complemented by topics in particular with regard to the socio-political framework.
However, the introduction of these aspects will be limited for two reasons: first, many
parts of the socio-political framework cannot be described by indicators in an
appropriate way, but the focus of our work is on indicators. Second, we must
concentrate on a limited set of indicators in order to maintain the clarity of the report.

The next section resumes some major findings of recent years for Germany, and
linked to that, the general international structures are addressed as well.

Technological Performance of Germany — Indicators and Empirical
Findings

Industrial R&D activities represent the core investment in new technical knowledge
and therefore mark the beginning of technological innovation processes. R&D plays a
decisive role in the functional chain of education and training, science, research and
technology, inventions, investment and innovations, international performance, pro-
ductivity, growth and employment in economies. It is the centre-piece of industrial
activities aiming at innovation, restructuring and growth (see Chapter 2.1).

With its share of 2.5 per cent of GDP in R&D expenditure, Germany ranks high in
R&D competition with other economies (2.2). But the international competition in
R&D has increased during the last decades. Other large industrialised countries (USA
in the 1990s, Japan) as well as countries from northern Europe and, in particular, thres-
hold countries from Asia are exhibiting considerably greater dynamics in the expan-
sion of R&D capacities than Germany. As a result of this catching-up process, they
managed to secure a continuously rising share of scientific research results (3.1) as
well as of technological inventions (3.2).

Recently, industrial R&D in Germany is no longer the driving force behind eco-
nomic growth; it just runs along with the business cycle (2.1). On the other hand, in
the USA industrial R&D has been in a particularly weak position since 2001 (2.2).
Given the high weight of the US economy in global R&D and its enormous linkages
with other economies (2.3), this should turn out to be a big negative impact on inno-
vative power worldwide.

Industries that invest very strongly in R&D have been winners in structural change
(Pharmaceuticals, Electronics, ICT Industry and more recently, Services). Germany’s
R&D specialisation has slightly shifted in favour of these ‘leading-edge technologies’
also, but R&D activities are still concentrated on high-level technology and production
engineering. The nucleus of the German R&D increase is the automobile industry.
About one-quarter of its worldwide R&D capacities are located in Germany, com-
pared to about 10 per cent of total business sector (2.1).

R&D in Germany is shifting more and more towards large firms, whereas the R&D
participation of SMEs seems to be decreasing slightly. This has to be seen as a
warning sign, because firms without own R&D activities are going to become rarer
among the group of innovating firms (3.3). ‘Innovators’ are firms introducing new
products and/or new processes; they are the key linkage between science, research
and technology and its final output measured by international performance, pro-
ductivity and employment. In this respect, it must be remembered that the German
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economy used to show a nearly unequalled high share of innovating firms. This, in
particular, is due to the strong participation of SMEs in innovative activities (3.3).
This advantage must not get lost. But first we find some problems in recruiting young
technology-oriented firms (4.2), and secondly the participation rate of newly founded
firms in R&D is diminishing.

Box 1.

It is useful to focus the analysis of an economy’s technological performance on those sectors
in which science, knowledge, research and technology play a decisive role in entrepreneurial
activities. Therefore the branches of economic activity are classified according to their
‘technology intensity’.

In manufacturing industry the R&D intensity (share of R&D expenditure in turnover or
value added) is the most critical indicator in this respect. The cutting rule is: Any sector or
product group with an above average R&D intensity (what means at least 3.5 per cent in
1995-1997) is called ‘R&D-intensive’. The enumeration of R&D-intensive products alone,
however, would still conceal considerable intensity differences among this group. Therefore,
a further differentiation is made between ‘high-level technology’ (3.5 to 8.5 per cent) and
‘leading-edge technology’ (more than 8.5 per cent in 1995-1997). ‘Leading-edge technolo-
gies’ on the one hand are cross-sectional technologies (e.g. Biotechnology, Electronics) and
the key factors for related product groups such as Pharmaceuticals, Computers, Telecom-
munication Equipment, and Scientific Instruments, but also for users in other branches. On
the other hand, they are often subject to protectionism, such as in Aircraft and Aerospace or
Weapons Technology. In ‘high-level technology’ industries, there is still a need for above
average R&D activities, too. But they concentrate less on research and more on experi-
mental development.

In the service sector, however, technological R&D is not an adequate indicator for the
generation and use of new knowledge, as investment in R&D is not that important. Rather,
we can assume that the innovative potential is embodied in the skills of workers.
‘Knowledge-intensive services’ are defined by an intensive employment of academically
trained workers, natural scientists and engineers in particular, or by selected occupational
characteristics (such as high shares of workers in planning, construction, development,
research, consulting). Therefore, in this sector we mainly find knowledge-intensive business
services (e.g. telecommunication services, software development, economic and technical
consulting), but also some other services with a high affinity to technology (Health, Media,
Transport).

To some extent this decrease has to do with the rising demand for academic quali-
fications in the industrial R&D process, on the one hand (2.1), and pressure on the
markets for highly qualified employees on the other hand. SMEs in particular are
suffering from the scarcity of skilled personnel. Therefore tertiary education has to be
stepped up/intensified (5.3).

In the long run, the governmental share of financing industrial R&D has been de-
creasing worldwide (2.1 and 2.2). At the same time, R&D capacities in higher edu-
cation and in extra-university institutions have shown weak dynamics. But since 2000
we find that governments are re-assuming more responsibility for science and techno-
logy, for research and development. Most countries report an increasing share of
governmental and/or higher education R&D (2.2). In Germany, too, there has been a
positive turnaround since the end of the 1990s, even if dynamics cannot keep pace
with important competitive economies, the USA and northern Europe in particular.
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The reversal of German governments towards supporting R&D is very important.
Publicly conducted basic and applied basic research open up new technological op-
tions to the business sector (3.1) that itself is more and more reliant on R&D
co-operations. SMEs especially prefer public science and research institutions as co-
operation partners as well as R&D services of specialised firms. Big firms, however,
used to co-operate in R&D more intensively with other (associated) firms at home and
to an increasing extent with linked firms abroad (2.1). Co-operation not only in R&D
but also in day-to-day-innovative activities is gaining in importance (2.1, 3.3), but
compared to other countries, co-operation potentials in Germany are not being suf-
ficiently exploited (3.3).

Box 2.

No economy is able to be top in every technological branch. For economic reasons, coun-
tries have to participate in the international division of labour and use their ‘comparative
advantages’. This means that every country has a ‘profile of specialisation’: There are sec-
tors where its share or position is clearly above average. On the other hand, we find sectors
where it is not outstanding or hardly visible. The profile of specialisation therefore measures
strengths and weaknesses of a country. Ideally, you find a very sharp profile, but in reality
this only applies to small countries. The concept of specialisation has its origin in the theory
of international division of labour regarding international trade flows (see also Chapter 4.1).

As an example: export (x) specialisation patterns of a country (j) according to product
groups (i) are measured by comparing the shares of this country in world trade by product
group with the share of this country in total world trade (‘relative shares in exports’, RXS).
Expressing these relations in logarithms (In), positive figures reveal ‘comparative advan-
tages’ (or strengths) of this country in trade with these markets, while negative figures show
a weaker position of this country on the commodity markets than on average:

RXSij = In [(xij/Zjxij)/(Zixij/Zijxij)]. (1)

This concept is also used to analyse the strengths of the countries in patents, publications,
sectoral patterns of the economy, R&D structures and so on.

Business sectors value export market exploitation strategies (2.3), thus the business
sector is massively intensifying global market exploitation strategies (2.3). The need
for investment and production abroad is rising, as a consequence the globalisation of
industrial R&D capacities is accelerating. In addition, German firms have increased
their international activities in ‘knowledge seeking’. Therefore industrial R&D abroad
is mainly located in very R&D-intensive branches and science-based technology
fields (2.3). This is also reflected in a rising share of cross-border scientific research
(3.1) and inventions (patents) (3.2). But foreign companies in Germany invest in
R&D capacities to the same extent, focussed on industries where they find favourable
market, production and R&D conditions (2.3). Improving these three criteria should
blaze the trail for innovation policy.

Science is the basis for the technological performance of economies and is gaining
in importance for the development of new technologies. On the one hand, the results
of scientific research enhance existing innovative potentials. On the other hand, public
science and research act as technological pioneers in some neuralgic generic fields.
The research of German scientists is highly regarded, but their contribution to global
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science is decreasing. To some extent, this is due to the fact that German scientists in
some of the main focuses of the German science and technology system (with affinity
to Mechanical Engineering, and Process Engineering) are still publishing in journals
of only national scope. They should address their research results more to the interna-
tional scientific community (3.1).

Another aspect of globalisation is the fact that German firms are getting their
impulses for innovations more and more from foreign markets (3.3). This becomes
apparent when regarding Germany’s dynamics in the field of patents destined for the
global market (‘triadic patent families’, 3.2). Technological inventions are a first
indication of market-oriented results from science, research and experimental develop-
ment. Patents should give protection so that inventors can appropriate economic
earnings from technological inventions. Germany’s good position in the international
patent markets on the one hand reflects the fact that Germany is one of the most
innovation-oriented countries worldwide (3.3). Additionally, it depends on the weak
dynamics of the home market. Firms necessarily orient themselves to foreign markets
(4.1). In this sense the German system of innovation can be classified as very (export)
market-oriented.

The structure of Germany’s inventions mirrors its technological focuses: it is top in
the sector of high-level technologies, but it has only a low rank in the sector of
leading-edge technologies. Small and highly specialised, export-oriented economies
with a high affinity to leading-edge technologies - such as northern Europe and
Switzerland, but also Japan - show the highest intensities in patent protected inven-
tions. But the sharp cutback of R&D in ICT and associated branches since 2000
brought a lot of problems to those economies which did not have any noteworthy
alternative to this technological path (3.2). Germany’s good position in the high-level
technology sector has to do with the high share of small and medium-sized firms
integrated in innovative processes (3.3) and patenting their inventions.

New products and new processes mark the output of innovative activities in the
business sector. In hardly any other country are SMEs integrated so intensively in
innovation processes as in Germany. This is true for R&D activities, too, and for nearly
every branch of the business sector, in production engineering in particular. In the
service sector as well as in Electronics and associated sectors, the situation must be
assessed less favourably. Compared to other countries, the German economy could
realise higher economic outcomes from innovative activities, e.g. the mix of goods
and services used to be refreshed very fast (high share of new-to-market products).
But in the new decade innovative dynamics stagnated in Germany, many firms ab-
stained from innovative activities and just recently resumed them (3.3). Additionally,
a significant lack of ‘fresh blood’ in the technology-intensive sector became apparent
(4.2).

In economies with very intensive and varying innovative activities, firms inevi-
tably meet with impediments and barriers standing in their way. You can find this
more often in an innovation-oriented business sector such as in Germany than in other
economies (3.3). In the year 2000 - from the innovation point of view marking nearly
a ‘boom year’ - the lack of skilled personnel has been reported as the most important
bottleneck. This may give a foretaste of the future: in the light of inevitable shortages
in the field of highly qualified personnel, it cannot be exclude that a strong innovative
upswing could be limited by a lack of sufficiently qualified workers (5.1, 5.2, 5.3).
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Highly qualified people, academically trained natural scientists and engineers in
particular, form the pool of technology-oriented start-ups. This ‘structural change
from the bottom’ is one of the most important factors in renewing and modernising
sectoral economic structures and in transferring newest knowledge from science and
research into innovative products and services. In R&D-intensive and knowledge-
intensive sectors of the economy, Germany indeed shows rates of firm foundations
which are comparable to other big countries. But there is only a low rate of regen-
eration concerning the stock of all firms. Moreover, the dynamics of firm foundations
is diminishing. In the R&D-intensive manufacturing industry, this is the case world-
wide, being just another expression of the secular trend of structural change in favour
of services. But in the knowledge-intensive service sector which is the sector of the
future, Germany has clearly been outrun by many economies in terms of firm
foundations (4.2).

Cross-section or generic leading-edge technologies have a particular relevance and
pioneering consequences for economic structure and dynamics. Pars pro toto, the
diffusion of IC technologies in Germany has been analysed. In similar fashion to
Biotechnology or Nanotechnology, the diffusion of ICT enables a diversity of new
products and efficient production processes. At the same time, it is accompanied by
strong interventions into the (internal) structures of firms and into the traditional
interrelationships between economic subjects. Intensive use of ICT is said to be con-
nected with big gains in productivity. One example is the stormy development of
e-commerce worldwide. Particularly in this field, Germany is participating to a large
extent, thanks to the close connections between firms (4.3). But with respect to nearly
every other ICT indicator, Germany ranks in the middle field and in most cases is far
from initiating rapid catching-up processes. Typically, exactly those economies have
top ranking which also take a leading position according to other indicators (e.g. see
R&D, 2.2, or education and qualification, 5.1). They come from North America and
from northern Europe as well as from Switzerland.

That Germany will not be able to catch up rapidly is partly due to the fact that IC-
related technological infrastructure (broadband, cable, UMTS) is lagging behind a lot
of countries. In addition, the use of ICT in the public sector could be more intensive,
as the pioneering function of government fosters the diffusion of new technologies
into the private sector. An essential contribution to a more rapid and thorough dif-
fusion of ICT within the economy, however, can be seen in an improved education
and training of workers (4.3).

The yardsticks for the technological performance of an economy are international
performance, production structures and employment. Above all, it has to prove itself
in the international markets of research and knowledge-intensive goods and services.
International trade flows in particular reveal Germany’s position, giving a direct com-
parison with its competitors.

According to these criteria, Germany shows two faces: on the one hand, it exhibits
favourable sectoral patterns. In manufacturing industry in particular, the large section
of high-level technologies stands out, the share of knowledge-intensive services is
average. However, there are two problems: first, Germany’s contribution to world
production of leading-edge technologies is low. Secondly, there is a lack of macro-
economic dynamics in the domestic market. In the international markets, the reverse
applies: a nearly unbroken export dynamic diminishes the adjustment pressure which
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results from the weakness of the home market. On the other hand, specialisation in
research-intensive goods is clearly decreasing and Germany’s comparative advan-
tages are gradually disappearing (4.1).

Education is the basis of the technological performance of an economy. Economic
structural change (4.1) and the pressure to generate innovations continuously increase
the demand for highly qualified and skilled people. The ‘knowledge economy’ in
particular needs natural scientists and engineers and their key competence for tech-
nical innovations. This trend is true for every economy, with some countries being
more successful than Germany to satisfy this demand (5.1). In Europe, an additional
pressure on education policy comes from demography: in the (near) future, many
highly skilled personnel will leave the labour market due to old age. They may be
replaced, but then there will be not enough potential to meet the rising need for
natural scientists and engineers of a growing information and knowledge economy. In
Germany, this gap is the result of a hesitant education policy during the last 25 years
(5.4). We have to expect a shortage of skilled people (5.1).

Germany’s structural strengths in the sector of high-level technology are reflected
in the qualification of labour force: Germany shows skill advantages at the ‘secon-
dary’ level of qualification caused by its ‘dual system’ of vocational and educational
training based on joint efforts of employers and government. Ten years ago, a strong
need for modernisation became obvious, especially in the field of technical occupa-
tions which induced a careful and extensive reform process. Consequently, the system
now seems to meet the sharply rising skill demands of the business sector better. But
knowledge requirements are increasing further, particularly in the new and moder-
nised technical occupations. So this system is competing more and more for young
people who are qualified to start a university education. Recently, serious problems
relating to the lack of training places emerged, with the high cost of training, espe-
cially in the field of technical occupations, as well as unsure growth expectations, as
the main reasons. As in most other cases, many firms are reacting with a view only
towards the immediate future. This could turn out to be a threat to the German skill
basis in its middle section (5.2).

This rather unfavourable development and perspective for Germany’s dual system
is not compensated by a corresponding expansion in the field of higher education at
the ‘tertiary level’. This is clearly a disadvantage, because the ‘knowledge economy’
is based on academically trained people. Up to now, Germany’s education system
does not provide a sufficient number of school leavers with the right to start a tertiary
education (5.3) - in contrast to other countries. At every level, education and quali-
fication of workers in Germany has to be upgraded (5.4). From the viewpoint of the
technological performance, there is one specific bias: only seven out of thousand
young people in Germany get a university degree in natural science or engineering, in
many other countries there are twice as many. Young people’s interest in the fields of
science and engineering is rather diminishing (5.3).

In principle, there are not enough students in higher education in Germany, most
courses of study are not organised efficiently, thus taking too long as well as being
very expensive. Government’s investment in higher education is not sufficient (5.4).
Universities need drastic structural and financial reforms as well as more effec-
tiveness. First steps have been taken, and these efforts must be intensified (5.3).
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Conclusions for Innovation Policy

The empirical analysis of Germany’s technological performance is ultimately de-
signed to inform policy about current trends, coming challenges and possible policy
answers. While the link between indicator-based international comparisons and inno-
vation policy recommendations is strongly emphasised, the German reporting system
is not meant as a tool to evaluate policy activities. Its main contribution to policy-
making is to offer a regularly updated and adequately disaggregated (by sector and
field of technology) monitoring system, the results of which are interpreted from an
economic perspective, including conclusions on potential policy interventions to react
to identified challenges. Analyses of the role and impact of particular policy ini-
tiatives in research, technology and innovation on Germany’s technological perfor-
mance are, however, beyond the scope of the present reporting system. Likewise, the
reporting system refrains from describing in detail relevant policy actions, since such
information is available from governmental publications (e.g. Federal Report on
Research, see BMBF 2004a; or the Annual Economic Report, sce BMWA 2004).

A main finding of the studies presented in this book, and a starting point for policy
conclusions, is that Germany’s technological performance is still strong, but slowly
decreasing vis-a-vis other countries. Many of the areas of strong performance tend to
rest on investment made in previous years or even decades, however, such as the edu-
cational level of the workforce or the science system. In order to maintain the present
status and keep pace with other countries, considerable efforts, in particular in edu-
cation, science and the emergence of new cutting-edge technologies, are needed. This
involves, among others, increasing public investment. In particular, the following five
issues should be dealt with most urgently:

More dynamics in research and innovation: for about 15 years, the German
innovation system has been characterised by low dynamics with respect to investment
in skills, R&D expenditures and market growth. At the same time, many other indus-
trial countries, and especially a large number of catching-up economies, have ex-
perienced strong increases in the resources devoted to research and new technologies,
and show high rates of growth in the demand for new products and services. R&D
activities of firms, as well as career decisions of researchers, are likely to be attracted
by such dynamic environments. These differences in system dynamics substantially
weaken Germany’s position in competing for scarce resources such as highly quali-
fied personnel, talented researchers or R&D investment. So far, low dynamics of
inputs and market stimuli had only limited effects on output indicators such as average
qualification level of the workforce, scientific publications, patent applications, or
export success with high-technology goods. This may reflect to some extent higher
efficiency in using increasingly scarce inputs, but first of all it shows that time lags
between changes in inputs and associated changes in output indicators of techno-
logical performance are long.

In order to avoid long-term lasting drawbacks to Germany’s technological perfor-
mance, the most urgent task is to re-introduce dynamic development into its inno-
vation system. This means considerably higher public investment in education,
science and R&D. While many other countries have significantly increased their bud-
gets for public research in recent years, spending for research in universities and pub-
lic research labs has stagnated in real terms. What is more, the German economy as a
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whole has to return to a growth path. Increasing demand for new products and ser-
vices is a main prerequisite for investment in R&D and innovation. While export-
oriented firms could benefit from high growth of the world economy, small firms are
much more dependent on domestic demand.

Investing in skills: rather low dynamics are also to be seen in the area of skills. For
many decades, one of Germany’s most prominent comparative advantages was a high
qualification level among the majority of the workforce. Though qualification levels
have further risen in recent years, other countries caught up rapidly and left Germany
behind with respect to the skill level of the younger generation. At the same time, the
trend towards increasing demand for highly qualified labour is expected to accelerate
as a result of ongoing structural and technological changes, and demographic deve-
lopments in industrial countries. From this perspective, decreasing shares of Science
and Engineering (S&E) graduates among younger cohorts are particularly alarming.
Although this challenge has been addressed in public debates for many years, it still
seems too little understood that education is one of the most important factors for
technology advance. Improving learning conditions at all levels of education, broa-
dening further and continuing education, stronger inter-linking of vocational educa-
tion and tertiary education, and bringing more young people to university, especially to
S&E studies, are the most urgent tasks to improve the education base for innovation.

Sectoral change towards leading-edge technologies: Germany’s still strong perfor-
mance in technology and innovation heavily rests on fields of high-level technology,
such as Automobiles, Machinery, Chemicals and Electric Machinery. While these are
still important sources for technological progress and productivity gains, their world-
wide dynamics are rather restricted. In the most dynamic fields of technology, which
typically belong to the sector of leading-edge technologies such as Computers and
Electronics, Instruments and Pharmaceuticals, Germany’s position is rather weak com-
pared to other advanced industrial countries. Consequently, strengthening leading-
edge technologies was and is a main objective of innovation policy in Germany.
Policy instruments in place include funding for collaborative research and supporting
technology transfer from science to commercial application. A challenge that remains
is a somewhat low propensity in Germany to adopt new leading-edge technologies
quickly, which can be seen most prominently in the field of ICT, where Germany is
clearly lagging behind most other industrial countries. In other fields such as Bio-
technology and Pharmaceuticals, industry sees regulatory requirements and bureau-
cratic procedures as the main obstacles for innovation and the diffusion of new
technologies.

Responding to globalisation: R&D activities are spreading throughout the world and
catching-up economies such as China and India are becoming important R&D locations.
While most of this R&D is targeted towards opening up the large and dynamically
evolving national markets, global R&D networks among large corporations and
between suppliers, producers and users become more important. Since German
enterprises are highly internationally oriented, they fully participate in this trend and
increasingly establish global networks of R&D and innovation. While this certainly
strengthens their position in world markets and contributes to increasing export surplus,
there is a fear in Germany that this process will result in a loss of innovative potential at
home. In order to fully profit from increased internationalisation of R&D and
innovation, Germany has to be more open to impulses and resources from abroad in
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order to guarantee a mutual flow of knowledge and people. This could include, among
others, dismantling immigration barriers to skilled non-EU citizens, offering foreign
students job opportunities in Germany, opening national technology and innovation
programmes to foreign participants, and further facilitating international exchange in
science and technology.

Improving conditions for innovation in SMEs: SMEs in Germany are traditionally
highly innovation-oriented, but currently suffer from low domestic demand, market
domination by large enterprises, and difficulties in finding financing sources for inno-
vation. As a result, R&D and innovation activities tend to decrease in the SME sector,
and the number of technology start-ups remains rather low. Policy measures to im-
prove innovation conditions for SMEs may cover, among others, the introduction of
an indirect R&D support scheme (such as tax credits), measures to increase venture
capital supply for seed and start-up stages (a public high-tech venture capital fund was
introduced in summer 2005), preventing potential shortage in supply of highly quali-
fied labour (from which SMEs suffer in particular), and introducing new instruments
for financing innovation in SMEs, such as subordinate capital. The effectiveness of
such measures will be restricted, however, as long as the macroeconomic environment
remains unfavourable, and demand prospects of SMEs remain low.

Final Remark

The German Report on Technological Performance is based on a carefully developed
methodology of analysing indicators of various aspects of the innovation system with
reference to benchmarks from a variety of other countries. On this basis, it is possible
to derive sound conclusions for policy-makers and a broader public. The report
deliberately avoids the reduction of the results to one composite indicator, because
concrete starting points for policy-making can be determined only from a multi-
dimensional perspective. For some non-German readers, the focus of some contribu-
tions to this book may be too German. In some cases, we try to respond to an explicit
request from foreign experts to explain typically German structures. In other cases,
the interpretation of the indicators with regard to the German situation may be con-
sidered as a model of how indicators can be analysed within a context of innovation
policy. In any case, we hope to provide interesting and useful information for many
readers far beyond the German borders.



Part 2. The Origin of Knowledge:
Research and Development



2.1 R&D Activities in the German Business Sector

Harald Legler, Christian Rammer, Christoph Grenzmann

Abstract. Research and experimental development (R&D) activities represent
an investment in new technical knowledge and therefore mark the beginning of
technological innovation processes. It is the centre-piece of industrial activities
aiming at innovation, restructuring and growth. Germany’s business sector
ranks highly regarding R&D intensity. However, industrial R&D behaviour is
becoming increasingly dependent on business cycles and growth expectations.
Also, Germany’s technology structure is unbalanced: the gaps in leading-edge
technologies are closing only very slowly, R&D in the automobile industry is
extremely dominant. A high share of small and medium-sized enterprises
performing R&D used to be one of Germany’s outstanding features in business
R&D. But Germany has to worry about the supply of new, R&D-performing
enterprises. Science-business R&D interfaces become more important as well
as R&D co-operations within the business sector at home and with (related)
companies abroad. Governmental support of industrial R&D in Germany has
diminished to a low level.

Introduction

It has become more and more evident that investments in technical knowledge as well
as the availability of highly qualified labour are crucial determinants of economic
growth in the long run.! In particular, the modern theory of economic growth endo-
genized the factor technical progress. These models emphasise the need for enter-
prises and scientific institutions to invest in research and experimental development
(R&D) as the basis for technical progress. Through R&D, new products and new pro-
duction techniques are created and existing products and processes are improved.
These innovations allow progress in product quality as well as a reduction of produc-
tion costs and product prices. These are strategic entrepreneurial parameters strongly
influencing competitiveness and growth of firms. Therefore the ability to develop and
implement technological advance is regarded as a main factor to explain differences
in growth between enterprises as well as between national economies.

R&D is in a way a ‘linchpin’ in the national system of innovation, since science
and research represent the knowledge base of its technological performance. Techno-
logical knowledge is created by different actors: enterprises in Germany account for
about 70 per cent of total R&D expenditures, the sectors higher education and govern-
ment (other publicly financed or assisted research institutes, private non-profit found-
ations) perform 17 and 13 per cent, respectively. This chapter analyses R&D activities
of the German business sector over time, taking particular attention of sectoral shifts.

' See the summarising article by the European Commission (1997) as well as the references
quoted there.
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The prominent use of R&D data in the analysis of national systems of innovation is
based on the assumption that in the medium and long run there are stable relations
between:

e the input of R&D personnel and of specific R&D capital goods (intramural R&D)
as well as of additional knowledge bought from research institutes or from indus-
trial co-operation partners (extramural R&D), on the one hand; and

e the success of innovations (new products, new production processes, cost reduc-
tion, increasing competitiveness, growth and employment), on the other hand.

Definitions and Data

According to internationally accepted definitions (‘Frascati Manual’), R&D is charac-
terised as systematic creative work in order to increase the stock of knowledge. Statis-
tical measurement of R&D includes financial input in terms of R&D expenditures and
the input of human resources in terms of R&D personnel (Grenzmann 2004). Both
indicators are essential criteria for estimating the ‘innovative potential’ of economies
and their industries, respectively. Constitutive elements to distinguish R&D from
other components of the innovation process are the creation as well as the use of new
technological knowledge.

However, the concept of measuring R&D is closely oriented to innovation activ-
ities of manufacturing industry. Activities to create new knowledge in the service sec-
tor can hardly be recorded in a systematic way, despite manifold efforts in statistical
practice to dissolve this ‘manufacturing industry bias’. In many cases, these activities
are not yet considered as R&D (Revermann & Schmidt 1999), because innovative ac-
tivities in the service sector depend less on technological R&D than in Manufacturing:
e In Germany, statistical data on R&D in firms are to be collected in self respons-

ibility of the business sector. For the subsequent analysis, data compilations of the

SV Wissenschaftsstatistik are primarily used, which conducts an annual survey on

R&D in the business sector in Germany, based on internationally harmonised con-

cepts as laid down in the Frascati Manual.

e The second source is the Mannheim Innovation Panel (MIP). This annual survey
collects data on innovative activities of enterprises in Germany, following the
recommendations of the Oslo Manual (see Janz et al. 2001, Rammer & Schmidt
2003).

Both surveys are part of international statistical compilations of the OECD and of the

EU, respectively. While Chapter 2.2 presents an analysis of the R&D behaviour in

Germany in an international comparison, this chapter looks at R&D of the German

business sector from the national point of view. It covers R&D activities during the

last two decades. The most important indicator is the R&D intensity of the business
sector and its different branches. First of all, selected key data on R&D activities of
the business sector in the last 20 years are reported. Subsequently, some indicators for
the development of important structural components have to be derived for a more
detailed analysis: this reveals sectoral concentration and intensities in R&D, parti-
cipation of small and medium-sized enterprises (SMEs), co-operation behaviour in
R&D as well as the contribution of government to funding industrial R&D.
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R&D Activities and Business Cycles

Germany belonged for a long time to the economies with the highest R&D intensities
in the world (see Chapter 2.2). However, the trends and cycles of industrial R&D in
the medium run indicate a significant change in R&D behaviour over time (Fig. 1):

e On one hand, R&D was in good shape in the 1980s. Even in recessive periods, the
accumulation of knowledge was pursued continuously.

e On the other hand, long periods of the 1990s show a certain reservation in per-
forming R&D intensively or even enlarging R&D capacities. Towards the end of
the 1990s, industrial R&D in Germany experienced a remarkable revival, but in the
new millennium R&D has once again been affected by economic recession.
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Source: Wissenschaftsstatistik — Federal Statistical Office, National Accounts — NIW calcula-
tions and estimates

Fig. 1. Intramural R&D expenditure of business sector as a percentage of gross value added and
R&D personnel as a percentage of total employment in Germany 1985-2004

Industrial R&D behaviour has changed substantially: Whereas in the 1980s R&D was
performed as anticyclical investments for the future, this attitude changed more and
more to a market-oriented behaviour in the 1990s, towards short-term trends and
changes of demand as well as growth prospects in the near future: industrial R&D
was performed increasingly under the aspect of short-term utilization and it was
adjusted upwards and downwards accordingly.

Expenditures for new knowledge, R&D and highly qualified personnel are by and
large fixed costs. The propensity of enterprises to carry such fixed costs will increase
with a stable macroeconomic environment and expectations of high and increasing
market volumes for their products. Consequently, the business sector has reacted very
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sensitively to cyclical changes and, in reaction to the reduced growth potential of the
German economy in the first half of the 1990s, scaled down its strategic research in
particular. In this period, R&D-intensive producers of capital goods have been affect-
ed by recessive tendencies in the global economy. At the same time, the boom in con-
sumer goods as a result of the German reunification gave only very few incentives for
additional R&D.

However, figures on R&D behaviour in Germany at the end of the 1990s show
intensified R&D efforts again. A lot of (large) enterprises stopped the cut back of
research and re-introduced more continuousness and medium-term and strategic per-
spectives into their R&D activities. In this respect, the situation of business R&D in
Germany at the beginning of the new millennium has to be seen in a slightly brighter
light than at the beginning of the recession in the 1990s. R&D gained in importance
for the business sector again.

Sectoral Distribution of R&D

The partial comeback of R&D in the strategies of the business sector were accom-
panied by enormous structural changes. The German economy attaches more and
more importance to R&D in high-value services. Nevertheless, Germany still shows
substantial gaps in R&D in the service sector compared to other developed economies
(see also Chapter 2.2). The trend that high-value services emerge as ‘mothers of
invention’ is recognised. This affects R&D in manufacturing industry, too. High-
value services are closely connected in particular with those industries that conduct
highly ambitious R&D (‘leading-edge technologies’ such as Biotechnology and
Pharmacy, Electronics and Communications Technology, Aircraft and Aerospace etc.,
see Fig. 2).

Industrial research in Germany was not among the top performers of the world in
most fields of leading-edge technology (for definition see Chapter 1) for a long time.
For decades, the German economy focussed very strongly on competent implemen-
tation of (to a large extent imported) results of research in leading-edge technologies.
They were applied in sectors that perform high-value R&D (‘advanced technology’),
but not as intensively as in the leading-edge technology sectors. For a long period, the
economic success justified this strategy. Income and employment grew, particularly
in branches of medium-/high-technology. These branches combined highly qualified
labour and creative traditional competencies with new leading-edge technologies
(Chemicals, Electrical Equipment, Machinery, Automobiles). However, this strategy
does not seem to work any more. Structural changes took place at increasing speed,
and the product life cycles have shortened: Growth is especially fast in sectors where
R&D intensity and dynamics are high and the invention and application of new
knowledge is crucial. So the available time to integrate basic generic technologies into
a firm’s own spectrum of competencies shortened and the scope to imitate got closer.
If the German economy really wants to climb in the technological hierarchy, it cannot
wait any longer until other economies provide new technologies. Rather, it has to
engage more extensively in basic leading-edge technologies. This has been neglected
for years.
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Fig. 2. Total R&D expenditure as a percentage of turnover from own products in German
manufacturing industry 1995 and 2001

The R&D upswing in the German economy from the second half of the 1990s on-
wards was indeed closely connected to a rapid structural change in favour of leading-
edge technologies. In so far, Germany made a remarkable change in its R&D focuses.
In particular, Pharmaceuticals and Telecommunications caught up to a considerable
degree. But even leading-edge technologies are by no means resistant to trend chan-
ges and breaks in the business cycle: ICT suffered a cutback in R&D intensity since
2000 in connection with the crisis of the ‘new economy’. Aircraft and Aerospace have
reduced their R&D activities massively; in many cases R&D in this sector is inspired
by government aid and demand.

However, rapid structural changes in Germany also mean that branches outside
leading-edge technology sectors, which had a traditionally strong R&D position in
Germany obviously fall behind (Chemicals, Machinery, Electrical Equipment, Instru-
ments), except for Automobiles. This branch expanded its share in R&D capacities in
the German business sector by more than a third. Since the second half of the 1990s,
the automobile industry has written a success story with respect to most performance
indicators such as exports, value added, and employment (see also Chapter 4.1).

Once again a view from a different perspective: in the 1980s, the German economy
as a whole participated in the R&D upswing: Nearly every branch expanded R&D
considerably, even more than employment and value added. However, in recent years
this process has been rather selective, first of all in direction of leading-edge tech-
nologies and Automobiles. But structural changes in R&D in favour of (large)
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enterprises in leading-edge industries in Germany have consequences for the
participation of SMEs in German industrial R&D.

R&D Participation of SMEs

In Germany, R&D is overwhelmingly conducted by big companies (Table 1). Only
about 18 per cent of industrial R&D personnel are employed in SMEs, while the share
in total industrial employment is about 50 per cent. SMEs as well as big companies
play specific roles in innovation processes, resulting in a division of labour in R&D
between certain types of enterprises (Fig. 3).

