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Foreword

The European Commission proposed benchmarking as an instrument to promote the
continuous improvement of Europe’s competitive performance in October 1996 in its
Communication on “Benchmarking the competitiveness of European industry” (COM(96)
463 of 09.10.1996). In response to this Communication, the Industry Council in November
1996 called on the Commission and the Member States to “initiate a number of pilot projects
to address key areas of competitiveness”. Since then, a number of pilot projects on
benchmarking have been carried out.

This pilot initiative on benchmarking framework conditions was launched jointly by the
Commission and the Member States in April 2000 with Austria playing the co-ordinating role.
The lead expert team, managed by the Institute of Technology and Regional Policy, Joanneum
Research, Austria, prepared this report. The content of this report is the responsibility of the
authors and the European Commission.

Further information about the European Benchmarking Initiative is available on the European
Benchmarking Website at: http://www.benchmarking-in-europe.com

Or by contacting:

Benchmarking Co-ordination Office
Irish Productivity Centre,

Ground Floor, Block 4B-5,
Blanchardstown Corporate Park,
Dublin 15, Ireland
Tel.: +353 1822 71 25/ Fax: +353 1 822 7116

E-mail: benchmarking@ipc.ie



Benchmarking Industry-Science Relations: The Role of Framework Conditions

Preface

The project "Benchmarking Industry-Science Relations: The Role of Framework Conditions"
was jointly commissioned by the European Commission, DG Enterprise, and the Austrian
Federal Ministry of Economy and Labour. The project started in April 2000. Eight EU
member states participated in this project by delegating national experts to the expert group of
the project, by accompanying the project via a steering committee of national delegates and
by producing country reports.

National experts from the participating EU member states produced national reports on
industry-science relations that served as the major empirical background of this report. A ‘'lead
expert team' from Austria co-ordinated the research and benchmarking work. They received
highly valuable conceptual advice from the methodological facilitators appointed by
Enterprise DG of the EU and effective organisational support from the Benchmarking Co-
Ordination Office (BCO). The project produced several outputs which were stored on the
project extranet on the European benchmarking website (www.benchmarking-in-europe.com):

Material on methodological issues for benchmarking industry-science relations (conceptual
model, definition of indicators, database, questionnaire, structure of national analysis).

Eight National Reports on industry-science relations (Austria, Belgium, Finland, Germany,
Ireland, Italy, Sweden & UK).

Outline of the approach of the project and early findings which were presented at the EU
conference on Benchmarking 15-16 March in Brussels.

Final Report on the role of framework conditions for industry-science relations. (this
report is available for downloading from the European benchmarking website at:
http://www.benchmarking-in-europe.com)

The authors would like to thank all members of the expert group and the steering committee
for their considerable efforts and highly valuable contributions. They would also like to thank
the methodological facilitators and the Benchmarking Co-ordination Office for their extensive
support.

Vienna and Mannheim, June 2001
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Executive Summary

Background of the Study

Within the framework of the EU-Benchmarking initiative “Benchmarking the
Competitiveness of European Industry™ a benchmarking project on industry-science relations
(ISR) was carried out at EU level. It attempts to compare and assess the role of a set of
framework conditions on the interaction between higher education institutions (HEIs) and
public sector research establishments (PSREs - referred to as 'science’) and the business
enterprise sector (referred to as 'industry’), and to recommend areas for improvement. The
benchmarking exercise covers eight EU member states (Austria, Belgium, Finland,
Germany, Ireland, Italy, Sweden & the UK). Two other countries, the USA and Japan, are
also considered as 'third country' comparisons.

In an increasingly 'knowledge-based' economy, the generation and use of scientific knowledge
in the innovative efforts of enterprises is seen as one important dimension that determines the
performance of a 'National Innovation System'. Hence, science and technology policy in
recent years has devoted much attention to fostering Industry-Science-Relations (ISR) and in
several countries, policy initiatives in this realm have been launched.

Against this background, this study compares and assesses the role of a set of framework
conditions which influence ISR, that is, the relation between HEIs and PSREs on the one
hand, and the enterprise sector on the other hand. Further, it identifies major programmes and
policy initiatives and describes 'good practice' examples.

The approach applied in this study goes beyond a mere comparison of performance indicators
and tried instead to describe, analyse and systematically compare the processes that lie behind
the differences in performance. 'Policy learning' is only possible with knowledge about these
processes and a broad discussion involving all 'stakeholders'.

A main aim of this study is to identify those framework conditions for ISR which either
facilitate high levels of interaction or act as barriers to ISR, taking into account the following
areas of ISR:

collaboration in R&D (joint R&D activities, contract research, R&D consulting, co-
operation in innovation, informal and personal networks),

personnel mobility (temporary or permanent movement of researchers from industry to
science and vice versa),

! COM(96) 463 final of 09.10.1996
10
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co-operation in training and education (further professional education, curricula planning,
graduate education, PhD programmes),

commercialisation of R&D results in science through spin-offs (disclosures of inventions,
licensing patents, start-ups of new enterprises).

Among the variety of framework conditions governing industry and science interaction, we
pay special attention to the following types:

legislation and regulatory framework with respect to the different channels of ISR,

institutional settings in public science, including incentive systems and institution-specific
barriers,

public promotion programmes and other policy initiatives aimed at stimulating ISR,

intermediary structures implemented to foster interaction between industry and science.

This report attempts to offer information to policymakers on the following two key
questions in the field of ISR:

What types of generic mechanisms which either stimulate or impede ISR are in place in the
countries considered?

What is the practice of implementing or changing these generic mechanisms, which
countries exhibit good practices, what are the key factors affecting policy success and how
could one learn from the way others have addressed these mechanisms?

Main results

ISR are only one major element of innovation systems. Viewed in isolation, they cannot
explain the difference in innovation and technology performance. Market conditions,
financing, managerial and technology competencies of enterprises, along with different types
of public infrastructures, to mention but a few, have to be considered as well. Policy
considerations on ISR must be put into this perspective.

The level and pattern of ISR are largely determined by structural features of a national
innovations system, i.e. the demand for and supply of knowledge as a result of industrial and
scientific specialisation. ISR can only be understood and assessed against the background of
these characteristics. Overly simplistic cross-country comparisons that do not take into
account these differences are misleading.

Lower levels of ISR can be attributed mainly to a lack in demand on the enterprise side - a
specialisation in innovation paths which do not require scientific knowledge or expertise (i.e.
knowledge market is demand-driven) and to a lack of incentive structures and institutional
factors on the science side. Typically, they do not reflect a lack in supply of scientific
knowledge nor a willingness or readiness to co-operate on the science side.

11
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Enterprises and science institutions use a variety of channels to exchange knowledge and
technology. While intense co-operation through one channel (e.g. collaborative research) will
stimulate the use of other channels (e.g. personnel mobility, co-operation in training or the
start-up of new business ventures), interaction channels may also become substitutes. The
intense use of informal contacts for example, may reduce the relevance of other modes of
interaction, e.g. direct commercialisation of research results through spin-offs. Thus, low
levels of interaction in some channels need not indicate ineffective knowledge transfer
between science and industry. In order to properly assess the state of ISR in a specific
country, all types of interactions must to be taken into account.

Looking at ISR on a national level is only useful as an entry point for further analysis. ISR
differ largely by fields of technology and types of science institutions and enterprises. ISR are
highly important, particularly in those fields of technology where new breakthrough
innovations can be achieved and transferred to new products and processes (i.e. radical
innovations) such as biotechnology, new materials & ICT. In these fields, high levels of ISR
can be observed even in countries with low overall ISR intensity.

There is no single best practice model of ISR on a country level. However, in specific
channels of interaction, various good practices in shaping framework conditions can be
identified.