Table 1. Structure of R&D Activities in German Business Sector 1997 to 2001

West Germany ‘ Germany
Shares as percentage
1979 1981 1983 1985 1987 1989 1991 |1991 1993 1995 1997 1999 2001

Funding of Total R&D in Business Sector

Industry 83.3 852 852 859 882 868 884 | 882 90.6 90.3 88.0 90.7 92.9
Government 142 13.0 129 125 10.1 10.1 8.6 88 73 75 83 64 41
thereof ~ SME 75 78 180 151 7.6 6.5 - 82 61 74 92 72 b5

Enterprises > 500 14.1 13.0 11.0 120 9.9 10.1 - 83 68 70 77 63 33
Abroad 22 15 16 14 15 29 28 27 20 21 36 27 29

Distribution of enterprise R&D personnel
Less than 100 employees 41 6.0 90 102 87 7.7 49 57 77 81 86 71 63
100 to less than 500 employees 9.5 101 10.3 104 93 91 9.7 | 121 11.0 11.7 114 112 116
500 to less than 1,000 employees 6.8 4.6 45 45 49 49 5.0 6.1 58 62 69 71 68

1,000 and more employees 79.6 793 76.2 749 771 783 804 | 761 756 741 731 746 753
Share of extramural R&D expenditure in total R&D expenditure
All enterprises 57 7.7 101 93 86 92 101 | 102 122 105 133 149 170
SME 6.0 69 184 143 111 8.1 9.8 - 85 81 84 82 119
Enterprises > 500 47 71 79 79 80 93 101 - 124 105 141 155 175
Extramural R&D of business sector
Sector of performance
Industry 70.3_63.6_70.5 69.5 671 646 626 | 629 654 59.9 64.0 683 71.0
Higher education 85 106 9.1 104 90 131 93 74 77
Extra-R&D 20.7| 25.6] 20.0 9.4 10.9 10.0| 20.8 88 68 86 56 41 40
Other (at home) 00 04 05 15 13 33 21 14 09
Abroad 94 108 95 126 11.0 158 166 | 164 174 152 189 18.7 164
Composition of intramural enterprise R&D expenditure
Personnel 60.1 58.8 584 58.0 583 60.1 579 | 57.9 599 59.8 615 59.2 585
Other current 304 313 316 31.0 304 310 328 | 329 33.0 334 312 322 334
Capital 94 99 100 100 11.0 89 93 93 71 68 73 86 81
Structure of enterprise R&D personnel
Scientists, engineers 309 31.8 32.8 34.0 36.3 38.2 414 | 43.8 43.9 457 46.2 487 51.3
Technicians 31.8 30.1 30.9 314 30.7 29.7 285 | 269 27.9 276 276 26.3 241
Other occupations 37.3 381 36.3 346 33.0 321 30.1 | 29.3 28.2 26.7 26.1 251 246

Source: Wissenschaftsstatistik — NIW calculations and compilations

It is to be expected that young enterprises are more likely to enter the market with
new ideas and try to meet competition by successful R&D projects than old enter-
prises. Most typically, enterprises in technology sectors are founded in connection
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with an innovation project. In many cases, they concentrate R&D activities on pro-
ducts of leading-edge technologies. Therefore the R&D share of employment in small
researching companies of manufacturing industry is more than 8.5 per cent on average.
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Source: SV Wissenschaftsstatistik — Federal Statistical Office, FS 4, R. 4.3 (cost-structure
survey, 1995-2001) — NIW calculations and estimates

Fig. 3. R&D personnel intensity and R&D participation in Germany’s mining and manufactur-
ing sectors, by employment size classes, 1995-2001

Medium-sized enterprises typically are technology users, i.e. they are rather engaged
in technology application and production than in generating new technologies. The
average R&D intensity of researching firms in this group thus is lower and amounts to
five to six per cent.

Large companies have an advantage if R&D needs large budgets and if routinised
and formalised approaches are key factors for successful innovation. They typically
run large R&D departments, and their average R&D intensity attains nine per cent.

Since the group of SMEs is not homogeneous, there are no uniform characteristics
of R&D attitudes in SMEs: the relevant statistics cover subsidiaries of large com-
panies, technology-oriented start-ups, typical middle-class firms with a long term
tradition and market experience, university spin-offs etc. Generally, the share of
R&D-performing enterprises (‘R&D participation ratio’) increases according to the
company size class: 20 per cent of manufacturing enterprises conduct R&D on aver-
age. But there is a bandwidth from 15 per cent in the group of small enterprises (up to
100 employees) to 29 per cent (medium-sized enterprises), 38 per cent in the class
of larger companies (from 500 up to 1,000 employees) and 66 per cent in the class of
large enterprises employing 1,000 and more employees. The high R&D intensity of
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small R&D-performing companies is thus contrasted by a low R&D participation
ratio.

According to the German statistics, business R&D tends to concentrate on a lower
number of firms over time: the share of R&D-performing firms among manufacturing
SMEs has diminished:?

e On the one hand, especially those SMEs which conducted R&D discontinuously
have withdrawn from R&D activities.
e On the other hand, R&D-performing SMEs have been assigned a central role
worldwide as they enter more and more into research in leading-edge technologies.
Relative stability of continuously R&D-conducting firms (as indicated by the surveys)
coexists with volatility in discontinuously R&D-conducting firms. On the one hand,
this shows that R&D is becoming increasingly important (stability). On the other
hand, there is evidence that most SMEs react very sensitively to the current economic
situation and to the environment and expectations which are relevant for R&D de-
cisions (volatility).

Start-Ups Renewing the Stock of R&D-performing SMEs

Decreasing R&D participation in Germany has been for a certain period of time
accompanied by a slow-down of the number of firm foundations in general. Young
firms (up to five years old) represent 20 to 25 per cent of the total stock of firms.
Therefore they strongly influence the total R&D participation ratio (see also Chapter

4.2). So the question arises if young firms have revised their R&D behaviour as a

reaction to weak external impulses (e.g. domestic demand) and therefore contributed

to the decreasing R&D participation of SMEs:

e The issue of performing R&D is a strategic business decision (Table 2). The inno-
vation strategy of firms is often set during the start-up phase. At the same time it
has to be decided if the firm is going to conduct R&D continuously or just accord-
ing to current needs, i.e. spontaneously or occasionally. The likelihood that a firm
that started business without any R&D activities and that this firm will decide to
take up R&D at a later stage is quite small (20 to 30 per cent).

e A newly founded firm’s decision whether to perform R&D or not depends, among
others, on the business cycle situation at the time of start-up: The share of contin-
uously R&D-conducting firms in relation to all newly founded firms increased
sharply until the end of the 1990s, but decreased in the following cyclical down-
turn. Some of the young firms (30 per cent) that originally were devoted to contin-
uous R&D refrained from R&D in following years.

e A further point is the positioning in the product life cycle: if an innovation project
has been finished successfully, the firm can spend more resources on production
and marketing activities, consequently R&D activities are reduced. During later

2 It has to be assumed that the decline recorded in the R&D statistics is overstated to some
extent. Despite a lot of efforts made, it is not possible to detect all newly founded firms
conducting R&D. The MIP uses a different approach and indicates an increasing share of
SMEs conducting R&D until 2000. In subsequent years this share remained constant and
increased in 2003.
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phases, i.e. growth or phasing-out of earnings from the ‘old’ innovation project,
R&D comes to the fore again - after three or four years on average.

Table 2. Share of continuously researching young enterprises in Germany 1998-2003 accord-
ing to age (percentage)

Age 1998 1999 2000 2001 2002 2003
0 to below 1 year 35 49 42 44 42 25
1 to below 2 year 32 43 43 39 53 50
2 to below 3 year 31 35 41 32 48 38
3 to below 4 year 33 49 34 40 49 58
4 to below 5 year 33 40 49 32 46 53
5 to below 6 year 33 37 42 41 46 38

Explanation: In 1998 35 per cent of enterprises aged 0 or 1 year (i.e. founded this year) contin-
uously performed R&D. In 1999 the quote of this formation cohort was 43 per cent (= enter-
prises aged between 1 and 2 years). In 2002 R&D participation of this cohort attained 46 per
cent (= enterprises in 2002 aged between 4 and 5 years) and it decreased in 2003 to 38 per cent.

In particular, the start-up cohorts of 1999/2000 and 2002 added a significant
number of R&D-performing firms to the total population of firms performing R&D,
resulting in an increase in the R&D participation ratio in 2003. The currently still
high R&D participation ratio of SMEs is mainly based on an environment that was
particularly favourable to the formation of R&D-active firms until the end of the
1990s. But analysis of the behaviour of recent start-up cohorts, in particular the
cohort of 2003, suggests no positive projection. Little by little, the share of R&D-
conducting firms in the total number of newly founded firms has dropped. In 2003 —
which, for statistical reasons, however cannot be finally assessed yet? — just one of
four newly founded firms recorded R&D activities. At the end of the 1990s, this
share still attained 35 to 50 per cent.

This calls for attention, because R&D — at least in the medium run — is still the de-
cisive cornerstone for industrial innovation activities: firms that generate innovations,
that are busy in exports, and that create additional jobs without any R&D activities are
rare. Firms without any intramural R&D activities are more likely to refrain from
innovation activities than others (see also Chapter 4.2).

A high participation of SMEs used to be one of Germany’s advantages. So the lack
of fresh supply of new R&D-performing enterprises is a challenge to innovation pol-
icy. The innovative ability of SMEs in the medium and long run is quite closely
connected to participation in R&D and to the availability of suitable trained and
experienced personnel. Furthermore the access to results of scientific research as well
as to technology transfer will be difficult if SMEs cannot communicate at the same
level with potential co-operation partners: The ability of SMEs to co-operate with
research units and industrial firms increases to the extent that SMEs participate
continuously in R&D. Co-operative innovation projects gain in importance. Germany
in particular used to have a strong culture of business/science co-operation.

3 The very low R&D participation quota of newly founded firms in 2003 is caused to a certain
extent by a rising number of ‘one-man’ firms fostered by labour market policy. Only a
handful of such firms would be able to conduct their own R&D.
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Co-operation and Outsourcing

The requirements of innovation processes have grown sharply, with quality and effi-
ciency becoming more important. Enterprises have to react to shortages of personnel
and capital, on the one hand, and at the same time, to increasing demand for quality.
Consequently, they concentrate on intramural R&D in their core competencies. They
also defer R&D activities to external co-operation partners in the business sector,
from universities or non-university research units, at home and abroad: whereas the
share of extramural R&D attained just 6 per cent until the end of the 1970s, this share
recently increased to 17 per cent (Fig. 4). Big companies in particular increasingly
switch over to R&D performed by external specialists. On the other hand, in the
group of SMEs the share of external R&D rose sharply by three percentage points just
recently. But nevertheless it is still nearly six points below the share of external R&D
among large companies.
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Fig. 4. Extramural R&D expenditures of the business enterprise sector in Germany*, 1979 to
2001, as a percentage of total R&D expenditures

The structure of external R&D clearly shows a growing intensification of R&D rela-
tionships within the business sector, thus e.g. between producers and component sup-
pliers. Furthermore, partial outsourcing of R&D departments is leading to augmented
extramural R&D.

Moreover, a closer R&D interaction with foreign countries is appearing: parallel to
the increasing globalisation in the 1990s (see Chapter 2.3), the share of co-operation
partners abroad rose from 17 to 19 per cent. Behind this dynamics are more contracts to
R&D institutions and independent R&D service providers, on the one hand. On the
other hand, it is also a result of the internationalisation of R&D activities of German
enterprises, which follows a general increase in internationalisation of business
activities.
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Although science-based knowledge has become increasingly important for inno-
vation processes, the share of science in extramural R&D has lost ground. Whereas its
share in 1995 was still more than 22 per cent, it fell to half of this in 2001.

The quantitative amount of external R&D is largely defined by activities of large
industrial corporations. But the following observations are of interest for innovation
policy:

e The science sector is more significant for SMEs than for big companies. This may
be ascribed to the noticeable public financial support for R&D co-operations bet-
ween SMEs and scientific institutions and its cost-saving effects. Small firms tend
to co-operate with other enterprises to a relatively large extent, primarily with spe-
cialised private R&D enterprises.

e Conducting innovation co-operations is usually is linked to a higher innovation
success, compared to innovators who do not co-operate. It is particularly noticeable
that firms which received impulses for innovations from science and research are
able to attain higher shares of sales from new products and/or more cost reduction
by new processes (Rammer & Schmidt 2004, see also Chapter 3.3).

Governmental Support to Industrial R&D

No government in the world is watching private R&D activities inactively. In fact,
governments actively support R&D processes in the business sector, using different
instruments and incentives and varying intensity over the time. In order to assess
governmental intervention, the financial contribution of governments to R&D in the
business sector has to be observed in particular (for international comparison of go-
vernment funding of R&D see Chapters 2.2 and 6).

According to the German R&D statistics in 2001, more than 93 per cent of total
R&D expenditure of the business sector was funded by industry sources, government
accounted for just about 4 per cent (Table 1). R&D financed from abroad (€1.2 bil-
lion, nearly 3 per cent) rose sharply. Indeed, this can be predominantly traced back to
the increasing globalisation of the economy and of industrial R&D. But these figures
also reflect rising R&D co-operation within the EU (framework programmes) and
other supranational organisations (e.g. ESA, Eureka, NATO etc.). More and more of
these organisations award R&D subsidies. In Germany about 10 per cent of R&D
funds from abroad come from the EU.

German governmental bodies contribute €1.5 billion to industrial R&D. But govern-
ment has reduced its share of R&D funding from more than 14 per cent at the end of the
1970s to nearly three-quarters (Fig. 5). Governmental contributions are directed
steadily downwards, this trend was broken only for a short time (i.e. from 1993 to
1997).

Governmental funding of business enterprise R&D not only means subsidising
R&D projects, but also directly awarding R&D commissions to enterprises based on
independent government targets, i.e. for improved performance of public tasks by in-
novative goods and services (‘public goods’):

e On the one hand, public funds find their way into industries with large R&D capa-
cities and into industries producing notably R&D-intensive goods, respectively.
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Aircraft and Aerospace alone attract more than 40 per cent of the entire government
funding for business enterprise R&D. Nearly one-third of R&D activities in this
sector is supported by government; these figures still exclude funding by
supranational authorities such as ESA. Furthermore within the leading-edge tech-
nology sector, R&D is considerably subsidised in the electronic components
industry (around 10 per cent of total R&D expenditure of this branch). But govern-
ment has cutback somewhat on industrial R&D funding in Transport and Com-
munications, as well as in Aircraft and Spacecraft.

e Large companies receive 80 per cent of total governmental R&D funding for the
business sector. In the 1990s, however, it can no longer be asserted that govern-
mental R&D intervention intensity in Germany was biased extremely in favour of
large companies. Taking 500 employees as the line separating SMEs and large
companies, the share of governmental support in total R&D expenditures is 5.5 per
cent for SMEs and 3.5 per cent for large companies. In this context, it must be as-
sumed that the intensive support of R&D in Eastern Germany plays a decisive role:
SMEs predominate in Eastern Germany.

West Germany Germany
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1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001

* Companies < 500 employees
** Companies > 500 employees
Source: Wissenschaftsstatistik — NIW calculations and compilations

Fig. 5. Governmental funding of R&D in SMEs and large enterprises in Germany 1979 to 2001
as percentage of total R&D expenditure

For a long time federal and regional (‘Ldnder’) governments clearly reduced their
contributions to R&D funding in the business sector. This enormous decrease over-
stepped a critical point considering the ‘leverage effect’ of governmental support to
private R&D. For each € in financial aid from public funds, enterprises spend approx-
imately the same amount for R&D. These funds mainly benefit pre-competitive
research and therefore enhance the technological options of the economy. In addition,
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enterprises have to spend internal resources for experimental development and to
transfer R&D results into innovations and capital investment.

Outlook

Until 2000/2001, German enterprises invested strongly in R&D. At that time, this
must be seen as a signal for considerably improved expectations of future market
development. They were focussed on expansion. But after the decrease in economic
prospects, R&D growth became flat.

2003 showed a moderate increase in intramural R&D expenditure of the German
business sector, which was better than initially expected. The planned R&D expen-
ditures for 2004 were less than in 2003, in real terms as well as in nominal terms. This
indicates that the positive attitudes of the business sector towards R&D are still not
sustainable. Firms wait and see. And it is not clear if this is just a temporary restraint
or if it is a reaction to the continuous stagnation of the German economy. But from
today’s point of view, it can nearly be ruled out that the current weakening dynamics
of industrial R&D will again end in deep cutbacks in R&D capacities. This might be
partly seen as a success, but it is not enough in the longer run. More dynamics might
be more appropriate!

The business sector does not assess R&D projects by their technological feasiblity,
but with respect to the acceptance of new products by consumers. In most cases R&D
cannot be performed without a relation to the market. Though continuousness in R&D
has increased, the ‘black box’ uncertainty of growth still remains: The weaker the
growth expectations, the sooner R&D projects will be cancelled, broken off or delay-
ed. SMEs in particular are susceptible to this. A number of enterprises tend to use pro-
fits to improve their financial background rather than invest in R&D. This is because
real interest rates are high in international comparison. In no case can the profit
situation of major companies be held responsible for the cautious R&D expansion.

The increasing globalisation of R&D leads to a sharp worldwide competition
within large, globally active corporations. German R&D sites are not really favour-
ised here. One reason is that R&D and innovation in Germany are more expensive
than in other European economies. As R&D activities are labour-intensive and require
high skills, R&D in Germany is therefore is affected by the high labour costs. Further-
more R&D ties up capital, which is sparsely available and therefore also relatively
expensive in Germany. The costs of R&D gain in importance in times of cyclical
downswings and increased uncertainty about the likely returns on R&D activities.
R&D in the USA is expensive, too. But industrial R&D in the USA tends to be more
efficient, through outsourcing to specialised R&D services as well as to SMEs. This
fact explains both the R&D boom in the service sector and the increasing R&D
activities in SMEs in the USA, especially in the leading-edge technology sector (see
European Commission 2003a). SMEs in the USA are well integrated into supply
chains and R&D networks. In Germany, this kind of R&D division of labour between
large and small firms does not have the same tradition. As a consequence, large com-
panies tend to expand their R&D capacities mostly in foreign and less cost-intensive
economies, because Germany’s advantage in having a highly skilled work force
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dwindles, too (OECD [ed.] 2004a). In Europe, mainly central and eastern transitional
countries are focussed in the R&D considerations of the companies (DIHK 2005). On
the other hand, in some cases Germany benefits through the still higher R&D costs in
the USA. In some branches (Pharmaceuticals and medical devices industry), R&D
sites were relocated from the USA to Germany — also for cost reasons.

But not only costs are important for the choice of R&D locations. Above all, market
perspectives as well as the conditions for research in the science sector and the out-
comes of the education system are of significance, too (see also Chapter 2.3). Expec-
tations seem to be limited with a view to market conditions. Growth perspectives of
high-value markets in Germany as ‘crowd-pullers’ for international companies are
disappointing. One major exception is the market for automobiles, but no other new
‘lead markets’ are visible. The creation of such lead markets not only needs a high
technological performance, but also a higher dynamics of domestic demand.

Regarding R&D in leading-edge technologies —and not only with the USA in
mind — it should be noticed that focal points of invention activities of German multi-
national firms in highly science-based and mostly cross-sectional technologies with a
broad economic impact (Biotechnology, Pharmacy, Semiconductors, Organic Chem-
istry) have been shifted abroad in the 1990s (Edler et al. 2003). It therefore does not
seem that leading-edge-technologies could advance faster than in other countries.

Conclusions for Innovation Policy

R&D in the business sector plays a key role in the entire chain of education and train-
ing, science, research and technology, inventions, investment and innovation, inter-
national competitiveness, productivity, growth and employment: on the whole, empirical
studies indicate a positive impact of R&D on macroeconomic targets. So the question
is whether Germany’s R&D level can lead to satisfactory results in the medium term.
If Germany wants to come close to the goals of achieving both a high employment
level and an appropriate economic growth, it cannot be satisfied with the share of
R&D in GDP stagnating at a level of 2.5 per cent.

An improved environment in education and science, research and technology could
create necessary prerequisites for an expansion of R&D and innovation capacities of
the business sector (see also Chapters 5 and 6). Above all, public support for inno-
vation should not be adjusted in a pro-cyclical way. There is a great temptation to
adjust pro-cyclically, as the figures on government funding of private R&D recently
showed. In fact, innovation policy should be ‘potential oriented’; this could automatic-
ally contribute to stabilising R&D activities.

Essential points for a policy to expand R&D in the business sector are a further
sharpening of the technological profile in the direction of leading-edge technologies,
based on a competitive science and research infrastructure, as well as broadening the
R&D base by an intensified participation of SMEs. But this would not be sufficient
without a marked improvement of macroeconomic conditions in Germany in order to
get better market and sales expectations that promise higher returns on innovation:
The German business sector is likely to hold back in the field of risky innovations.
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Abstract. Research and development (R&D) play a decisive role in the innova-
tion system. Germany ranks high in comparison to other countries, with its share
of 2.5 per cent of GDP in R&D expenditure. The international competition in
building up new R&D facilities has increased during the last decades. Other large
industrialised countries (USA, Japan) as well as smaller European countries and
threshold countries from Asia are exhibiting considerably greater dynamics in the
expansion of R&D capacity than Germany. Industries that invest very strongly in
R&D have been winners in structural change (Pharmaceuticals, Electronics, the
ICT industry). Germany’s R&D specialisation has shifted slightly in favour of
leading-edge technologies, too, but R&D activities are increasingly concentrated
on Motor Vehicles. The public sector assumes more responsibility in fostering
R&D worldwide. However, in most countres the budgetary priorities are targeted
more specifically, faster and more intensively towards R&D than in Germany.

Introduction

Following the analysis of the R&D activities in Germany in Chapter 2.1, this chapter
gives a combined time-series/cross-section analysis' of the German R&D performance
in global benchmarking. Based on selected key data, this chapter informs about the
R&D activities in the economy as a whole and particularly in the business sector.
Furthermore, it analyses the R&D division of labour between the business and the public
sector. Finally, it examines sectoral focuses and R&D intensities in the business sector.

This international comparison uses data compilations provided by the OECD,? which
ensure comparability of the data. National data sources may provide more actual and,
to some extent, revised data, but they are not comparable at all.

Trends in International Distribution of R&D Expenditure

Industrialised Countries

The international comparison of R&D intensities (R&D expenditure as a percentage of
GDP) shows Sweden leading in the OECD at 4.3 per cent, followed by Finland at 3.5 per
cent, Japan (3.1 per cent), Korea (2.9 per cent), the United States (2.6 per cent) and
Switzerland (2.6 per cent). Germany and Denmark follow at 2.5 per cent, just ahead of

! For the theoretical and methodological background of R&D and its impact on macroecono-

mic performance and international competitiveness, see Chapter 2.1.

The OECD publication ‘Main Science and Technology Indicators’ presents R&D data at a
glance. Furthermore the OECD databases ANBERD and STAN provide general economic as
well as R&D data on a deeply sectoral, disaggregated level.
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France and Belgium (2.2 per cent), the Netherlands, Austria, the United Kingdom and
Canada (each at 1.9 per cent; see Fig. 1). After belonging to the top group at the end of
the 1980s, Germany nowadays is maintaining a middle-rank position.

Since the mid-1990s, R&D has become more important again in most countries.
But only the USA and Japan pursue R&D in the new millennium with the same in-
tensity as at the beginning of the 1990s. The big European countries did not keep up
with them (see Fig. 1).
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Fig. 1. R&D intensity* in selected world regions 1991-2003

In the process of international R&D expansion, the activities are shifting significantly to
overseas countries, namely to North America, Japan, Korea and to some big threshold
countries (see Fig. 2 and 3). With a share of 45 per cent in the OECD’s R&D capacity,
the USA has been the country mainly responsible for the R&D revival in the western
developed countries in the second half of the 1990s. Germany belongs to the group of
countries with an R&D intensity above the OECD’s average. However, R&D capacity
growth fell below the average there. The Nordic countries achieved the largest in-
crease, and even southern Europe as well as the central European countries bordering
on Germany gained relatively more weight in R&D than Germany, France and the
United Kingdom. As investment in new technological knowledge is crucial for econo-
mic growth in the long run, it is not surprising that the ranking of economic growth
corresponds with the ranking of R&D capacity growth in the last decade — except for
Japan, which faced a poor economic growth despite a large real R&D increase.
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Fig. 2. Trends of gross domestic expenditure on R&D (GERD in constant prices) 1991-2003 in
selected world regions (1991 = 100)

The economic downturn at the beginning of the new millennium did not lead to corre-
spondingly less investment in science, technology and innovation in all western developed
countries. The reaction concerning R&D behaviour varied and changed considerably
in some countries. R&D behaviour has to be re-evaluated, but the short observation
period permits only a provisional statement.

In particular, the United States decreased its R&D expenditure notably since the
year 2000. From 2000 to 2002, R&D expenditure in the US business sector slumped as
never before (see Table 1). This was caused by structural turbulences: in some branches
the R&D capacities were simply oversized (e.g. in the ICT sector) and have been short-
ened for cyclical reasons or as a consequence of regulations (Telecommunication). It is
now a moot point whether the R&D expenditure will re-increase from this lower level
or stagnate in the near future. It is also a doubtful question whether the US automobile
industry will be able to extend its R&D capacity again. Whereas the pharmaceutical
industry considerably increased its R&D capacity, other sectors with less importance
for the US economy rose on the international average. On the other hand, there is a
massive expansion of R&D in the public sector. For 2003 and 2004, the projection of
R&D dynamics in the US economy indicates stagnation rather than expansion.’

3 See OECD (ed.) (2004b).
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Table 1. Annual percentage change of real R&D expenditure in regions and sectors 1994—
2000, 2000-2002 and 1994-2002

[ OECD USA JPN  EU-15 GER GBR FRA North South MID
Business sector
1994-2000 5.7 7.1 4.0 4.1 4.6 1.9 1.5 9.0 4.0 5.2
2000-2002 0.6 =3.1 4.7 34 0.5 3.9 1.8 6.8 4.8 3.0
1994-2002 4.4 4.4 4.2 3.9 3.5 2.4 1.6 8.4 4.2 4.6
Public sector*
1994-2000 3.3 2.9 4.1 2.1 1.6 1.2 1.0 4.2 4.0 14
2000-2002 49 9.9 -4.1 3.2 3.1 0.7 2.5 5.8 6.6 4.5
1994-2002 3.7 4.6 2.0 2.4 2.0 1.1 1.4 4.6 4.7 2.2
Total
1994-2000 4.9 5.9 4.0 34 3.6 1.7 1.3 74 4.0 3.8
2000-2002 1.9 0.3 2.2 3.3 1.2 2.8 3.5 6.5 5.7 3.5
1994-2002 4.2 4.5 3.6 3.4 3.0 1.9 1.8 7.2 4.4 3.7

* Higher education and governmental R&D facilities

NORTH: SWE, FIN, NOR, DEN, IRL, ISL — MID: BEL, NED, AUT, SUI — SOUTH: ITA,
POR, ESP, GRE

Source: OECD, Main Science and Technology Indicators (2004/2) — NIW calculations and
estimates

In the period of R&D revival in the second half of the 1990s, the R&D actors in
France, United Kingdom and southern Europe did not reach German growth rates.
But since 2000 they realised higher R&D dynamics than Germany and caught up.
This might have been partly due to increased efforts for interior and exterior security
in those countries, which led to a higher governmental share in R&D expenditure,
also in the USA. On the other hand, several countries set explicit national R&D goals
and enhanced their R&D efforts accordingly. These endeavours reflect the confidence
of government and the business sector in the (positive) interrelation in the functional
chain of R&D, innovation, competitiveness, growth and employment.

Germany is increasing its R&D capacity also, but it is still along way back to the top.
The deep decline of R&D at the beginning of the 1990s has not yet been overcome. After
a short burst in the second half of the 1990s, Germany is again losing ground in R&D
performance. In fact, its international position in R&D at the beginning of the new mil-
lennium ranks below that held at the beginning of the 1990s. Currently Germany’s R&D
expenditure is expanding almost at the same speed as the economy grows. The current
R&D intensity of 2.5 per cent seems to be a level which Germany cannot exceed without
massively intensified efforts in the innovation system and without sustained economic
growth. Generally, the current propensity to invest is highly insufficient in Germany.

Challenges Through Emerging Threshold Countries

The industrialised countries* compete more and more against ambitious, populous and
enormously growing threshold countries. In terms of aggregated R&D volume these
countries accessed top ranks in the world. These countries discover high technological
performance as a basis to accelerate economic growth and they upgrade their innova-
tion systems consequently:

4 Due to the availability of data, an in-depth analysis has to be focussed mainly on those countries.
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e China for example quadrupled its R&D expenditure since the middle of the 1990s.
With a total amount of US $72 billion, China ranks third in the world, just ahead of
Germany at US $54 billion.” Even India belongs to the top ten in the world with
US $24 billion.

e Amongst the smaller non-OECD countries, Israel stands out with an R&D intensity
of 4.7 per cent (with a high share in non-civil R&D), as well as Taiwan (2.3 per cent)
and Singapore (2.1 per cent). The total R&D of these countries exceeds e.g. Canada.

e The dynamic of R&D expansion in these countries is considerably high. While the
nominal expenditure on R&D in the European Nordic countries increased at about
80 per cent since the mid-1990s (50 per cent in the USA and on the OECD
average, 35 per cent in Germany), the selected threshold countries realised a
growth rate of about 180 per cent.

e Since 1995 the average R&D intensity of the most important threshold countries
increased at about half a percentage point to 1.4 per cent and clearly exceeds the
South European countries.
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Fig. 3. Share of the world regions in the expansion/growth of R&D capacities 1995 until 2002

3 The relation in R&D personnel between China and Germany is 1 million to 480,000.
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The prominent role of the USA in the world’s R&D growth in the recent decade
weakens when considering the threshold countries, which have spent more than a third
of the additional R&D expenditure between 1995 and 2002 in the world (see Fig. 3). As
a result, they have made an even larger contribution to global R&D growth than either
the USA (31 per cent), the EU (19 per cent, thereof Germany 4 per cent) or Japan
(11 per cent). In the middle of the 1990s the threshold countries contributed a share of
12 per cent to the world’s R&D spending, in the meanwhile already 20 per cent.

Big indigenous firms as well as multinational enterprises in particular are driving
the increase in R&D activities in these countries, expanding their international pro-
duction into them. Local market and growth perspectives are no longer the only fac-
tors in these companies’ considerations. The markedly lower R&D costs also play a
decisive role now (DIHK 2005). Despite the enormous and still above averagely
increasing R&D growth in the threshold countries, Germany can still compete in
knowledge and innovation. But this requires ongoing efforts, because Germany can-
not compete in costs.

Structural Changes in Private R&D

The business sector accounts for about 70 per cent of the world’s R&D expenditure.
Germany’s business does not come off badly in an international comparison. How-
ever, it has been absent from the top ranks it held at the end of the 1980s for some
time now (see Fig. 4). Furthermore, its R&D intensity has been stagnating since the
beginning of the new millennium (see Fig. 5).
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Fig. 4. Trends in intramural R&D expenditure in the business sector at constant prices 1991-
2003 in world regions (1991 = 100
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The changes shown in Fig. 5 reveal the extreme turbulences in the R&D performance
since the beginning of the new millennium in most countries. In the middle-term
analysis, only a two years’ extension of the considered period causes a displacement of
the coordinates.

Including the new millennium, the annual R&D growth rate since 1994 declined in
Germany, in the USA and in the North European countries. The increasing R&D-
intensity of the business sector in the North European countries appears in a different
light. The GDP growth until 2002 in this region is even weaker than R&D growth.
Japan works the other way round: increasing R&D growth and further decline of GDP
lead to an excursive boost of R&D intensity. In Germany, the decline of R&D and GDP
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Annual rate of change as per cent of real Gross Domestic Expenditure on R&D in the
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The time periods in this figure describe once the upswing period 1994-2000 and the extended
period until 2002, which integrate the R&D stagnation in the new millennium. A divided
presentation in two following time periods is not educible.

The lines mark the respective value of the OECD’s average: the continuous line marks the year
2002 (ordinate) and 1994-2002 (abscissa) respectively, the dashed line marks the year 2000
(ordinate) and 1994-2000 (abscissa) respectively.

Interpretation: 1994-2002 (1994-2000) the real gross domestic expenditure on R&D in Germany
increased about 3.5 (4.6) per cent p.a., whereas the R&D intensity stayed at about 2.5 per cent.
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Fig. 5. R&D intensity and change of real R&D expenditure in the business sector in world
regions 1994-2002
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growth run parallel and in the USA the business sector collapse in R&D activities is
accompanied by a further increase in GDP growth.

Everywhere throughout the world, R&D in the business sector is more and more
aligned to short-term market trends on demand and to medium-term growth perspec-
tive. The short-term realisation of R&D outcomes becomes more important, thus im-
pacting firms’ R&D behaviour. Therefore particularly in the first half of the 1990s,
the business sector responded to the cyclical trend and to reduced growth perspectives
through the decline of R&D, especially with medium-term and strategic objectives.
The present data on R&D illustrate that those perspectives and continuity gain slightly
in importance. Expecting growth, German industry expanded its R&D activities until
the year 2000; subsequently R&D is just following the demands of the economic
trend. This development was not at least caused by structural changes in the economy
(see also Chapter 2.1).

R&D in the business sector plays a decisive role in the functional chain of
education and training, science, research and technology, inventions, investment and
innovations, international competitiveness, productivity, growth and employment (see
VoBkamp 2005). Correspondingly, production and employment are growing more
vigorously in those industries that invest considerably in R&D.

The sectoral focuses of business R&D activities in Germany are noticeably
different from other western developed countries. However, relating to R&D growth,
structural R&D patterns are getting closer to international trends (see Fig. 6). Also in
Germany R&D is becoming increasingly important for services in the innovation
process.

Services give more and more impulses to industrial R&D. They are often closely con-
nected to leading-edge-technology branches (Biotechnology/Pharmaceuticals, Elec-
tronics, ICT, Aircraft and Aerospace). Furthermore, global R&D expenditure in the
service sector increased due to a greater use of knowledge of specialised R&D ser-
vices by manufacturing for quality and efficiency reasons. The revival of R&D ac-
tivities in the German business sector since the mid-1990s is followed by a structural
change in which leading-edge sectors become more important (Pharmaceuticals and
ICT in particular). But the nucleus of the German R&D increase is still located in the
automobile industry. Nearly 50 per cent of additional R&D expenditure in the busi-
ness sector between 1995 and 2000 was incurred here (see also Chapter 2.1).

The differences in R&D patterns between Germany and its main competitors per-
sist. These differences become obvious in particular in the automobile sector, on the
one hand, as well as in the ICT sector and related branches (Electronical Equipment,
Instruments) and also still in the service sector, on the other hand. Furthermore, the
change of the R&D structures run in an opposite direction:¢
e Germany as well shows increasing expenditure in these branches, which are the

winners of R&D structural change, such as the ICT and the service sector: 12 and

18 per cent respectively of the expansion of R&D is accounted for by these sectors.

However, this increase is well below the OECD average growth of 32 per cent in

the ICT sector and of 43 per cent in the service sector from 1995 until 2000.

e The enormous R&D engagement in the automobile sector compensated for this
lack. Moreover, the pharmaceutical industry contributed positively to Germany’s

R&D balance.

6 Caused by enormous data lags, the analysis includes only the upswing period of R&D
expenditure until 2000.
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e In most other branches (in particular Machinery and Chemical Industry) business
R&D developed at the global average, to some extent even above. However, the
volume of world increase in R&D expenditure in these branches is more likely to
show a stagnation of R&D and innovation potential.
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Fig. 6. Focus of R&D activities in Germany and the main OECD countries (OECD) 1995 and
its change 1995-2000

Compared to the international R&D performance in Machinery and Chemicals, the
German activities in these branches were even properly dynamic. Reciprocally, the
above-average growth in the ICT and service sector from the national point of view
was marginal in comparison to the growth in competitors’ countries. In brief: in
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sectors which did not benefit from the world’s structural change in R&D, Germany
performed above average — and vice versa. Germany’s business sector goes its own
way in R&D performance.

Governmental Contribution to R&D

Governments play an important role in the R&D systems, both by performing R&D in
universities and non-university institutes and by providing financial aid to private
R&D (see also Chapter 6).

The Governmental Funding of R&D

But in nearly every developed country the share of governmental’ contribution to
R&D funding has decreased during the last two decades. The OECD average slipped
below 30 per cent of the gross domestic expenditure on R&D. Relative to GDP, it
declined from 0.85 per cent to 0.63 per cent since the beginning of the 1990s to 2002.
Governmental funding of R&D decreased particularly in those countries where the
non-civil section required a lot of R&D capabilities (USA, France, United Kingdom).

However, in some countries the current R&D budget plans of public authorities
show a significant deviation from the long-term trend. Increasing R&D budgets indi-
cate a regained confidence in public and private R&D as a crucial factor for growth.
The USA, Sweden and Korea have a nominal annual growth between 10 and 14 per
cent from 2000 to 2004 respectively 2003, in Norway governmental R&D expendi-
ture increased by about 8 per cent p.a. in the same period. It still remains to be seen to
what extent the budget plans have actually been realised and which effects they will
have had on R&D capacities. Anyway, this fact shows that R&D has gained greater
priority in public budgets — even in Germany. The annual growth rate of govern-
mental R&D expenditure is about 2 per cent, which is still moderate, but, compared to
the downward trend until 1998, at least a positive change. This indicates a higher
priority for innovation policy. The public sector assumes more responsibility both
through the increase of financial aid for business sector R&D and through extending
R&D capacities in universities and non-university public R&D institutions. The sig-
nals for the private business sector are evident. However, in most countries the bud-
getary priorities have been targeted more specifically, faster and more intensively to
R&D than in Germany.