High levels of industry-science interaction occur when:

industry demand is high as a result of the prevailing innovation strategies in the enterprise
sector, and due to market incentives to engage in new technologies and apply new
scientific knowledge,

there are well-developed incentive schemes in science institutions to get engaged in ISR
including individual remuneration, institutional mission and objectives, administrative and
managerial support, balancing with other major objectives of science, i.e. education and
fundamental research,

there are special programmes which facilitate small and medium-sized enterprises (SMES)
by raising awareness in science, increasing innovation management capabilities and
increasing R&D activities,

legislation does not constitute as a barrier for interaction,

there are public initiatives to foster ISR (via financial support, information provision,
networking through intermediaries, training) on a sufficiently large scale,

science and technology policy follows a stringent and long-term oriented approach of
strengthening ISR, taking into consideration the various channels of knowledge interaction
and technology transfer and fostering an overall favourable climate towards ISR.

12
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Recommendations

There are a huge variety of good practice examples in framework conditions for ISR. In order
to learn from these good practices, the following must be considered:

Good practice is always specific to the market and institutional environment and addresses
market failures and barriers stemming from this environment. Learning from good
practice means firstly, learning to carefully identify these market failures and barriers and
secondly, selecting a proper mechanism to tackle them.

As a consequence, good practice should be related to specific fields of technology and the
way in which knowledge production, knowledge exchange, and innovation takes place in
these fields, and to the specific barriers to ISR that exist in them.

Bearing this in mind, some general conclusions on good practice in shaping framework
conditions for ISR may be derived:

ISR-related policy initiatives must be embedded in a comprehensive, stringent, and long-
term oriented Science & Technology policy. ISR-related measures need a long-term
perspective in order to achieve sustainable changes in behaviours and structures.

ISR-related policies must take into account the various objectives of public science in
economy and society. Good practice in ISR-related policies therefore, means a balance of
technology transfer with education and fundamental research activities in public science.

Joint research programmes which promote direct collaboration between industry and
science are a well-established policy intervention mechanism which has a significant effect
upon the level of ISR. In this area, good practice particularly refers to thematically
focussed programmes which apply a bottom-up approach of defining joint research themes,
have a long-term perspective of co-operation and rely, at least partially, on an
‘infrastructure’ approach, i.e. the establishment of institutions and/or facilities that are
operated both by enterprises and science institutes and maintain co-operation after funding
has ended.

With respect to collaborative programmes, a competition-based approach of allocating
funding has proved to be effective. Such an approach stimulates the involvement of a large
number of applicants but restricts funding to promising 'best practice' cases which may
serve as orientation points for other actors.

Involvement of SMEs in ISR activities is a major issue in broadening the use of scientific
knowledge in the enterprise sector. Good practice follows a two-side approach: First,
absorption capacities of SMEs with respect to R&D, innovation management capabilities
and the use of external knowledge and advice, should be strengthened and detached from
any specific involvement in ISR. Secondly, SMEs with a sufficient in-house capacity for
establishing science links may be stimulated to take up direct research and consulting
contacts with science.

13
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Fostering the direct commercialisation of research results in public science is an important
policy issue especially in fields such as biotechnology, genetic engineering, new materials,
and new information and communication technologies. Good practice in
commercialisation covers, amongst others: the provision of supportive infrastructure that
reduces transaction costs and information asymmetries in using IPRs (patent licensing
offices); advisory support and pre-seed capital for start-ups; and several awareness
measures that raise the perception of researchers in the commercial potential of the
research results they have achieved.

Reforms of institutional settings in public science are particularly successful when the
following issues are considered: implementing ISR as part of the institutions' mission;
considering ISR activities in evaluations; providing both individual and organisational
incentives; and linking industry and science through advisory boards.

In many countries, a successful way of strengthening ISR was to establish transfer-
specialised institutes either in universities or within public research laboratories. Key
success factors in these institutions include: keeping together basic and applied research
within one research team; regular auditing of the research strategy in order to cope with
changes in economy and society; direct transfer between researchers and industry (i.e.
avoiding intermediaries); and individual remuneration of successful transfer activities.

Personnel mobility and interaction in graduate education have received attention in some
countries as being a major issue in ISR. Good practice is often related to: exchange
programmes which specifically address the personnel needs of SMEs; joint graduate
education programmes that involve enterprises in the definition of the theme of a thesis,
and allow students carrying out practical R&D work in the enterprise; and qualification
programmes for industry researchers in HEIS.

ISR-related policies in most countries currently pays a lot of attention to certain issues (such
as IPRs, academic start-ups, joint research, personnel exchange) while other areas of similar
relevance (such as co-operation in curricula planning, vocational training, institutional reform
and individual incentive systems) have had less attention and should be addressed more
intensely by policy. More specifically:

Interaction in education and vocational training (further professional education) becomes
more and more important in a knowledge-based economy.

In the field of higher education in the natural sciences and engineering, redesigns of
curricula should involve both academia and industry.

Policy should assign clear roles for the respective institutions in the science system. As
there is a trade-off between ISR and public goals of education and knowledge generation,
policy must strike a balance between the goals for each type of institution.

14
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A. Methodology of Benchmarking ISR Framework Conditions

A.1 Introduction

This report summarises the main findings of a benchmarking project on industry-science
relations (ISR) and the way in which framework conditions affect them. Industry-science
relations, i.e. the various interactions between the private business enterprise sector (referred
to as 'industry’) and the public science sector (higher education institutions and public sector
research establishments) have gained increasing attention in the last two decades or so.
Smooth interaction between these two groups of actors in innovation systems is regarded as a
major element for the success of innovation activities, industrial competitiveness and
employment and growth. At regional, national and international levels, several initiatives have
started to identify bottlenecks in ISR and to foster knowledge interaction and technology
transfer.

The distinctive mark of this study is threefold: firstly, it applies a comprehensive macro-
approach to the way ISR work in several countries, considering various channels of ISR and
various types of actors. Secondly, it attempts to shed light on the role of framework
conditions, i.e. those structural, cultural and policy-related conditions which define capacities
and capabilities for ISR in industry and science, which guide individual behaviour by setting
incentives and barriers, and which might be altered only in the longer term. Finally, it
employs a benchmarking approach to this field, i.e. it identifies the key elements shaping ISR,
defines key performance indicators and systematically compares national experiences in order
to find good practice and to learn from the way ISR work in other countries.

The benchmarking exercise is based upon detailed information from eight EU member states:
Austria, Belgium, Finland, Germany, Ireland, Italy, Sweden, and the UK. For each member
state, national experts delivered a report which followed a unique, customised structure and
used a common methodology, including structured expert questionnaires and standardised
data definitions. Furthermore, the USA and Japan are considered as third countries in the
benchmarking exercise and information on ISR in these countries is derived from the huge
body of literature available.

The main aims of the benchmarking project are:
(i) to develop a methodology for benchmarking framework conditions for ISR;

(i) to characterise in depth the distinct national models of ISR, i.e. the level of ISR, the
pattern of interactions and the relevant framework conditions in each of the participating
countries. This includes characterisation of knowledge production structures, the
performance of ISR for different types of interaction and the policy-related framework
conditions;

15
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(ii)to identify those framework conditions for ISR which either facilitate a high level of
interaction or act as barriers to ISR, taking into account the following areas of ISR:

(Throughout the report, a number of concepts and notions are used which denote central
aspects of the benchmarking exercise. For clarification, these are defined below)

"Science" refers to publicly financed higher education institutions (HEIs: universities,
polytechnics and colleges) and public sector research establishments (PSREs: public
research laboratories, governmental research institutes, academies of sciences and other
publicly financed research organisations).

"Industry” refers to the business enterprise sector and covers both the manufacturing and
service sector.

"Industry-Science Relations™ (ISR) refers to different types of interaction between the
industry and science sectors which are directed at the exchange of knowledge and
technology. This includes direct and indirect transfer channels such as personnel mobility,
graduate mobility, joint research projects, contract research and consulting, licensing,
prototypes, spin-offs (start-ups by researchers from science), training for industry
researchers, informal contacts (including the use of publications), personal networks,
training of students at firms etc.

"Framework conditions for ISR™ covers all those factors which affect the behaviour of
actors and institutions in industry and science, which are involved in knowledge and
technology exchange activities. For analytical reasons we distinguish between two broad
types of framework conditions: the "knowledge production structures” covers some
general features of a national innovation system such as size, industry structure, R&D
orientation, sector specialisation, market characteristics, and cultural and social attitudes.
"Policy-related framework conditions" refer to those factors which are strongly shaped by
policy decisions or may directly be designed by policymakers such as legislation, public
promotion programmes and initiatives, the institutional setting in public science and the
publicly established or supported infrastructure of intermediaries in the field of ISR.

The term "institutions” is used to denote different types of organisations in public science
characterised by different institutional settings such as mission, organisational structure,
financing, stakeholders etc.

The report consists of three main parts. Part A describes the background of the project and
the methodology employed. Part B summarises the national reports on ISR for each of the ten
countries covered. Part C sums up and synthesises the results by comparing the national
models of ISR, highlighting good practices for various channels of ISR and drawing
conclusion for the design of ISR policies.
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A.1.1 Why Benchmark Industry-Science Relations?

To say that scientific research is an important factor in modern industrial development and
long-term economic growth is to state the obvious. Universities and science contribute
substantially to the competitiveness of industries (see Mansfield 1995, 1997, Mansfield and
Lee 1996). The contribution is greatest in the case of so-called science-based industries, i.e.
industries with a high proportion of research input out of the total factor input (see McMillan
et al. 2000, Meyer-Krahmer and Schmoch 1998). However, is also substantial and apparently
increasing in a growing number of other industries (see OECD 1999, 2000a).

In most economies, technology policy has sought to bring the worlds of scientific and
commercially oriented research closer together. Innovation and technological development
depend increasingly on the ability to use new knowledge produced elsewhere and combining
it with the stock of knowledge available in a particular enterprise. For this purpose,
absorptive capacities, transfer capacities and the ability to learn by interaction are crucial
success factors in innovation (see Cohen and Levinthal 1989, 1990, Foray and Lundvall
1996). New and commercially useful knowledge is the result of interaction and learning
processes among various actors in innovation systems, i.e. producers, users, suppliers, public
authorities, and scientific institutions (see Lundvall 1988, 2000). Universities and other
public research institutes, as major producers of knowledge, are increasingly expected to
contribute to this process.

The rationale of this expectation is obvious. In Europe, the recognition of a gap between high
scientific performance and industrial competitiveness has recently been labelled the 'European
paradox' (see Pavitt 2000). If science matters in economic development, a decline in
competitiveness raises the following question: either the science system fails to make the kind
of research contributions upon which advanced industrial economies have become
increasingly dependent or, industry lacks the ability and/or absorptive capacities to use
effectively the new knowledge produced in the science sector.

In most European countries, a large share of research is carried out in universities and public
research institutions. In order to reap large commercial benefits from this research, an
efficient interface between public research and commercial exploitation is warranted.

Taking a broad view, science (i.e. higher education and public sector research establishments)
contributes to innovation in industry via four major channels:

0] Industry receives inputs from science in the form of well-trained individuals.
Although these individuals may require further training (which may also be supplied
by higher education institutions), university education is the backbone of the
production of human capital engaged in research activities in firms. Personnel
mobility of researchers between science and industry (and vice versa) contributes, not
only to the dissemination of coded knowledge, but also to the exchange of tacit
knowledge.
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(i) Knowledge produced in science institutions is disseminated as coded knowledge
through publications, conferences and patents, and serves as a stock of knowledge
which is available to the public and might be used by industry as a 'public good' input
to commercial research. However, the use of the public good knowledge requires
certain adoption and absorptive capacities. The increasingly complex and specialised
nature of modern science makes it difficult to use potentially fruitful knowledge,
especially by SMEs.

(iii)  Universities and public research institutions are increasingly involved in co-operative
R&D projects with industry. Although these collaborations are varied in type, they are
all characterised by an exchange of knowledge among participants with science
usually in the role of the most important supplier of basic knowledge.

(iv)  In recent years, the creation of technology-based enterprises by researchers from
science or by graduates has received increasing attention (see OECD 2000b, Bania et
al. 1993). So-called start-ups or spin-offs are regarded as an important instrument for
rapidly transferring new technological developments and innovative business ideas
created in science, to commercial use.

The intensity of the interaction and co-operation between universities and industry which will
be observed presently (see Schmoch 1999, Hicks 2000, OECD 2000a) owes much to the
following two, interrelated factors (see OECD 1998):

Increasing budgetary stringency forces policy makers to make tough choices in the
allocation of resources which affect the science system. Universities and other public
research institutions are forced to seek external sources of income and are thereby
encouraged to carry out research work financed by industry. Indeed, there is a clear trend
of a growing share of funding of HERD by the business sector while the total public share
is steadily declining (see Table A.1.1).

Table A.1.1: HERD® by Funding Source 1983 - 1997 for 7 EU countries® (in %)

Total public General Direct Foreign Business Other Private non-
share university ~ government Income profit orga-
funds (GUF) funds nisations

1983 94.0 68.3 25.7 0.6 2.9 11 15
1985 92.7 65.2 27.5 0.7 3.7 1.3 1.7
1989 89.9 60.2 29.7 14 5.4 1.2 21
1991 89.4 61.7 27.7 1.6 55 1.2 2.3
1993 87.7 60.1 27.6 2.5 5.8 14 2.7
1995 85.6 59.0 26.6 3.2 5.7 1.8 3.7
1997 84.6 57.9 26.8 3.5 6.4 1.7 3.8

a Higher education expenditures on research and development
b Denmark, France, Germany, Italy, Ireland, the Netherlands, the UK; figures represent the weighted average.

Source: OECD (1998, 2000), calculations by the authors
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At the same time, growing "knowledge intensification” (see OECD 1996, 1997) of
industrial production makes scientific knowledge more valuable to industry. So-called
'science-based technologies' (biotechnology, information technologies, new materials) are
defined as fields with frequent reference to scientific knowledge. This trend is also
indicated by a growing number of citations of scientific literature in patent documents
(Schibany et al. 1999).

In practice the contributions of science to innovation and the relation between research
institutions and enterprises is not as straightforward as a linear view of the innovation process
would imply. The functioning of the science system is governed by rationale and different
institutional settings which are different to those prevailing in the enterprise sector.
Furthermore, there are considerable differences between national science systems, which
results in divergent objectives and attitudes towards the role of science in innovation and
industrial competitiveness. Depending on these national designs of innovation systems, the
exchange of knowledge between science and industry takes place through different channels
and is affected by various factors - not all of them necessarily functioning smoothly.

The linkages between science and industry, and the effectiveness and efficiency of these
linkages for a smooth exchange of knowledge and successful innovation, are many-facetted
and difficult to measure and evaluate. Historical development, cultural and social attitudes,
political decisions and objectives, institutional settings and economic specialisation and
structures, result in a country-specific pattern of industry-science relations (ISR). These
country-specific features cannot be captured accurately by a single set of quantitative
indicators. Consequently, these different national settings make it extremely difficult to
compare the structure and performance of ISR by a single analytical method such as for
example, econometric modelling. In particular, one has to take into account the very different
framework conditions for ISR. In order to capture the variety of these framework conditions
and their impact on ISR performance, a benchmarking approach seems appropriate.