A precondition for increasing R&D and innovation activities in the business sector is
an improved environment of education, science, research and technology. This is
essential both for a higher participation of SMEs and for an extension and restructuring
of private R&D towards more R&D-intensive products and more market innovations.
Above all, pro-cyclical governmental policies have to be avoided. Public funding of
R&D through subsidies or procurement act rather as ‘leverage’ to R&D in the business

7 ‘Governmental’ includes all levels of public authorities as well as special assets. In the broa-
der sense, supranational organisations belong here too, as far as the bodies responsible for
innovation policy confer competence to these organisations (e.g. the EU). But the contri-
bution of these organisations are entered into the statistics as ‘abroad’.
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sector. Among the OECD countries, indirect financial R&D aid through tax credits
became more popular. Especially in order to reach an increasing participation in R&D,
indirect R&D assistance is particularly suitable (Rammer et al. 2004). Numerous
countries among the 18 OECD nations that allow R&D tax credits have special
conditions for SMEs as well. Especially the United States use preferences, respectively
quotas, for SMEs in placing public R&D in connection with governmental procurement.

‘Mission-Orientated’ Strategies in Governmental R&D

The US government in particular has been able to compensate the R&D decline in the
business sector arising since 2000 through an enormous increase in public R&D (see
Table 2). This process was stimulated by a massive extension of R&D for military
and security purposes (see also Chapter 6). Its monetary impulse is considerable. The
budget for US military R&D was about one-third larger than Germany’s total intra-
mural corporate R&D expenditure in 2000, in 2003 even 70 per cent. Another main
emphasis of governmental R&D in the USA is research in Life Sciences. This is an
essential backing of the excellent US position in global biotechnological and pharma-
ceutical research and in the development of medical devices.

Box 1. Non-civil and life sciences research in the USA

Concerning innovation policy, Germany should be neither easily impressed nor motivated
by the increasing military research in the USA. Just the opposite: the fast increasing R&D in
the US business sector in the second half of the 1990s — a period, when government rapidly
diminished its funding of non-civil research — is an indicator for the crowding-out effects of
military research. Enterprises which are involved in non-civil R&D and production are usu-
ally involved in civil projects of Machinery, Transport, Electrical Engineering, Metals,
Chemicals etc. at the same time. Direct spillovers from non-civil to civil projects mostly
arise in the case of multi-purpose products only. Furthermore, the direction of the innovation
is dedicated to the requirements of security and military, and not to social productivity and
growth.

A substantial reason for the prominent position of the USA in Biotechnology is the gov-
ernmental assistance for life sciences research with currently a share of 0.2 per cent in GDP
(EU average: 0.05 per cent). The main beneficiaries are the National Institutes of Health,
whose budget doubled since 1998. Despite difficulties in demarcation from the health sector,
it is to be assumed that the US share of life science R&D in GDP is twice as much as in
Germany. The health care branch is said to have enormous growth perspectives. On the other
hand, an extremely strong orientation towards Life Sciences implies risks like crowding-out
effects and rising R&D cost inefficiency.

Altogether, governmental impulses on the innovation system in the USA have had
much more power than in Germany. However, the question is: how can such extensive
R&D projects be implemented in such a short time without impacts on prices of R&D
personnel or without even withdrawing R&D capacities from the private sector?
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Table 2. Structure of governmental R&D expenditure* in selected countries 1991 until 2003

1991 1995 1997 1999 2001 2002 2003
GER Civil (as a share of total) 89.0 a 90.9 904 a 91.7 92.6 94.5 935 b
containing**: Economic development | 25.5 a 23.0 229 a 22.6 20.3 20.5 205 b

Health and environment | 13.0 a 12.6 125 a 13.0 14.5 14.5 152'b
Space programmes 6.1 a 5.7 53a 49 53 5.4 54b
Non-oriented research 17.0 a 16.5 171 a 174 18.5 18.0 174 b
General university funds | 37.3 a 41.5 42.6 a 41.8 414b 420 41.7 b

GBR Civil (as a share of total) 56.1 63.5 60.8 62.1 69.5 65.9
containing**: Economic development | 28.8 16.6 14.3 11.7 13.6 14.9

Health and environment | 22.3 31.7 a 329 35.7 323 30.6

Space programmes 4.8 43 4.6 3.7 3.0 2.9
Non-oriented research 9.1 18.3 18.7 18.2 19.5 20.2
General university funds | 33.7 28.5 28.9 30.1 31.3 30.7

FRA Civil (as a share of total) 63.9 70.0 748 a 773 77.2 77.0 772 b

a

containing**: Economic development | 32.8 20.7 18.7 18.9 16.5 a 16.1 16.7 b
Health and environment 9.8 12.1 12.5 11.3 13.0a 133 12.8 b
Space programmes 13.5 15.0 15.6 14.2 125 a 11.7 10.6 b
Non-oriented research 23.9 274 26.7 28.2 250 a 269 284 b
General university funds | 19.5 222 23.2 23.6 30.1 30.0 29.5

USA  Civil (as a share of total) 40.3 45.9 44.8 46.8  49.5 479 463 ¢
containing**: Economic development | 22.1 22.2 19.7 14.4 13.1 12.8 12.0 ¢

Health and environment | 43.5 43.9 46.6 50.0 53.0 55.1 569 ¢

Space programmes 24.5 25.1 24.5 22.7 19.8 18.7 182 ¢
Non-oriented research 9.9 8.9 9.2 12.9 14.0 134 129 ¢
General university funds n/a

JPN  Civil (as a share of total) 94.3 93.8 942 954 957 96.0b 955D

containing**: Economic development | 33.5 314 34.8 344 343 338b 3340
Health and environment 5.7 6.2 7.3 7.1 7.9 77b 7.6Db

Space programmes 7.2 7.9 6.7 6.6 7.0 63b 700D

Non-oriented research 8.5 10.3 115 13.5 14.5 16.0b 16.0 b

General university funds | 45.1 442 397 384 363 363 b 36.1b
OECD Civil (as a share of total) 63.6 a 68.8 a 69.2 70.6 71.4
containing**: Economic development | 28.1 a 244 a 24.6 233 22.1
Health and environment | 21.7 a 22.6 a 229 24.5 26.2
Space programmes 11.8a 122 a 114 10.7 10.0
Non-oriented research 129 a 123 a 128 143 14.9
General university funds | 24.3 a 259 a 260 249 248

* GBAORD: total government budget appropriations or outlays for R&D means the govern-
mental budget’s debit amount for R&D
** In per cent of total civil R&D expenditure
a) Break in series for reasons of statistical/methodical change — b) Provisional — ¢) Estimate
Source: OECD, Main Science and Technology Indicators (2004/2) — NIW compilation

The structure of business R&D is not independent of governmental commitment.
Especially in the USA, the United Kingdom and France the leading-edge technology
sector benefits particularly from the massive public engagement in non-ivil and life
science research. In Germany and Japan, governmental R&D mainly focuses on civil
objectives with about 95 per cent of total spending (Table?2). In most European
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countries, the goal of government involvement is to provide (civil) ‘public goods’ as
well as assistance in the industrial development of technologies and the diffusion of
new technologies.

R&D in Universities and Governmental Institutes

In the OECD countries about 31 per cent of R&D capacities are located in universities
and non-university public research institutes. But during the last two decades, the
business sector increased its R&D capacities faster than the public sector. Since 2000
the relation between business and public sector is shifting again. Over this short pe-
riod, it cannot be predicted if this development is only temporary or if it indicates a
sustained increase of R&D capacities in the public sector.

Due to the fact that companies tend to orient their R&D policy towards short-term
market and sales prospects rather than medium-term strategic objectives, it may be
expected that public R&D institutes gain more importance, not only temporarily. Enter-
prises complete their technological knowledge more and more through contracts with
R&D partners, such as public institutions, and co-operate with partners in the business
sector to keep and develop their technological abilities. The supply of pre-competitional
public basic research broadens the technological options of the economy in the long run.

Especially in Germany many companies — and SMEs in particular — rely on colla-
borative arrangements with (publicly funded) science and research for their innovation
projects. These co-operations are well established and form a German advantage in
technological competitiveness. About 12 per cent of R&D expenditure obtained by
universities in Germany are financed by the business sector — with an increasing
tendency. The OECD average is still below 6 per cent.

In the 1990s, public R&D spending in Germany increased (in real terms) to about
17 per cent. However, this falls behind the growth rate of the northern and southern
European countries and the USA (each at 50 per cent), as well as Japan (30 per cent) and
the United Kingdom (20 per cent; see Fig. 7). Nevertheless, it is a positive signal that
the German public sector has been expanding its own R&D activities again since the be-
ginning of the new millennium. The same holds for France, the United Kingdom in con-
trast did not.®

Currently almost everywhere in the world public R&D expenditure was pushed
ahead more forcefully than in the late 1990s, although the economic environment was
even better at that time (in detail see Chapter 6). Especially in the USA it seems that
the governmental contribution wants to compensate for the losses in the business
sector.’ In contrast, in most European countries, the political goal to increase private
and public R&D spending to a level of 3 per cent of GDP by the year 2010, may have
stimulated the growth of public R&D activities. However, this goal is greatly ambi-
tious and requires great efforts by both private and public sector.

8 In Japan, a considerable decline of R&D activities since 2000 is statistically noticed as a con-
sequence of the privatisation of public R&D institutions.

° Apparently the process in the USA stopped recently. On the one hand, the Federal govern-
ment faces considerable budget problems. On the other hand, even the USA suffer a lack of
qualified R&D personnel now. The more restrictive immigration policy greatly hampers the
inflow of foreign scientists.
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Fig. 7. Trends of intramural R&D expenditure of higher education and governmental public
research institutes in constant prices 1991-2003 in selected world regions (1991 = 100)

Conclusion

With respect to the effects of investments in new technological knowledge on eco-
nomic growth, it is not surprising that those economies have grown faster during the
last decade whose R&D capacities increased the most. From this point of view it
seems distressing that R&D in Germany developed quite unevenly in the last twenty
years. In the new century R&D capacities were enlarged considerably in nearly all
regions of the world. However, Germany could not keep up with this dynamic. As a
consequence — with an almost unchanged R&D intensity of 2.5 per cent — Germany
slipped from third position in the year 1991 to ninth position in 2003 in the world
ranking.

International comparisons of R&D performance are important for self-assessment.
Regarding R&D indicators, there is only little evidence of any significant improve-
ment in the German position during the last decade. The recent considerable decrease
of R&D activities in the US business sector may neither be a comfort nor a bench-
mark at all. Other countries in northern and central Europe as well as China and India
are expanding their investments in R&D at an extraordinarily fast rate. Additional
investments in R&D are necessary if Germany wants to keep a leading position in
global markets. This seems even more important to overcome the current economic
and social problems in Germany. An R&D share in GDP of 2.5 per cent might not be
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enough to achieve objectives such as a high level of employment and appropriate
economic growth.

It is recognised that public engagement in science, research and education as well
as the creation of interfaces to the business sector have become more important. The
downward trend of the public sector has been stopped, but governmental funding of
R&D did not increase as much as in other countries. Furthermore, the establishment
of R&D tax credits should be contemplated, in order to achieve a more intensive par-
ticipation of SMEs in the innovation process. R&D in Germany’s business sector is
slanted towards the automobile industry, while there are gaps in leading-edge tech-
nology fields which offer enormous potential for growth and the opportunity to im-
plement lead markets of international standing. To enter these fields, an assessment of
the relevance of innovation factors is required. These factors range from excellent
science and technology in the public sector to innovation-friendly regulations foster-
ing demand and procurement that stimulates innovation.



2.3 Internationalisation of Industrial R&D

Heike Belitz, Jakob Edler, Christoph Grenzmann

Abstract. The internationalisation of industrial R&D has been an increasingly
debated and analysed topic since the early 1990s. A series of studies analysed this
internationalisation from a German perspective. On that basis, this paper shows
that while German firms have increased their international activities both in
market exploitation and knowledge seeking, this cannot be interpreted as a loss
of attractiveness of Germany as a research location. Rather, internationalisation
is a two-way street for Germany, and the activity of foreign companies in the
country has not only increased, but has also been conducted in knowledge-
intensive, future-oriented technological areas. Thus, while differences between
sectors and technologies will remain, it will be important in the future to further
adjust the innovation system in order to better exploit the potential offered by
the internationally dispersed generation and transnational diffusion of know-
ledge.

Introduction

In the 1990s, in Germany as well as in other industrialised countries, the internation-
alisation of R&D in multinational companies became an important issue of scientific
and political discussions. The tendency of German multinational enterprises (MNEs)
to internationalise R&D was partly seen as a relocation of R&D resources abroad and
therefore as a threat to the long-term technological performance of Germany. The
growing importance of research done by foreign affiliates was interpreted as evidence
of weakness on the part of domestic conditions for industrial research. Similarly, the
R&D activities of foreign companies in Germany has for a long time been interpreted
as rather weak, signalling a low attractiveness of Germany as host country. On the
other hand, from the perspective of Germany as a host country, the acquisition of
German firms with high R&D intensity by foreign-owned companies was sometimes
interpreted as a weakening of the domestic R&D basis.

There are several ways to improve the understanding of the dynamics of inter-
nationalisation of R&D by multinational companies. First, one can implement the
ownership concept in conventional national R&D statistics and in special company
surveys. Second, one can use firm specific micro data on R&D output (i.e. patents,
publications). We use both kinds of data to analyse the internationalisation of R&D
in MNEs and the impact on Germany as a location for R&D.

Since the mid-1990s, DIW Berlin and SV Wissenschaftsstatistik' have examined
the international integration of R&D in MNEs, using separate analyses of the surveys

1 SV Wissenschaftsstatistik GmbH is the R&D statistics branch of the Donors’ Association for
German Research (Stifterverband fiir die Deutsche Wissenschaft).
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of business R&D in Germany.”? The internationalisation of R&D activities is consid-
ered on the basis of sector-specific data on R&D expenditure by German companies
abroad (outward) and by foreign companies in Germany (inward). Additional data
from the OECD and the US Department of Commerce permit an international com-
parison.? In addition to these regular analyses, a one-off focus study has analysed both
the inward and the outward internationalisation from the German perspective based
on patent analysis, publication analysis and surveys of a German sample of 88 and a
foreign company sample of 47 companies (Edler et al. 2003; Edler 2003; 2004). The
study covers the period from 1990 to 1998. The companies were selected for their size
and R&D capacity and were drawn from four industrial sectors (Chemistry, Elec-
tronics, Mechanical Engineering, Motor Vehicles). Thus, this focal study enabled a
more differentiated analysis for a significant share of MNEs.

This chapter begins with a short overview of theoretical concepts of the internat-
ionalisation of multinational firms. We then discuss the advantages and disadvantages
of R&D expenditure und output indicators (with a focus on patents) as two measures
to analyse the internationalisation of R&D in multinationals. In the following section
we present the main results of our studies of the R&D behaviour of multinational
companies from the German perspective — both inward and outward — based on the
German R&D survey and on the focus study by Edler et al. (2003), partly comple-
mented by the analysis of the patent behaviour of multinationals by Les Bas and
Sierra (2002). After a summary of our results we close with some conclusions for
national technology policy.

Theoretical Background

What are the motivations of multinationals in expanding R&D and other knowledge-
based activities in their affiliates abroad? The question has prompted much debate in
recent years. In the existing literature a ‘dichotomous set of motives’ for the inter-
nationalisation of R&D can be found, namely, that firms invest in R&D abroad either
to exploit their existing stock of knowledge in foreign environments (Cantwell & Janne
1999; Cantwell & Kosmopoulou 2001; Patel & Vega 1999; Patel & Pavitt 2000;
Dalton & Serapio 1999) or to augment their knowledge base by gaining access to
foreign centres of excellence (Edler et al. 2003; Florida 1997; Koopmann & Miinnich
1999; Boutellier et al. 1999; Cantwell 1995; Edler et al. 2001; Dunning & Wymbs
1999; Grandstrand 1999; Pearce & Singh 1997; Pearce 1999; Criscuolo et al. 2001;
Narula 2002; Les Bas & Sierra 2002).

The answer should be consistent with a microeconomic theory of the multinational
firm, which yields clear predictions as to how we should expect multinational activity

2 Findings from earlier studies published in English can be found in Beise & Belitz (1998;
1999), Belitz (2000; 2002; 2004a and 2004b)

3 Multinational companies are assigned to the home countries from which they are controlled.
As arule, this is also where companies’ majority ownership is based. In this process, national
and international statistics on foreign direct investment usually apply lower threshold values
in terms of share ownership; in the case of the German Central Bank (Bundesbank), for
example, this value stands at 10 per cent. However, different threshold values in the statistics
influence findings of analyses on the cross-border activity of multinational companies only
marginally and are therefore not taken into account here.
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to relate to country characteristics, industry characteristics, and trade and investment
costs.

One useful starting point for theory is the conceptual framework proposed by
Dunning (1979). He suggested that there are three conditions needed for a company to
become international:

e The company must have a product or a production process such that the company
enjoys some market power or cost advantage abroad (ownership advantage).

e The company must have a reason to want to locate production abroad rather than
concentrate it in the home country (location advantage).

e The company must have a reason to want to own a foreign subsidiary rather than
simply license to or sub-contract with a foreign firm (internalisation advantage).

In more recent microeconomic models the ownership advantage is modelled by the

existence of firm-level scale economies (Markusen 2001/2002). The general idea is

that there are knowledge-based activities such as R&D, management, marketing and

finance that are at least partially joint inputs across separate production facilities.

Within one company the knowledge generated at one location can be exploited in
production at various sites at the same time without reducing its potential benefit at
the point of origin. Jointness is the key feature which gives rise to horizontal multi-
nationals, firms that produce roughly the same goods and services in multiple locations.
For these firms, broadly defined trade costs constitute a location advantage,
encouraging production abroad. Horizontal motivations for foreign activities are the
need to place production close to customers and to avoid trade costs. Skill differences
between the countries are relatively small.

Fragmentation and skilled-labour intensity are key features which give rise to vert-
ical multinationals where the activities are fragmented geographically, so that head-
quarters and plants can be located in different countries. Vertical motivations for
foreign activities are the desire to carry out unskilled-labour-intensive production
activities in locations with relatively abundant unskilled labour when trade costs are
low.

More recent theoretical and empirical studies on the internationalisation of multi-
national firms in industrialised countries assume the dominance of the horizontal model
of international division of labour, in which companies conduct similar activities and
produce similar products in different locations with the same factor endowment.* This
is consistent with the fact of large volumes of cross foreign direct investment among
the rich countries of the world.

What can we expect to be the dominant motivation for conducting R&D abroad in
a world of horizontal multinationals? Since joint use of knowledge within one com-
pany is one of the main features of the horizontal model, exploiting their existing
home-based stock of knowledge in foreign environments should be the predominant
strategy of multinationals. These companies produce similar goods and services in
multiple locations with similar factor endowments and therefore should to a growing
extent demonstrate similar R&D behaviour in their R&D locations in both home and
host countries. In the horizontal model, market size and demand in the host country
provide strong incentives for multinational activity. Accordingly, the innovation im-
pulses generated by the market in particular should determine companies’ R&D. This
holds true for both domestically owned and foreign-owned companies. Thus, one

4 See, for example Markusen (2001/2002) and the literature cited there (Bloningen et al. 2002).
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consequence for R&D is that it may be dispersed globally as well and done near to
different production sites if local market adaptations are needed, because of different
local preferences or local regulations.

However, if knowledge generation is very much specialised or if there are locations
with clear competitive advantages as to knowledge generation (excellence, costs)
R&D even in the horizontal mode may be done at one location (e.g. at headquarters
or at the site with the best knowledge assets) and then transferred to the global
production sites. Such a capability-augmenting mode in ‘globally learning companies’
(Meyer-Krahmer & Reger 1997) is becoming more and more important in those areas
that are very knowledge-intensive and where a global specialisation needs to be
exploited.

Therefore market-seeking and exploiting and — to a growing extent — capability
augmenting are expected to be the most important motives for R&D abroad. This
means, in consequence, that in the host countries domestic and foreign firms should
demonstrate similar R&D behaviour to an increasing degree.

How to Measure the Internationalisation of R&D

It is difficult to measure the internationalisation of companies and, by extension, the
integration of R&D at the international level. Studies in this field are mainly based on
two sets of measures:

e R&D expenditures (input); and

e patent statistics and — to a much lesser extent — publications (output).

R&D Expenditures

National statistics record company activities primarily with regard to their location in
a given national economy, but often provide only insufficient information on the
cross-border integration of multinational enterprises and the internal exchange of
capital, goods, services and knowledge.

The statistical concept has to be changed to describe the activities of MNEs. In the
ownership concept, economic activities of home countries comprise domestic and
foreign activities of the domestically owned firms (parent companies and their affilia-
tes at home and abroad). In the host country we distinguish between the activities of
domestically owned firms and foreign-owned affiliates.

German Data on R&D Expenditures of Multinationals

The statistical System for Research and Development, based on the international
standards (OECD 2002) defines the statistical requirement to provide international
comparability of the national R&D activities. Two main indicators are established, the
one reporting on the monetary input (R&D expenditure), the other reporting on
human resources (R&D personnel).

Based on these OECD standards, the R&D activities which are performed on the
territory of the respective country have to be compiled. So the Frascati Manual argues
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in §38: ‘The main aggregate used for international comparison is gross domestic
expenditure on R&D, which covers all expenditures for R&D performed on national
territory [...]” and respectively for the human resources: ‘It covers total personnel
working on R&D on national territory [...].” This international standard for the R&D
survey assures that the intramural R&D in different countries does not include any
overlapping. It cannot be denied that this requirement can cause problems for multi-
nationals, performing R&D in different national territories, because the enterprises are
expected to distribute their R&D engagement into different national territories, de-
pending on the localisation of performance and report to different national statistical
services.

On the other hand, for the management of the global players the national borders
are of decreasing importance (Edler et al. 2003). MNEs generally inform about their
global R&D in their business reports, frequently split into different branches or divi-
sions. But in general the business reports do not provide R&D broken down by regions
or countries. The R&D statistics must be tailored in order to take into account this
obvious change in the demand of the statistical user. The OECD has articulated the
importance of R&D globalisation in the Frascati Manual (§39-41), not giving detailed
regulations how globalisation should be surveyed. The subject of economic global-
isation has been treated in depth in a separate OECD Handbook (OECD 2005), which
also deals with global indicators for science and technology.

New indicators are required to report about the global activities of multinationals
and to measure the degree of R&D globalisation. Therefore the German R&D statistic
deals with the question how to provide statistical information about R&D global-
isation. Two ‘directions’ have to be distinguished:

e Germany as R&D host for foreign-controlled enterprises (inward);

e German-controlled enterprises as R&D guest abroad (outward).

In the first case, it has to be established to what extent R&D in Germany is performed
in foreign-owned enterprises. In the second case, the statistic has to report about the
amount of R&D multinationals with their headquarters in Germany are performing
abroad. According to this concept, the R&D activities of foreign enterprises in
Germany and respectively of German enterprises abroad are compiled.

For the first question, the national R&D activities are evaluated by country of
control. The aggregate for all countries is identical with the corresponding national
R&D total. The classification of the statistical unit to the nationality of the country of
owner follows the ‘ultimate beneficial owner concept’ (BPMS5 1993). Following this
concept the affiliates in the compiling country, Germany, are classified to the country
of control located abroad. This concept assures that, for instance, non-European
multinationals with intermediate European holdings are classified to their ultimate
headquarters outside Europe.

Because the German R&D survey does not include questions about the country of
control, this information was added from external sources, especially from publicly
accessible data files.

For the opposite question, answers have to be found about the outward activities of
German multinationals in terms of R&D. For practical reasons, an enterprise has been
regarded as German if its headquarters are in Germany. For the years 1995, 1997 and
1999 the national R&D survey included additional questions, concerning the global
R&D activities of the multinational to which the surveyed unit belonged. Based on
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the experiences from the three surveys, the approach was revised for 2001. This was

caused by two observations:

e The person responsible for the reporting of the national R&D data for the National
R&D survey did not have access to information about worldwide R&D expenditures
of the whole group. In other cases it was not his responsibility to forward the inter-
national R&D data to the statistical service.

e Asthe additional ‘global’ questions became part of the national R&D survey, basic-
ally the same global data had been reported by various statistical units representing
different affiliates of the same multinational company. This meant a certain risk of
duplication. The presentation of qualified data for 1995 till 1999 therefore required
a high and uneconomical amount of individual checks.

For the year 2001, the procedure was modified: based on business reports and internet

information a data file had been built up with global R&D data of multinationals,

including — if available — a classification to their different branches. Principal con-
dition to include the data in the file was that they could be taken from business reports
or equivalent publications. In the next step, the reporting units of the national statist-

ical R&D survey were linked to the international parent unit. To arrive at the R&D

activity abroad, the national R&D data was subtracted from the global R&D expend-

iture of the corresponding multinational company.

Output Indicators: Patents and Publications

Patents can be assigned to the firm which owns them and the inventor’s address given
in each published patent is used as a proxy measure for the geographical location of
R&D activities. But not every innovating activity leads to a patent (see also Chapter
3.3). Often foreign R&D is devoted to adapting existing products or processes to local
demand or to exploratory research of ‘listening posts’ with no patentable outcome.
R&D expenditures tend to include all activities ranging from basic research to adapt-
ing existing products to local demands, while patents only refer to R&D activities
leading to patentable outcomes. Another disadvantage of using patent data to describe the
internalisation of R&D is the time lag between the R&D activities, the date of the
application for a patent and the date of publication. On the other hand, one advantage of
using patents is that they indicate the output of corporate research activities with a
demonstrated market potential (‘applied’). The main advantages of patent-based data —
however — are that innovation activity can be analysed in much greater detail regarding the
individual firm’s intellectual property, the technological fields, the geographical location
of R&D activities and — in principle — co-operation patterns via co-inventors.

One shortcoming of using patents as potential indicators for R&D activities abroad
is that the propensity to patent varies considerably between industries and nations —
and changes over time due to changing patent strategies (Blind et al. 2004). An
important prerequisite for the patent analysis is a firm register with complete inform-
ation on worldwide majority equity holdings of multinational firms. Most affiliates
apply for patents under their own names which are often different from the group’s
name. In order to consolidate the entire multinational enterprise in the patent data-
base, all names of assignees belonging to the multinational group have to be ident-
ified. As a result of this time-consuming method, only samples of multinationals can
be included in the analysis.
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Another output indicator for international R&D are scientific publications (see also
Chapter 3.1). They indicate the scope and scale of research activities at an earlier
stage, farther away from the market application. As with patents, publication analysis
can differentiate much better as to different (scientific) areas and via co-publications
enables the analysis of co-operation patterns across countries. A publication analysis
accompanied the patent analysis for the sample of foreign companies in order to better
characterise the attractiveness of Germany as a host of industrial R&D.

One specific problem in using patent and publication analysis is the question of
attribution of patents to companies. This has to do with the many changes occurring in
multinational firm structure. Thus databases for equity holdings of the multinational
firms monitored have to be updated frequently. Because this is an expensive proce-
dure, many studies use samples of firms where they are consolidated for one year
only. In most cases time trend analysis based on patents does not reflect the changes
due to mergers and acquisitions. The focus study in the context of the German
reporting on technological competitiveness has controlled for the changes due to
mergers and acquisitions in its sample and has thus — at least for the outward activities —
has been able to detect patterns over time (Edler et al. 2003, see below).

R&D of German Multinationals Abroad

The internationalisation of R&D must be interpreted in the context of internation-
alisation in general. The internationalisation of production is most advanced in the
research-intensive sectors (Chemical Industry, Motor Vehicles, Computer, Electrical,
Electronic and Precision Engineering). In these sectors, in 2001 for every 100 people
employed by German companies in Germany,® on average another 75 were employed
in German subsidiaries abroad, whereas German manufacturing as a whole only em-
ployed 53 abroad.

The pioneers of internationalisation, and not only in Germany, are the chemical
and pharmaceutical firms. In 2001 they were already employing one-fifth more staff
abroad in production than in Germany. They may only be in second place in research
abroad, but on average they spend nearly one-half of their total R&D expenditures
there (see Table 1).

Since 1998 the German motor vehicle companies have also employed more workers
abroad than in Germany. This sector now has the highest amount of R&D expend-
itures abroad.

5 The database used for publication analysis was the Science Citation Index.
% Persons employed in all companies minus the number employed in foreign-owned com-
panies.
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Table 1. R&D activities of German firms in 2001, by economic sector

Economic sectors Total domestic R&D| R&D expenditure | R&D expenditure | Worldwide R&D
expenditure' at home abroad expenditure
million € million € % million € % million €
Manufacturing 29.490 20.210 69 11.589 36 31.799
Chemicals 5.070 3.948 78 3.649 48 7.597
Mechanical Engineering 3.441 680 20 444 40 1.124

Computer, Electrical,

Electronic, Instruments 6.586 4.627 70 2.801 38 7.428
Vehicles 12.351 10.618 86 4.568 30 15.186
Other sectors 3.330 2.264 68 360 14 2.624
Total 32.820 22.474 68 11.949 35 34.423

' Total domestic R&D business expenditure minus foreign firms’ R&D expenditure

Sources: SV Wissenschaftsstatistik — DIW Berlin calculations and estimates

Table 2. Total R&D expenditure by companies in Germany and abroad, 1995 and 2001

1995 2001 Change 1995-2001

billion € billion € %

In Germany 30.0 43.8 46

Foreign firms 5.0 11.5 130
German firms

Without R&D abroad 8.0 9.8 23

With R&D abroad 17.0 22.5 32

German companies abroad 5.1 11.9 133

German companies worldwide 22.1 344 56

As % of R&D in Germany

In Germany 100 100 -

Foreign firms 17 26 —
German firms

Without R&D abroad 27 22 -

With R&D abroad 57 51 —

As % of German R&D worldwide

German firms with R&D abroad 100 100 —

In Germany 77 65 -

Abroad 23 35 -

Sources: SV Wissenschaftsstatistik — DIW Berlin calculations and estimates

Against this background, after stagnating for a long time in the first half of the 1990s,
total expenditures by companies on R&D in Germany have risen by nearly half, from
€30 billion in 1995 to a good €44 billion in 20017 The greater part of these expend-
itures is by MNEs, whose production, and increasingly research locations as well, are
spread internationally.

7 Cf. Stifterverband fiir die Deutsche Wissenschaft (2004).
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R&D expenditures by German subsidiaries abroad are estimated at about €11.9
billion for 2001. In 1995 they were presumably €5.1 billion (see Table 2).

R&D expenditure of German companies abroad rose by a good 130 per cent in
nominal terms from 1995 to 2001; it grew significantly more rapidly than total R&D
expenditure in Germany (46 per cent; see Table 2). This increase in foreign R&D
involvement is very probably due primarily to M&As rather than to an expansion in
R&D in existing German companies abroad. Between 1995 and 2001 there was a
strong worldwide increase in M&As, which fell sharply after 2000. Between 1995
and 2001 Germany was the fourth-largest investor in cross-border M&As,? after the
United States, the United Kingdom and France (OECD [ed.] 2003a).

The R&D intensity in Germany of German companies which are also active abroad
is, on average, higher than that of those companies who have no foreign involvement
(see Fig. 1).°

. Foreign firms
Manufacturing

B German firms
with R&D abroad

Chemicals

EdGerman firms
without R&D
abroad

Mechanical Engineering

Computer, Electrical,
Electronic, Instruments

Vehicles

0 2 4 6 8 10 12 14 16 18 20

R&D personnel as a percentage of total number of employees
Sources: SV Wissenschaftsstatistik — DIW Berlin calculations

Fig. 1. R&D personnel intensity in Germany in 2001, by sector (in per cent)

German companies spent one-third of their overall R&D expenditure abroad. For com-
parison: subsidiaries of US American concerns spent US $19.7 billion on R&D abroad
in 2001. This was 12 per cent of total R&D expenditures by US MNEs (Mataloni
2004). German multinationals are thus on average already far more internationalised
than their US counterparts. MNEs in smaller countries have to locate more of their
production and R&D abroad if they are to make use of the advantages of scale and the
many stimuli to innovation in international markets. Another factor affecting the
higher internationalisation degree of multinationals from smaller countries is the need

The most prominent example of this expansion was the fusion of Daimler-Benz AG with the
US Chrysler Corporation, which in 1998 became DaimlerChrysler — with a strong effect on
the number of patents held and applied for by German companies. The acquisition of Rover
by BMW in the United Kingdom has had similar effects on the United Kingdom patents of
German firms (Edler et al. 2003)

R&D intensity is measured as R&D personnel as a share of all employees, or R&D expend-
iture as a share of turnover.
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to master an increasing range of potentially useful technologies (Granstrand et al.
1997), not all of which may be available in the home country. The degree of
internationalisation of R&D activities is thus particularly high for Swiss and Dutch
firms, as is evident from the relation of their R&D expenditures in the United States
to their domestic R&D potential (see Table 3).

Table 3. Internationalisation of R&D and production in selected industrialised countries, 2001

R&D expenditure Level of foreign direct investment
Total Share of by subsidiaries in the by foreign in foreign
foreign firms United States countries countries

Country | million PPP $ % share million US $ % share % of GDP
USA 209,955 14.9 19,402° 9.4 13.1 13.7
EU 120,127 9.4* 17,657 14.7 - -
JPN 6,455 3.9 3,474 4.5 1.2 7.2
GER 38,036 26.5 6,010 15.8 22.3 29.8
FRA 21,920 16.4 3,215 14.7 22.0 37.3
GBR 19,796 39.4 4,762 24.1 38.6 63.4
CAN 10,007 31.6 2,218 222 29.7 34.7
SWE 7,680 34.1" 408 53 42.0 55.6
NED 5,078 21.5 1,627 32.0 74.2 85.7
SUI 4,140 - 4,162 100.5 36.1 100.3
FIN 3,325 14.2 162 4.9 21.6 46.1

'1999 — 21998 — * R&D expenditure of US companies abroad — * US companies in the EU
Sources: SV Wissenschaftsstatistik — DIW Berlin calculations and estimates

The United States as the Most Important Foreign Research Location

The United States is the most important foreign location for R&D by German firms.
Their R&D expenditures in the United States increased approximately 3.4-fold in
nominal terms from 1990 to 2001, while their turnover increased only 2.9-fold. In
total, foreign companies operating in the United States increased R&D spending 2.6-
fold over this period, at the same time doubling their turnover.!® Thus, foreign
companies expanded their R&D activities in the United States more quickly than their
production and sales. With their R&D expenditure of approximately $6 billion, and
with some 26,000 people employed in R&D, German companies demonstrate the
largest R&D capacities of all foreign firms in the United States, followed by British,
Swiss and Japanese companies. At the same time, on average German companies
have the highest R&D intensity of all foreign firms in the United States. The patent-
based analysis of foreign research activities of 88 firms confirms that throughout the
1990s the USA remained by far the most important R&D location of German
companies, although its relative importance has slightly decreased (Fig. 2, Edler et al.
2003).

10°US Department of Commerce: US Affiliates of Foreign Companies, various years. Data
cover all companies in which Germans hold at least ten per cent of the shares.
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Fig. 2. Host country distribution of foreig patents (German companies, N = 88)

The 88 companies analysed in depth have registered about half of their patents in the
USA, followed by a group of medium countries France, Japan and the United Kingdom.
The USA has about half the patents, having decreased only slightly from its share in
1990 (see Fig. 2), while the United Kingdom especially has apparently had the highest
gains.!!

The main sectors of R&D activities by German firms in the United States changed
due to massive merger activities. In 1999, after the merger between Daimler and
Chrysler, around 41 per cent of the R&D expenditures by German firms in the United
States were in Vehicle Construction. The pharmaceuticals sector, long the leader in
German R&D expenditures abroad, now has a share of 19 per cent. But for some time
now R&D expenditures by foreign firms in the United States have been concentrated
on the pharmaceutical industry; clearly the US market for pharmaceutical products
displays characteristics of a lead market.'?