Benchmarking ISR attempts to provide an insight into how to improve relations within a
national system of innovation, in order to increase innovation performance and as a result,
industrial competitiveness. It is important to bear in mind however, that there is only a loose
link between the performance of ISR and the level of innovation activities and innovation
success, and that there are many more variables affecting the performance measures of an
innovation system. This may be illustrated by the empirical evidence derived from the
Community Innovations Surveys (CIS). Only a small fraction of innovative enterprises use
science, i.e. universities and public research labs, as an important information source in their
innovation projects (see Figure A.1.1). In 1996, only 4 and 3 percent of innovative
enterprises used information from universities and public (including non-profit) research
organisations respectively, for designing their innovation projects. Compared to internal
sources (e.g. in-house R&D, information from marketing departments, enterprises within the
own firm's group) and to market stimuli (clients, competitors, suppliers), science plays no
major role for driving innovation activities in the majority of enterprises. This pattern is a
robust finding throughout the EU member states.

19



Benchmarking Industry-Science Relations: The Role of Framework Conditions

Figure A.1.1: Information Sources in Innovation: Results from the Community Innovation Surveys 1996
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Figure A.1.2: Co-operation Partners in Innovation: Results from the Community Innovation Surveys 1996
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Universities and public research labs however, are more important as a co-operation partner in
innovation projects, for example, in carrying out certain types of R&D even if the information
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source for starting and directing the innovation comes from another source. Figure A.1.2
reveals that science has almost the same significance as a co-operation partner in innovation
as suppliers or clients. Nevertheless, only 6 to 10 percent of all innovative enterprises in
Europe (in the reference period 1994 to 1996) have carried out innovation activities in co-
operation with science, where the co-operation takes a variety of forms and need not be
restricted to collaborative research.

The low direct significance of science in industrial innovation is easy to explain when looking
at the type of knowledge typically offered by science and the demand for such knowledge in
the innovation cycle (see Figure A.1.3). Science institutions initially offer new technical and
methodical knowledge, which is mainly needed in innovation activities which are oriented
towards developing new technologies, new materials, new devices and products which are
very new to the market. These activities take place in the early stages of the innovation
process i.e. before market entry and in a stage of low competition. As such innovation
activities are characterised by high uncertainty and low demand for the outcomes of
innovation activities, only a few pioneering firms are engaged in such activities. In part, these
pioneers are start-ups by researchers who wish to commercialise a new product, technology or
business method. But there may also be well established enterprises which use new scientific
knowledge in order to establish new business activities by acquiring prototypes or licenses, or
by adopting new scientific knowledge via joint research activities or researcher mobility.

Figure A.1.3: Science as a Source for Innovation in the Innovation Cycle
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However, the vast majority of innovation activities are located in latter stages of the cycle, i.e.
in the re-design of already existing products to market needs, in the diffusion of new
technology to new areas of application, and in the adoption of new technologies invented
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elsewhere to own production and organisation. For all these activities, heavy interaction with
clients and suppliers and careful observation of market developments, particularly that of
competitors, are critical success factors. Thus, ISR in innovation projects are relevant only to
a small fraction of enterprises, as is revealed by Figure A.1.1.

Nevertheless, theoretical and empirical work in innovation economics suggests that on a
broader perspective, the use of scientific knowledge in setting up and maintaining industry-
science relations, positively affects innovation performance as measured by the share of sales
due to new products or services (see Kline and Rosenberg 1986, Kline 1985, Dodgson 1994,
David and Foray 1995, Cohen and Levinthal 1989, OECD 2000a, Rothwell 1992). Of course,
ISR are just one factor amongst a variety of determinants influencing an enterprise's
innovation performance, such as

absorptive capacities of the enterprises (e.g. in-house R&D, qualification of employees,
innovation management capabilities, technology skills),

market structure and demand characteristics (e.g. market dynamics, degree of competition,
user-producer-relations, lead market characteristics of the home market, price elasticity of
demand),

industrial networks (e.g. networks with technology suppliers, sector-specific spillovers),
factor markets (e.g. price of labour and capital, shortage in supply of qualified labour),
technology dynamics and the potential for complementary application of technologies,

innovation policy and regulation (e.g. promotion programmes, institutional and legal
barriers and incentives, public financing, public procurement).

Industry-science relations, including technology licensing, start-ups, knowledge spillovers
through informal contacts, and the provision of highly qualified labour, are therefore only one
aspect among many which drive innovation activities in an economy.

For the benchmarking ISR exercise, these results have some important consequences. Firstly,
ISR performance should not be related too closely to innovation performance. Secondly,
when looking at framework conditions for ISR on the demand side (i.e. firms), one has to bear
in mind that only a small fraction of firms are relatively close partners in ISR. Thirdly,
framework conditions for ISR may have a particularly strong effect on innovation
performance in the early stage of the innovation cycle and in the course of technological
breakthroughs, where the integration of new scientific knowledge in industrial innovation is
of special relevance.

A.1.2 The Limits and Scope of Benchmarking ISR

In general, the benchmarking approach attempts to analyse the factors determining the
performance of a certain process by comparing various ways of carrying out the process. A
standard or 'best practice' is identified by examining how the highest level of performance is
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achieved. From best practices, one could learn how to improve ones own process and
increase ones own performance (see Bogan and English 1994). While benchmarking was
originally introduced as a management tool for comparing industrial processes and learning
from those enterprises with the best performance, caution must be exercised when applying
this method to a field like ISR and the role of different national framework conditions.
"Countries are characterised by systemic differences and therefore what is best practice in one
country or region will not be best practice in another. Therefore the more modest aim to
develop 'good' and ‘better' practices through ‘learning by comparing' is more adequate”
(Lundvall and Tomlinson 2001, 122). This approach is labelled "intelligent benchmarking"
and focuses on the development of "a common understanding and shared objectives which
make it more meaningful to benchmark some specific aspects of the innovation system"
(Lundvall and Tomlinson 2001, 131), rather than comparing a set of quantitative indicators.
In our work, we have tried to avoid the traps of a "naive benchmarking" approach, while still
making as much use as possible from quantitative indicators.

Benchmarking as a tool for learning and improving practice was first introduced at the level
of enterprises. Benchmarking exercises in enterprises follow a multi-stage approach (see
O'Reagain and Keegan 2000), which traditionally consists of: a definition stage (which
process or series of processes should be analysed); the identification of the world's best
(identifying best practices in the process including key performance indicators); a comparison
stage (comparing own operation and performance in a process with that of the world's best);
and a learning stage (improving the processes in order to achieve the same performance as the
best). As benchmarking is intended to be a continuous learning process, the exercise should
be repeated regularly.

The objective of our benchmarking exercise is to analyse the role of a certain set of
framework conditions for innovation performance and competitiveness, i.e. interaction
between industry and science in the context of innovation activities. O'Reagain and Keegan
(2000) proposed the application of their benchmarking procedure to such an analysis, in the
same way as it is applied on the enterprise level, i.e. to select areas of improvement, to
identify best practices in these areas, to develop a set of indicators (benchmarks) in order to
position a process analysed vis-a-vis best practices, to study the best practice processes in
great detail, pay particular attention to the conditions under which best practice is achieved,
and to derive, with recommendations, how to adjust framework conditions to the best practice
case. These recommendations should then be used as an input in dialogue with concerned
actors.