Foreign companies also adapt products that have been successful worldwide to the
US market, and they concentrate their US R&D activities in the corresponding sec-
tors:

e Japanese companies: Electrical Engineering, Computer and Communications Tech-
nology, Automobile Construction;

Swiss companies: Pharmaceuticals and Foodstuffs;

British companies: Pharmaceuticals, Foodstuffs, Mechanical Engineering;

French companies: Communications Technology;

German companies: Automobile Construction.

But MNEs also maintain many independent research centres in the United States that
are not directly linked to production units. Japanese companies in particular choose
this path, and at the end of the 1990s they had the highest number of these centres.
German companies were in second place (Dalton & Serapio 1999). This suggests that

' The high share of the United Kingdom in 1998 is mainly due to the acquisition of Rover by
BMW that is history already and that was, moreover, not motivated by the R&D potential of
the British car company.

12 The concept of lead markets and their role in R&D location decisions of multinationals is
described in detail by Beise (2001).
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both the research environment and the appropriate markets in the United States are
highly attractive.

Strategies of German Multinationals-Insights from Patent-based Analyses

By analysing the foreign technological activities of German companies utilising
patent analysis, the technological specification can be depicted. On that basis, differ-
ences in technological patterns can be discerned that allow interpretation as to the
basic motivation for foreign R&D. Moreover, through a comparison over time it is
possible to see how technological focuses of activities abroad have changed.

While the 88 companies of the sample used in Edler et al. (2003) have not changed
their regional pattern of foreign activity very much, they have somewhat changed
their technological patterns and strategies abroad. First of all, the German companies
investigated broadened their technological activities across the technological fields as
the share of international patents in all patents of the sample has grown in all but two
technological fields.!? Still, the growth of international activities developed very
unevenly across the technological fields. To illustrate this, Table 4 indicates the six
technological fields with the highest and the lowest share of foreign patents in all
patents in 1998 and in 1990. Three technological fields stand out; almost half of the
patents in the biotechnology sector and more than a third in the fields Medical
Technology and Pharmaceuticals were registered abroad. Although starting from a
relatively high level already in the 1990s, the companies even intensified their
international activities in these fields in the 1990s. By far the highest dynamic, how-
ever, can be registered in the semiconductor field, in which foreign R&D activities of
the German MNEs of the sample in 1990 were almost non-existent.

Table 4. Most and least internationalised technological fields of German MNEs 1990 and 1998
(N =288)

Highest foreign share 1998 1990 Diff. | Lowest foreign share 1998 1990 Diff.
Biotechnology 43.6  30.7 12.9 | Telecommunications 9.2 127 =35
Medical Technology 384 338 4.6 | Construction/Building 89 32 57
Pharmaceuticals 33.3 18.7 14.6 | Transport/Aircraft/Weapons 8.1 36 45
Food Processing 28.6 10.0 18.5 | Environmental Technologies 8.1 3.2 4.9
Organic Chemistry 242 132 11.0 | Audio-Visual Technologies 6.7 16.1 -9.5
Semiconductors 24.0 44 19.7 | Consumer Goods 53 14 39

Source: PCTPAT, EPAT - Fraunhofer ISI calculations

The patent analysis furthermore allows us to compare the technological profiles of the
foreign activities of company samples to their domestic profile.'* This shows that in
the course of the 1990s the activities of the companies abroad have converged to the
pattern at home.

13 Internationalisation has decreased in the two technological fields Telecommunications and
Audio-Visual Technology, both from the electronics area.
14 See Edler (2003; 2004) for details of the methodology used here.
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This finding can be further specified by the comparison of the foreign profile of
the sample with the profile of the host countries of their research. The premise behind
this comparison is that a high correlation of the foreign profile of the sample with the
profile of a given host country indicates that the international R&D strategies of the
companies are focused on the technological strengths of a host country. Edler et al.
have conducted such a comparison for the USA as a research location, showing that
across the board the 88 companies have not specialised their activities in the USA
according to the technological strengths and weaknesses of the USA as research lo-
cation (Edler et al. 2003; Edler 2004). Across the board it seems that the internation-
alisation of R&D has remained a production-related, adaptation-oriented activity that
accompanies local production and marketing activities.

However, important deviations of this pattern are to be seen, as those technological
fields in which the share of international patents was high and even grew further in
the 1990s show one important common characteristic: they are all highly knowledge-
intensive."> The more knowledge-intensive a technological field is, the closer the
related research is to the scientific forefront of knowledge. The analysis shows that
there is a positive — and growing — relationship between the knowledge intensity of a
technological field and its share of foreign activities. Among the six most highly
internationalised technological fields (see Table 4) are the four most knowledge-
intensive ones (Biotechnology, Pharmaceuticals, Organic Chemistry and Semicon-
ductors). Apparently, although the companies have broadened their international
R&D activities across the board, they have intensified their foreign activities even
more in fields in which they need access to forefront knowledge, and therefore their
presence in the global centres of excellence is important. This clearly indicates a
growing specialisation of knowledge production that companies need to exploit.

This is in line with other findings on the knowledge-seeking motivation for
international R&D. It is, for example, confirmed by Les Bas and Sierra (2002) in a
study of 345 multinationals with the biggest patenting activity in Europe (patent
applications registered in the EPO between 1988-1990 and 1994-1996). 42 of these
firms are German multinationals. 47 per cent of the patenting of the whole sample and
55 per cent of the patenting of the German companies can be assigned to a strategy
labelled ‘home-base-augmenting’ R&D investment abroad. Such R&D activities are
aimed at monitoring or acquiring competitive advantages in countries with similar
fields of competence. Firms gain access to foreign technological assets and can
capture externalities created by local firms and research institutions.

All in all, our analysis shows a more and more similar R&D behaviour of German
MNEs at home and abroad. This is in line with the assumption of the dominance of
the horizontal motivations for foreign activities.

15 Knowledge intensity is here defined as the number of cited publications within a patent
document (Grupp & Schmoch 1992; Schmoch 2003a). Grupp & Schmoch determined the
knowledge intensity by analysing patent documents for the 28 technological areas and cal-
culating knowledge indexes for each technological area. While the average index across all
technological fields is 0.88 citations per patent, at the high end it is 2.65 for Biotechnology,
1.87 for Pharmaceuticals, at the low end 0.18 for Construction/Building and 0.22 for
Consumer Goods.
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Foreign R&D in Germany

In 2001, every fourth €invested in R&D in Germany was spent by foreign firms, and
one-quarter of those employed in R&D were working in these companies (see Table 5).
In manufacturing industry — the area in which business R&D is concentrated — only
about one-fifth of all employees were employed in foreign companies. Between 1995
and 2001, the 130 per cent increase in R&D expenditure of foreign companies in
Germany was roughly the same as that spent by German firms abroad. M&As!®led to
a sharp increase in foreign firms’ share of total German R&D capacity, increasing it
from one-sixth to one-quarter (see Table 2 above). This expansion of R&D activity
was stronger than the increase in the turnover of foreign companies conducting
R&D." Just as in the United States, foreign companies in Germany expanded their
R&D activities more quickly than sales and production.

Table 5. Total R&D expenditure and R&D employees in foreign firms in Germany in 2001, by
economic sector’

Total R&D expenditure R&D staff
All Firms Foreign firms All Firms Foreign firms
€ million % Full-time equivalents %
All Sectors 43,239 11,478 26.5 302,519 73,173 24.2
Of which:
Manufacturing 39,326 10,744 27.3 270,546 68,279 25.2
Of which:
Chemicals 7,029 2,037 29.0 42,001 11,254 26.8
Mechanical Engineering| 4,058 817 20.1 36,730 7,499 20.4
g{’;:g;g;‘ifg‘:ﬁ;ﬁts 8,837 2,540 28.7 79,651 20,325 25.5
Vehicles 16,750 4,438 26.5 88,272 21,720 24.6
Business Services 2,361 550 23.3 20,277 4,177 20.6

' Extrapolated on the basis of a company panel that comprises 91 per cent of total domestic
R&D expenditure and 85 per cent of companies R&D staff
Sources: SV Wissenschaftsstatistik — DIW Berlin calculations

The cross-border integration of companies’ R&D locations and knowledge exchange
occurs primarily within and between the knowledge-intensive regions of the United
States and Western Europe. In Germany, western European and US companies are
involved in R&D to more or less the same extent; for German firms the most
important foreign research location is the United States. The role of Japan, China and

16 Between 1995 and 2001 Germany was in third place in terms of the purchase of companies
by foreign buyers, after the United States and the United Kingdom (cf. Science, Technology
and Industry Scoreboard, op. cit.).

17 The increase in turnover between 1995 and 2001 was 83 per cent in companies with majority
foreign ownership conducting R&D (calculated on the basis of SV Wissenschaftsstatistik
data), or 58 per cent in all companies in which foreign firms had a share of at least 10 per
cent in terms of voting rights/capital (calculated on the basis of data from the German
Bundesbank on international capital integration, various years
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other East Asian countries as a destination of foreign R&D of German multinationals
is low until now — although, given the combined potential of their markets and skilled
workforce, there is scope for expansion.

With the expansion of R&D by foreign companies in Germany, the sector-specific
structures of R&D expenditure in domestic and foreign firms have become more
closely aligned (see Fig. 3). An analysis of the patenting of 29 foreign companies'® in
Germany in 1998 reveals a similar result (Edler et al. 2003). Foreign firms are
increasingly prioritising the same key areas as their German competitors in their R&D
activities. This is in line with the theoretical expectation in the horizontal model of
internationalisation, namely that competitors in the same location demonstrate similar
R&D traits. Accordingly, the innovation impulses generated by the market in part-
icular determine companies’ R&D.

The economic significance of foreign companies in a given country can be
measured by foreign direct investment as a share of gross domestic product (GDP).
Countries with a high weighting of foreign direct investment often also demonstrate a
high share of R&D expenditure on foreign multinational firms (see Table 3 above). In
the case of Germany, measured against the weighting of foreign direct investment, the
share of research activities by foreign companies is relatively high.

In Germany, too, internationalisation takes the form of shareholdings in companies
by foreign investors, and M&As. The percentage of foreign-controlled firms in German
industry — measured by their share of the total workforce — has risen only slightly, to
over 20 per cent at present. But while the number employed in foreign manufacturing
firms increased slightly at 1.2 million in 2001, their R&D personnel rose by about
one-half from 1997 to 2001, most recently reaching nearly 73,000. But it is not pos-
sible to establish whether this growth was mainly due to new R&D sites or the acqui-
sition of firms in research-intensive branches.

The average research intensity per sector — measured by the share of R&D person-
nel in the total number employed — for foreign firms in Germany that engage in R&D
is comparable to the figures for the big German companies (see Fig. 1).!° By contrast,
the figures are much lower for the small and medium-sized firms that operate in other
markets. This supports the thesis that companies competing in the same market also
invest in R&D to a similar extent.

Vehicle Manufacturing accounts for by far the biggest amount of R&D expend-
itures by foreign firms at more than €4.4 billion, and the R&D capacities of this sector
in Germany have been particularly expanded in recent years.

The sector attracts nearly 40 per cent of total R&D expenditures by both foreign
and German firms. This is due to the fact that some segments of the German market
for cars and supplies are lead markets. A relatively large number of R&D activities are
also to be found in Chemical Industry, Computer, Electrical Engineering and Media
Technology.?

18 For this analysis, the original sample of 47 companies had to be reduced due to lack of com-
prehensive data for all companies.

19 The research intensity figures (R&D personnel in relation to number employed) were calc-
ulated for the most research-intensive companies in Germany (about 1,000) with German anc
foreign majority shareholders.

20 These sectors each have higher shares of the total R&D expenditures by foreign companies
in Germany than in those by German companies.
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Fig. 3. Share of the R&D expenditures of the Manufacturing Industry in Germany in 2001 (in
per cent)

R&D by US American Companies in Germany

From 1995 to 1998 the annual R&D expenditures by US American firms in Germany
remained almost unchanged at about US $3 billion; in 1999 they rose to US $3.4 bil-
lion (€3.2 billion); in 2001 they reached US $3.2 billion (€3.6 billion). After Germany
had remained in first place for a long time in the list of research locations abroad for
the United States, it was overtaken in 1999 by Great Britain with R&D expenditures
totalling US $4.1 billion. Great Britain and Germany together account for more than
one-third of expenditures on R&D abroad by US American firms. The share of R&D
expenditures in value added by US American subsidiaries is highest in Germany at
5.6 per cent compared with the other big foreign locations, and is only exceeded by
multinationals from smaller countries, like Israel at 23.1 per cent and Sweden at
10.0 per cent. The R&D propensity of US subsidiaries, measured by their share of
value added in subsidiaries engaging in R&D compared with value added by all US
subsidiaries in a host country, is highest in Germany (Mataloni & Yorgason 2002).

Basic and Applied Research of Foreign MNEs

Further to a sectoral differentiation presented above, the activities of MNEs in
Germany can also be analysed for technological fields (patent analysis) and scientific
fields (publication analysis). For a set of technological and scientific fields the relative
attractiveness of Germany as host for more applied (patents) and more basic-oriented
(publications) research can be depicted. For doing so, a concordance of 19 patent
fields and 19 science fields has been constructed. For each of these fields, the relative
importance of the activities in Germany in relation to the global activities of the set of
companies was calculated.?!

2! Technically, this was done by subtracting the so-called Relative Technological Advantage
(RTA) of the global activities (overall patents of the sample) in a given field from the RTA
of the activities in Germany (German patents) of the sample of foreign MNEs. For metho-
dological details, see Edler et al. (2003), as well as Chapter 1 (‘specialisation’).



2.3 Internationalisation of Industrial R&D 63

Table 6 below summarises the results of this analysis. It shows in which techno-
logical and scientific fields the set of foreign MNEs are significantly more (‘positive’)
or less (‘negative’) active in Germany, in relation to their global activities in these
fields. ‘Neutral” are those fields in which the relative importance of the activities in
Germany is about the same as for the global activities.

Table 6. Specialisation of foreign MNEs in Germany (N = 47): Applied vs. basic research,
1998-1999

Basic research™
Positive Neutral Negative

Positive Biotechnology Polymers; Materials | Analysis/Measurement/Nuclear Energy;

i Environmental Tech. {Thermal Processes  {Organic Chemistry; Pharmaceuticals
s Mechanical Engineering
§ Civil Engineering
£  Neutral Basic Materials
3 Chemistry
=
>
~

Negative Medical Technology |Telecommunications Information Technologies
Chemical Processing {Optics Electrical Engineering; Food Chemistry

* The profile of the publication activities of the foreign MNEs in Germany, resulting from the
relative importance of the German activities in a given field (relative scientific advantage of a
given field in Germany) minus relative importance of the global activities in that field (relative
scientific advantage globally). Positive (negative) German activities are more (less) important
than global activities, neutral: difference is marginal.

** The profile of the patent activities of the foreign MNEs in Germany, resulting from the
relative importance of the German activities in a given field (relative technological advantage
of a given field in Germany) minus relative importance of the global activities in that field
(relative technological advantage globally). Positive (negative): German activities more (less)
important than global activities, neutral: difference is marginal.

Source: PCTPAT/EPA — Science Citation Index — Fraunhofer ISI calculations

First, the companies differentiate between focuses in Germany in applied vis-a-vis
basic research. There is no strong link between applied and basic research in one
given field, only 5 out of 19 fields have identical classifications, i.e. only in five fields
do the set of companies show the same relative importance in basic and in applied
research. Secondly, for the foreign MNEs, Germany is more attractive in market-
related, applied research (as indicated by patent activities) than in basic research
(publication activities). While in Table 6 nine technological fields show a positive
German specialisation vis-a-vis the global specialisation for their patenting activities
(classified as ‘positive’ in Table 6 in ‘applied research’), only five science fields do so
for publication activities (basic). Thirdly, like the German MNE:s, the foreign MNEs
are more active in applied research in knowledge-intensive areas, such as Bio-
technology, Pharmaceuticals and Organic Chemistry. Fourthly, there are only two
technological fields in which Germany has a distinct attractiveness both for applied
and basic research. While this was to be expected for Environmental Technologies,
given the high level of environmental regulation and the resulting take-off of
Environmental Technologies in Germany some years ago (lead market), it is some-
what surprising for Biotechnology, since the general perception has been that in this
area there was a drain of brains and R&D resources to other countries, especially the
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USA. Apparently, this learning abroad has not harmed the German innovation and
research system in Biotechnology.

To sum up, foreign firms operating in Germany increased their R&D activities in
Germany in the second half of the 1990s. At the same time, their R&D behaviour
(distribution of R&D expenditures on industries, R&D intensities) converged to that
of German firms. In Germany foreign firms are more specialised in applied or
market-related research in relation to their global and therefore also home-based
activities. Hence the European und German markets for new products and services
and the local production seem to determine the attractiveness of the R&D location for
MNEs. However, in some areas specialisation and excellence of knowledge
production are the key to attractiveness.

Summary

Germany is one of the leading home and host countries for R&D activities by MNEs.
The cross-border activities of R&D locations by companies and the exchange of
knowledge are mainly within and between the knowledge-intensive regions in the
United States and Western Europe.

In 2001, expenditure on R&D by German companies abroad of €11.9 billion, only
marginally exceeded the €11.5 billion spent on R&D by foreign firms in Germany.

In Germany, approximately three-quarters of total domestic R&D spending is on
companies linked into the international exchange of knowledge through capital inte-
gration (see Table 2 above): on the one hand, these are R&D expenditures by foreign
companies in Germany (26 per cent of all R&D research in Germany);?> on the other,
this is R&D spending by German companies also involved in R&D abroad (51 per
cent). For the most part, therefore, Germany’s ‘research laboratories’ are to be found
in international companies.

As an indicator of the degree of internationalisation of R&D in MNEs, it is
possible to apply the share of R&D expenditure of the companies in the country with
the largest R&D volume worldwide — the United States — in relation to total R&D
expenditure in the respective home country. According to this, in an international
comparison German companies were found to invest the highest amount in the United
States; however, the value of this indicator is only marginally higher than the average
for European Union member states — which are often ‘small’ countries. Compared
with other large industrialised countries, the internationalisation of R&D in MNEs in
Germany has progressed considerably in both directions. The growing international
integration of national research potential is also shown in increasing shares of the
respective foreign firms in terms of R&D expenditure in industrialised countries such
as the United States, the United Kingdom, Germany, Sweden and Japan.?* For
Germany and the United States the R&D intensity in domestically owned companies

22 This is based on the assumption that companies with foreign majority ownership also have
research locations abroad, which exchange knowledge with their plants in Germany. This
does not apply, however, when, for example, freign financial investors own an independent
company in Germany that conducts research.

23 Cf. OECD (ed.) (2003b: Table 64).
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is slightly higher than in foreign-owned companies conducting research. In 2001, re-
search by foreign firms in Germany was more intensive than that of their domestic
competitors in the vehicle manufacturing and nutrition sectors, and equally intensive
in Mechanical Engineering. In earlier years, for which more detailed sector-specific
data is available, foreign companies also demonstrated a slightly higher R&D intensity in
Electrical Engineering (Belitz 2002).

The internationalisation of activities developed very differently also when
differentiated for technologies. In some areas the increase in international activities is
very modest (Construction, Consumer Goods) or even negative (Telecommunications,
Audio-Visual Technologies), in other areas the share of foreign patents out of all
patents grew considerably (Semiconductors, Biotechnology, Food Processing).

Moreover, there is a dual trend to be observed as regards the motivation to do R&D
abroad: while the market motive — that always played a major role — remains important,
the knowledge-seeking motive to do R&D abroad has become more important over
the last decade, whereby R&D activities are not accompanying production or market-
ing activities, but are stand-alone activities in order to generate knowledge and make
it useful for the whole international company.

Thus, in the course of the 1990s the German MNEs have become extremely active
in those areas that are knowledge-intensive and that need a strong linkage to special-
ised forefront knowledge (such as Biotechnology, Pharmaceuticals and Organic
Chemistry). This does not mean, however, that Germany is not competitive in these
important areas, as at the same time foreign companies are more active in applied
research in these areas than on average. Rather, this reflects a growing international
division of labour in knowledge-intensive areas to which both German companies and
Germany as research location contribute. Finally, across the board of all technologies
and science areas, Germany as host to foreign industrial R&D is more attractive in
applied, market-oriented research than in basic research.

Implications for Innovation Policy

The progressive internationalisation of R&D in Germany, both outward and inward, is
an expression of the increasing overall commercial internationalisation. In a co-
evolutionary process, the generation and exploitation of knowledge has also become
‘more international’. This has given rise to the fear in Germany that the importance of
Germany as an R&D and innovation location is becoming undermined, given the
expansion of German companies’ R&D capacities abroad. However, the analyses
conducted in the last couple of years have shown the contrary. Foreign firms are
demonstrating their interest in high quality production and R&D in Germany. Foreign
MNEs have contributed to the evident expansion of the R&D and innovation potential
of the economy in Germany in recent years. Foreign firms operating in Germany are
increasing their R&D activities to approximately the same extent as German com-
panies abroad. Foreign companies are involved in R&D — just as their domestic com-
petitors are — particularly in those business areas that they consider to provide new
market opportunities in the medium term, based on the competitive advantages still
prevalent in their home countries. Furthermore, they tap into highly specialised pockets of
excellence in Germany and thus contribute to further improvements of capacities in
Germany. At the same time, German companies need to go abroad with their own
R&D activities, both to adjust to these markets and to exploit specialised forefront
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knowledge. This in particular is true in ‘neuralgic’, i.e. knowledge-intensive areas
such as Biotechnology, Pharmaceuticals, Organic Chemistry and Electronics. As this
is a reciprocal process, Germany has won rather than lost from internationalisation of
industrial R&D. It is the challenge of national innovation systems, and thus also of
innovation and research policy, to constantly improve the conditions under which
German MNEs (outward) and the German innovation system as such (inward) can
take most advantage of international knowledge production and cross-national
knowledge transfer.

The ability of MNEs to plan and organise their various activities internationally,
that is, under different regulatory regimes as well, is seen as an essential advantage
for these firms compared with those operating only on a national or on a more limited
international basis (Ietto-Gillies 2000). Therefore more foreign firms engaging in
research and more domestic companies that are more internationalised should have a
positive influence on a country’s technological performance. Furthermore, all actors
of the national innovation system — including domestic public research institutes and
funding organisations — need to adjust to the growing presence of international actors
conducting R&D and strive to exploit co-operation and transfer opportunities.

Policy must react to the demands made on the national innovation system through
the progressive internationalisation of knowledge generation and innovation. That
includes shaping a social framework that will remove barriers to cross-frontier inno-
vation activities in both directions and support attractive demand conditions for new
products in the domestic market. It will, for example, include measures:

e in education to increase competence in languages and make occupational qualifica-
tions comparable;

e to promote mobility in skilled personnel (work and residence permits, regulation of
immigration);

e to help shape and implement international technical standards and norms;

e to give foreign firms located in this country equal access to national research pro-
motion and pre-competitive research associations;

e to prepare publicly funded research facilities for joint research ventures with MNEs
and for international competition between suppliers of research;

e to ensure internationally compatible protection of intellectual property.

Altogether, the German system of innovation has largely been adequate to meet the

demands of the internationalisation of R&D by MNEs. In the years to come it will be

essential for the country to better link the on-going dynamic of international industrial

R&D - both inward and outward — to the international dynamic of public research

activities and the development from distinct national innovation systems to more

globally integrated innovation systems. A starting point for a more globally oriented

policy in this direction — and by far not the only path to proceed — may be an active

involvement in the creation of a European Research Area (Edler & Kuhlmann 2005).
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3.1 Scientific Performance in an International
Comparison

Ulrich Schmoch

Abstract. The scientific performance of countries is generally compared on the
basis of analyses in the Science Citation Index. This chapter does not only pro-
vide a snapshot of the recent performance, but also shows long-term develop-
ments of more than ten years, highlighting for example the growing relevance
of catch-up countries in recent years or the restructuring of the science system
after the German unification. By splitting citations into two elements, Inter-
national Alignment and Scientific Regard, it can be shown that the high citation
scores of the United States are largely linked to publications in highly visible
journals, whereas in terms of Scientific Regard, they are only slightly better
than German authors. The examination of international co-publications reveals
that the European Research Area has high relevance and has already become
reality. An analysis of patent applications shows an important direct contribution of
science to technology in science-based fields, so the role of scientific institut-
ions is not limited to indirect effects, as often assumed.

Introduction

The scientific performance of a country is an essential basis for its technological per-
formance; therefore this topic is regularly analysed in the context of the reporting on
technological competitiveness of Germany. A major contribution of science to tech-
nological development is the education of well-trained staff, the quality of education
substantially depending on the performance of scientific research. The results of
scientific research are also an important direct input for technological development.
However, the linkages between science and technology are often indirect and less
obvious, as in many cases a distinct lag between activities in science and their effect
on technology can be observed.

The performance of science is difficult to measure, the more so as the structures in
specific disciplines often differ considerably. The statistical analysis of scientific pub-
lications has proved to be meaningful, as long as they are conducted with a careful
methodology. The analyses of this contribution do not only refer to scientific areas
with close relation to technology, but to the natural, medical, life, and engineering
sciences in total.

Country comparisons in science are generally conducted with the database Science
Citation Index. Whereas the quality of the referring results is highly acknowledged for
the natural and life sciences, the findings in fields of engineering often do not meet
the expectations. In a special section, the methodological reasons for this phenomenon
are examined in more detail by the example of Mechanical Engineering.
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In addition to the performance measures, we analyse international scientific co-
operation, as it plays an increasing role in recent years. Again, bibliometric methods
are used for this purpose.

The contribution of scientific institutions to technology is primarily seen in indirect
mechanisms such as the provision of information on new scientific trends to enterprises.
In the last section, the direct contribution of scientific institutions to technology is
investigated by analysing their patent applications with reference to science-based
technology fields.

Methodology

The statistical analyses of scientific publications were conducted in the database
Science Citation Index (SCI), a multi-disciplinary database with a broad coverage of
fields. The searches refer to the natural and engineering sciences as well as the
medical and life sciences. The database primarily covers English language journals
which is unproblematic for most fields. However, the German engineering sciences
which mostly publish in German language are covered insufficiently. In general, the
SCI includes journals which are frequently cited and thus have a high visibility, so
that publications of higher value are considered. Already the fact of a registration in
the SCI can be taken as a first indication of quality.

Apart of the absolute number of publications recorded until the year 2003, citations
are used as specific performance indicators. For calculating annual citation rates, the
citations of the particular publication year and the two following years are included,
so that for every year, a citation window of three years is considered. In consequence,
citation rates can be calculated only until the publication year 2001. For the citation
analysis, the broadly accepted quality standards were applied,' for instance self-
citations were excluded.

For a more detailed analysis of citation scores, the calculation of two additional
indicators, the ‘journal-standardized Scientific Regard’ (SR) and the ‘International
Alignment’ (IA) prove to be useful (Grupp et al. 2001). The Scientific Regard indi-
cates whether the publications of a country/region are more or less frequently cited
than the publications in the journals which they are published in. Positive indices
point to citations scores above average; values of zero correspond to the world aver-
age. The relation to the specific journals compensates the disadvantages of countries
which have a less good access to highly visible English language journals. The indi-
cator of Scientific Regard is defined as follows:

SR, = 100 tanh In (OBS / EXP). (1)

Therein, EXP, is the number of expected citations for publications of a country i,
and OBS, the observed citation of this country. The number of expected citations
EXP, has to be determined on an article-by-article base and measures the average
citation frequency of the selected journals. We use the natural logarithm and the
tangens hyperpolicus (and a multiplication by 100) in order to transform the results
into a measure that ranges between +100 and —100.

! See for instance Moed (2005) or van Raan (2004).
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Differently from the Scientific Regard, the International Alignment shows whether
the authors of a country publish in internationally visible or less visible journals,
again with relation to the world average. By a high share of publications in inter-
nationally visible journals, an intensive participation in international scientific dis-
courses is documented. Similar to the SR index, positive IA indices shows an
International Alignment above average. The IA index is calculated as follows:

IA, = 100 tanh In (EXP,/ OBS). )

The notions quoted have the same meaning as above. The Index w refers to all
countries worldwide.

For compensating possible distortions of the database coverage with regard to the
analysis of absolute publication numbers, we introduce the specialisation index RLA
(Relative Literature Advantage) which is calculated in the following way (for the
concept of specialisation see Chapter 1):

RLA, =100 tanh In [(Publ, / ..Publ,) / (,Publ, /., Publ)]. 3)

In this formula, i refers to the country and j to the field analysed. Positive values
indicate a specialisation above average, negative ones a specialisation below average
with the world average as reference.

International Comparison of Publications

Analysing the development in time of publication numbers, it is less meaningful to
consider absolute values, because the journal coverage of the SCI steadily changes.
Therefore we document in Table 1 the share of selected countries with reference to all
SCI publications.

The high shares of the United Kingdom and Canada in relation to Germany stand
out, a fact which can be explained by the strong presence of these countries in English
language journals. As to Germany, a steady increase of its share since the beginning
of the 1990s can be noted which is primarily due to increasing activities of research
institutions from East Germany. However, at the recent edge, a slight decrease can be
observed which also applies to the United States and the United Kingdom in a similar
way. This effect documents an increased scientific activity of East European, Asiatic,
and South American countries which appears in the table in the growing shares of
new member countries of the European Union (EU new).? In any case, the rollback of
long established countries by catch-up countries is a relevant trend.

As to the citation rates, good positions of the United States, Switzerland and the
Netherlands appear (Table 2). As to the German figures, a distinct drop at the begin-
ning of the 1990s emerges, followed by a continuous heightening until the end of the
1990s. This observation can be ascribed to the restructuring of science in the eastern
federal states which has been concluded meanwhile and has no further effect on the
recent figures. Remarkably, the citation scores of countries with absolutely moderate

2 Including the candidate countries Romania, Bulgaria, and Turkey.
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citation levels improve in recent years, in particular the scores of France, Italy, the
new EU countries and Japan.

Table 1. Shares of selected countries and regions within all SCI publications (in per cent)

Country/ [ 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
region

USA 362 365 367 357 360 35.1 35.1 343 337 329 323 319 321 319 317
JPN 79 81 83 87 88 90 91 95 95 100 102 102 102 10.1 10.0
GER 63 64 73 75 74 78 79 82 86 90 90 90 90 88 87
GBR 90 89 91 91 93 95 95 96 93 94 93 94 91 88 86
FRA 54 54 55 59 60 61 63 64 66 67 67 66 66 64 64
SUI 14 15 16 16 17 18 18 18 19 19 19 19 19 19 19
CAN 47 47 48 48 48 48 47 47 44 43 43 43 41 42 43
SWE 19 19 19 18 19 19 20 21 21 21 21 20 21 21 20
ITA 30 3.1 32 35 35 37 39 42 42 43 44 44 46 47 48
NED 22 23 23 23 25 25 26 26 27 26 25 25 25 25 25
FIN - - - - -~~~ ~ 10 10 10 10 10
KOR - - - - - - - == =17 19 21 23 26
EU-15 | — - - — =409 407 406 39.9 39.4
EUnew | - - - — — - - ~ 46 49 50
World | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Sources: SCI — searches and calculations of the Leiden University (CWTS) — calculations of
Fraunhofer ISI

Table 2. Citation rates (three years window) of selected countries and regions with regard to
SCI publication (without self-citations)

Country/| 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
region

USA 43 44 4.5 4.5 4.8 4.8 4.8 4.8 5.0 4.7 5.1 49 4.9
JPN 24 2.4 24 2.4 2.5 2.5 2.5 2.4 2.6 2.5 2.6 2.4 2.6
GER 3.0 32 2.9 3.1 34 34 34 3.5 3.6 33 3.6 3.6 3.6
GBR 3.1 33 32 34 3.6 3.5 3.6 3.5 3.9 3.6 3.7 3.6 3.8
FRA 2.7 2.9 3.0 3.0 32 3.1 3.2 32 33 3.1 32 32 34
SUI 4.5 4.7 4.7 4.7 5.0 5.2 5.0 5.1 54 4.7 5.1 5.0 5.0
CAN 2.8 3.0 3.0 32 33 3.5 34 3.6 3.8 3.6 3.8 34 3.8
SWE 3.1 32 32 34 3.5 3.6 3.6 3.5 3.7 34 3.7 3.8 3.9
ITA 2.3 2.4 2.6 2.6 2.8 2.9 2.9 2.9 3.1 2.9 3.2 2.7 3.0
NED 33 3.5 3.6 3.7 3.8 3.9 4.0 3.8 4.2 3.9 4.4 4.1 4.3
FIN - - - - - - - - - - 3.2 3.7 3.6
KOR - - - - - - - - - - 1.7 1.9 1.9
EU-15 - - - - - - - - - - 33 33 33
EU new - - - - - - - - - - 1.5 1.4 1.7
World 2.7 2.8 2.9 2.9 3.1 3.0 3.0 3.0 32 2.9 3.1 3.0 32

Sources: SCI — searches and calculations of the Leiden University (CWTS) — calculations of
Fraunhofer ISI

The journal-standardised Scientific Regard of Germany slightly decreases since the
middle of the 1990s, but at the recent edge, the level is still respectable. It is
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comparable to that of other industrialised countries, such as the United States, the
United Kingdom, Sweden, or Finland. In the long term perspective, the quite low
value for the United Kingdom in the period of 1996 to 1998 is striking which is
probably linked to the substantial university reform of that time. As to the Scientific
Regard, the values for Japan, South Korea but also the new EU member states are less
favourable, however, the performance of the new EU members considerably improves
in recent years. The index of the old EU member countries (EU-15) is only slightly
above the world average. This is due to the fact that the above average values of the
Netherlands, the United Kingdom, Denmark, Sweden, or Germany are counter-
balanced by below average values of Italy, Spain, Portugal, or Greece.

As to the second derived citation index, the International Alignment (IA index),
Germany demonstrates, in contrast to the Scientific Regard, a steady improvement
since mid 1999 (Tables 3 and 4). In recent years, a stabilisation at the level reached
becomes apparent. All in all, German authors succeeded increasingly in publishing
their articles in internationally well reputed journals. Also with regard to the Inter-
national Alignment, Japan and South Korea have a less favourable position. Further-
more, the extremely low International Alignment of the new EU member countries
has to be mentioned. In contrast, the IA indices of Switzerland and the Netherlands
are extremely positive similar to their good values of the Scientific Regard. With
reference to the IA index, the United States are in the first position as expected. Thus,
the high citation scores of the United States are primarily due to their presence in
journals of broad international visibility, whereas the Scientific Regard is nearly
equivalent to that of Germany. Nevertheless, it is striking that the non-English
speaking country Switzerland nearly reaches the level of the International Alignment of
the United States.

Table 3. Journal-standardised Scientific Regard of selected countries and regions of SCI pub-
lications (without self-citations)

Country/ [ 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
region

USA 9 9 9 10 10 10 10 11 11 11 9 9 9
JPN -6 -7 -7 -7 -9 =7 =7 -8 =7 —4 =7 -6 -7
GER 9 11 6 8 10 10 9 9 7 8 7 7 8
GBR 8 10 8 9 10 10 9 5 3 8 9 9
FRA -1 2 1 2 3 2 4 4 3 2 1 3 2
SUI 17 20 17 19 18 24 20 23 22 17 15 17 17
CAN -2 0 -1 2 1 5 5 6 5 9 5 9 3
SWE 15 10 10 12 12 15 12 13 14 12 15 9 8
ITA -11 =10 -8 =7 -8 -4 -4 =5 =5 -4 -3 -2 —4
NED 10 12 11 13 11 12 13 10 15 14 10 7 11
FIN - - - - - - - - - - 2 7 8
KOR — — — — — — — — - - -6 -11 -11
EU-15 - - - - - - - - - - 2 2 2
EU new - - - - - - - - - - =20 -19 -I5
World 0 0 0 0 0 0 0 0 0 0 0 0 0

Sources: SCI — searches and calculations of the Leiden University (CWTS) — calculations of
Fraunhofer ISI
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All in all, Germany should not only strive for high values of Scientific Regard, but
also of International Alignment for getting good access to the international scientific
discourse. In this context, it is not realistic to achieve the very high indices of the
United States, as in the Science Citation Index, American journals are very strongly
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Fig. 1. International Alignment of selected countries and regions as to SCI publications
(without self-citations)

Table 4. International Alignment of selected countries and regions as to SCI publications
(without self-citations)

Country/ [ 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
region

USA 36 35 35 35 34 35 35 35 34 36 36 34 33
JPN -8 -10 -11 -11  -13 -13 -15 -17 -14 -14 -14 -18 -I11
GER 2 3 -3 -2 0 0 3 4 3 3 5 7 6
GBR 4 7 4 7 5 5 7 6 11 10 12 15 15
FRA 1 1 4 1 1 0 -1 0 2 2 0 3 4
SUIL 34 31 32 29 30 29 29 29 30 29 30 29 28
CAN 5 5 5 7 7 8 7 10 11 11 13 11 16
SWE 4 8 5 8 6 8 8 7 6 8 8 11 12
ITA -2 -3 -3 -2 -1 0 0 0 2 1 2 1 -1
NED 11 11 12 12 11 12 14 13 13 14 21 20 19
FIN - - - - - - - - - - 8 10 6
KOR - - - - - - - - - - 45 38 -38
EU-15 - - - - - - - - - - 1 3 2
EU new - - - - - - - - - - =50 47 e
World 0 0 0 0 0 0 0 0 0 0 0 0 0

Sources: SCI — searches and calculations of the Leiden University (CWTS) — calculations of
Fraunhofer ISI
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represented. The graphical representation according to Fig. 1 shows that the Inter-
national Alignment of Germany should be further improved in comparison to other
countries.

Profiles of Industrialised Countries

For a more detailed analysis, the calculation of the SR and IA indices were
differentiated by 26 scientific fields whereof 18 show up close relations to tech-
nology, the other 8 having a more general character. As to the SR index for Germany,
all fields reach values above the world average (Fig. 2). In particular, the values for
Optics, Nuclear Technology, Polymers, and Food are excellent. The quite positive
indices in Process Technology, Environmental Technology, Thermal Processes, and
Civil Engineering may have a bias link to the limited coverage of these fields in the
SCL?

For an appropriate assessment of the German data, the comparison to the profile of
Switzerland may be helpful, as this country has a relevant German-speaking part.
Furthermore, it is interesting to see which specific structures are linked to the very
high average values of this country. Similar to Germany, the Swiss profile is far from
being homogeneous. But in all fields, the indices are significantly above the inter-
national average, and in nearly all cases, they are also above the German values.
Finally, the high indices in large areas such as Electrical Engineering, Nuclear En-
gineering, Basic Chemistry, Physics, or Medicine are primarily relevant for the high
total value.

As to the International Alignment of German publications, the structures are much
more heterogeneous as those for the Scientific Regard, although a similar total index
is reached on average. But distinctively positive indices in fields such as Multi-
disciplinary Journals, Basic Chemistry, or Control Technology are contrasted with ne-
gative ones in Food or Process Technology (Fig. 3). But the negative indices are
primarily linked to fields of the engineering sciences where the adequate coverage of
German contributions in the SCI is doubtable (Schmoch 2005: 25ff). The positive
index for Biotechnology and the at least average index for Data Processing have to be
highlighted. In the perspective of a leading industrialised country such as Germany,
IA indices between five and ten points above the world average should be aimed at.
With reference to this level, the situation in many fields such as Organic Chemistry,
Medicine, Ecology/Climate, Electrical Engineering, or Mathematics may be improv-
ed. Again, the comparison with Switzerland is interesting. The high average value of
this country is linked to high indices in nearly all fields with values between ten and
twenty. This is even valid for most fields of the engineering sciences. This example
shows that even for a non-American country it is possible to achieve high indices of
International Alignment. Obviously, Swiss authors publish their articles in different
journals than German ones do.

3 See further below.
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Fig. 4. Specialisation profile of Germany and Switzerland as to SCI publications broken down
by scientific fields, 2003

Up to now, the analysis of scientific structures was made on the basis of the indices
for Scientific Regard and International Alignment. A further important aspect is the
number of publications in different fields in comparison to other countries, represent-
ed in terms of specialisation. In analogy to the Revealed Patent Advantage (RPA) for
patents, we have calculated an RLA index, explained in the methodological section
above. The profile for Germany is shown in Fig. 4, showing an above average
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specialisation in the fields Optics, Medical Technology, Nuclear Technology, Poly-
mers, Basic Chemistry, Process Technology, Materials, and Physics. At first sight, the
German profile is quite similar to the Swiss one; however, a closer look reveals var-
ious differences, in particular a higher specialisation of Germany in Optics, Organic
Chemistry, Polymers, Process Engineering, Materials, Physics, and Mathematics, and
vice versa a higher specialisation of Switzerland in Control Technology, Pharmacy,
Food, Environmental Technology, Geosciences, or Multidisciplinary Journals. So the
country profiles prove to be quite characteristic, and a comparison with former years
reveals a high stability in time, also for smaller countries. On the basis of these pro-
files, it is possible to generate, by the so-called multidimensional scaling, a kind of
maps where the local proximity indicates a proximity of profiles.*

A remarkable point are the low German indices in the engineering fields Environ-
mental Technology, Mechanical Engineering, Thermal Processes, and Civil Engineer-
ing, and for Switzerland these indices are also low in Mechanical Engineering and
Thermal Processes. We will discuss the reason for this finding in the following
section.

Coverage of Mechanical Engineering in the Science Citation Index

In the German specialisation profile according to Fig. 4, the strong negative special-
isation in Mechanical Engineering is striking, as according to the general perception
that scientific performance of Germany in this field is quite strong. Against this
background, we analysed in more detail whether German publications in Mechanical
Engineering are covered adequately in the Science Citation Index. The case of
Mechanical Engineering may be considered as an example for other fields of
engineering such as Environmental Technology, Thermal Processes, or Civil
Engineering. A decisive criterion of such an analysis is the verification of the journal
coverage of a database. For this purpose, we analysed the structures of the SCI
category code Mechanical Engineering in the publication year 2003. Looking at the
journals with the highest number of publications in SCI, the top 20 are English
language journals with a focus on American ones. As to the journals with the highest
number of articles by German authors, a similar picture appears, as illustrated in
Table 5. Among the ten most relevant journals, only one has a German basis (BWK).
For assessing this finding, we analysed the structures in the database COMPENDEX,
an international database with a focus on engineering sciences, in parallel. Again, we
examined the most frequently appearing journals of German authors in Mechanical
Engineering for the year 2003, leading to a fair mix of German and English language
journals (Table 5).> This obvious difference in the coverage of journals implies a
different relative position of Germany compared to other countries. In the Science
Citation Index, the share of authors from Germany in Mechanical Engineering is 3.4
per cent, in COMPENDEX, it is much higher with 4.5 per cent. In addition to this
comparison of the SCI and COMPENDEX, we considered the database DOMA
(TEMA) which covers Mechanical and Process Engineering with an explicit focus on
German institutions. In this case, the ten most frequently appearing journals of

4 Such a map for twelve countries has been realised in Schmoch (2005)
3 A similar structure appears, if the set of the top journals is enlarged to 20 or 30.
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German authors in Mechanical Engineering are German ones; so the set is totally
different to the coverage in the SCI and also COMPEDEX.

This different journal coverage of the three databases implies a completely differ-
ent ranking of the most relevant institutions, as documented in Table 6. For instance,

Table 5. Top 10 Journals where German authors published most frequently in Mechanical
Engineering as to different databases

Rank SCI COMPENDEX DOMA

1 Proceedings of the VDI Berichte O + P — Olhydraulik und
Combustion Institute Pneumatik

2 WEAR ZWF — Zeitschrift fiir Antriebstechnik

wirtschaftlichen Fabrikbetrieb

3 Journal of Aerosol Science  Industrial Diamond Review Drei R International
BWK — Das Energie- CIRP Annals — Tribologie und
Fachmagazin Manufacturing Technology Schmierungstechnik

5 Journal of Sound and ThyssenKrupp Techforum bbr, Wasser und Rohrbau
Vibration

6 International Journal of Heat Kunststoffe Plast Europe Fluid
and Mass Transfer

7 International Journal of WEAR ATZ — Automobiltechnische
Plasticity Zeitschrift

8 Computer Methods in ZEV Rail Glasers Annalen SMM - Schweizer
Applied Mechanics and Maschinenmarkt
Engineering

9 Mechanical Systems and Autbereitungstechnik/ MM — Maschinenmarkt.
Signal Processing Mineral Processing Das IndustrieMagazin

10 Applied Thermal Surface and Coatings Materialwissenschaft und

Engineering Technology Werkstofftechnik

Sources: SCISEARCH (STN), COMPENDEX (STN), DOMA (FIZ Technik) — calculations of
Fraunhofer ISI

Table 6. Top 10 German institutions in Mechanical Engineering as to different databases

Rank SCI COMPENDEX DOMA
1 Univ. Karlsruhe TU Hannover RWTH Aachen
2 RWTH Aachen RWTH Aachen Univ. Karlsruhe
3 Univ. Stuttgart TU Berlin TU Miinchen
4 TU Darmstadt Univ. Karlsruhe Univ. Stuttgart
5 TU Miinchen Fraunhofer Gesellschaft TU Dresden
6 Univ. Erlangen-Niurnberg Univ. Bremen Univ. Bochum
7 TU Berlin TU Braunschweig TU Braunschweig
8 Univ. Bochum Max-Planck-Gesellschaft TU Darmstadt
9 DLR TU Dresden Univ. Bremen
10 TU Braunschweig TU Darmstadt Univ. Hannover

Sources: SCISEARCH (STN), COMPENDEX (STN), DOMA (FIZ Technik) — calculations of
Fraunhofer ISI

the University of Karlsruhe appears in all three lists, but on different ranks, or the
University of Breme is only in two lists among the top institutions.
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To summarise, the structures in a field such as Mechanical Engineering consider-
ably depend on the choice of the database. In this context, we have to be aware that
the structures in the engineering sciences are quite different to those of the natural and
life sciences. The engineering sciences have a general orientation as to theories and
concepts on the one hand. But as their major subjects refer to technology, they have a
distinct local orientation on the other hand (Rip 1992: 257; Fuchs 1994). This means
in particular that scientists in engineering have to interact with enterprises to get
access to technology, and a large part of their articles are published in local journals
which are also read by engineers in enterprises. This distinct orientation on local
journals implies that countries with a large domestic language area such as Germany,
France, Italy or Spain are not adequately represented in the Science Citation Index. Of
course, the different results for the Science Citation Index, COMPENDEX, and
DOMA are partly due to differences in the definition of Mechanical Engineering.
However, the latter can not explain the enormous differences in the journal coverage
and in the ranking of leading institutions. In addition, there is no systematic research
which type of publications should be considered for appropriately assessing the scien-
tific performance in engineering. In this section, we exclusively examined publica-
tions in journals. Furthermore, contributions to conferences or to books might be
relevant. As to German authors, the SCI does not include any conference contri-
butions for the year 2003, as the focus of the SCI is again on English language
conferences. In contrast, COMPENDEX includes a relevant number of conference
contributions of German authors, but the database does not cover contributions to
books. In DOMA all types of publications are included, but with a distinct German
focus. All in all, the standard SCI indicators can not be used for the engineering
sciences in countries with large own language areas.

International Co-operation in Science

In the present world with improved communication and transport facilities, the inter-
national exchange between scientists is important. This phenomenon can be analysed
systematically by means of joint publications by authors located in different countries.
There is still no clear consensus which types of co-operations are reflected by co-
publications (Laudel 2002; Katz & Martin 1997), but this approach has proved to be
valid to reflect the basic structures of international co-operation (Gldnzel & Schubert
2004). We define each publication with authors from at least two countries as inter-
national co-publication. If several authors from the same countries are involved, this
publication will be counted only once. However, in the case of several authors from
several countries, double counting may happen, as we do not apply fractional counts.
This approach is methodologically justified by the fact that the investment in an
international co-publication is much higher than in publications with authors of one
institution or of one country. Glidnzel and de Lange (2002) have shown that in par-
ticular in the life sciences, international co-publications are more highly cited than
purely national publications. The analyses presented below were conducted on the
level of all publications and differentiated according to four segments defined by cate-
gory codes of the SCI.

The increased relevance of international co-operation for science is impressively
illustrated in Fig. 5 where the share of international publications of German authors
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has increased from hardly 20 to 40 per cent between 1990 and 2003. This very high
level is probably not representative for all scientific publications, as the SCI reflects a
selection of journals with high international visibility where a higher share of inter-
national publications can be expected. At the same time, the SCI publications make
up an important part of the scientific output, so that the increasing internationalisation
obviously is a highly relevant phenomenon of present science, the more so as the end
of the development is obviously not reached yet.
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Fig. 5. Share of SCI publications of German authors with at least one foreign partner

The present share of 40 per cent for Germany seems to be very high, however, other
countries, such as France, the United Kingdom, Italy, Canada, the Netherlands, or
Finland display similar shares; Sweden and Switzerland even demonstrate a higher
level. In conclusion, the high level of internationalisation of science is not a specific
feature of Germany, but applies to nearly all other advanced countries. Only the co-
publication shares of the United States, Japan and South Korea are distinctly lower
with 20 to 25 per cent. In the case of Japan and South Korea, their geographical
isolation may play a role. In the case of the United States, it may be assumed that the
number of US scientists is so large that external co-operations are less necessary.

Looking at broad segments of science, the share of co-publications of German
authors in the natural sciences is the highest with a present level of almost 50 per cent.
In contrast, the co-publication level in medicine is relatively moderate with 30 per
cent. In all segments the increase between 1995 and 2003 is considerable.

For analysing the co-publications in more detail, their absolute number was trans-
formed into an index allowing for a joint representation with their growth rates in one
figure. Looking at the partner countries of German authors, the co-publications increased
in all cases. In particular, the co-publications with European partners intensified
considerably. At the recent edge illustrated in Fig. 6, the number of co-publications with
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European countries has reached a distinctly higher level than co-publications with the
United States, and also the growth rates since 1995 are higher with regard to EU
countries. Thus the empirical results support the assumption of an emergence of a
European research area.
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Fig. 6. Co-publications of German authors in SCI journals with partners of EU countries and
the United States by frequency (index for the largest region = 100) and growth rate

With regard to the absolute number of co-publications by country, the United States
are the most important co-operation partner of Germany, as expected. But this does
not mean that German scientists have a special preference for a co-operation with their
American colleagues. This statement can only hold on the basis of a normalised ranking
where the number of co-publications is referred to the country size which may be
represented by the absolute number of publications of the analysed partner country. In this
way, a preference index can be constructed where the worldwide co-operations define the
average value 1, and preference indexes above 1 indicate co-operations above the
expectation level. According to this specific index, documented in Fig. 7, German
scientists have a specific preference for co-operations with their colleagues from
Austria and Switzerland. The language affinity obviously plays a considerable role in
scientific co-operation. The Netherlands as neighbour country follow in the third
position. But then the neighbour country France does not follow, but the Scandinavian
countries Denmark, Sweden, Norway, and Finland. Nevertheless, local proximity
plays a role with regard to France as reflected in the higher preference for France
compared to that for the United Kingdom, although the knowledge of the English
language in Germany is higher than of the French one.

Similar to the preference index in the perspective of German scientists, it is pos-
sible to reciprocally calculate a preference index in the perspective of the partner
countries. Also in this perspective, Austria and Switzerland have a special preference
for co-operations with Germany and the Netherlands, Denmark and Sweden follow in
a similar way; again, the United States, Japan, Canada and South Korea have a lower
relevance.
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Fig. 7. Country preferences of German scientists for co-publications in SCI journals, 2003°

Direct Contribution of Public Research Institutions to Technology

Public research institutions, in particular universities, contribute to the technological
competitiveness primarily by the education of qualified staff. As to research, their
focus is on the generation of new knowledge without the direct intention to achieve
results relevant for application. However, in recent years, there is an increased expect-
ation that public research institutions should directly contribute to technology, as
reflected in the growing patent activities of universities (OECD [ed.] 2003c).

It can not be assumed that scientific research contributes to all areas of technology
in the same way, but a focus on science-based technology fields can be expected. In
this context, the term ‘science-based fields’ means that proximity between basic
research and applied research exists, so that the results of basic research are quickly
transferred into application. In this context, we examined the patent activities of non-
profit research organisations from Germany at the German Patent and Trade Mark
Office (DPMA), that is, domestic applications. The analysis refers to the period of
1990 to 2001 where German universities rarely were active as patent applicants, and
in most cases the university researchers applied their inventions either privately or
transferred their rights to firms and appeared as inventors. In the German case, patent

% Index: Observed co-publication share in relation to the expected one, normalised by the
world average.
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applications with university origin can often be identified by the title ‘Professor’. In
Germany, the title ‘Professor’ exclusively refers to universities; and professors gener-
ally indicate their title in official documents such as patent applications. According to
expert interviews, we know that the number of university-based patents without profes-
sors as inventors or applicants has increased in recent years and achieved a relevant
level. Hence the number of universities’ patents is underestimated in our sample, but
still a large sample is covered.

The analysis of non-university institutions was performed by name searches in the
applicant fields, because these institutions have been active applicants for many years.
Non-university institutes represent about 35 per cent of all patent applications by
scientific institutions in Germany.

The analyses focus on eleven technology fields which proved to be the most
science-based ones according to the operationalisation described above. The defini-
tion of these fields is documented in Table 7; they cover about 40 per cent of all appli-
cations of German origin.

Table 7. Definition of selected science-based technology fields by codes of the International
Patent Classification (IPC)

Technology field 1IPC definition

Biotechnology C12M, C12N, C12P, C12Q, C12R, C12S

Semiconductors HOIL, B81, G11C

Organic Chemistry Co7

Data Processing G06, G10L

Optics G02, GO3B, G03C, G03D, GO3F, G03G, GO3H, HO1S

Telecommunications G08C, HO1P, HO1Q, HO3, HO4B, HO4H, H04J, HO4K, HO4L, H04M,
HO4N, H04Q

Materials C01, C03C, C04, C21,C22

Measuring and Control GO01, GO4F, G04G, GO5B, GO5D, GO5SF

Surface Technology B05C, B0O5D, B82, C23, C25D

Medical Technology A61B, A61F002, A61F009, A61F011, A61H031, A61H039, A61M,
A6IN

Polymers C08B, CO8F, C08G, CO8H, CO8K, CO8L

Looking at the shares of the public institutions within all domestic patents, they
achieve an average level of 7 per cent. Compared to this, the value in Biotechnology
is rather high with 39 per cent in the priority period 1998 to 2001, and it was even
higher in the earlier period of 1994 to 1997 with 52 per cent (Fig. 8). However, these
values for Biotechnology prove to be extreme cases, as the other science-based fields
such as Organic Chemistry, Materials, Surface Technology, or Medical Technology
reach levels of about 20 per cent. Nevertheless, all science-based fields exhibit shares
distinctly above the average level of 7 per cent mentioned above. The major excep-
tions are Data Processing and Telecommunications, where the public German re-
search infrastructure is rather weak compared to other countries such as Japan or
France. All in all, the thesis of a relevant direct technology contribution of public
research institutes to science-based fields is supported by the findings.
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Fig. 8. Share of German public research institutions within all domestic patent applications
with German origin for selected science-based technology fields

The focus of scientific institutions on science-based fields is reflected in the low share
of 3 per cent in other fields. 81 per cent of all applications of public institutions refer
to science-based fields, compared to 47 per cent in the case of other patent applicants,
in particular firms.

A further interesting observation is the decline of the public share in Biotech-
nology, Semiconductors, Optics and Materials between the periods 1994 to 1997 and
1998 to 2001, which reflects an increasing activity of firms in science-based fields.
For the number of applications of public institutes still grows, but the applications by
enterprises grow faster. Obviously, public research institutes played a pioneer role in
these fields, and their knowledge is increasingly utilised by firms. Remarkably, the
participation of public institutions in the ‘traditional’ field of Organic Chemistry is
steadily increasing. This trend might be an indication of new emerging subfields with
Organic Chemistry. This latter statement, however, is a reasonable assumption which
needs further substantiation.

To summarise, it would be misleading to expect a contribution of public scientific
institutions to all fields of technology. Their specific strength in mid- and long-term
research implies a substantial contribution to science-based fields, whereas the
participation in other fields is quite moderate. So in the context of scientific institu-
tions, it is not sufficient to look at average shares, but major attention has to be paid to
science-based fields.

Conclusions

For recent years, the analysis of SCI publications reveals a slow decrease of the
German share within in all publications worldwide, an observation applying to other
large industrial countries as well. This development is linked to the strong increase of
the activities of catch-up countries in Asia, eastern Europe, and South America. As to
the citation scores of Germany and the derived indicators Scientific Regard and
International Alignment, the stabilisation at the recent edge can be stated. The steady
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increase of the German indices in the second half of the 1990s is based on an improved
scientific performance of the eastern federal states after the German unification. In the
next years, a stronger orientation of German scientists to international visible journals, and
linked to that, a stronger link to the international discourse should be aimed at. The
example of Switzerland illustrates that the German mother tongue is not necessarily a
limitation to the International Alignment of publications.

International co-publications have gained an increased relevance during the last
fifteen years, an observation applying to all countries considered. In particular the co-
operation between countries of the European Union has become much closer. As to
Germany’s partner countries, the specific preference for the German language neigh-
bour countries Austria and Switzerland is striking. Furthermore, the co-operation
level with Scandinavian countries is distinctly higher than expected. This preference
in the German perspective is also reproduced in the perspective of the partner
countries.

A comparison of the journal coverage of the Science Citation Index in Mechanical
Engineering with that of the databases COMPENDEX and DOMA reveals a strong
focus on English language journals. This implies a distorted ranking of leading insti-
tutions with respect to their real scientific capacity and performance, since a distinct
focus on the local context is important in the engineering sciences. Therefore, the
SClI-based analysis of the engineering sciences in countries with large domestic mar-
kets and language areas is generally misleading. Further research is necessary to what
extent contributions to conferences and books have to be included in these fields for
an appropriate assessment of the scientific performance.

The examination of patent applications of public scientific institutions leads to
moderate participation shares on average. But in science-based fields these shares are
quite high and document a direct relevant contribution of science to technology. In
many fields, the scientific institutions play a pioneer role.



3.2 Technological Structures and Performance
as Reflected by Patent Indicators

Rainer Frietsch, Ulrich Schmoch

Abstract. This chapter uses patent applications as an innovation indicator and
compares the trends and structures of twelve countries, analysing so-called tri-
adic patents as a first concept. According to this approach, the Scandinavian
countries, the Netherlands, and Switzerland are the top countries in relative terms,
whereas the USA, Japan, and Germany are the leading countries in absolute terms.
As a second concept, applications at the European Patent Office (EPO) were
investigated with regard to filings in R&D-intensive areas. At the EPO, an upsurge
in the second half of the 1990s can be observed which is triggered by all countries in
a similar way, but with some new players. This development caused the largest
applicants to re-shape their portfolios. Finally, looking at international technology
co-operations of German inventors, this mode of knowledge production proves
to have gained importance. Common languages, local proximity, and technological
competence of the partners distinctly support technology co-operation.

Introduction

The system of intellectual property rights is multi-facetted and ranges from copyrights,
trademarks, and design patents to utility patents for technical inventions. Further — less
formal — mechanisms are often used in parallel or in advance of the protection by
formal property rights. Among these are secrecy, head start into the market, complex
design, or complex technical specifications. Beneath the mechanisms of protection,
patents for technical innovations play a special and crucial role, as the formal
requirements for patent applications are the most strict ones, and the assertion of pat-
ents is backed by a strong legal framework.

A patent application has to satisfy at least three criteria: novelty, inventive step and
industrial applicability. The criterion of novelty implies not only novelty for a national
system or for the applicant, but novelty on a worldwide scale. Furthermore, any publi-
cation — for example in a scientific paper or contribution to a conference — or any
implementation of the invention in any product or process is considered prior art and
inhibits patent protection. The second criterion — the inventive step' — means that an
inventive act had to take place, which is defined by the fact that the new idea is not
obvious to a person skilled in the art.? The third requirement of industrial applicability
is generally fulfilled because of the considerable costs of patent applications which
are only spent with a realistic market perspective.

! In US patent law, the correspondin requirement is called ‘non-obviousness’.
2 See Art. 56 of the European Patent Convention (EPC): http://www.european-patent-office.
org/legal/epc/e/ar56.html#AS6.
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Starting from a simple legal perspective, patents give, for a limited period, an
exclusive right of usage to the applicant for securing a quasi monopolistic revenue.
From the perspective of analysing innovation systems, patents can be interpreted as an
indicator of the codified knowledge of enterprises, and in a wider perspective of coun-
tries. Unlike trademarks, for example, that can be used as an innovation indicator for the
service sector,® the focus of the statistical patent analysis is directed towards tech-
nological innovations, especially visible in the manufacturing sector.* It can be plausibly
assumed that any patent application is preceded by mostly large investment in the
research and development process (Grupp 1998: 145-147; Kash & Kingston 2001).
From this point of view, patents can be seen as a success or output indicator of research
and development (R&D) processes (Freeman 1982: 8). On the other hand, most — but
not all — technological inventions will flow into a product or process that will then be
offered on national or international markets. Thus, patents can also be interpreted as
an input indicator (or throughput indicators) with regard to future market activities
of enterprises, sectors or countries and therefore act as an early sign for future
competitiveness.

The structure of this chapter is as follows. Section 2 compares the status and
development of triadic patent applications in twelve industrialised countries and the
EU-15, while Section 3 focuses on EPO applications in R&D-intensive fields. Next to
these analyses of profiles, structures and developments, the co-patenting behaviour of
German applicants is presented in Section 4.

Triadic Patents

Theoretical Concept and Data Basis

Triadic patents are inventions for which a patent has been applied in each of the three
countries/regions (offices) of the Triad: USA (USPTO), Japan (JPO) and Europe
(EPO)°. Applications at different national or regional offices that refer to the same
invention are usually called a ‘patent family’. Whereas this latter concept refers to any
group of filings, the triadic approach is more restrictive. It is assumed that triadic patents
are of higher economic as well as technological value than applications that are only

3 Trademarks as an innovation indicator are discussed in Schmoch (2003b) or Mendonca et al.
(2004).

4 As to the appropriateness of patents as a technology indicator, see Schmoch and Hinze
(2004) and the references cited there.

5 Sometimes the definition of Europe does not only include applications at the EPO, but at any
national patent office within Europe as well. For reasons of simplicity and as the statistical
effect is restricted, we focus on parallel applications at USPTO, JPO and EPO only. Whil
non-European applicants almost always use the path of the EPO to get a European appli-
cation, this might not be the case for all European applicants, who may submit make a
national filing in their home country and subsequent filings at the JPO and USPTO - for
example using the PCT path — without any EPO application, if they do not intend to file in
any further European country. From an empirical perspective, this is only seldom the case,
though especially the European applicants have a small ‘disadvantage’ with the approach
used here and so their number of triadic patents might be underestimated in this respect.
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Box 1.

This study uses patent applications rather than granted patents, as applications are published
earlier than grants and reflect technological competitiveness in a more appropriate way. In former
years, the USPTO only published granted patents, so that the standard triadic approach was dis-
torted. To overcome these obstacles, we applied an alternative computation method, which takes
the real patent flows between regions/offices into account: all applicants file the largest number of
patents in their home country, of course. Furthermore, applicants from the USA file slightly more
patents in Japan than in Europe, applicants from European countries apply for many more patents
in the USA than in Japan. And Asian applicants file many more patents in the USA than in Eu-
rope (EPO et al. 2004). In consequence, the lowest number of filings for any country of origin is
not at the USPTO; USA patent applications are not the limiting factor of triadic patents. From this
perspective, we do not need USPTO data to compute them. It is sufficient to rely on applications
at the EPO or the JPO, respectively. This method has proved its feasibility and validity in several
analyses, since Fraunhofer ISI introduced the triadic approach in 1988 (Schmoch et al. 1988).

Since the second half of the 1990s, no database for Japanese applications exists anymore that
allows for searching all relevant data necessary for this analysis. This — first of all — concerns the
inventor or applicant country information, which is crucial for the determination of the country of
origin. Therefore, we alternatively used PCT applications with Japan as a designated country.
However, the PCT enjoys an increasing popularity, so that growth rates do not realistically reflect
technological developments.

Against this background, the strategy for counting triadic patent applications applied in this
study is as follows. First, the number of patent filings for any country at the European Patent
Office and via PCT application designated to Japan is computed. In a second step, the numbers of
these two procedures are compared and the lower number is taken as the number of triadic filings,
based on the knowledge of the patent flows described above. Third, the trend of filings at the EPO
is applied to the absolute number of PCT applications in the year 1998, tracking forward and
backward. The results of this method have been compared to results published by the OECD as a
triadic approach (Dernis & Kahn 2004; OECD [ed.] 2004b; 2004c; OECD 200517»).6 The trend of
the OECD data is rather similar to our approach, but we reach a higher absolute level, as our
results are not limited by grants at the USPTO. For the same reason, we arrive at data that point to
more recent years than with ‘real’ patent family counting. For the analysis of high-technology
profiles, we use patent applications at the European Patent Office (EPO). Besides statistical and
methodological advantages, the reasons for focusing on the European market are twofold. First,
we aim to analyse the competitiveness of countries with a special focus on Germany; and for
German companies, the European market — next to the German market, of course — is the most
important one. Furthermore, Europe is one of the most important and largest markets in the world
and therefore relevant for any internationally oriented company. Second, for European countries
and companies it is their most relevant ‘regional market’ where they show their competitiveness —
more or less — unvarnished. Besides, analysing European patent applications, we have to bear in
mind that non-European countries like the USA or Japan only offer a selected set of technologies
from their total technological potentials that is shaped by their export portfolio, expectations of
the development of the European market and the strength of other countries serving this market.
Non-European countries do not have a ‘regional advantage’ in statistical terms. In particular, low-
technology goods with a distinct local orientation such as sanitary or lighting equipment are less
represented in the EPO patent profile of non-European countries, whereas patents in high-
technology fields are generally reflected in an adequate way.

¢ Direct comparisons of our results with the results published by the OECD (2005b) reveal that
our approach leads to 50-80 per cent higher numbers of triadic patent applications for most
European countries and about 140-160 per cent more filings for those countries, where the
US data play a very prominent role (except US inventors themselves) e.g. GBR, CAN, SWE,
FIN.
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filed at one or two offices. Furthermore, from a methodological perspective, the home
advantage of countries at their home office can be levelled by this approach (Schmoch
& Hinze 2004: 225ff).

Empirical Findings

Table 1 displays the total number of triadic patents in the year 2002, the patent inten-
sity (patents per one million workforce) and the growth rate between 1991 and 2002.
The United States are at the top of the list with nearly 30,000 filings. The EU-15 ranks
second with almost the same number, followed by Japan with more than 21,000
triadic patents. Germany is responsible for more than one-third of all EU-15 applica-
tions. Great Britain, France and the Netherlands follow in the next places.

Table 1. Triadic patents; totals, intensities and growth rates, 2002

Total Intensity Growth rate
(patents per 1million (1991 =100)
workforce)

FIN 1,217 516 312
SWE 1,917 440 218
NED 3,047 365 246
SUI 1,443 346 179
JPN 21,501 329 171
GER 10,216 264 199
USA 29,717 200 199
GBR 5,137 174 181
FRA 3,910 157 164
CAN 1,912 122 372
KOR 1,858 84 2,017
ITA 1,603 67 194
EU-15 29,103 171 196
OECD 71,215 135 197
Total 74,350 - 201

Source: EPAPAT, WOPATENT, OECD (MSTI) — calculations by Fraunhofer IST

As the absolute number of patent filings is first of all influenced by the size of a coun-
try in terms of inhabitants or workforce, the patent intensity indicator permits a better
comparison of the international technological strengths of these countries. If this in-
dicator is used, the smaller countries Finland, Sweden, the Netherlands and Switzer-
land appear at the top of the list, followed by Japan and Germany, whereas the United
States only reach a medium position, reflecting their distinct orientation to their large
domestic market and a relatively low engagement in exports. But the USA is still
ahead of the EU-15 countries.

Looking at the growth rates, the ranking is quite different. South Korea is unrivalled at
the top, reflecting its enormous upsurge in the world economy. Canada and the already
mentioned Scandinavian countries Finland and Sweden follow. As for Sweden and
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Finland, the figures underline their great success and unique development within the
1990s that shot them to the top of the innovative countries in the world. The Canadian
growth mirrors its dissociation from a pure orientation to the US market and its
increasing international engagement.

Table 2. Growth rates of triadic patents, 1991-2002

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

USA 0.1 2.1 2.3 5.6 102 6.0 11.0 112 6.7 11.0 -42 10.1
JPN 92 75 1.6 29 127 111 5.7 83 154 193 25 128
GER 0.9 1.9 1.8 7.1 42 194 118 132 6.6 72  -1.6 2.0
GBR -1.8 0.2 1.3 4.9 5.1 9.7 8.1 146 10.1 7.1 -1.8 4.4
FRA 1.2 55 32 3.8 33 103 116 8.5 6.8 4.6 2.1 1.9

SUI —4.3 86 28 33 0.1 120 11.8 11.6 6.6 119 2.6 0.3
CAN 4.4 7.8 6.0 87 142 11.1 324 186 13.1 128 4.7 7.9
SWE -1.5 158 50 196 129 19.1 136 2.0 58 108 -11.0 -64
ITA 29 56 4.1 3.8 62 162 9.2 5.8 111 9.1 1.1 5.7
NED —4.4 1.4 1.4 48 152 188 119 105 123 17.7 145 6.6
FIN 4.0 284 11.1 155 37 196 196 141 206 4.1 .1 =79
KOR 419 170 46,1 252 265 -1,0 326 474 133 53,6 156 347
EU-15 | -0,2 0,6 3,1 6,1 48 157 123 10,5 8,6 7,4 0,1 1.4
Total 2.0 -02 25 3.9 7.8 11.6 113 108 94 122 -1.7 7.5
OECD | 2.1 04 2.5 3.9 79 115 11.0 105 94 114 -14 7.1

Source: EPAPAT, WOPATENT — calculations by Fraunhofer ISI

This impressive change can also be traced in Table 2, where the growth rates of tria-
dic patents are displayed separately for each year between 1991 and 2002. In the first
half of the decade, the patent filings increase moderately for almost all countries.
Only South Korea, Finland, and Sweden grow at a much higher speed. The second
half of the 1990s is characterised by enormous growth rates in all countries, so that
the total number of filings doubled within this decade. Several authors have examined
and analysed the reasons for this massive expansion of patent filings. Apart from sim-
plifications in the legal and administrative framework (Hall & Ziedonis 2001; Kortum
& Lerner 1999) and an increased R&D efficiency (Janz et al. 2001), especially the stra-
tegic motivation to patent, particularly induced by very large companies, was iden-
tified as the main driving force behind this upsurge (Arundel & Patel 2003; Blind
et al. 2003a; 2004; Cohen et al. 2002). However, this total upward trend was stopped
after the year 2000. This was a result of the worldwide economic downturn, especially
led by the ICT sector. As a consequence, the general decline did not hit all countries
with the same force, but those above all, which are highly specialised in ICT and
related sectors such as Sweden, Finland and to some extent also the Netherlands,
whereas countries like the USA or Japan were affected only shortly. Canada and
South Korea were more or less unaffected by this worldwide recession, though their
speed was reduced for a while. The Japanese applicants performed badly in the first
half of the decade, as they had to cope with the Asian crisis. But obviously there was a
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catching-up effect in the second half — also triggered by the weak national development —
starting already in 1995, so that the Japanese applicants could nearly level the fore-
gone total development of all OECD countries at the beginning of the new century. First
estimates for the priority years 2003 and 2004 for all countries indicate a further and
steady growth, but with a less steep slope than in the second half of the 1990s. It seems
that the dramatic upsurge has come to an end and ‘normality’ gets the upper hand again.