The applicability of such a procedure to the benchmarking of framework conditions in the
area of ISR is limited however, due to several reasons. In general, the process under analysis
is very different from that in a traditional benchmarking exercise carried out at the enterprise
level. On the enterprise side, the focus is on well-defined industrial operations in production,
distribution or organisation within an enterprise, which may be compared to very similar
operations in other enterprises acting in the same market. In our case, we look at behaviour,
decisions and social interactions of economic actors acting on very different markets and

23



Benchmarking Industry-Science Relations: The Role of Framework Conditions

under very different institutional and organisational settings. Benchmarking industry-science
relations has to be dealt with at a much more detailed level than enterprise-based
benchmarking, as it must include the framework conditions under which interactions take
place, including features of the innovation system and policy objectives in the fields of
innovation and research policy.

There are also considerable differences in the objectives of benchmarking at the enterprise
level and at the level of policy-driven framework conditions (see Lundvall and Tomlinson
2001). Benchmarking framework conditions in general attempts to identify the impact of the
regulatory, institutional and policy framework on certain outcomes of economic and social
processes, and, by which means and in which direction framework conditions should be
improved in order to maximise economic performance, welfare or other policy objectives.
These performance measures, however, are affected by a broad set of factors and policy
designed framework conditions are only one among many. In general, performance is driven
by decisions of economic actors which first of all, rest on market stimuli. While
benchmarking at the level of the organisation is restricted to distinctly defined and directly
observable processes, benchmarking framework conditions deals with complex processes
which are characterised by a large set of partially interrelated determinants, not all of which
are easy to measure and where only some of the relationships between process elements are
well known. Thus, benchmarking framework conditions faces the difficulty of identifying the
marginal effect of framework conditions on performance and of considering the indirect
effects of framework conditions, and their changes, on other factors affecting performance
(such as incentives for economic actors, market structures etc.).

Furthermore, policy framework conditions are heavily dependent upon the institutional and
social setting within a society. As this setting is the result of historical development,
differences in framework conditions reflect long-term differences in social, economic and
political developments. Transferring best practices (i.e. the way the institutional, regulatory
and policy framework is designed) in order to achieve a certain performance may be difficult
as a best practice in a certain country (i.e. in a certain institutional environment and systemic
setting) may not be compatible to the institutional and social setting in another.

In addition to these general limitations in applying the benchmark approach towards the area
of framework conditions and policy regulations, there are further methodological challenges
when looking at the way framework conditions influence the performance of industry-science
relations (ISR):

ISR are not one single process of interaction between actors in an innovation system but
cover a huge variety of relations, each being determined by partially different variables. A
certain framework condition may affect different types of relations in different ways. In
some cases, the promotion of a certain interaction channel will crowd out the use of
another one. As each type of interaction is suitable for a certain type of knowledge to be
transferred, this may impair the overall flow of knowledge between industry and science.
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As a consequence, benchmarking of framework conditions for ISR must be differentiated
by type of relation.

Framework conditions for ISR comprise a diverse set of regulations, institutions,
promotion measures, incentive schemes etc. Each type of framework condition exerts a
different effect upon ISR and effects can be mutually strengthening, neutralising or
counteractive. Thus, it is quite difficult to isolate the separate effect of a certain
framework condition on the performance of ISR and to identify best practice in framework
conditions. Moreover, many framework conditions are almost 'joint productions' where it
is not possible to adjust one element without changing other ones too. For instance,
introducing a certain type of public research organisation with strong technology
orientation into a national innovation system may demand reforms in legislation
concerning personnel mobility, wage system, IPR, contract research etc. which will also
affect the already existing public research organisations and could be counterproductive for
them.

ISR are specific to certain economic sectors and fields of technology. The nature of the
linkages will vary along with market conditions, demand characteristics, technology
characteristics, and national and international industry networks. Framework conditions
for a certain type of ISR may have very different effects on ISR performance in different
sectors and technology fields. For example, framework conditions for start-ups with
respect to venture capital provision, pre-seed financing, enterprise creation regulations and
support for consulting, operate differently in young technology fields such as
biotechnology, than in well established fields with high market competition and a
cumulative technical progress such as machinery or technical services. This, of course,
leads to huge differences in entry barriers and influences the potential to commercialise
new scientific knowledge via spin-offs. Therefore, benchmarking should be differentiated
by sector or fields of technology but one must be careful when transferring best practice in
framework conditions for ISR between sectors.

There is a significant time lag in the marginal effects of framework conditions on ISR
performance and this varies by type of interaction, by type of framework condition, and
by the field of technology considered. This makes it extremely difficult to associate a
change in general framework conditions to an observable change in ISR performance.
Benchmarking mostly has to analyse historical situations in framework conditions while
the actual situation and current trends are of little relevance for understanding the current
situation in ISR performance. Furthermore, most data on ISR - as far as it is actually
available - is published after a considerable time lag.  Therefore, international
benchmarking has to rely on somewhat ‘historical’ data of key performance indicators
which show the way ISR has operated some years ago. In a rapidly changing environment,
technology policy depends on current information and trends and has to learn from
relatively recent experiences in order to adjust its strategy and measures to the current
situation.
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The promotion of ISR by policy (i.e. the framework conditions designed by policy to
stimulate ISR) follows two main objectives which are only in part, going in the same
direction. On the one hand, ISR ensures that public investments in higher education spill
over to the enterprise sector and makes these investments economically productive. On the
other hand, ISR are regarded as a tool for enterprises to raise their competitiveness and
technology performance by using complementary sources available in public research for
their innovation efforts (i.e. acquire external knowledge). Following both objectives may
not go together smoothly and may even be counteractive. For example, heavy promotion
of technology transfer activities by public research institutions may crowd out other
knowledge sources relevant to enterprises which have higher productivity than firm
innovation, or, high application oriented science may lead to an under-investment in long-
term oriented research activities and to a lack in supply of basic knowledge relevant to
radical innovations, in newly emerging fields of technology.

Good performance of ISR is not a policy objective in itself, rather ISR are regarded as an
intermediary input in the innovation process and should contribute to a higher level of
innovation, productivity, international competitiveness, and growth. Thus, the
performance of ISR must be related to its impact on these output measures, both at the
level of enterprises and the economy as a whole. However, the performance of ISR
affects economic performance variables only to a low extent, while many other factors
are of considerably higher relevance. As a consequence, in benchmarking ISR care must
be taken not to overestimate the impact of ISR performance on innovation and
competitiveness. Furthermore, the relation between innovation performance and ISR
performance is likely to be re-occurring, i.e. a high level of innovation activities and a
strong market position in new technologies will positively affect the demand for
knowledge interaction with science and stimulate ISR on various levels.
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A.2 Conceptual Framework of the Benchmarking Exercise

A.2.1 Basic Concepts for Benchmarking ISR

For benchmarking framework conditions for ISR, we start with a general model of industry-
science relations. The model refers to a market conceptualisation of ISR, i.e. ISR are
regarded as the result of market decisions by actors on the 'knowledge market'. Due to the
economic characteristics of knowledge, this market is characterised by particular features
such as: high information asymmetries between market actors and low market transparency;
high transaction costs for knowledge exchange due to a certain set of prerequisites demanded
on each side of the market actors (i.e. transfer and absorption capacities); high spillovers to
other market actors (i.e. a low level of appropriation of benefits of the knowledge acquired);
restrictions for financing knowledge production and exchange activities due to risk-averse and
short-term oriented financial markets; the existence of joint products (i.e. knowledge is not
arbitrarily divisible); and sometimes, the need for collaborative production of knowledge
which loosens the distinction of user and producer on the knowledge market and demands a
reciprocal interaction in knowledge exchange. These market features result in a particular
incentive structure for market actors, in specific barriers to market interaction, and in a high
importance of the shape of policy designed framework conditions to compensate for market
failures and to stimulate knowledge transfer.