Patents in R&D-intensive Technologies

Theoretical Concept and Data Basis

The international division of labour and competition implies the necessity for compa-
nies — and in consequence also for countries — to specialise in the production and pro-
vision of selected technologies. For each country, it is favourable to focus on its
strength and buy other goods abroad, as already discussed in Ricardo’s classic work
(Ricardo 1996). Highly industrialised countries have other advantages such as quali-
fied human capital, skills and knowledge that result in a technical and organisational
lead, which they can offer to the world market embedded in profound and sound
products.” These products meet these criteria are — first of all — high-technology goods
(see Chapter 1 for definition and the concept of specialisation).® Therefore special
attention is paid to the analysis of this part of national innovation systems (Edquist
1997; Lundvall 1992). However, the present situation is characterised by an increas-
ing engagement of catching-up countries in high-technology, so that the boundaries
with regard to the traditional industrialised countries are blurred.

Empirical Findings

Table 3 displays the intensities and specialisation indices for the twelve countries in
our analysis and the EU-15. The patent intensities allow for taking the different sizes
of countries into account by setting the number of patent applications in relation to the
size of the workforce. Looking at this indicator, Switzerland is at the top of the list,
followed by Finland and Sweden, which both show enormous growth rates, especially
in the second half of the 1990s. This result has already been observed in the analysis
of triadic patents, but it can now be qualified further. The growth of applications from

7 Cf. Amable and Verspagen (1995), Boskin anc Lau (1992), Curzio et al. (1994), Dosi et al
(1990), Fagerberg (1988; 1997), Freeman and Soete (1997), Gomulka (1990), Gustavsso
etal. (1997), Mowery and Rosenberg (1989), Porter (1998), Wakelin (1997).

8 With the definition or scope of this study, we focus on technical innovations. This does not
mean that innovations only take place in the industrial sector; the opposite is true. Especially
in the service sector, many creative and innovative novelties are invented and brought to the
market. By definition and as a matter of fact, patents and patent statistics aim at technological
inventions and innovations. The number of technical innovations originating in the service
sector is restricted. For example, only 3-5 per cent of all patents are filed by service com-
panies (Blind et al. 2003b; Blind & Frietsch 2003; Frietsch 2004a).
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Table 3. Intensities and specialisation index for selected countries in the area of high-
technology 1991-2000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Patents per Imillion workforce (intensities)
USA 92 93 94 99 108 114 124 136 144 148 133 131
JPN 117 106 105 103 115 127 137 142 169 198 196 214
GER 157 157 164 178 193 231 258 298 322 339 341 345
GBR 77 82 81 85 91 98 106 128 139 144 144 137
FRA 119 113 120 126 126 139 157 170 184 187 189 192
SUI 254 252 261 258 255 294 315 345 384 436 446 441
CAN 32 33 33 39 45 50 67 79 90 87 95 90
SWE 112 132 150 192 217 272 321 320 347 356 325 295
ITA 55 53 50 55 58 68 70 72 80 88 88 91
NED 124 126 123 125 147 177 190 214 225 270 304 271
FIN 98 155 180 224 235 287 353 379 455 435 451 386
KOR 6 8 9 11 15 14 20 33 35 40 48 64
Specialisation index (RPA)
USA 10 10 11 11 11 13 12 13 12 12 4 2
JPN 9 9 7 7 4 2 5 1 1 1 0 0
GER -12 15 -13 -13 -10  -11 -11 -10 -9 -9 -8 -8
GBR -2 3 1 0 1 0 1 7 5 5 2 2
FRA -10 -9 -7 -7 -11  -10 -10 -10 -8 -8 -9 -8
SUI -4 -2 =5 -10  -13 -10  -15 -17 —-14 -9 -10 -9
CAN 11 7 3 11 12 12 14 16 18 13 16 13
SWE -13 15 11 -7 -6 -3 0 -2 0 -1 3 4
ITA -10 -8 18 -16 -17 -17 22 26 26 24 24 21
NED -7 -4 =7 11 -7 -4 -6 -2 -8 -4 -7 =7
FIN -9 6 4 10 9 13 19 13 14 10 16 14
KOR 8 25 3 -2 7 0 7 16 11 9 10 17
EU-15 -10  -10  -10 -10 -9 -9 -9 -8 -8 -8 -8 -7

Source: EPAPAT, WOPATENT; OECD (MSTI) — calculations by Fraunhofer ISI

Finland and Sweden are especially driven by the R&D-intensive technologies (see

also Chapter 2.2).

In the most recent year 2002, Germany ranks third among all countries considered
and first among the large industrialised countries. The increase of the intensities in
Germany is not only based on an expansion of the number of patents in high-level
technologies — where Germany traditionally has its strength and ranks second behind
Switzerland — but also on a strengthened position in the leading-edge technologies,
where Germany reached a less prominent position for a long period. Thus, the abso-
lute number of German EPO applications per year has tripled in the period of 1991 to
2002 in leading-edge technology, whereas the numbers in high-level technology
‘only’ doubled. A clear development in the direction of leading-edge technology is
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obvious. But a look at the specialisation index (RPA)° (lower panel of Table 3) does
not reflect this change towards high-technology in Germany; only small increases in
the position are visible.

This finding points to the fact that other economies also expanded their activities
during the 1990s, and the enormous increase in the patent intensities in Germany
could not be converted into clear advantages in the specialisation in leading-edge
technologies. The total sum of patents for all countries nearly doubled in the observa-
tion period and even grew slightly more in the area of high-technology patents (see
Table 4). So the minor shift in German specialisation reflects that other countries
moved in the same direction as well; for a change of absolute numbers becomes visi-
ble in the specialisation index only if other countries do not alter their profiles.

Table 4. Growth rates of patent filings by technological areas, 1991-2002

Total patent High- Leading-edge High-level

applications technology technology technology
USA 165.4 166.8 190.2 148.8
JPN 179.9 181.6 180.6 182.3
GER 191.3 220.7 309.4 191.3
GBR 166.8 190.6 249.3 154.8
FRA 155.1 174.8 209.5 153.6
SUI 175.2 183.6 266.7 156.6
CAN 295.1 331.2 485.4 241.0
SWE 196.9 256.1 317.9 216.8
ITA 176.4 174.0 220.3 159.4
NED 2454 268.1 365.7 209.9
FIN 283.3 3934 666.0 196.7
KOR 1055.7 1269.3 1778.6 963.7
EU-15 183.8 208.2 278.7 176.9
Total 181.3 199.2 246.0 172.0

Source: EPAPAT, WOPATENT - calculations by Fraunhofer ISI

The numbers in the leading-edge technologies grew by factor 2.5, whereas the patent
applications in the area of high-level technologies ‘only’ grew by 1.7. In comparison
to other large industrialised countries, the German development is at the top and is
only surpassed by smaller countries such as Canada, South Korea, the Netherlands
and especially Finland. So Germany does and can compete with these young tech-
nological nations, at least with respect to the growth rate of the patents in the area of
high-technology. All in all, the patent data reflect a still competitive position of
Germany in industrial R&D. (see Table 5).

9 The specialisation index RPA (Revealed Patent Advantage) is defined as:
RPA =100 * tanh In [(P /2, P )/(X, P, /%, Pl (1)

with P indicating the number of patent applications of country k in the technology field j
(for further details cf. Nesta & Patel 2004 and Chapter 1).
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Table 5. Specialisation index for selected countries by leading-edge and high-level technology,

1991-2002
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Leading-edge technology
USA 29 26 28 30 29 23 27 27 23 22 11 9
JPN 9 5 9 —4 4 -3 -6 12 -5 1 -I5 -8
GER —47 43 47 46 49 34 39 36 -39 36 34 34
GBR 1 11 5 15 10 14 11 20 20 15 11 7
FRA -4 -10 -3 -5 =15 -19 -11 -14 -12 -14 -7 -9
SUIL -44 34 43 -39 50 40 51 46 -39 28 25 35
CAN 18 23 12 33 40 34 46 40 41 25 35 28
SWE =7 7 -l 21 12 21 16 14 16 19 2 -3
ITA —45 50 48 44 48 44 60 65 63 58 -64 55
NED -8 1 1 -8 7 9 5 8 3 15 27 -8
FIN 1 47 38 47 41 55 60 53 63 45 52 41
KOR 43 54 16 -5 16 -3 46 58 33 37 40 50
EU-15 -26 22 24 20 -25 -17 -19 -18 -17 -18 -15 20
High-level technology
USA -1 1 -1 -1 -1 0 0 -1 0 -1 -5 -6
JPN 4 7 9 7 6 8 7 8 11 10
GER 5 1 4 6 9 6 6 9 10 10 11 10
GBR -4 -3 -3 -10 -7 -10 -9 -2 -9 -7 -7 —6
FRA -12 -12 -9 -9  -11 -6 -8 -7 -8 -6 -8 -8
SUI 14 2 12 4 3 6 6 2 3 6 5 8
CAN 11 -1 -1 =7 -7 0 -2 -5 -3 4 —4
SWE -6 -19 -10 -17 -17 -16 12 25 -19 23 -7 -2
ITA 8 11 -2 -1 0 1 0 -1 0 2 5 3
NED -8 -6 -12 12 -13 -9 13 -11 -15 -14 =26 -18
FIN -17 -9  -18 -17 23 29 30 35 54 48 43 45
KOR 7 12 15 9 11 -6 -11 -6 -9 11 -6 3
EU-15 -1 -3 -2 -2 -1 -2 -2 0 -1 -1 0 0

Source: EPAPAT, WOPATENT - calculations by Fraunhofer ISI

In terms of growth rates, the USA and Japan are below the average, due to the high
dynamics of smaller countries. South Korea and Canada reach impressive growth
rates, because they started at a very low level in the early 1990s. At that time they

were not very active in Europe and at the European Patent Office, respectively.

The development of the specialisation indices in leading-edge technologies through-
out the 1990s shows constant and positive values for the USA, with a reduction in the
most recent years. In contrast, the Japanese values have a negative trend during the
whole 1990s that leads to a clear negative specialisation at the end of this decade.
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Table 6. Specialisation indices of selected countries in high-technology product fields, 1998-2002

USA JPN GER GBR FRA SUI CAN SWE ITA NED FIN KOR EU

Leading-edge products

Radioactive Substances 9 -1 -58 55 63 77 18 66 71 -64 84 -3

Plant Protective Agents 24 48 -17 10 -7 36 39 -59 31 41 -9 60 -18
Pharmaceutical Agents 43 41 -39 45 -7 -—-11 62 5 44 24 -57 -14 -15

Nuclear Reactors 27 66 19 15 20 45 23 30 23 37 48 44 23
Weapons —42 91 46 59 40 61 2 64 -1 -63 -3 106 27
Computers 29 17 55 8§ -18 58 -6 -9 -72 35 10 41 -30
Integrated Circuits 12 45 20 -68 -8 59 86 -86 25 47 -95 25 -21
Communication Equip. 5 4 -29 6 2 -60 45 52 -69 13 89 61 -5
Medical Diagnosis 39 26 48 -17 -61 42 24 35 -74 33 28 -39 -32
Top Instruments 11 7 -9 16 25 12 -14 -18 =57 13 21 -1 -11
Aircrafts 26 65 -8 31 56 30 33 6 78 —94 -92-100 2
High-level products
Organic Substances 27 =21 -7 48 10 39 24 38 -25 -39 -79 26 -5
Inorganic Substances 0 22 4 280 8 -10 53 62 -70 -16 43 -8 -14
Polymers 1 41 2 49 -11 48 1 8 -6 -5 —42 6 —12
Dyes 7 37 15 16 —42 52 81 -84 -74 -3 88 —41 -12

Pharmaceutical Products | 40 -43 -39 45 -1 10 63 9 -14 43 -75 -2 -14
Appl.-Oriented Chemicals | 22 1 -12 20 -10 -12 18 -8 -51 20 -17 -56 -10

Engines -23 10 51 =22 22 26 24 44 -20 -99 -85 -99 12
Pumps -43 59 -5 -38 55 49 -28 16 13 -87 -90 70 -22
Hydro-pneumatic Fittings| -31 —41 29 -13 -1 0 -21 15 59 -70 -68 -52 21
Conveyors =57 22 37 =55 17 43 -74 4 52 -13 -4 -82 18

Heating & Cooling Equip. | -4 -7 5 -4 31 27 —4 29 —-15 —14 —40 -9 5
Agricultural Machines | -50 —82 44 25 48 83 5 5 51 52 31 -98 40

Machine Tools —43 14 31 51 -9 40 -25 20 51 49 -34 64 14
Textile Machines -58 33 30 21 -21 73 98 -77 87 -52 97 72 26
Special Purpose Machines |24 -38 26 -10 -16 12 35 29 57 -16 66 -72 22
Office Machines 5 69 -53 37 47 -97 -69 -87 -91 -50 -92 42 -54
Electric Motors -53 43 25 =50 -9 34 48 37 35 82 4 17 0
Electric Transmission -17 -60 38 3 35 -9 64 41 59 -28 -79 -95 30
Electric Lighting -18 45 -2 24 37 40 29 -74 -35 18 -65 8 -18
Electronic Devices 6 60 30 -74 -49 -54 -92 -52 -65 17 -94 -3 41
Television Sets -37 70 -77 31 -41 80 -71 -93 -91 86 -82 88 —40
Medical Devices 45 -81 -38 4 -23 57 -17 26 -7 -61 -73 -61 -22
High Class Instruments |-19 -35 31 6 17 61 -54 -10 -9 -53 -7 =56 15
Optical Apparatus 13 49 52 -3 -35 -—-14 25 —-19 -72 26 -82 47 43
Automobiles —-60 3 60 -37 30 -87 -48 6 —4 —-65 -8% —48 31
Rail Vehicles -78 88 67 26 47 57 51 1 45 -81 5 33 47

Other R&D-int. products | 26 -4 41 32 20 -94 48 -22 6 —14 32 48 -10

Source: EPAPAT, WOPATENT - calculations by Fraunhofer ISI
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Germany is still specialised below average in the area of leading-edge technologies
accompanied by a slow upward trend in the second half of the period observed, although
this trend can, at least to some extent, be explained by the weakening of the Japanese
and US indices. The United Kingdom and the Netherlands display a positive advance
in leading-edge technologies, but also small countries such as Canada, Finland and
South Korea. France and Italy show a deterioration of their position, and the index for
Switzerland improved, but is still distinctly below average.

As to high-level technology, especially Germany, Japan, but also Switzerland and
Italy exhibit positive specialisation indices, while the USA and the EU-15 hold an
average level. France still has a slightly negative specialisation, and Canada, Sweden,
Finland and South Korea are under-specialised in this area.

By means of the high-technology concordance (Grupp et al. 2000), the profiles of
the countries can be broken down further by 38 product fields, of which 11 represent
the leading-edge technologies and 27 the high-level technologies, respectively.

We have already mentioned that the German strengths are more in the area of high-
level technologies and less in leading-edge technologies. This general statement can
now be qualified further. The German applicants have distinct advantages in the trans-
port sector, including Engines, Automobiles, and Rail Vehicles, as well as in the sector of
machinery (Machine Tools, Textile Machines, Agricultural Machines and Special
Purpose Machines), and they have even been able to improve their position in these
areas in the recent past. Furthermore, positive specialisations can be found in high class
instruments as well as in ‘classical’ high-power electronic technology (Electric Motors,
Electrical Transmission and Lighting). Most of these technologies belong to high-level
technologies. In contrast, ‘modern’ electronics like ICT, Pharmaceutical Agents and
Products, Medical Diagnosis, or Medical Devices are not among the German strengths.
Despite this general profile, a positive overall trend in Germany’s leading-edge techno-
logies has been identified and is, first of all, linked to ICT, especially to Integrated
Circuits, Communication Equipment, and Electronic Devices (see also Germany’s
R&D structure, Chapter 2.1)

US applicants reach a leading position in the medical fields (Pharmaceutical
Agents and Products, Medical Diagnosis, Medical Devices) and in ICT (Computers,
Semiconductors, and Electronic Engineering and Devices), but in Electronics, their
position is still positive, but declining. They exhibit negative specialisation indices in
Machinery and Transport (except Aircraft). All in all, the technology portfolio of the
USA is stable, and the comparison of the US and the German specialisation profiles
reveal that they rather complement one another.

In contrast, the Japanese activities at the EPO are much more similar to those of
Germany, so that the frequent direct competition of these two countries in the Euro-
pean market is more obvious. In total, the specialisation of Japan shows many ex-
tremely positive as well as extremely negative values, a quite unusual observation for
a large country — though besides the technological activities the non-European pro-
files are also guided by export possibilities and restrictions. Positive specialisations
are visible in ICT — where clear competition exists with the USA and recently also
with South Korea. Inorganic Substances and also Polymers and Dyes play an im-
portant role in the Japanese portfolio, while their specialisation is quite weak in
Pharmaceutical Agents and Products. Further technological advantages refer to Optical
Apparatus and Transport as well as Machine Tools. Within the observation period, the
general Japanese orientation is rather constant.
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British and French inventors both show only a few extreme specialisation indices.
Great Britain is focused on Pharmaceuticals and Organic Substances. France is
specialised in Nuclear Energy, Weapons, and Transport (Aircraft, Automobiles, Rail
Vehicles). The smaller countries analysed generally display a more pronounced
specialisation profile than the larger ones. Most of them focus on only a few
technological areas, where they are able to reach a critical mass to be internationally
competitive. Switzerland, for example, has stakes in Organic and Inorganic Substances,
in Machinery and Instruments. Canada is active in areas like Organic and Inorganic
Substances, and Pharmaceutical Agents and Products. Furthermore, they reach positive
values in Engines, Special Machinery, Lighting, and recently also in Optics. Finland and
Sweden are both highly specialised in Communication Equipment, Medical Diagnosis,
and Sweden also in Medical Devices. Both countries have been able to increase their
activities in Computers, where they now reach an average specialisation index. This
might be a side effect of the technological fusion of computer systems and communi-
cation technologies. On the other hand, they show extreme negative values in Integrated
Circuits and Electronic Devices. The Dutch portfolio has clear positive values in
Electronics (Computers, Integrated Circuits, Electronic Devices, Communication
Equipment) and Medical Diagnosis. Italy has a clear focus on Machinery (Pumps,
Fittings, Conveyors etc.). A further positive orientation can be also found in Electric
Motors and Transmission, as well as Integrated Circuits.

As already visible in the overall figures, South Korea plays a special role; it has
made massive progress in various technical fields, where they now reach positive spe-
cialisation indices. In particular, this holds for Computers, Integrated Circuits, Com-
munication Equipment and Television sets, which can be summarised under the heading
of ‘modern’ electronics. It is interesting to look at the South Korean catching-up
strategy in more detail. It started with copying innovations and with simple tasks
in production and assembling that were off-shored by several electronic companies,
in particular Japanese ones. The Koreans were able to use this impulse as a platform
to start from and developed very quickly into a country with a gross domestic product
per capita that is similar or beyond that of many western industrialised countries. This
was possible due to various specific support measures that were adjusted towards this
goal, e.g. by building up an educational system that is among the best in the world.
The interesting fact about South Korea is that it took a similar path as Japan, namely
by starting from imitation and then moving more and more towards innovation, where
the switch to own innovations is visible in the tremendous increase of patents. Today,
South Korea and Japan are competitors in many fields.

If the profiles of the United States and the EU-15 are compared, similar results to
US and German activities can be found. The profiles are rather complementary than
competitive. This is not only due to the fact that within Europe, Germany has great
weight, but also that within Europe, the smaller countries like Sweden or the Nether-
lands that compete with the United States especially in the area of ‘modern’ elec-
tronics, only have a limited weight, when the totals are calculated for EU-15. But in
sum, this means that the main areas of activity of the European Union and the United
States — at least in the European market — are not the same and the US inventors seem
to take advantage of the technological gaps that the European inventors do not cover
with the same emphasis.

It is interesting to see that this result also applies when the EU-15 is compared to
Japan, a result that was not that obvious in the comparison with Germany alone,
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where the overlap of the profiles is more pronounced. Obviously, the thresholds on
the European market erected by European applicants are very high and foreign en-
trants have to adapt their portfolio to the profiles of the countries that are already
active in this market. This also seems to be a good sign on the way to the European
Research Area (ERA) (Edler & Kuhlmann 2005; European Commission 2000), as a
strong ‘home base’ is an important prerequisite in heading for the goal to become the
most important research area in the world.

To sum up, the development of technical innovations in the area of high-
technology on the European market has been characterised by stability in the first half
of the 1990s and enormous growth in the second half, with some turbulence after the
year 2000. Some new players entered the market, among whom the Scandinavian
countries and South Korea are the most prominent. While the large countries were
able to keep their positions at least in part, the smaller countries caught up in some
selected fields. Especially in the area of leading-edge technologies, first of all in the
ICT sector (Computers, Semiconductors and Telecommunication Equipment), distinct
changes have taken place. Smaller countries settled down and disputed the rights of
the old-established applicants. Though the effect on the indices is of limited extent,
the total system started to move. Against the background of a new international divi-
sion of labour or technology production, everyone has to find his or her niche and de-
fend it against a growing number of competitors.

International Co-patents

Theoretical Concept and Data Sources

In this section, we address the question which pattern of international technology co-
operations exist and how it changed during the 1990s. For this purpose, co-patents at
the European Patent Office are analysed, with a special focus on the German situ-
ation. We define a co-patent as any patent where at least one German inventor and at
the same time at least one inventor from a foreign country is registered. This means
that not only co-operations of German and foreign companies and research institutes
are considered, but also such kinds of innovations are encompassed that arise from
globally acting ‘multinationals’(see also Chapter 2.3). For instance, if researchers
from different international research sites of one company join in the production of a
patent, this co-operation is included. One goal of this examination is to identify
‘knowledge flows’ for the assessment of the ‘globalisation’ of applied research and
development. We performed the analysis on the basis of inventors instead of appli-
cants, because in international co-operations, not all of the parties involved neces-
sarily appear as applicants, whereas all the inventors have to be named according to
legal requirements.

Empirical Findings
In order to assess Germany’s level of co-operations, an international comparison was

carried out as the first step; in Figure 1, the shares of international co-patents of selec-
ted countries are displayed. They differ greatly, but for all countries, the statement
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applies that the number of international co-operations clearly increased in the 1990s.
No rule without exceptions: Japan shows a constant lowering of co-operation, re-
flecting a re-orientation on the domestic market. But South Korea also has shrinking
intensities, which can, at least for the recent past, be explained by the tremendous
growth of their total number of patent applications. The absolute number of co-
operations of South Korean inventors is — starting from a low level — about seven
times higher in the year 2002 than at the beginning of the 1990s. Although both coun-
tries are located in the same region, the decrease of co-operation has to be interpreted
differently. Japan has reached a high level of development, but has to cope with an
economic crisis; South Korea is still in a catching-up process and need to co-operate
for knowledge acquisition.
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Fig. 1. Share (in per cent) of international co-patents on all patents of selected countries, 2002

Compared to other countries, the German share of international co-operation emerges
at a medium level, at about 11 per cent. In the group of the larger countries, the USA
and Italy display comparable shares, whereas Great Britain and France are more in-
tensively engaged in international technology co-operation, with almost 20 per cent each.
It seems obvious that the international linkages of smaller countries are more pronounced
than those of larger ones, as they often need more international co-operation to achieve a
critical mass in specific technology areas. Therefore, the international shares of
Switzerland and Canada appear to be quite high. In this perspective, the international
engagement of the Netherlands, Finland and Sweden prove to be quite modest.
Compared to all other countries considered, the shares of Japan and South Korea are
extremely low; both countries turn out to be quite isolated and do not participate in
the process of internationalisation.

Table 7 displays the number of co-operations of German inventors with foreign
colleagues in the years 1991-2002. First, it is noticeable that the absolute number of
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Table 7. Number of German co-patents with international partners per 1,000 patent applications,
1991-2002

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
SUI 15 15 15 15 18 17 16 17 18 18 18 19
FRA 7 9 9 7 8 10 11 11 12 14 14 15
AUT 6 6 5 6 6 7 7 7 9 9 10 11
GBR 6 6 5 5 7 6 6 7 7 7 8 9
NED 4 3 4 5 6 6 5 6 6 7 7 8
BEL 4 3 5 5 5 5 5 5 6 5 5 5
ITA 2 2 2 2 3 4 4 4 4 5 3 4
USA 14 17 16 24 25 25 28 32 32 36 31 32
JPN 4 5 2 3 4 3 3 3 4 4 3 5

Source: EPAPAT, WOPATENT - calculations by Fraunhofer ISI

co-operations per year has nearly quadrupled in the observation period. This alone
shows that cross-national technology production has considerably gained in impor-
tance. But as the overall number of patent applications at the European Patent Office
also clearly increased during this period, the increase of the co-operation frequency
can be explained — at least in part — by this total growth. If the ratio of the number of
international technology collaborations with reference to the total number of German
patent filings is examined, as in Table 7, the statement of a clear and pronounced in-
crease still holds.

At the beginning of the observation period, Swiss inventors were still the most fre-
quent partners for Germany, and they still maintain a prominent position in the year
2002. But the frequency of co-operations with US inventors has developed in such a
way that the already existing important position during the 1990s was noticeably
expanded, and today about one-quarter of all international co-operations of German
inventors are undertaken with US colleagues. Further important partners for inter-
national collaborations are foremost inventors from the European Union, in particular
French, Austrian, British and Dutch ones. Even though the Japanese are also impor-
tant partners in the technology production in the area of Electronics, they only take a
lower position — together with Italy — in the group of countries compared.

It is obvious that the level of international co-operations with the USA, the largest
technology producer in the world, is quite high. But it is interesting to compare the ac-
tual co-operation intensity with the expected one. For this purpose, we compared the
distribution of countries within the German co-patents with their distribution within
all EPO applications, and divided the co-operation share by the patent share, so that
the resulting index shows at a value of ‘one’ that the expectations are met. In this
perspective, the co-operation level with Austria and Switzerland are far above the ex-
pectation; thus geographical and language proximity have an important impact. The
relevance of geographical proximity is underlined by the higher index of France com-
pared to Great Britain. The co-operation with the USA and especially with Italy and
Japan proves to be below the expectation level.
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Fig. 2. Expectation index as to international co-operations of German EPO applications, 2001—
2003

Table 8 displays the frequencies of co-operations of German inventors with partners
from foreign countries in relation to 1,000 German patent applications, differentiated
by six technological fields. Chemistry proves to be the most co-operation-intensive
technological field. Whereas in the first half of the 1990s more than 13 per cent of all
German chemistry patents at the European Patent Office emerged from international
co-operations, this share increased in the late 1990s to nearly 23 per cent. Intensive
collaborations can also be found in the area of Instruments, where nearly 12 per cent
of the patents came into being in this way, first of all in collaboration with the USA
and Switzerland. Furthermore, strong growth can also be found in Electrotechnology,
including ‘modern’ and ‘traditional’ parts of this field. Bearing this in mind, interna-
tional co-operations highly contribute to the relative increase in the position of Germany
in Information and Communication Technologies (ICT), which became obvious in the
previous section on high-technology patents.

Obviously, German inventors choose partners in fields where the respective coun-
tries have certain strengths. With France, co-operations take place in the areas of Chem-
istry and Machinery. Austria is a potential partner in Electrotechnology, Processing,
and Machinery, whereas the USA are frequent co-operation partners in the areas
Electrotechnology, Instruments, and, in the first half of the 1990s, also in Chemistry.
In these fields, these countries exhibited clear technological advantages in the analysis
of R&D-intensive fields. In absolute terms, the Japanese are at the lower end of the
co-operation scale. But if any co-operations exist, they concentrate on Electrotech-
nology and Chemistry where also comparative advantages in the technology profile of
Japan are evident. Switzerland, on the other hand, is an attractive partner in all tech-
nological fields, except Electrotechnology.
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Table 8. Number of co-patents of German inventors with selected countries per 1,000 German
patent applications at the EPO, differentiated by six technological fields

te];:}ﬁcé{géy Instruments | Chemistry | Processing 113\111 egiﬂzgif:; C(()}nos;r;;er Total*

91-95 98-02(91-95 98-02(91-95 98-02{91-95 98-02(91-95 98-02(91-95 98-02({91-95 98-02
SUI 5 9 14 20 28 39 13 16 7 11 6 8 12 18
FRA 4 10 5 9 14 28 6 9 4 9 3 7 6 14
AUT 4 12 4 7 8 11 6 9 4 7 3 8 5 11
GBR 4 7 4 7 9 15 3 6 3 5 4 4 5 8
NED 4 5 3 7 6 16 4 5 2 4 2 2 4 7
BEL 3 4 3 4 8 12 4 5 1 2 1 1 3 6
ITA 1 3 4 6 3 7 1 3 1 3 2 3 2 4
USA | 12 32 19 39 | 38 63 11 26 5 15 4 10 17 36
JPN 2 4 3 3 9 9 2 2 1 2 0 0 3 5
OECD| 43 103 64 117 | 134 228 | 55 91 32 66 | 31 50 | 63 125

*  Sum across all technological fields (including multiple co-operations)
Source: EPAPAT, WOPATENT - calculations by Fraunhofer ISI

The level of international co-operations of Germany in Machinery and Mechanical
Engineering is quite low, compared to the other technological fields. The most plausi-
ble explanation of this observation is the technological leadership of Germany in this
area. Obviously, German inventors do not find enough international partners who
bring complementary knowledge into the research process and — which might be even
more plausible — a high importance of ‘tacit knowledge’ in this field reduces the
number of international co-operations as inventors try to avoid knowledge transfer.
Other reasons might be that German firms do not need knowledge from abroad, as
sufficient national partners can be found.

To sum up, the analyses of co-patents of German inventors with international col-
leagues in the years 1991-2002 show that international collaboration has strongly in-
creased, and therefore gained absolute relevance for technology production. The data
show that globalisation has become an important aspect of industrial R&D, not only
of scientific research, and it is gaining weight. The investigations presented in this
section shed some light on the volume and structure of international co-operation in
technology, but less on the underlying motives and directions of knowledge flows. As
a fruitful approach, the differentiation by technological fields showed that the inter-
national co-operations are concentrated, first and foremost, on Chemistry and Elec-
tronics. Furthermore, the results sustain the thesis that geographical proximity, low
language barriers, and the technological competence of the partners support inter-
national co-operation. Germany has profited from external knowledge in particular in
Electrotechnology.



3.3 Innovation in Firms

Christian Rammer

Abstract. This chapter analyses major aspects of innovation activities of firms
in Germany. The ability of firms to introduce new products and new processes
may be viewed as a main determinant of a country’s technological performance.
Only when firms are able to transfer knowledge, R&D efforts and inventions
into products that are accepted by the market, and to implement more efficient
ways of production, will science and technology have real effects on productiv-
ity, competitiveness and wealth. Thus, innovation in firms is the key link be-
tween input and output indicators of technological performance. Using data
from the annual German innovation survey as well as from the Community In-
novation Survey and other national innovation surveys, four areas of innovation
activities are analysed: share of innovating firms by type of innovation; input to
and output of innovation activities; co-operation and information sourcing; and
barriers to innovation. The results show that one of the main strengths of Ger-
many’s technological performance is the broad embodiment of innovation in
the German enterprise sector, particularly in Manufacturing and in SMEs. For
most innovation indicators, Germany ranks among the top performing coun-
tries. In most recent years, innovation performance deteriorated, however,
caused by decreasing innovation activities of SMEs and falling direct economic
returns from innovation efforts.

Introduction

Innovation in firms refers to activities that are intended to gain an (at least temporary)
absolute competitive advantage over competitors by either achieving a monopoly po-
sition in the product market (i.e. offering products that are clearly distinguished from
other products in that market by quality characteristics) or by achieving marginal costs
of production for a certain product that are clearly below those of competitors and thus
result in a price advantage. While the former is associated with product innovation
(the term ‘product’ covering both physical goods and services), the latter is typically
linked to changes in production processes, although some changes in the organisation
of business activities in a more broader sense (e.g. opening up new procurement
markets, introducing new types of industrial relations) may fall under this category, too.
This conceptualisation of innovation mainly follows the ideas of Schumpeter (1911).

The extent of monopoly profits will strongly depend on the type of innovation:
radical innovations that clearly depart from existing technological solutions and/or
open up totally new product markets, will promise longer lasting competitive advan-
tages, although demanding high resources for successfully introducing such a type of
innovations. Incremental innovations that adapt and further develop existing products
may be much easier to introduce, but also much easier to copy, resulting in a shorter
period of monopoly.
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Two critical features distinguish innovation activities from other changes occurring
in firms: uncertainty (in the sense of Knight 1920) about the outcome of innovative
efforts, and spillovers to other firms through learning from the innovator’s experi-
ences and adopting its methods to gain competitive advantages (e.g. through copying
new products or adopting new process technology). Both features may lead to private
underinvestment in innovation as a result of financing restrictions and low private
appropriability of returns.

This microeconomic view stresses the importance of absolute novelty, i.e. to be the
very first in introducing a new product or process. It is thus linked to the concepts of
research and experimental development (R&D) for generating new knowledge, and
technological inventions and patenting as main outcomes of creative efforts. From
this point of view, innovation is the commercialisation of R&D results. A macroeco-
nomic perspective of innovation, however, places emphasis on the diffusion of inno-
vation, too. For a country’s technological performance, the rapid adoption of new
technologies and the breadth of innovation activities in an economy are at least as
equally important as R&D (see Chapter 2.2) and technological inventions (Chapter
3.2) for gaining productivity increases and improving competitiveness — both in terms
of quality and price — in international markets. In this perspective, innovation is both
the first-time introduction of a new product or process (which one may call ‘original
innovation’), and the copying, adopting and adapting of new products and processes
introduced by other firms before (which one may term ‘imitation’). The latter activity
will be much less, if at all, linked to R&D and technological inventions, but rather
demands skills and abilities that are often referred to as absorptive capacities (see Cohen
& Levinthal 1989; 1990), such as learning and managing changes in organisations.

Innovation policy will have to balance both the incentives for firms to develop
original innovations and accelerate the diffusion of innovations throughout the busi-
ness sector. Balancing both goals is any thing but straightforward, however. While the
former requires an effective system of property rights which allows the innovator to
fully appropriate the returns of its innovative efforts over a reasonably long period, a
rapid diffusion of innovation demands free or cheap access to new knowledge and
technologies.

The particular relevance of indicators on innovation in firms for a system reporting
on a country’s technological performance is to provide information on both original
innovations and the diffusion of technologies and new products. They thus far exceed
a pure measure of successful marketing or implementation of the outcome of R&D
activities and patents. Indicators on innovation in firms rather provide a crucial link
between input and output indicators of technological performance and help to under-
stand why performance in sciences, R&D and patenting may differ from performance
in productivity, structural change and exports in high-technology goods.

In order to represent the different aspects of innovation in firms, the following
groups of indicators are used:

e The share of innovating firms by type of innovation (specifically original innova-
tions versus imitations, and product versus process innovations) informs about the
breadth of innovative activities in the business sector and their orientation in terms
of novelty and underlying firm strategies.

e The financial resources devoted to innovation, and the direct economic benefits
from innovation (in terms of returns from innovative products and efficiency gains
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from new processes) provide insight into the costs of innovating and the efficiency
of innovation processes.

e Co-operation in innovation, and the use of different information sources for shap-
ing innovation projects are two important aspects of interactions of firms with
other actors in the innovation system (see Freeman 1987; Lundvall 1990; Edquist
1997; Nelson 1993).

e Barriers to innovation, as perceived by firms, are important hints as to market fail-
ures and other bottlenecks in the innovation system that may hinder the full ex-
ploitation of innovative potentials.

Analyses of innovation performance of the German business sector are based on an
international comparison as well as on looking at developments over time. Interna-
tional comparisons are performed on a sector base for the most recent year available,
which is 2000. The development of innovation indicators over time can only be in-
vestigated for German data, as most other countries do not conduct annual innovation
surveys. When interpreting innovation data, one should note that all figures relating to
the number of firms — which relates to most of the indicators used here — are deter-
mined by the behaviour of small and medium-sized enterprises (SMEs). Large com-
panies, in contrast, dominate the figures on expenditure and revenue indicators.