In our model of ISR, we distinguish therefore, between three groups of variables affecting the
ISR performance in a certain country (see also Bozeman 2000 for a similar approach). First,
characteristics of the main market actors (enterprises and public science institutions, i.e.
higher education institutions - HEI, and public sector research establishments - PSRE)
represent demand and supply on the national knowledge market. The coherence of demand
and supply structures determines the potential demand for interaction and shape incentives
and barriers for market actors. Second, framework conditions such as public promotion
programmes, intermediary infrastructures, legislation and regulation, and institutional
settings, may either stimulate ISR by reducing barriers and setting behavioural incentives, or
impede ISR by erecting barriers or by setting disincentives. Third, performance indicators for
ISR measure to which extent industry and science interact with each other in various channels
and in different fields of technology (see Figure A.2.1). A detailed analysis of both structural
characteristics and policy framework conditions in areas with a high ISR performance allows
us to identify good practices and areas where learning can take place.

The structure and performance of the enterprise sector determines the demand for industry-
science relations and is the prerequisite for any level of ISR in an economy. Here, we
consider: the composition of the sector (i.e. the relative size of research in different fields of
technology); enterprise structure (relevance of large corporations versus SMEs, relevance of
foreign-owned enterprises); market structures within each field of technology (degree of
competition, level and quality of demand); absorptive capacities (i.e. skills, innovation
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management capabilities of enterprises); and innovation performance with respect to the
specialisation of certain stages in the innovation cycle and the level of innovation activities.
A low R&D potential and an unfavourable structural setting for innovation activities will
significantly reduce the demand for scientific knowledge and thus, the relevance of ISR for
the enterprise sector.

Figure A.2.1: A Conceptual Model for Analysing Industry-Science Relations
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On the other side of the 'knowledge market', the structure and performance of the public
research sector determines knowledge supply and knowledge transfer capacities. Major
variables here are: the disciplinary structure (i.e. the share of different scientific disciplines in
total research activities); the types of organisations (relevance of various types of public
research institutions such as universities, polytechnic colleges, public research labs, joint
industry-university labs, as well as the relation between civil and military research); the
transfer capacities governing the research orientation and research mission (long-term, pure
basic research, oriented basic research, short-term applied research); as well as the mode of
financing, personnel qualification and personnel capacities; and the research performance
with respect to scientific excellence and patent applications.

The level of ISR is strongly affected by the extent to which demand for knowledge interaction
and absorptive capacities in industry meets knowledge supply and transfer capacities in
science. Here, the congruence between technology specialisation in the enterprise sector and
disciplinary structures in science plays a crucial role. Furthermore, the specialisation of
enterprises within the innovation cycle (i.e. invention, adaptation, diffusion and product
differentiation stages) and the orientation of research performance in science on industry
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needs, affect the level of ISR. Market demand and technology development trends in the
various fields of technology also play a major role as they represent major information
sources and competitive pressures for firms to direct and strengthen their innovation activities.
Finally, there is the impact of cultural and social attitudes towards the role of science in
society and the degree to which it should be oriented towards technology transfer to industry
and adjust its scientific efforts and themes of research on industry needs, which may be
regarded as a particular feature of a national innovation system and not directly affected by
policy measures.

Matching knowledge supply and demand is a necessary condition for establishing ISR in
innovation activities. The extent to which this potential is utilised depends on how incentive
structures and barriers work inside an innovation system and the way they influence the
behaviour and decisions of market actors. Figure A.2.2 shows major incentives for and
barriers to, ISR in the enterprise sector, in the public research sector, and in the relation
between both sectors.

Figure A.2.2: Incentives for and Barriers to ISR
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- Risk -averse behaviour, short-term < Incgmpatible objectives, out industry-oriented research
orientation in business strategies divergent "cultures - High teaching and administration duties

- Lack of qualified personnel - Bureaucratic regulations, civil servants law

< High transaction costs, >
- "Not invented here" behaviour financing restrictions - No rewards for commercialising research
results

. . _ Uncertainty of outcome - Risk- i
- - isk-averse behaviour
Market entry barriers for new enterprises ) Iarge Spi”OV IS

- Fear of loosing confidential knowledge

Source: presented by the authors

Of course, the main incentives are the income for public research institutions from research
collaboration with enterprises, and the access to knowledge for enterprises, which may act as
a competitive advantage. Other incentives are in the field of education and personnel
recruitment, network building, and mutual learning. The barriers to ISR are dependent upon:
certain behavioural features of the market actors (such as risk-averse behaviour, idiosyncratic
behaviour, innovation management capabilities); market inefficiencies (such as a lack of
qualified personnel or in financing sources); market failures (information asymmetries, lack
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of transparency, transaction costs, spillovers, uncertainty etc.); and incentive structures which
are not favourable for ISR (such as evaluation solely oriented towards academic criteria or
short-term orientation in enterprise strategies due to short-term oriented financial markets).

Publicly designed framework conditions for ISR affect these incentives and barriers in two
different ways. On the one hand, some are the direct result of certain framework conditions
such as institutional settings in public research organisations, evaluation procedures applied,
regulation of labour and financial markets, or legislation on ISR-relevant issues. On the other
hand, policy attempts to design framework conditions which reduce market failures in the
knowledge market, remove the barriers inherent to knowledge interaction, and thus stimulate
ISR. We distinguish four sets of such framework conditions:

(1) Legislation and regulation (i.e. the legal framework) may act as incentive in
encouraging ISR (e.g. transfer-oriented IPR-regulation) but may also impede ISR (e.g.
civil servants law complicating personnel mobility, taxation of contract research
incomes).

(i) Public promotion programmes often provide financial resources for ISR and thus
compensate for high transaction costs, spillovers, uncertainty of R&D results, and a
lack of financing by risk-averse capital markets. Furthermore, programmes attempt to
raise public awareness towards ISR and change individual behaviour and attitudes
which are not favourable for ISR.

(i) Intermediary structures are established in various forms in all countries covered in this
analysis. They cover both physical and immaterial infrastructure such as technology
centres, incubators, consulting networks, information networks and databases devoted
to fostering ISR, and represents those framework conditions which may directly be
designed by policy.

(iv)  Institutional settings in Higher Education Institutions (HEIs) and Public Sector
Research Establishments (PSREs) determine the incentives and barriers for
researchers in public science to engage in ISR, including: evaluation criteria and
procedures; individual remuneration; financing sources and schemes for R&D;
institutional missions and organisational cultures; recruitment policies; auditing and
strategic planning; administrative support etc.

A major conceptual element of our benchmarking approach is to analyse structural variables,
framework conditions and ISR performance specific to various types of knowledge interaction
between industry and science. Both empirical and theoretical work has shown that there are
very different types of knowledge exchanged in innovation processes, and that there are
differences in the effectiveness of various kinds of channels for exchanging a certain type of
knowledge (Foray 1994, 1997, Smith 1995). Thus, while both industry and science normally
rely on a broad set of channels when interacting with each other, the relative importance of
the channels will vary with the type of innovation activity carried out, the type of knowledge
demanded, the absorption and transfer capacities in enterprises and science, the type and
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extent of market failures prevailing on the knowledge market etc.

Table A.2.1 presents

several types of interactions in ISR and qualifies these types by three dimensions which
define their suitability to knowledge transfer: the degree of formalisation, the extent to which

tacit knowledge may be transferred, and whether a personal interaction takes place.