Data Sources

Data on innovation in firms has to be gathered through firm surveys. The OECD has
developed a guideline for collecting and interpreting innovation data, the so-called
Oslo Manual. The first edition was published in 1993, followed by a revised version,
jointly edited by OECD and Eurostat in 1997. A third edition is expected to be pub-
lished at the end of 2005. Based on the proposed methodology, a large number of
countries conduct innovation surveys, although only a few on an annual base. Inno-
vation as defined by the Oslo Manual has the following features:

e [t is technology-oriented, i.e. it is based on new technological knowledge.

e [t measures innovation at the level of a firm, and not at the level of individual pro-
jects.

e [t is based on a subjective view, i.e. innovation has to be new to the firm, but not
necessarily new to the market or the world, thus covering both original innovations
and imitations.

e [t distinguishes two types of innovations, new products (including services) and
new processes (including distribution methods and methods for delivering ser-
vices).

e [t refers to successful innovations, i.e. new products that have been successfully
introduced to the market, or new processes that have been successfully imple-
mented in the firm.

e [t measures innovation activities for a three-year reference period in order to cover
discontinuous innovation (as a result of long product life cycles or machine life cy-
cles), to take into account the often multi-annual character of innovation projects
and to avoid little meaningful results on output indicators as effects of innovation
tend to be low or almost zero in the year of introduction.
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A main source for international comparison of innovation data are the Community
Innovation Surveys (CIS), introduced by the European Commission and co-ordinated
by Eurostat. The first CIS was conducted in 1993, followed by a four-year rhythm of
surveys (1997; 2001; 2005). From 2007 on, core indicators on innovation in firms
shall be collected bi-annually. For the current chapter, the data of CIS3 (2001) are
available for international comparison. Comparison with the results of the first and
second CIS is not advisable for most countries as a result of changes in survey meth-
ods and data processing. Due to some reasons, Eurostat did not officially publish
sector data on innovation indicators for CIS3. Data from national sources as well as
data from the CIS working group are used to perform sector analyses on innovation
indicators.

Outside the EU, innovation surveys following the Oslo Manual have been con-
ducted recently in Iceland and Norway (2001 as part of CIS3), Japan (2003; see Ijichi
et al. 2004), Switzerland (2002; see Arvanitis et al. 2004), Canada (1999; see Schaan
& Anderson 2001; 2003 only on ICT), Australia (2003; see Australian Bureau of
Statistics 2005). South Korea (2002/2003; see Tae et al. 2002; Um 2004) and New
Zealand (2003; see Statistics New Zealand 2004). For the USA, no national data on
innovation in firms are available, though some states conduct surveys (e.g. Georgia;
see Youtie et al. 2002). A number of non-OECD countries perform innovation surveys,
too, e.g. most countries of Latin America as well as Russia (annually 2000-2002; see
Gokhberg et al. 2004), Thailand (2000; 2002), South Africa (2001; see Oerlemans
et al. 2003) and some others.

In Germany, the Centre for European Economic Research (ZEW) in Mannheim
was commissioned by the Federal Ministry of Education and Research (BMBF) to
conduct the CIS for Germany from 1993 on.! In contrast to the four-year rhythm of
the CIS, it was decided to collect information on firm innovation activity on an annual
base, using a panel sampling method. The same (stratified and random) sample of
firms is surveyed each year, biannually refreshed by a stratified random sample of
firms new to the population. The database is thus called the ‘Mannheim Innovation
Panel’ (MIP). From 1993 to 2004, a total of 12 survey waves have been conducted,
allowing for detailed analyses of firm innovation behaviour over time.

Share of Innovating Firms

The German business sector is clearly one of the most innovation-oriented world-
wide. In the reference period 1998 to 2000, 60 per cent of manufacturing firms (with
10 or more employees) and 65 per cent of firms in knowledge-intensive business
services (KIBS) introduced at least one new product or new process (Fig. 1). In
Manufacturing, only Swiss firms outperform German firms in terms of participation
in innovation activities. In KIBS, only Austria and Portugal show higher shares of
innovating firms.

! The survey is conducted in close co-operation with the Institute for Applied Social Science
(infas). From 1995 to 1999, the survey in the service sectors was jointly performed by ZEW
and the Fraunhofer Institute for Systems and Innovation Research (ISI).
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Fig. 1. Share of innovating firms in 2000 by product and process innovations (in per cent)

These results hold true both for product innovation and process innovation. 48 per
cent of manufacturing firms and 56 per cent of firms in KIBS have introduced new
products to the market in 1998 to 2000. The share of process innovators was 37 per
cent and 41 per cent respectively. Higher shares of product innovators are reported
only for Switzerland (Manufacturing) and Austria (KIBS). With respect to process
innovation, Belgium and Switzerland in Manufacturing, and Switzerland, Austria and
Portugal in KIBS show higher shares.

The country ranking for the share of innovating firms only partially corresponds to
the ranking for other indicators on the innovative capacities of the business sector,
such as R&D as a share of value added, or patents per employee. For instance,
Finland, Sweden and Japan are typically to be found among the best performing
countries for such indicators (see Chapter 2.2 and Chapter 3.2). Their share of inno-
vating firms is, however, only around the EU average as far as Finland and Sweden
are concerned, and extremely low concerning Japan. At the same time, some countries
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that are generally perceived to be specialised in medium or even low technology sec-
tors — such as Belgium, Austria and Portugal — show high shares of innovating firms.
This pattern is both valid for Manufacturing and Services, and it also holds for small,
medium-sized and large firms (see Fig. 2). While the share of innovating firms tends
to increase with firm size, the country ranking for the share of innovating firms is
rather similar for each size class.
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Sources: EU countries and Norway: Eurostat — CIS3 (New Cronos), Switzerland: Arvanitis
et al. (2004), Japan: Ijichi et al. (2004) — calculation by ZEW

Fig. 2. Share of innovating manufacturing firms in 2000 by size class 859

A high or low level of innovation orientation of firms tends to be prevalent for most
sectors: Within a group of twelve countries for which sector data on innovation shares
were made available,> for 12 out of 16 sectors Germany ranks among the three best
performing countries (Table 1). High cross-sector innovation activities are also re-
vealed for Switzerland, Belgium and Austria. At the same time, Japan is among the
three countries with the lowest share of innovating firms for all 16 sectors, followed
by Spain (11) and Italy (8). The Netherlands, Sweden, France and Finland tend to
show medium-level innovation shares in most sectors. Denmark is the only country

2 Sector data on innovation indicators have not been officially released by Eurostat for CIS3 so
far. Arvanitis et al. (2004) were able to gather sectoral data on some innovation indicators for
some EU countries, however. The following analysis rests on these data, as well as on
Japanese national data. Sector data on various innovation indicators for Germany can be
found in Janz et al. (2002) and Rammer et al. (2005a; 2005b).
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with high participation in innovation in a number of sectors, and a low propensity to
innovate in a number of other sectors.

Table 1. Share of innovating firms in 2000 by sectors (in per cent)

Sector (NACE) SUI GER AUT BEL NED DEN SWE FRA FIN ITA ESP JPN
Food/Beverages (15-16) 74 58 53 49 48 57 44 47 35 40 36 23
Textiles/Clothing (17-19) 75 60 95 65 50 25 43 29 63 26 27 19
Wood (20) 63 52 49 51 49 44 31 44 38 41 36 15
Pulp and Paper (21) 64 67 75 48 67 41 46 46 56 39 32 18
Publishing/Printing (22) 68 67 36 58 40 40 45 31 42 36 41 32
Chemicals/Oil (23-24) 72 71 93 78 81 92 75 71 69 54 60 39
Rubber/Plastics (25) 7 67 82 59 66 52 65 57 61 57 45 31
Glass/Clay/Stone (26) 66 57 34 48 45 59 54 50 39 48 35 16
Metal Production (27) 69 56 85 45 58 29 62 46 53 48 40 22
Metal Processing (28) 65 59 33 57 45 32 36 34 44 41 32 20
Mechanical Engineering (29) 72 80 49 69 65 72 54 57 57 47 48 25
Electrical Instruments (30-33) 75 78 74 69 60 57 64 66 69 52 55 31
Vehicles (34-35) 7 72 69 7 53 62 48 55 37 39 41 24
Furniture etc. (36-37) 62 65 34 65 62 67 48 46 58 39 37 27
Banking/Insurance (65-67) 63 7 73 38 44 38 45 50 n.a. 40 47 27
Techn. Services (72-73, 74.2, 74.3) 70 64 90 71 52 51 52 43 51 46 48 37
# Three highest values 13 12 8 7 2 5 1 0 0 0 0 0
# Three lowest values 0 0 1 1 0 5 1 2 3 8 11 16

Firms with 10 or more employees that have introduced a new product or new process in the
time period 1998-2000, as a percentage of all firms; Switzerland and Japan: 2000-2002

Three countries with the highest innovator share per sector are marked bold, three countries
with the lowest share are marked italics; n.a.: not available

Source: Arvanitis et al. (2004), Ijichi et al. (2004), unpublished data of CIS3 working group —
calculation by ZEW

Analyses of variance® show that nearly 70 per cent of the variance in innovator shares
among countries and sectors can be explained by country and only 30 per cent by
sector. The country-specific effects* on sectoral innovator shares are considerable for
Switzerland (+18 percentage points higher than the average share), Germany (+14),
Austria (+13), Belgium (+8), Japan (-26), Spain (—10) and Italy (-8) while for the
other six countries considered here, no statistically significant country effects are to
be observed. There are also sector-specific effects on the propensity to innovate, with
Chemicals (+20), Rubber/Plastics (+8), Mechanical Engineering (+7) and Electrical/
Instruments (+12) showing a significantly higher propensity across countries while
Wood (-8), Publishing/Printing (-6) and Metal Processing (—10) show significantly
lower innovator shares.

This result is rather striking as one would have expected a stronger sector influence
on the propensity to innovate, and a lower influence of countries. All countries con-
sidered here are open economies that are strongly interlinked through trade and in-
vestment flows. They all may be perceived as mainly specialised in the production of
knowledge-intensive goods, making innovation a main factor for competitiveness, and
as competing amongst each other in international markets. Therefore incentives to
innovate in order to maintain competitiveness should be rather similar within a certain

3 ANOVA analysis of the data shown in Table 1.
4 OLS regressions of country- and sector-specific innovator shares shown in Table 1 with
country-specific and sector-specific indicators used as explanatory variables.
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sector for each country. At the same time, sector differences in innovator shares are to
be expected as a result of differences in technological opportunities and variations in
the pace of innovation cycles caused by differing product lifetimes.

The strong country-specific influence upon innovation behaviour may be explained
by several factors: first, there may be country-specific barriers or supporting factors
for innovation that cause different shares of successfully innovating firms. This
strongly relates to the concept of national innovation systems (see Nelson 1993;
Lundvall 1990). However, those countries often regarded as having a particularly
effective innovation system, such as Japan, Sweden or Finland do not show above
average innovation rates. Secondly, innovation comprises a wide variety of activities
involving the imitation of new products introduced by others previously, and the
adoption of new processes. When looking at one moment in time only, some countries
that are passing through a period of rapid technological modernisation and thus high
activities of technology imitation and adoption will show high innovator shares, al-
though the technological level of innovation with respect to uncertainty, risk, and the
required knowledge and skills may be low.

Thirdly, there may be a strong separation in innovation activities between the ma-
jority of small and medium-sized enterprises — which determine the innovator share —
and a few very large, internationally active companies who are the main bearer of
innovation in their country. In such a case — which one may reckon for Japan — the
majority of SMEs act in local or regional markets with little demand for innovation,
while the development and commercialisation of new technology takes place in a few
‘big players’ only. Fourthly, one may suppose a country bias in firm responses on
their innovation activities as survey procedures differ, and the term innovation may
have different connotations in different languages. However, no systematic knowl-
edge about the prevalence and scope of such biases exist.

The strong country effect is revealed by a comparison of sectoral innovator shares
for Germany and the average of the twelve countries considered in the sectoral analy-
sis (see Fig. 3): innovator shares are higher in Germany in each sector except Chemicals/
Oil, where the firms in the reference group show the same propensity to innovate as
German firms do. A particularly high innovation share in Germany is shown by the
sectors Publishing/Printing, Banking/Insurance, Metal Processing, Mechanical Engine-
ering, Vehicles, and Pulp and Paper. In all these sectors, the difference of the share of
innovating firms relative to the average innovation share in the German enterprise
sector is higher than the respective difference in the total of the twelve countries. This
means that these are sectors where the propensity to innovate is particularly high, i.e.
there may be special incentives and supportive framework conditions that spur firms
to engage in innovation. On the other hand, the sectors Chemicals/Oil, Metal Produc-
tion, Rubber/Plastics and Technical Services perform relatively are less ‘specialised’
in innovation, i.e. their innovator shares are close to that in the reference group.

When looking at the share of innovating firms, a large variety of innovative
activities are being mixed, ranging from pure imitation of product ideas implemented
by others before to radical, new-to-the-world innovations. It is therefore useful to
separate imitation and adoption from more ambitious forms of innovative work by re-
garding three types of innovation activities: the performance of research and experi-
mental development (R&D), the application of patents, and the introduction of new
products that were new to the market. The share of R&D-performing firms in Manu-
facturing is still highest in Switzerland, followed by Belgium and Germany (Fig. 4).
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Scandinavian countries (Finland, Sweden) now show a level similar to that of Ger-
many while southern European countries report only a small share of firms engaging
in R&D. In KIBS, the picture is somewhat different, with Portugal showing the high-
est share, followed by Finland, Belgium and Germany. If one looks only at firms with
continuous R&D activities, Germany ranks first in Manufacturing (although Switzer-
land may lead for this indicator, too, but no data are available) and fourth in KIBS,
where Finland, Sweden and Belgium show higher shares. The high figure of Portugal
for R&D-performing KIBS firms is driven by firms with occasional R&D, while the
share of continuously researching firms is rather low.
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Source: Arvanitis et al. (2004), Ijichi et al. (2004), unpublished data of CIS3 working group —
calculation by ZEW

Fig. 3. Relative innovation share of Germany in 2000 by sectors

Closely related to in-house R&D are patent activities. Inventions are a typical out-
come of own R&D efforts, and most inventions will be transferred to patent appli-
cations. However, a large portion of R&D may be devoted to other purposes than
inventing a new technical solution, such as experimental development to adapt tech-
nical specifications of products to specific customer requirements, or the development
of new software or new business methods which are by and large not patentable in
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Europe. Consequently, the share of patenting firms is clearly below that of R&D-
performing firms, and the country ranking clearly differs, too. In Manufacturing,
Germany, France and Sweden show the highest share of patenting firms (17 per cent),
while Switzerland (12 per cent) and Belgium (10 per cent) now rank in the midfield
(Fig. 5). In KIBS, again Sweden, France and Germany rank first (for patent intensities
see Chapter 3.2).
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Fig. 4. Share of R&D-performing firms in 2000 (in per cent)
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Fig. 5. Share of patenting firms and of original innovators in 2000 (in per cent)

A complementary indicator is the share of ‘original innovators’, i.e. firms that were
the first to introduce a certain new product in their relevant market. As the relevant
market is defined by the firm and may represent a regional market, new-to-the-market
products are not automatically new-to-the-world products (i.e. absolute novelties), but
may also represent some form of imitation and thus need not be connected to R&D
and patenting. Nevertheless, introducing a new product to a market as first mover in-
volves a particular degree of uncertainty and is thus a more ambitious innovation
activity than simply imitating products of other firms already offered in a firm’s mar-
ket. Finland ranks first both in Manufacturing and KIBS concerning the share of
original innovators. In Manufacturing, Denmark, the Netherlands, Germany and Italy
also show high shares of such type of innovators, while in KIBS, Portugal and Bel-
gium report very high shares (about one-third of all KIBS firms, see Fig. 5) of firms
with new-to-the-market products. The German KIBS sector shows an original
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innovator share of 26 per cent, which is similar to the level of Italy, Denmark and
Sweden and clearly above the EU average. The figures for Japan for this indicator are
the lowest among the countries considered.
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Fig. 6. Share of innovating firms in Germany 1992-2003 by sector groups (in per cent)

International comparison reveals a high innovation orientation of German firms. From
the perspective of technological performance, the dynamics of the firm’s participation
in innovation activities is of particular interest, too, as this indicates changes in incen-
tives and barriers to innovate. International data on this subject are missing, however,
as only a very few countries perform annual innovation surveys. In analysing the
dynamics of innovation shares, we restrict our analysis to German data. The second
half of 1990s saw a rapid increase in the innovator share in German manufacturing,
reaching a peak in 1999 with 67 per cent of manufacturing firms engaging in success-
ful innovation activities (Fig. 6). High-tech sectors experienced a particularly marked
increase from 56 per cent in 1994 to 81 per cent in 1997 to 1999.

The strong increase in innovation activities in the second half of the 1990s in German
manufacturing was first caused by an increase in the number of firms that introduced
new processes to cut costs. This share rose from 31 per cent in 1994 to 43 per cent in
1997 (Fig. 7). The further increase in the innovator share was strongly driven by firms
that introduced original innovations, i.e. new-to-the-market products. Their share —
remaining almost stable from 1994 to 1997 — climbed from 24 per cent in 1997 to 34
per cent in 1999. With respect to falling innovator shares after 1999, again cost-saving
process innovations declined first (from 40 per cent in 1999 to 20 per cent in 2001),
while the share of original innovators remained rather high until 2002, but fell back to
the level of 1997 in 2003.
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Fig. 7. Share of original product innovators and of rationalisation innovators in Germany 1993—
2003 (in per cent)

In KIBS, a similar pattern emerges, although missing information prior to 1997/1998
restricts analysis over time. In 2003, a perfectly parallel development to that in Manu-
facturing occurs, with a strongly falling share of original product innovators and ris-
ing share of rationalisation innovators. If the latter is accepted as a type of ‘leading
indicator’ on firms’ propensity to innovate, one might expect increasing innovator
shares for 2004 onwards. This is supported by firms’ planned innovation activities in
2004 and 2005 as revealed by a respective question in the 2004 innovation survey
(see Rammer et al. 2005b).

The observed pattern of increasing process innovation activities in the early up-
swing of a business cycle (which refers in particular to 1995-1998 after the
1993/1994 recession in Germany) and strongly decreasing activities in recession
stages (i.e. 2000-2001) point to a strong link between process innovation and invest-
ment. The more lagging development of product innovations and new-to-the-market
products in particular is partially a result of long project duration for such innova-
tions. An unfavourable economic environment will also cause reduced product inno-
vation activities, as low demand complicates market introduction of product novelties
that are typically more expensive than competing products already in the market. At
the same time, strong increases in demand — as experienced in Germany in 2000 — are
likely to spur product innovation activities.

The high share of R&D-performing manufacturing firms in Germany as revealed
by the international comparison is rather a structural feature of the German enterprise
sector. While the innovator share declined after 1999, the share of R&D-performing
firms remained stable and even increased in 2003 (Fig. 8). This means that the share
of non-researching firms in all innovating firms is significantly falling.
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Fig. 8. Share of R&D-performing firms in Germany 1993-2003 (in per cent)

This also holds true for KIBS, although some cyclical effects appear, such as a high
share of occasionally R&D-performing service firms in 2000. This shows that step-
ping into and out of R&D is rather easy in services, as little fixed investment is asso-
ciated with R&D in this sector, and the high average skill level of employees allows
for shifting people from other firm functions to R&D and vice versa.

Input and Output in Innovation Processes

The expenditures for innovation activities measure the financial resources that firms
provide for developing and implementing new products and processes. These costs
cover intramural and extramural expenditures for R&D, as well as a number of other
categories, such as fixed investment for machinery, equipment and building for inno-
vation, purchase of licensing of patents, non-patented inventions and other knowl-
edge, expenditures for preparatory work, for training, and for market introduction of
innovation. A useful indicator for the input to innovation is the ratio of expenditures
for innovation to turnover (‘innovation intensity’). Based on CIS3 data, innovation
intensity for Manufacturing may be regarded as reliable, while data for services are
less plausible for a number of countries.

In 2000, Sweden reports the highest expenditures for innovation as a percentage of
total turnover in Manufacturing (considering both innovative and non-innovative
firms for turnover) (Fig. 9). Germany ranks third, with an innovation intensity of 4.7
per cent, just behind Belgium (4.9 per cent) and in front of Switzerland (4.3 per cent)
and Finland (3.9 per cent).
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Fig. 9. Innovation expenditures as a percentage of turnover in Manufacturing in 2000

The country ranking is very much in line with that for R&D expenditures as a per-
centage of production (see Chapter 2.2), though Finland shows rather low innovation
intensity compared to R&D, while that of Belgium is much higher than one would
expect from the country’s R&D intensity in Manufacturing. Although differences in
the significance of non-R&D innovation expenditures (such as fixed investment,
training, preparatory work etc.) may account for some of the discrepancy, the differ-
ing survey methods and likely measurement errors should also be taken into account.

In German manufacturing, innovation intensity significantly declined from 1992 to
1995 as a result of the recession in 1993/1994, followed by a small increase until
1999 (see Fig. 10). The strong increase in turnover due to high economic growth in
2000 — associated with some shortages in factor supply, especially qualified labour —
caused the ratio to shrink in this year, despite further increasing expenditure figures.
Until 2003, innovation intensity significantly increased to about five per cent, despite
a weak macroeconomic environment since 2001.

This somewhat astonishing development may be attributed to a number of factors:
First, turnover figures grew only moderately in this period while innovation expendi-
tures expanded at a more or less constant rate. Secondly, the main driver for increas-
ing input in innovation is high-technology manufacturing. These sectors, dominated
in Germany by Automobiles, Mechanical Engineering, Electrical Engineering and
Electronics, and Chemicals, are increasingly export-oriented and tend to follow more
the world economic development rather than business cycles of the German domestic
economy. Since 2002 and 2003 have been years of high growth of the world economy,
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these sectors were confronted primarily with expanding markets. On the contrary,
innovation intensity in other manufacturing sectors has been stagnating at a low level
since 2000 (see also Chapters 2.2 and 4.1).
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Fig. 10. Expenditures for innovation as a percentage of turnover in Germany 1992-2003 by
sector groups

In KIBS, innovation expenditures grew faster than turnover in 1999 and 2000, but
declined in 2001 and again in 2003, while 2002 saw a significant increase in expen-
ditures for innovative projects. Innovation intensity in most KIBS — except Banking/
Insurance — has reached 4 per cent in 2003 and is clearly above the level of non-high-
tech manufacturing. The low level of Banking/Insurance may be associated with a
different concept of turnover in this industry.

It is still more difficult to measure the output of innovation than input, as the result
of innovation activities may take very different forms and thus yield different
economic effects. The share of turnover with product innovations, i.e. products that
have been introduced to the market within the previous three-year period, is a
measure often used in innovation statistics to capture the direct economic impact of
product innovations. It also allows differentiation by type of product innovation (new-
to-the-market products vs. product imitations).

German manufacturing firms generated 45 per cent of their turnover in 2000 with
products not older than three years (Fig. 11). This corresponds to the second highest
value among the countries for which data is available, only one percentage point
behind Finland. Manufacturing firms from Spain and Italy were also able to realise
high shares with product innovation, while Belgium ranks last, despite a high share of
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product innovators, R&D-performers and firms with new-to-the-market products.
This points to the fact that turnover share are strongly influenced by large companies,
while innovator shares and the like are determined by SMEs.
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Fig. 11. Turnover share with new products in 2000 by type of product innovation (in per cent)

Only 8 per cent of the total turnover of German manufacturing firms can be attributed
to new-to-the-market products, which is less than EU average. High shares with such
original innovations are obtained by Finland, Italy, Portugal, Denmark and Spain with
13 to 21 per cent. Since the market is defined from the perspective of the firm, one
may assume that many firms apply a regional conceptualisation of market. Thus this
measure also captures the geographical diffusion of new products to some extent.
High values for this indicator may thus occur in the case of a high share of firms that
focus on regional rather than worldwide markets. This may be the case for some
southern European countries. If one considers R&D-oriented economies with a high
export orientation and a strong world-market focus, such as Switzerland, the
Netherlands, Belgium or Great Britain, indicator values are similar to the German
ones. Still striking are, however, turnover shares from new-to-the-market products for
Finland and Denmark, which both are world-market embedded economies, too.
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A high sales share with new products in total, and a low sales share with new-
to-the-market products in German manufacturing imply that industrial firms in
Germany are notably strong in generating turnover with product imitations. This
corresponds to a generally high innovation orientation of SMEs and points to a high
pace of diffusion of innovation. One should note, however, that the turnover share
with product imitations is also affected by factors not associated with innovation, such
as the average lifetime or products in a certain market.

In KIBS, sales shares with new services are lower than sales shares with new pro-
ducts in Manufacturing for most countries. This is especially true for Germany. Just
21 per cent of total turnover in KIBS is generated by services introduced within the
previous three-year period, while the EU average is 14 per cent. High figures for this
indicator are reported for Great Britain, Greece, Spain and Switzerland. KIBS in
Spain and Greece are also able to obtain high sales shares with new-to-the-market
products (16—17 per cent), whereas Germany also ranks below EU average for this
indicator (6 vs. 7 per cent).

Turnover with new products covers a certain aspect of innovation success only, i.e.
the market acceptance of newly introduced products. Another important aspect is the
economic effects of process innovation. Finding an appropriate measure here is com-
plicated by the different potential effects of such innovation activities: first, process
innovation may affect the efficiency of production, thus raising productivity by low-
ering unit costs of production. Secondly, it may also — or alternatively — increase the
quality of products, thus increasing sales volume (both of new and old products).
Finally, process innovations may also be associated with the introduction of new
products and neither influence efficiency nor quality.

While international statistics on innovation do not cover innovation success on the
side of process innovation, the German innovation survey applies a rough indicator
for efficiency effects of process innovation: the share of unit costs that have been re-
duced as a result of process innovation in the previous three-year period. For this
indicator, as well as for the turnover share with new-to-the-market products, annual
figures for the last ten years are available. Success with process innovation tends to be
pro-cyclical in Manufacturing: low level of process innovation driven unit cost reduc-
tion occur in 1994/1995 and again in 2002/2003, while high figures are reported for
the second half of the 1990s (Fig. 12). This pattern may be explained by an associated
development of factor costs, investment, and capacity utilisation: factor costs, espe-
cially labour costs, tend to increase slowly or even decrease (in real terms) in reces-
sion periods as a result of increasing unemployment, reducing the pressure to cut costs
by innovative measures while opening up other alternatives, such as re-bargaining of
wages or material supply costs. Low propensity to invest into fixed assets is likely to
shift innovation expenditure away from investment in new machinery and equipment,
reducing the likely efficiency gains of this type of expenditure. Falling rates of
capacity utilisation due to decreasing demand finally diminish the opportunities to
utilise scale economies, which is often a prerequisite for unit cost reduction.

In KIBS, such a pattern cannot be observed, partly because only data since 1997
are available. In 2001 and 2002, however, cost-saving effects of process innovation
were particularly high, despite an unfavourable macroeconomic environment. Here
one may assume lagged effects of investment in new ICT that took place in 1999 and
2000, producing unit cost reductions only some time later.



3.3 Innovation in Firms 125

=myy==|\lanufacturing: sales share with new-to-the-market products
==O==Manufacturing: share of cost reduction due to process innovation
==[J==K|BS: sales share with new-to-the-market services

10 ==O==KIBS: share of cost reduction due to process innovation

<

9
8
7
6
5
4
3
2
1
0
1

993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Firms with 5 or more employees
* Knowledge-intensive business services exclude Banking/Insurance
Source: ZEW: Mannheim Innovation Panel — calculation by ZEW

Fig. 12. Share of turnover with new-to-the-market products and share of cost reduction due to
process innovation in Germany 1993-2003 (in per cent)

The share of turnover with new-to-the-market products follows a similar pattern (see
Fig. 12). In Manufacturing, the highest level was reached in 1998-2000 with more
than 8 per cent. Surprisingly, the economic downturn from 2001 to 2003 did not
affect sales shares with original innovation significantly, the share remaining well
above 7 per cent. This may be caused by different factors: first, decreasing demand
may affect non-innovative products much more strongly than novelties, causing the
sales share with novelties to rise even in the case of stagnating absolute sales. Sec-
ondly, new-to-the-market products often address customers with low price and in-
come elasticity who keep on demanding such new products despite a general decline
in demand. Thirdly, German manufacturers are highly and increasingly oriented to
export markets and the business climate was more favourable in 2002 and 2003 in
many export markets.

In KIBS, sales share with original innovations follow the same path as cost-saving
shares, suggesting that a similar mechanism is at work, i.e. lagged effects of the intro-
duction and use of new ICT such as computerisation, Internet applications, e-business
etc. that were introduced in the late 1990s and especially in 2000.

Relating innovation success to innovation input — i.e. expenditures for innovation
in the previous three-year period® — gives a crude measure for the ‘efficiency’ of
innovation activities. In order to bring together both product- and process-related
measures of innovation success, we calculate the contribution of new products sales
and cost savings to value added, assuming that there is a rather stable relation between

5 Since there is a certain time period between innovation activities (and associated expenditures)
and the successful implementation of new products and processes, we use a 0.5 year time lag
for innovation expenditures. The results are, however, not sensitive to the chosen time lag.
For more details on the calculation, see Rammer and Schmidt (2003).
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value added and profits for each sector in the period considered. Sales with new prod-
ucts are restricted to those made with new-to-the-market products, as these are most
likely to generate extra profits while sales with product imitations will only rarely
produce additional returns. Output—input relations are first calculated on a sector level
and then aggregated to Manufacturing and KIBS.

The results indicate that ‘efficiency’ of innovation activities is strongly related to
the business cycle in Manufacturing. There was a strong increase in the indicator until
1999, when it shrank successively until 2003, reaching the level of 1993/1994 (Fig.
13). In KIBS, the output—input relation arrived at its highest level in 2001, again indi-
cating high returns from innovation projects carried out during the ‘new economy’ in
1999/2000. Since then, the indicator fell sharply until 2003, reaching a level below
that of 1997.

M Sales with new-to-the-market products O Cost reduction due to process innovation
48

Manufacturing KIBS**

1993* 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 1997* 1998 1999 2000 2001 2002 2003

Value added effects of sales of new-to-the-market products, and cost savings through process
innovation, related to innovation expenditures in the previous three year period, lagged by 0.5
years; firms with 5 or more employees

* 1993: sales with new-to-the-market products in Manufacturing missing for 1993, figure est-
imated based on 1992 and 1994 shares and the change in total sales with new products 1992-1993;
1997: sales with new products missing, figure estimated based on the total sales with new products
** Knowledge-intensive business services excluding Banking/Insurance

Source: ZEW: Mannheim Innovation Panel —calculation by ZEW

Fig. 13. Output-input relation of innovation activities in Germany 1993-2003

Fig. 13 also shows that the output—input relation is significantly higher in KIBS than
in Manufacturing. This need not mean lower efficiency of innovation in Manu-
facturing, however. Although innovation is generally more costly in Manufacturing,
innovations in this sector tend to generate extra profits for a longer period than new
services do. One reason is that copying new products is much less easy than imitating
new services. Secondly, industrial firms may make use of intellectual property rights
(patents) to protect their novelties from imitation, while most services are not subject
to patent protection. Moreover, one may assume that profit margins for new services
are lower than those for new products as quality advantages of new products are eas-
ier to demonstrate and communicate to customers than higher quality associated with
new services.
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Information Sources, Co-operation, Effects and Barriers

The previous analyses have shown a high innovation orientation of the German firm
sector and high innovation success in German manufacturing. A special strength
seems to be the high share of innovative SMEs and the rapid diffusion of new tech-
nologies and new products. This raises the question whether certain characteristics of
the organisation of innovation processes may be accountable for this particular per-
formance. The CIS3 provides indicators for several aspects of innovation processes:
the sources used for gathering ideas and information for innovation activities, co-
operation with external partners in innovation, effects of innovation, and barriers that
hamper innovative activities.

Manufacturing KIBS

Customers l |
| |
Own enterprise

Fairs, exhibitions

l l : l
Suppliers : : : :
Conferences, journals | | | |
Competitors : : : :
Own enterprise group M Germany W Germany

Universities O Other EU* O Other EU

Public research inst. : : J: i
0 10 20 30 40 50 0 10 20 30 40 50

Firms with 10 or more employees that specified the respective source of information as highly
important for supply of ideas and realisation of innovation projects in 1998-2000, as a percent-
age of all firms with innovation activities in 1998-2000

* Other EU: Austria, Belgium, Finland, Greece, Iceland, Italy, Luxembourg, Netherlands,
Norway, Portugal, Spain, Sweden (Manufacturing: excluding France)

Sources: EU countries and Norway: Eurostat —CIS3 (New Cronos) —calculation by ZEW

Fig. 14. Information sources for innovation activities in Germany and other European countries
in 2000 (in per cent)

Innovative German firms more frequently use customers, fairs and exhibitions, con-
ferences and journals, competitors, and universities as information sources for inno-
vation activities than firms in other EU countries (Fig. 14). Contrarily, sources from
within the own firm are used less often. This points to a more open-oriented design of
innovation processes that particularly takes into account the needs and requirements
of demand (directly through customers, or indirectly through fairs) and uses science
sources (conferences, journals, universities) to develop technologically advanced so-
lutions. This pattern holds true both for Manufacturing and Services. It reflects to some
extent a particular advantage of the German innovation system, that is, innovation-
demanding customers whose innovation preferences often turn out to lead global
trends in innovation. Innovators can profit from such customer-driven innovation
when attempting to push their new products in international markets (see Beise 2001).

The more intensive use of information sources is not accompanied, however, by
more intensive active co-operation in innovation projects. In Germany, 17 per cent of
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manufacturing firms, and 23 per cent of KIBS firms with innovation activities in
19982000 had co-operation agreements with external partners, including customers,
suppliers, competitors, consultants, universities, private R&D companies and public
research institutes, as well as other firms within the own enterprise group (Fig. 15).
This is among the lowest figures within EU countries. Only the southern European
countries Spain, Italy and Portugal show a lower propensity of innovating firms to co-
operate. As Spain and Italy, as well as Germany, show high rates of innovation suc-
cess — at least when referring to turnover share with new products — this raises the
questions whether a high level of co-operation in innovation is automatically a posi-
tive indicator for well-designed innovation processes.®

BN Manufacturing
OKIBS

0 10 20 30 40 50 60

Firms with 10 or more employees that co-operated in innovation projects with external partners
in 1998-2000, as a percentage of all firms with innovation activities in 1998-2000

Finland: KIBS excluding NACE 65-67

Sources: EU countries and Norway: Eurostat — CIS3 (New Cronos) —calculation by ZEW

Fig. 15. Co-operation in innovation projects in 2000 by countries (in per cent)

Nevertheless, multivariate analyses for German firms show that co-operation
indeed positively contributes to innovation success in some sectors (see Rammer &
Schmidt 2003): There is a positive effect on turnover with new products for
innovating firms in KIBS. In Manufacturing, positive effects are to be observed for
non-high-tech manufacturing, only where both turnover with new-to-the-market
products and cost savings due to process innovation significantly increase in case of
co-operations. In high-tech manufacturing, co-operation has almost no effect on
innovation success. In the case of Germany one has to bear in mind that co-operation
in innovation strongly interacts with the receipt of public financial support, as most
innovation programmes demand co-operation.

% The latter is implicitly suggested by the European Innovation Scoreboard, for example,
which uses the share of SMEs that co-operate in innovation as an indicator for the trans-
mission and application of knowledge (see European Commission 2004).
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Fig. 16. Effects of innovation activities in Germany and other European countries in 2000 (in
per cent)

Another variable that informs about the design of innovation processes are the effects
that emanate from innovation. German firms in general report less often highly
important effects of innovation (Fig. 16). One exception is the increase in range of
products where both Manufacturing and KIBS firms are slightly above the other EU
countries. German manufacturers also more frequently report an increase in produc-
tion flexibility as a main effect of innovation. A significantly lower share of firms in
Germany compared to other EU countries mention an increase in capacity, the meet-
ing of regulation and standards, and improving environment, health and safety as
effects of innovation. As these outcomes are only indirectly if ever associated to eco-
nomic success indicators of innovation, such as turnover shares or cost reduction, one
may conclude that German innovators concentrate on competitive advantages as a
main result of innovation activities.

With respect to barriers that hamper innovation activities, innovative firms in
Germany more often cited a lack of qualified personnel, excessive economic risks and
regulations, and regulations and standards as being highly important than innovative
firms in other EU countries did (Fig. 17). This result holds for Manufacturing and
KIBS, while German KIBS firms also perceived financial barriers (too high innova-
tion costs, lack of appropriated financing sources) of higher significance. At the same
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time, customer responsiveness, market information and technological information are
considerably less prominent for impeding innovation in German firms. Innovation in
Germany thus seems to be more restricted by factor markets and inflexible regulation
than by incomplete access to information or innovation-adverse preferences of cus-
tomers. The higher importance of economic risks is likely to reflect the more ambi-
tious scope of innovation in German firms with respect to technological scope and the
need for R&D.
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Firms with 10 or more employees that cited the respective effect as being highly important for
hampering innovation activities in 1998-2000, as a percentage of all firms with innovation act-
ivities in 1998-2000

* Other EU: Austria, Belgium, Finland, France, Greece, Iceland, Italy, Luxembourg, Nether-
lands, Norway, Portugal, Spain, Sweden (Manufacturing: excluding Luxembourg)

Sources: EU countries and Norway: Eurostat — CIS3 (New Cronos) —calculation by ZEW

Fig. 17. Barriers to innovation in Germany and other European countries in 2000 (in per cent)

The significance of barriers to innovation changes, however, such as scarcity in factor
supply, introduction of innovation-relevant regulations or the scope of innovation
activities, may vary over time. Within the period 1994 to 2002, the relative im-
portance of various barriers has changed quite markedly (Table 2):7 Lack of qualified
personnel was particularly relevant in the economic upswing of 1998 to 2000, but lost
its dominating role in the stage of economic stagnation that followed that period.

In this 20002002 period, as well as in the mid of the 1990s, lack in financing
sources was the most important barrier to innovation as perceived by German firms.
Regulation and standards became particularly important in KIBS in periods of weak
macroeconomic performance (1994-1996, 2000-2002). Lack in customer responsive-
ness has also gained in relevance in recent years, pointing to a possible anti-cyclical
pattern. This may be associated with increasing price elasticity of demand in periods
of regressing real household income and shrinking firm profits (which are typical for
recession periods), resulting in decreasing demand for innovative products since these
are often more expensive than comparable predecessor products. Lack of information

7 We only look at barriers that are associated with some type of market failure, leaving ‘high
economic risks’ and ‘too high innovation costs’ (since these barriers mainly refer to ‘natural’
characteristics of any innovation activity) as well as ‘organisational rigidities within the firm’
out of our analysis.
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on markets and lack of information on technology are of very low importance
throughout the whole period covered.

Table 2. Ranking of selected barriers to innovation in Germany 1994-2002

1994-1996  1996-1998  1998-2000 2000-2002

Manufacturing

Lack of appropriate sources of financing 1 1 2 1
Lack of qualified personnel 2 2 1 2
Lack of customer responsiveness 5 4 5 3
Regulation, standards, bureaucratic procedures 3 3 3 4
Lack of information on technology 4 5 4 5
Lack of information on markets 6 6 6 6
KIBS

Lack of appropriate sources of financing 1 2 2 1
Regulation, standards, bureaucratic procedures 2 3 3 2
Lack of qualified personnel 3 1 1 3
Lack of customer responsiveness 4 4 5 4
Lack of information on technology 5 6 4 5
Lack of information on markets 6 5 6 6

Relative rank of the six barriers distinguished; data based on the share of innovative firms (with
5 or more employees) that cited the respective barrier as being highly important for hampering
innovation activities in the respective time period; 19961998 and 2000-2002: importance of
barriers measured with respect to serious delay, abandoning or stopping innovation projects
Source: ZEW: Mannheim Innovation Panel —calculation by ZEW

Conclusions

The German business sector is highly innovation-oriented compared to most other
industrial countries. This is due to a high propensity of SMEs to innovate and holds
true for all sectors of Manufacturing and knowledge-intensive business services. A
broad spread of innovation activities among the SME sector may be viewed as an
important prerequisite for leveraging productivity and employment effects of innova-
tion (see Acs & Audretsch 1990) and is a main source of the generally high interna-
tional competitiveness of both high-technology and low-technology sectors, as re-
vealed by surplus in international trade (see also Chapter 4.1) High innovation
orientation of SMEs is accompanied by both high expenditures for innovation
activities and high returns from innovation efforts, indicating high input and output
innovation intensity among large companies.

Altogether, indicators on innovation in firms underpin the dependence of the
German business sector on being a leader in technology development and diffusion,
as most comparative advantages of Germany rest on being more innovative than oth-
ers. From this perspective, low dynamics for many innovation indicators in recent
years, including a declining share of innovating firms, are a source of concern. After a
peak in many innovation indicators in the late 1990s, economic stagnation of the
German domestic market resulted in a significant number of SMEs that retired from
innovation, and falling returns from innovation activities. A still high level of innova-
tion expenditures largely rests on export-oriented sectors and firms that benefit from
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high growth of the world economy and increasingly tend to orient their innovation
efforts towards export markets.

In order to maintain a strong position of German firms in innovation, a revival of
the German economy, as well as a removal of barriers to innovation, are the most
urgent tasks. While a lack of qualified personnel was the most pressing hampering
factor during the last boom period (1998-2000) —and is much likely to come back on
the agenda as soon as economic stagnation will be overcome — a lack of financing
sources was the most frequently cited barrier to innovation in 2000-2002, which par-
ticularly concerns SMEs (see Rammer et al. 2005¢).
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4.1 Economic Performance of Technology Sectors

Dieter Schumacher

Abstract. In this chapter we analyse the performance in R&D-intensive goods
and knowledge-intensive services in domestic and foreign markets in terms of
production, employment and international trade flows. The empirical evidence
on production suggests that the technological performance of the German eco-
nomy is strong in terms of sectoral patterns, while it has fallen behind in terms
of levels. On the other hand, the analysis of foreign trade flows suggests that the
German position in R&D-intensive goods is strong in absolute terms whereas it
weakened in terms of commodity patterns.

Introduction

In this chapter, the technological performance of a national economy is to be assessed
by output indicators. The analysis of innovations in Chapter 3.3 and the analysis of
patent activities in Chapter 3.2 look at the output side as well. Here, the emphasis is on
the success of R&D-intensive goods and knowledge-intensive services in domestic and
foreign markets in terms of production, employment and international trade flows.
From this point of view, the more a country produces and absorbs R&D and
knowledge-intensive goods and services, the better the technological performance is
evaluated (for definition see Chapter 1).

The chapter is organised as follows. To start with, we consider the position of
Germany and other technologically important OECD countries in terms of total
production of R&D-intensive and knowledge-intensive goods and services (human-
capital-intensive production). The analysis refers to absolute levels as well as sectoral
patterns of value-added, employment and productivity. Secondly, we provide detailed
analysis of values and structures of exports and imports of these countries.

Production

The most comprehensive indicator of the market success in leading technologies is
the value of production in R&D-intensive manufacturing and in knowledge-intensive
services. The efficiency of production is represented by the value-added per person
engaged or per hour worked, respectively (labour productivity). Consequently, the
main indicators for an international comparison of economic structures are value-
added (in domestic currency and in PPP $) in terms of per capita levels, and sector
patterns as well as labour productivity. The data are taken from OECD sources. The
main body stems from the STAN database providing information at the sectoral level
supplemented by economy-wide figures from the OECD Economic Outlook and by
DIW estimates of some detailed data not originally reported. The R&D-intensive
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industries here comprise the production of Chemicals, Machinery and Equipment; the
knowledge-intensive services include Telecommunications, Finance, Insurance, Real
Estate and Business Services as well as Health and Social Work."

The ranking of countries according to their overall economic efficiency depends on
the relation of value-added to population (per capita income), the number of persons
engaged or the number of hours worked (labour productivity). The number of hours
worked per capita can be very different among countries because the share of per-
sons engaged in total population and the hours annually worked per person engaged
may differ substantially. In western Europe, the hours annually worked per head range
between 600 and 800, with the Netherlands, France and Italy at the lower end and
Great Britain at the upper end, whereas it is significantly more in the USA, Canada
and Japan, achieving 850 to 900 hours.

Table 1 presents relevant data for selected OECD countries in 2002. Relating total
value-added, i.e. GDP, (at current PPP $) to population, the USA achieve the largest per
capita income, Germany, Italy and the EU average achieving only 70 per cent of the
US level. The value-added per person engaged in general differs less between the USA
and the EU, per hour worked the difference diminishes considerably. In the
Netherlands and France, the value-added per hour worked is even larger than in the
USA, in Germany, Denmark and the EU as a whole it achieves 90 per cent of the US
level.

Concentrating on human-capital-intensive production, the value-added in R&D-
intensive manufacturing is highest in Germany amounting to some PPP $3,100 per
capita in 2002.> In the USA, it is smaller and comparable to the level in Japan and
Sweden. The per capita production of knowledge-intensive services, however, in the
USA is by far the largest among all countries considered in the analysis. In Germany,
it achieves some PPP $6,900 (excl. Real Estate), lagging behind the United States and
also less than in most other OECD countries under consideration. Taking R&D-
intensive manufacturing and knowledge-intensive services together, the human-
capital-intensive production in Germany has a per capita value of some PPP $10,000,
due to the large manufacturing sector. This is far behind the USA, but more than the
EU average. It is somewhat lower than in Belgium, it compares with the Netherlands,
Sweden and France and it is somewhat more than in Canada and Great Britain.

Compared to the beginning of the 1990s, the German position deteriorated con-
siderably in relative terms. In 1991, the level of human capital production in Germany
was significantly higher than in other OECD countries except for the USA. After
1995, due to low growth in Germany, other West European countries caught up with
or overtook Germany in the production of knowledge-intensive services. Only at the
beginning of the new decade did the (relative) German position not deteriorate
further. In R&D-intensive manufacturing, the German advantage diminished in the

Of which Pharmaceuticals; Office and Computing Machinery; Radio, Television and Com-
munication Equipment as well as Aircraft and Spacecraft are defined as leading-edge tech-
nology. For the definition see Grupp et al. (2000: 99). Real estate activities account for some
8 to 12 per cent of value-added in OECD countries and only some 1 per cent of employment.
They bias the comparison of productivity over sectors and are therefore excluded in some
parts of the analysis.

The value-added figures in the STAN database may refer to different pricing concepts. For
Table 1 we recalculated the levels by industries according to the GDP concept (at market
prices) in order to make the figures internationally comparable.
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first half of the 1990s and increased again after 1995 as compared to most OECD
countries. The setbacks in the IT sector after 2000 affected Germany less than coun-
tries such as the USA, Japan, Sweden and Finland. All in all, however, the lacking
impetus for knowledge-intensive services in Germany could not be compensated by
the improved position in R&D-intensive manufacturing.

Table 1. Production levels in selected OECD countries, 2002

GER USA JPN FRA ITA GBR NED BEL DEN SWE FIN CAN EU-15'
Gross Domestic Product

Per head of population

in thsd. PPP $ 259 36.3 269 282 259 28.0 29.1 279 292 273 26.5 30.8 262
USA =100 71 100 74 78 71 77 80 77 81 75 73 85 72
Per person engaged

in thsd. PPP $ 553 76.8 54.1 68.1 68.8 59.8 65.6 68.4 574 574 583 62.7 60.2
USA =100 72 100 70 89 90 78 8 89 75 75 76 82 78
Per hour worked

in PPP § 38.3 423 299 46.6 42.5 350 49.0 439 383 363 346 353 38.1
USA =100 90 100 71 110 100 83 116 104 90 86 82 83 90

R&D-intensive and knowledge-intensive value-added
per head of the population in thousand PPP $*
Value-added in R&D-
int. manufacturing (A) 3.1 25 25 21 18 19 14 22 19 25 28 24 21

USA =100 126 100 101 85 71 74 58 88 76 101 113 95 82
Of which:

Leading-edge techn. 04 09 08 05 04 06 03 06 05 05 13 07 0.4
USA =100 41 100 82 56 40 63 37 59 54 52 140 70 45
High-level techn. 27 15 1.7 16 14 13 1.1 16 14 2 1.5 1.7 1.6
USA =100 177 100 112 102 90 81 71 105 90 131 96 110 105

Value-added in knowl-
edge-int. services
(excl. Real Estate) (B) 6.9 105 46 78 59 78 86 83 75 74 59 73 67

USA =100 66 100 44 74 56 75 8 79 71 71 56 70 64
A)+@®) 10 129 7.1 99 7.7 97 101 105 94 99 87 97 87
USA =100 78 100 55 76 59 75 78 81 72 76 67 75 68

for information

Hours annually
worked per person
engaged 1444 1815 1805 1459 1619 1707 1340 1559 1499 1581 1686 1778 1581

Per head of population 677 858 897 605 609 800 594 635 764 751 766 874 687

' Excluding Ireland und Luxembourg; hours annually worked also excluding Austria

? Recalculated in line with the GDP pricing concept

Sources: OECD, STAN Database 2004 — OECD, Economic Outlook No. 75 — OECD,
Employment Outlook, Paris 2004 — calculations and estimates of DIW Berlin

In structural terms, the German position appears much more favourable than in absolute
values. The production patterns in the OECD countries covered by the analysis are
presented in Fig. 1 in terms of percentage shares and in Table 2 in terms of relative shares,
giving the differences between the country-specific patterns and the average
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Fig. 1. Share of R&D and knowledge-intensive industries in value-added in selected OECD
countries (in per cent), 2002

Table 2. Relative shares in value-added in selected OECD countries', 2002

6 GER USA JPN FRA ITA GBR NED BEL DEN SWE FIN CAN EU-

coun- 15°
tries’

Manufacturing 17 30 <17 17 5 18 4 -13 12 -6 19 35 18 11
R&D-intensive industr. 8 44 -13 18 -5 -13 -17 45 0 -19 17 30 -2 O
Leading-edge techn. 2 45 9 19 -23 -50 -11 -69 -17 -31 -28 74 -10 -38
High-level techn. 5 66 24 17 2 -1 -19 -36 7 -14 31 3 1 13
Non-R&D-int. industr. 9 15 21 17 14 39 6 10 21 5 21 39 34 20
Services 74 -5 4 -7 0 -5 -1 -1 -1 -2 —4-12 -14 -4
Services excl. Real Estate 62 -8 5 -11 -1 -5 3 5 5 -1 -3-13 -13 =2
Knowledge-int. serv. 38 4 6 22 4 -11 -1 -1 -1 =3 0-13 -12 -4
Excluding Real Estate 26 2 10 41 6 —13 7 13 13 2 4-16 -9 2
Telecommunications 3 -9 20 -61 -30 -23 12 -9 -12 31 -10 21 -6 -10
Financial Services 7 —61 21 -10 -43 -19 -36 -11 -36 -33 -69 -67 -1 -37
Business Services 10 27 -5 -30 30 -7 23 16 37 -26 140 26 10
Health/Social Work 6 16 16 -131 19 -13 18 40 23 61 61 38 8 14
Non-knowl.-int. serv. 36  —15 1 7 -6 1 -1 -1 -2 -1 -8-11 -15 -3

Other industries 0 25 -3 16 -6 3 11 25 -13 21 -8 12 48
Total 100 0 0 0o 0 0 0 0 0 0 0 0 0 0

1

A positive value indicates that the share is larger than the average in the six largest OECD

countries. The figures are calculated analogously to the export specialisation RXA, see Box 1.
Percentage share on average in the six largest OECD countries
Excluding Ireland und Luxembourg

Sources: OECD, STAN Database 2004 — calculations and estimates of DIW Berlin
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pattern in the six largest countries combined. Taking R&D-intensive manufacturing
and knowledge-intensive services together, the share in value-added is largest in
Germany. In 2002, 39 per cent (excluding Real Estate) and 51 per cent (including
Real Estate) of total value-added in Germany were human-capital-intensive. This is
mainly due to the high share of R&D-intensive manufacturing (12 per cent) while
the share of knowledge-intensive services (27 per cent excluding and 39 per cent
including Real Estate) is some 1 to 2 percentage points lower than in the USA, France
or Great Britain. Or to put it differently, Germany is characterised by a rather small
share of non-knowledge-intensive services and a very high share of R&D-intensive
manufacturing.

Relating the value-added in knowledge-intensive services (excluding Real Estate)
to the value-added in R&D-intensive manufacturing, the ratio is smallest in Japan,
amounting to less than two, whereas it is three to four times that in most of the other
OECD countries and even six times in the Netherlands. According to this ratio,
Germany and Finland — here it is slightly above two — are also lagging behind on the
way to the services part within human-capital-intensive production. Due to the lack of
international comparative studies we do not know, however, whether the production
of services within manufacturing firms is more important in Germany than in other
countries.

Shifts Towards a Knowledge-based Economy

The structural changes in the OECD countries during the past decades followed the
textbook model of the development of a knowledge-based economy. The share of
knowledge-intensive services in value-added increased considerably, the share of
other services remained more or less stable, whereas the share of Manufacturing
decreased, in non-R&D-intensive industries more than in R&D-intensive industries.
Thus, the weights have been shifting towards the knowledge-intensive segment of the
growing services sector and towards the R&D-intensive part of the (relatively)
shrinking manufacturing sector. This pattern is to be found in more or less pro-
nounced form at different periods of time in nearly all OECD countries. On average in
the six largest OECD countries, the share of Total Manufacturing in value-added was
16.6 per cent in 2002 and decreased by 4.4 percentage points as compared to 1991, the
R&D-intensive manufacturing industries achieved 7.8 per cent in 2002 and diminished
only by 1.8 percentage points. On the other hand, the knowledge-intensive services in
2002 accounted for 26 per cent or 5 percentage points more than 1991.

The shifts in production patterns are partly due to changes in preferences of private
households which demand more knowledge-intensive services at higher incomes.
They are also due to changes in the inputs of manufacturing firms which considerably
increased their demand for knowledge-intensive services during the last two decades.?
The competitiveness of manufacturing firms depends more and more on their ability
to provide a package comprising the physical product and related services such as
software, maintenance, training, logistics and planning. The result is a deepened
national division of labour and a shift of value-added and employment from the

3 See Schultz and Weise (1999) and Petersen et al. (1993) for an analysis of increasing shares
of intermediate demand for services in the manufacturing sector in Germany.
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manufacturing sector to the service sector, which is larger than the shift in the value of
production. Moreover, product-related services, which are produced within the manu-
facturing firms themselves, gain in importance. Thus, the production of manufactures
becomes more service-intensive, but it does not mean de-industrialisation. Besides,
however, production processes are relocated to other countries (international out-
sourcing) replacing domestic value-added by imports of intermediate goods.

During the 1990s, the shift from the secondary to the tertiary sector was much
stronger in Germany than in other OECD countries. The share of R&D-intensive and
non-R&D-intensive manufacturing in value-added decreased considerably while the
share of knowledge-intensive services significantly increased. The decline in Manu-
facturing was concentrated in the years 1990 to 1993 when the share of R&D-
intensive manufacturing decreased from 16 per cent (in West Germany) to 12 per cent
(in Germany as a whole). After the mid 1990s, Germany specialised again more in
R&D-intensive industries as compared with the overall trend in the six largest OECD
countries (see Fig. 2). During the first years of the new decade, the share of R&D-
intensive manufacturing in value-added even increased in Germany, as opposed to the
general trend. On the other hand, the share of knowledge-intensive services recently
increased only slightly, i.e. the shift towards the service economy in Germany has
slowed down in terms of value-added.
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A positive value indicates that the share in Germany is larger than on average in the six largest
OECD countries.
Sources: OECD, STAN Database 2004 — calculations and estimates of DIW Berlin

Fig. 2. Relative shares of R&D- and knowledge-intensive industries in Germany (measured in
terms of value added), 1991 to 2002

In other large OECD countries we also observe different shifts in the production pat-
terns, before 1995 at a high US $ value and after 1995 at a low US $ value. In the first
half of the 1990s, the specialisation pattern in Germany and Japan changed to the
disadvantage of Manufacturing, in the USA and Great Britain to the advantage of
Manufacturing. After the mid 1990s, the changes were in the opposite direction. In
Germany these shifts affected all technology segments similarly, in the other three
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countries they were restricted to high-level technology and non-R&D-intensive manu-
facturing. France and Italy specialised more in Manufacturing during both periods of
time, France in all technology segments and Italy in high-level technology and non-
R&D-intensive manufacturing. Thus, the French technological position in Manufac-
turing improved as compared to the beginning of the 1990s. This is also true for most of
the six smaller countries considered here, which in general specialised more in R&D-
intensive as well as non-R&D-intensive manufacturing. In Finland and Sweden the
shift towards high-tech industries was stopped at the beginning of the new decade.

Employment and Productivity

The shifts in the sectoral patterns of employment are similar to those in value-added.
In terms of employment, the changes are in general more pronounced, the decrease in
Manufacturing due to higher productivity is larger compared to the increase in Ser-
vices due to lower productivity. In Germany, the changes in the employment pattern
were relatively large during the 1990s.

In 2002, nearly 10 per cent of the labour force in Germany worked in R&D-
intensive manufacturing (see Fig. 3). In most of the other OECD countries this was
much less. The employment share of 26 per cent for knowledge-intensive services in
Germany as well as France is somewhat lower than in the USA and significantly
lower than in the Netherlands, Denmark and Sweden. Excluding Health and Social
Services and concentrating on Communication, Financial and Business Services, the
share in the Scandinavian countries as well is smaller than in Germany. The share of
non-knowledge-intensive services in Germany amounts to some 43 per cent and is
much lower than in the other large OECD countries.

Differences between sectoral patterns in terms of employment and in terms of
value-added are due to the sectoral differences in labour productivity — calculated as
value-added per person engaged.* In general, labour productivity is higher in Manu-
facturing and lower in Services. In R&D-intensive manufacturing — in leading-edge
even more than in high-level technology — it is higher than in non-R&D-intensive
manufacturing, in knowledge-intensive services it is higher than in non-knowledge-
intensive services.” The productivity in knowledge-intensive services is relatively
low, compared to R&D-intensive manufacturing. This is mainly due to Health and
Social Services. Labour productivity in other knowledge-intensive services in
Germany is even higher than in R&D-intensive manufacturing.

In Germany, the structural changes during the 1990s implied a large increase in
relative labour productivity in R&D-intensive manufacturing and a large decrease in
relative productivity in knowledge-intensive services. This trend continued in the first
years of the new decade, providing a considerable increase in employment in
knowledge-intensive services. Nevertheless, labour productivity in R&D-intensive
manufacturing in Germany is still low in relation to the level in knowledge-intensive
services, taking the relations in other OECD countries, in particular the USA and

4 The calculations for this section exclude real estate activities.

> This corresponds to the definition of sectors by R&D and knowledge intensity. A higher
share of highly qualified labour force implies a higher labour productivity in terms of value-
added.
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France, as a yardstick. The high employment share of R&D-intensive manufacturing
in Germany, therefore, is not only due to a high value-added share. It is also due to a
relatively low labour productivity. One reason is Germany’s concentration on high-
level technology and less on leading-edge technology. Another reason may be that in
Germany many labour-intensive business-related services are produced within manu-
facturing firms and less in independent services firms because German manufacturers
are specialised more in user-oriented tailored products and less in standardised mass
production like US or Japanese firms. The significant changes towards the US pattern
may indicate that German industry is relying more and more on standardisation. Thus,
German exporters would face more price competition. This was not important in the
period of a low-valued DM and €. It now becomes important, however, with a re-
valued providing the danger of significant reductions of export quantities.
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Sources: OECD, STAN Database 2004 — calculations and estimates of DIW Berlin

Fig. 3. Share of R&D- and knowledge-intensive industries in employment in selected OECD
countries (in per cent), 2002

Macroeconomic growth and employment problems cannot be solved by an expansion
of the R&D-intensive manufacturing industries. After 1995, additional employment in
Germany did not appear in R&D-intensive manufacturing, except for the motor vehic-
les industry, it appeared only in the services sector. The contribution of high-tech pro-
duction to employment is more indirect than direct. R&D-intensive products allow
innovations and productivity increases in other sectors which then become more com-
petitive and can extend production and employment. Achieving additional employment
without reducing the economy-wide labour productivity would be possible through
the expansion of knowledge-intensive services. The international comparison suggests
for Germany that R&D-intensive manufacturing will reduce employment further, with
high increases in productivity, whereas the demand for labour will grow in Services.
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The structural changes towards R&D-intensive and knowledge-intensive produc-
tion increase the average labour productivity of the economy. This increases the
potential for growth and is positive in view of the demographic trend. If the labour
force in Germany is shrinking in the long term, high productivity increases are
necessary to maintain the present level of per capita income.

International Trade in R&D-intensive Goods

The R&D-intensive industries are highly integrated into the world economy, leading-
edge technology even more than high-level technology branches. Leading-edge
industries, such as Office and Computing Machinery, Radio, Television and Com-
munication Equipment as well as Aircraft, have the largest shares of exports in pro-
duction and of imports in domestic consumption. After the mid 1990s, the increase in
export and import ratios was by far the largest in Germany. Here both ratios in the
R&D-intensive industries increased between 1995 and 2002 by 16 percentage points.
In the other large OECD countries the export ratios increased by 5 to 7 and the import
ratios by 7 to 10 percentage points. During this period, the foreign trade intensifi-
cation in Germany was especially strong and appeared similarly on both the export
and import side. In the other large countries the effect was weaker and more related to
imports than exports. One reason for Germany’s strong export performance surely is
the difference in growth between Germany and other countries. Additionally, the
weak € supported German exports, in particular to the USA.

Following international trade theory, every country gains from international trade
because specialisation according to comparative advantage allows it to achieve higher
productivity and higher real income. Exports are an indirect means of production and
meet domestic demand more cheaply through imports instead of directly producing
the good domestically. We already know from Ricardo’s theory that labour productiv-
ity, and hence technology, determines the level of income. A country that uses its
resources more efficiently due to better technologies also achieves a higher income.
Such a country has a comparative advantage in goods whose production requires
advanced technologies and, accordingly, needs a high expenditure on R&D. Thus, the
technological performance of a country should be reflected in the pattern of its foreign
trade by R&D intensity. The more R&D-intensive goods a country exports, the better
its technological performance.

In this section we evaluate the position of the technologically most important
OECD countries in international trade of R&D-intensive goods by analysing trade
balances and indicators of specialisation based on trade patterns. The data are taken
from the DIW trade database which comprises foreign trade data of all OECD coun-
tries by partner countries and is disaggregated by the International Standard Industrial
Classification (ISIC Rev. 3).% Again, we arrange the industries according to the R&D

% The original data are from OECD, International Trade by Commodities Statistics, CD-ROM.
The data at the most detailed level of classification according to product groups and partner
countries have been recoded from the Standard International Trade Classification (SITC
Rev. 3) to the industries of the ISIC Rev. 3, using a correspondence of the United Nations.
We are only able to take into account the trade flows that are recorded at the most detailed
level of classification according to SITC Rev. 3 and individual partner countries. Positions
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expenditure per unit of output.” Here the group of R&D-intensive goods is more nar-
rowly defined than in the analysis of production and employment, and the definition
of leading-edge and high-level technology is slightly different.

The USA, Germany and Japan are the largest exporters of R&D-intensive goods.
Until 1995 Japan was in first place and later lost in (relative) importance. The largest
import market is by far provided by the USA, followed by Germany, while Japan still
imports a relatively small number of R&D-intensive products. In terms of balances,
Japan and Germany are still the leading net exporters of R&D-intensive goods, and
the USA the largest net importer.

Table 3. Foreign-trade specialisation in R&D-intensive goods for selected OECD countries,
2002

6
coun- GER USA JPN FRA ITA GBR NED BEL DEN SWE FIN CAN }?[5'2_
tries’
Manufacturing 17 30 -17 17 5 18 4 -13 12 -6 19 35 18 11

R&D-intensive industr. 8 44 -13 18 5 -13 -17 45 0 -19 17 30 -2 0
Leading-edge techn. 2 45 9 19 23 50 -11 —-69 -17 31 -28 74 -10 -38

High-level techn. 5 66 24 17 2 -1 -19 -36 7 -14 31 3 1 13
Non-R&D-int. industr. 9 15 21 17 14 39 6 10 21 5 21 39 34 20
Services 74 -5 4 -7 o -5 -1 -1 -1 -2 -4-12 -14 4
Services excl. Real Estate 62 -8 511 -1 -5 3 5 5 -1 -3-13 -13 =2

Knowledge-int. serv. 38 4 6 22 4 -11 -1 -1 -1 3 0-13 -12 -4
Excluding Real Estate 26 2 10 41 6 —13 7 13 13 =2 4-16 -9 =2
Telecommunications 3 -9 20 -61 -30 -23 12 -9 -12 -31 -10 21 -6 —10
Financial Services 7 -61 21 -10 -43 -19 -36 -11 -36 -33 -69 -67 -1 -37
Business Services 10 27 -5 =30 30 -7 23 16 37 -26 1 40 -26 10

Health/Social Work 6 16 16 131 19 -13 18 40 23 61 61 38 8 14

Non-knowl.-int. serv. 36 15 1 7 -6 1 -1 -1 -2 -1 -8-11 -15 -3
Other industries 10 =25 -3 16 -6 3 11 25 -13 21 -8 12 48

Total 100 0 0 0 0 0 0 0 0 0 0 0 0 0

' In trade with non-EU countries

A positive value indicates that the share of R&D-intensive goods in exports or imports,
respectively, of manufacturing goods is larger than on average in all OECD countries com-
bined.

A positive value indicates that the share of R&D-intensive goods in exports of manufac-
turing goods is larger than in imports of manufacturing goods.

A positive value indicates that the R&D-intensive goods positively contribute to the overall
balance of trade more than proportionately.

Sources: DIW Foreign Trade Database — calculations of DIW Berlin

2

The values of exports and imports at the level of commodity groups also reflect the
size of the sectors and countries. Moreover, they may fluctuate in line with the overall
balance of trade, depending on international business-cycle differences and shifts in
exchange rates. The specialisation pattern of a country, therefore, is more appro-

only indicated at the two-digit level such as entire manufacturing plants, or flows not re-
ported in disaggregated form for reasons of secrecy, cannot be classified by industry. Thus,
the aggregated figures we have calculated by summing up the detailed data differ from the
figures reported by statistical offices.

7 The classification follows Grupp et al. (2000: 101).
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priately characterised by indicators that are not influenced by the overall balance of
trade or by the level of exports and imports. The specialisation pattern allows the
evaluation of the relative position of a country in individual commodity groups in
comparison over product groups, countries and time. For a description of the indi-
cators, see Box 1. The results for 2002 are compiled in Table 3, the changes over time
for Germany are represented in Fig. 4.
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RXA, RMA: A positive value indicates that the share of R&D-intensive goods in exports or
imports, respectively, of manufacturing goods in Germany is larger than on average in all
OECD countries combined.

RCA: A positive value indicates that the share of R&D-intensive goods in German exports of
manufacturing goods is larger than in German imports of manufacturing goods.

CTB: A positive value indicates that the R&D-intensive goods positively contribute to the
overall balance of trade in Germany more than proportionately.

Sources: DIW Foreign Trade Database — calculations of DIW Berlin

Fig. 4. Foreign-trade specialisation in R&D-intensive goods for Germany, 1991 to 2002

Compared to exports of all OECD countries, the exports of Japan, the USA and Great
Britain are most strongly specialised on R&D-intensive goods, followed by Switzer-
land and Germany (positive RXA values). For leading-edge technology this is true for
Great Britain, the USA and Switzerland, followed by Netherlands and France, for
high-level technology it only holds for Japan, Germany and Canada. The special-
isation of German exports in R&D-intensive goods remained stable since 1991, ad-
ditional success in Motor Vehicles compensating losses in Basic Chemicals and
Pharmaceuticals. Major changes occurred in German imports, which significantly
increased. After the mid 1990s the highest growth was in R&D-intensive goods, in
leading-edge even more than in high-level technology. The share of R&D-intensive
imports in Germany now corresponds to the OECD average, in leading-edge
technology it has been above average since 1991 (positive RMA value).® The imports

8 The disaggregation of German imports by leading-edge and high-level technology is biased
in 2002 as compared to the years before due to changing classification of imports from
Ireland in Pharmaceuticals and Basic Chemicals, respectively. In 2002, German imports of
leading-edge technology goods are too large while imports of high-level technology goods
are too low as compared to earlier years.
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of R&D-intensive goods are relatively high in the USA and Great Britain, but they are
relatively low in Switzerland and France and extremely low in Japan.

Box 1. Indicators of foreign-trade specialisation

It is not the level of trade flows which is important for assessing the technological
performance of a country but the structural pattern of exports and imports (‘comparative
advantage’). The commodity pattern of a country’s exports may be compared with the
exports of all countries or the imports of the same country. By dividing commodity shares in
exports by the commodity shares in exports of all countries combined, we obtain a measure
introduced by Balassa (1965) to quantify the specialisation pattern of a country in inter-
national trade (RXA). Recalculated in logs, a positive value indicates a commodity group
which has a higher share in the exports of that country than in exports of all countries
combined, while a negative value indicates that this commodity group has a share in that
country’s exports which is lower than the average. In an alternative interpretation, a positive
(negative) value indicates that an economy achieves a market share in worldwide exports
which is above (below) its average export market share. While RXA characterises the
specialisation of exports, an analogous calculation comparing the imports gives an indicator
of country-specific strong points on the import side (RMA). In a more commonly used
measurement, the commodity shares in the exports of a country are divided by the share in
the imports of the same country (RCA: revealed comparative advantage). Here, a positive
(negative) value in log terms indicates that the share in exports is larger (smaller) than
the share in imports or, put alternatively, that the export-import ratio is larger (smaller) than
the export-import ratio in total trade. The RCA values describe the pattern of comparative
advantages and disadvantages of a country including foreign competition on the domestic
market.

The three indicators are the ratio of two ratios and exclude differences between the size
of commodity groups and differences between overall exports and imports. We calculate a
supplementary indicator which gives the direction of specialisation (which is the same as by
RCA) and, additionally, takes the quantitative importance of the commodity groups into
account. It compares the actual trade balance in a commodity group with a hypothetical
trade balance which involves no specialisation at all (CTB: Contribution to Trade Balance;
Lafay 1987; OECD [ed.] 1999). The hypothetical trade balance is calculated by propor-
tionately distributing the overall trade balance to the individual commodity groups accord-
ing to their share in the overall trade volume (i.e. exports plus imports). The differences
between actual and hypothetical trade balance are given in per thousand of the total trade
volume, in order to make the figures comparable over countries and over time. A positive
(negative) value indicates that the positive contribution to the overall balance of trade is
larger (smaller) than it should be according to the size of the commodity group. This indi-
cator is additive and the sum of the values over all commodity groups is zero.

The four indicators are calculated for trade in manufacturing goods of selected OECD
countries. The basis of comparison is the foreign trade of all countries which were members
of the OECD by 1993.

The comparison of exports and imports confirms the comparative advantage of
Germany in R&D-intensive goods (RCA and CTB values). In 2002, Germany ranks
fifth behind Japan, Switzerland, Great Britain and USA and in front of France. The other
OECD countries considered in the analysis reveal a comparative disadvantage in R&D-
intensive trade. The three largest countries provide a large number of high-tech goods in



4.1 Economic Performance of Technology Sectors 147

which they have a comparative advantage. While the USA is more specialised in
leading-edge technology, intermediate and investment goods, German strength lies in
advanced-technology investment goods and consumer durables. In leading-edge
technology Germany reveals comparative disadvantages. Japan now follows this
pattern as well (see also Germany’s ‘comparative advantages’ in industrial R&D,
Chapters 2.1 and 2.2).

Compared to the beginning of the 1990s, the foreign trade position of Germany in
R&D-intensive goods deteriorated according to the RCA and CTB values. In 1991,
Germany was at the same level as Switzerland and Great Britain, in 2002 it lied
significantly behind them and ranked — together with France — at the lower end of the
six leading countries having comparative advantage in R&D-intensive goods. The
largest parts of the deterioration were due to Basic Chemicals, Pharmaceuticals, Data
Processing Equipment, Electronic Circuits and various types of Machinery. The only
and very large improvement was in Motor Vehicles. In 2002, by far the largest posi-
tive contribution to the trade balance is from this sector. Thus, the German export
surplus, which grew considerably since the mid 1990s in absolute value and relative
to GDP, depends more and more on Motor Vehicles.