Table A.2.1: Types of Knowledge Interactions between University and Firms

Types of knowledge interaction

formalisation

transfer of tacit personal (face-

of interaction knowledge  to-face) contact

Employment of graduates by firms +/- + -
Conferences attended both by industry and science - +/- +
New firm formation by researchers from science + + +-
Joint publications - + +
Informal meetings, talks, communications - + +
Joint supervision of PhDs and Masters theses +/- +/- +/-
Training of employees of enterprises +/- +/- +
Mobility of researchers between industry and science and v.v. + + +
Sabbatical periods for researchers at both sides + + +
Collaborative research, joint research programmes + + +
Lectures at universities held by employees of enterprises + +/- +
Contract research and consulting + +/- +
Use of public research facilities by industry + - +/-
Licensing of patents held by science to enterprises + - +/-
Purchase of prototypes developed at science + - +/-
Enterprises reading of publications, patent disclosures etc. - - -

+: interaction typically involves formal agreements, transfer of tacit knowledge, personal contacts

+/-: varying degree of formal agreements, transfer of tacit knowledge, personal contacts

- interaction typically involves no formal agreements, no transfer of tacit knowledge, no personal contacts

Source: Schartinger et al. (2001)

We concentrate our benchmarking analysis on those types of knowledge interactions between
industry and science which are based, at least to some degree, upon formal and personal
interaction and allow for the transfer of tacit knowledge which is regarded as a critical success
factor in learning and successful innovation (see also Schmoch 1999, Abramson 1997, Cohen
et al. 1995, Schartinger et al. 2000, 2001, Schibany et al. 2000). These include:

Collaborative research, i.e. carrying out R&D projects jointly by enterprises and

researchers in science.

Contract (commissioned) research and technology consulting, i.e. the placing of R&D
contracts by enterprises in science institutions and the use of technology advice by

enterprises.

Personnel mobility, i.e. the permanent or temporary move of researchers from science to

industry and vice versa;

Co-operation in graduate education such as temporary practical studies in enterprises or

the joint supervision of thesis.

31



Benchmarking Industry-Science Relations: The Role of Framework Conditions

Vocational training for employees, i.e. further education for enterprise staff in research and
innovation related topics.

Use of Intellectual Property Rights (IPRs) by science both as a tool for indicating
technological competence and as a base for licensing technologies to enterprises and
receiving royalties.

Start-ups of technology-oriented enterprises by researchers in science, i.e. transfer of new
research results into commercial value by creating new enterprises.

Informal contacts and industry-science networks on a personal or organisational basis,
including informal consulting and information exchange, Alumni meetings, mutual
memberships in advisory boards, sponsoring of professorships by industry etc.

Of course, there are additional ways of exchanging knowledge between enterprises and public
research organisations which represent important transfer channels and these will be
considered in the benchmarking exercise on a qualitative level. These include, amongst
others: the employment of graduates in enterprises (who may transfer new knowledge from
universities to industry); the reading of articles and scientific papers; joint scientific
publications by researchers from enterprises and public research institutions (which often
coincides with collaborative research projects); and lectures by employees of enterprises at
universities.

A.2.2 Layout of the Benchmarking Process

The benchmarking approach applied in this project is modelled on the procedure shown in
Figure A.2.2. Based on standardised methodology and analytical structure, national experts
produce reports on the performance of ISR, the structure of knowledge production and the
prevailing policy-related framework conditions for ISR in their countries. This information is
used firstly, to produce uniform 'national models of ISR' to identify those framework
conditions that foster the exchange of knowledge and technology between industry and
science. Secondly, it is used to compare national approaches to the shaping of framework
conditions in several critical areas of ISR, such as IPRs, start-ups from public science,
personnel mobility, training & education, joint R&D efforts, science-based industries, and the
involvement of SMEs in ISR. A detailed analysis of both structural characteristics and
policy-related framework conditions in areas with a high performance in ISR allows
identification of good practices and areas where learning may take place. Special emphasis is
placed on the way in which good practices depend upon specific barriers and incentives that
prevail in certain national innovation systems. The exchange of this information, and the
discussion among policy makers and experts on the experiences each country has had in
shaping framework conditions for ISR, shall stimulate learning and adoption processes and
ultimately, contribute to a continuous learning process.
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Figure A.2.2: Procedure of the Benchmarking Exercise on ISR and the Role of Framework Conditions

broduston |« | Framework |
ndition i
Structures Conditions (Continuous
Learning)
ISR (Policy
Good Performance Good Measures)
Practice Practice
? l ? A
Areas of Good Recommen-
Performance Learning dations

Source: presented by the authors

Indicators of ISR

For each country considered in the benchmarking exercise, indicators are measured on the
structure and performance of knowledge supply and demand in the business enterprise and the
public science sector (‘knowledge production structure’). The following indicators are used
(see Table A.2.3):

R&D performance with respect to R&D intensity of the business enterprise sector (BERD
as a percentage of GDP), the higher education sector (HERD as a percentage of GDP), and
the government sector (GOVERD as a percentage of GDP); change in total R&D intensity
during the 1990s (GERD as a percentage of GDP)

Enterprise structure with respect to the significance of large enterprises and foreign-owned
enterprises in business enterprise R&D performance

Absorption capacities in SMEs with respect to their R&D and patent activities

High-tech orientation of the business enterprise sector with respect to the share of high-
tech, medium to high-tech and IT services in total BERD; patent application intensity in
high-tech areas and in global markets; share of the enterprise sector in total basic research

Disciplinary orientation in public science with respect to the share of natural sciences and
engineering in total HERD and GOVERD respectively

Excellence of science with respect to impact factors of scientific publications in natural
sciences and engineering
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Financing structure of R&D with respect to basic R&D financing of the higher education
sector (universities and colleges) via 'general university funds'; share of government
financing of business enterprise R&D; significance of venture capital investment

Table A.2.3: Indicators of Knowledge Production Structures Relevant to ISR

Variable Indicator Year Source
R&D Performance BERD in % of GDP 1998*  OECD
HERD in % of GDP 1998*  OECD
GOVERD (incl. non-profit private) in % of GDP 1998*  OECD
Change in GERD as % of GDP in the 1990s (in %-points) 1988-98* OECD
Size Structure and  Share of enterprises > 10,000 employees in BERD in % 1997  OECD
Firm Ownership Share of BERD carried out by domestic enterprises in % 1997*  OECD
R&D Activities by Share of coptinuously_R&D performing innovative small 1996 cIs2
SMEs manufacturing enterprises (20-50 employees)
Share of continuously R&D performing innovative medium-sized
manufacturing enterprises (50-249 employees) 1996 Cis2
Patent Activities Share of innovative small manufacturing enterprises having applied 1996 CIS?
by SMEs a patent (20-50 employees)
Shar_e of innovative medium-sized manufacturing enterprises having 1996 cIs2
applied a patent (50-249 employees)
High-Tech Share of BERD performed in high-tech in % 1998*  OECD
Orientation Share of BERD performed in medium- to high-tech in % 1998*  OECD
of Enterprise Share of BERD performed in IT-services, private R&D in % 1998* OECD
Sector gl;pmu?;[zoo; high-tech patents applications at EPO per 1 million of 1998 OECD
Numbe( of Triade patents per 1 million of economically active 1998  EhG-ISI
population
Share of enterprise sector in total basic research in % 1997 OECD
Disciplinary Share of natural sciences in total HERD in % 1999*  nat. rep.
Orientation of Share of engineering in total HERD in % 1999*  nat. rep.
Public Science Share of NSE in total R&D personnel at PSRE in % 1999*  nat. rep.
Excellence of Impact factor of scientific publications in natural sciences (citations  average ISI-
Public Science per publication) 1995-99 NSIOD
Impact factor of scientific publications in engineering (citations per ~ average ISI-
publication) 1995-99 NSIOD
Financing of R&D  Share of HERD financed outside GUF in % 1998*  OECD
Government funding of BERD in %. of GDP 1998* OECD
Venture capital investment in %o of GDP 1999 EVCA
Market Dynamics  Turnover at ICT markets in % of GDP 2000 EITO
in New Share of new products in turnover in % (manufacturing only) 1996 CISs2
Technologies Diffusion of internet in % of population 1999 ITU
Mobile telephone subscribers in % of population 1999 ITU

* For some countries and some indicators, data is available for earlier years only. In the case of availability of 1999 data, the
more recent information is used.

OECD: Main Science and Technology Indicators; Basic Science and Technology Statistics; Science, Technology and
Industry Scoreboard; ANBERD and STAN databases

CIS2: Community Innovation Surveys Il (1997-1998, reference period 1994 to 1996), Eurostat
FhG-ISI: Fraunhofer-Institut for Systems Technique and Innovation Research, Karlsruhe, Germany
ISI-NSIOD: Institute for Scientific Information, National Science Indicators on Discette

EVCA: European Venture Capitalist Association

EITO: European Information Technology Observatory

ITU: International Telecommunication Union
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nat. rep.: national statistics, provided by national experts within this benchmarking exercise

Source: compiled by the authors

Market dynamics in new technologies with respect to overall propensity to adopt new
technologies (using the internet & mobile phones as benchmarks); significance of
information and communication technology (ICT) markets; turnover of new products as a
share of total manufacturing turnover (as a substitute for the average length of product
cycles, i.e. innovation dynamics)

A country's performance in ISR is measured for several types of interactions, using the
following indicators (see Table A.2.3):

Research collaboration: the share of R&D financing in higher education institutions
(HEIs) and public sector research establishments (PSRES) which stem from industry (i.e.
the significance of financial flows from business enterprises to public science institutions
in the course of collaborative and commissioned research and R&D consulting); the share
of industry's R&D financing in public science as a percentage of total R&D expenditures in
industry (i.e. the significance of R&D outsourcing to, and co-operation with, science); the
significance of faculty consulting (i.e. technology consulting in enterprises by individual
researchers outside formal institutional agreements)

Co-operation in innovation: the number of enterprises who co-operate with HEIs or PSRES
in the context of innovation projects; the number of enterprises who use HEIs or PSRES as
an information source for their innovation activities (i.e. the significance of public science
as a contributor to industrial innovation)

Researcher mobility: the number of researchers in HEIs or PSREs who have moved to
industry research within a certain period of time, and the number of industry researchers
who have moved into the public science sector (i.e. the degree of mobility between the two
sectors)

Co-operation in training and education: income from vocational training activities
(professional continuing education etc.) in HEIs; the number of participants in vocational
training in relation to the R&D capacities of HEIs; the share of students carrying out
practical work in enterprises as part of their study (e.g. placements, jointly supervised
thesis)

Use of IPRs in public science: the number of patents applied for by HEIs and PSREs (or by
individual researchers working in these institutions) in relation to the total number of
researchers in HEIs and PSREs; the share of royalty incomes to HEIs and PSREs from
their total R&D expenditures

Start-ups from public science: the number of new, technology-oriented enterprises created
by researchers from HEIs or PSREs, or by the institutions themselves, in relation to the
total number of researchers
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Informal contacts and personal networks: a qualitative assessment by national experts on
the relevance of informal contacts, and personal or organisation based networks such as
Alumni meetings, membership in advisory or scientific boards, sponsorships, and other
types of networking that facilitate knowledge exchange on an individual basis

Table A.2.4: Indicators of the Performance of ISR

Variable Indicator Year  Source
Contract and R&D financing by industry for HEIs in % of HERD 1998* OECD
Collaborative R&D financing by industry for PSREs in % of GOVERD 1998* OECD
Research R&D financing by industry for HEIS/PSREs in % of BERD 1998* OECD
Significance of R&D consulting with firms by HEI researchers mrya  nat. rep.
Significance of R&D consulting with firms by PSRE researchers mrya  nat. rep.
Co-operation in Innovative manuf. enterprises co-operating with HEIs in % 1994-96 CIS2
Innovation Innovative manuf. enterprises co-operating with PSRES in % 1994-96 CIS2
Projects Innovative service enterprises co-operating with HEIs in % 1994-96 CIS2
Innovative service enterprises co-operating with PSRES in % 1994-96 CIS2
Science as Infor-  HEIs used as inform. source by innov. manuf. enterpr. in % 1994-96 CIS2
mation Source PSREs used as inform. source by inn. manuf. enterpr. in % 1994-96 CISs2
for Industrial HEIs used as inform. source by innov. service enterpr. in % 1994-96 CIS2
Innovation PSREs used as inform. source by inn. service enterpr. in % 1994-96 CIS2
Mobility of Share of researchers in HEIs moving to industry p.a. in % mrya  nat. rep.
Researchers Share of researchers at PSRESs moving to industry p.a. in % mrya  nat. rep.
Share of HE graduates at industry moving to HEIS/PSRES p.a. in % mrya  nat. rep.
Training and Income from vocational training in HEIs in % of R&D expenditures mrya  nat. rep.
Education Number of vocational training participants in HEIs per R&D employees
in HEIs mrya  nat. rep.
Share of students carryin_g out practices at enterpris:es during their study mrya  nat. rep.
(placements, master thesis, PhD programmes etc.) in %
Pat_ent Appli- Patent Appl_ications by HEIs (and individual HEI researchers) per 1,000 mrya  nat. rep.
cations by employees in NSEM in HEIs

Public Science Patent Applications by PSREs (and individual PSRE researchers) per

1,000 employees in NSEM at PSRESs mrya  nat.rep.

Royalty Incomes
by Public Science

Royalties in % of total R&D expenditures in HEIs
Royalties in % of total R&D expenditures at PSREs

mrya  nat. rep.
mrya  nat. rep.

Number of technology-based start-ups in HEIs per 1,000 R&D
personnel

Number of technology-based start-ups at PSREs per 1,000 R&D pers.

Start-ups from mrya  nat. rep.

Public Science mrya  nat. rep.

Informal contacts,
personal networks

significance of networks between industry and HEIs (exp. assessment)
significance of networks between industry and PSREs (exp. assessment)

mrya  nat. rep.
mrya  nat. rep.

* For some countries and some indicators, data are available for earlier years, only. In the case of availability of 1999 data,
the more recent information is used.

mrya: most resent year available
OECD: Main Science and Technology Indicators, Basic Science and Technology Statistics
CIS2: Community Innovation Surveys Il (1997-1998, reference period 1994 to 1996), Eurostat

nat. rep.: national statistics or assessments by national experts, provided by national experts within this benchmarking
exercise

Source: compiled by the authors

Within the conceptual model underlying the benchmarking exercise, it is assumed that the
knowledge production structures prevailing in an innovation system represent the potential for
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ISR. The extent to which this potential is utilised depends heavily upon the framework
conditions in individual situations, i.e. the incentives and barriers as a result of the legal
framework, institutional structures, supporting institutions and policy measures. These may
explain why ISR performances could be high despite unfavourable structural features of an
innovation system, or why they might be lower than one would expect due to the structural
characteristics of the knowledge production system. In order to capture these factors and
identify good and bad practices, five areas of so-called 'policy-related framework conditions'
are distinguished and described for each country following a uniform structure:

0] legislation and regulation, i.e. laws and other legal direction affecting either industry
or science in ISR,

(i) public promotion programmes and other science and technology policy measures
aimed at removing barriers to interaction due to 'market failures' in the fields of
knowledge production and technology exchange,

(iii)  intermediary structures such as technology transfer units, physical infrastructures,
and consulting networks,

(iv)  institutional settings (with respect to incentives to, and barriers for, ISR) in public
science institutions and in the business enterprise sector,

(V) cultural attitudes towards ISR with respect to awareness of ISR among different
groups of actors, idiosyncratic behaviour, cultural values and traditions which
encourage or hinder ISR.

Knowledge production structures, ISR performance and policy-related framework conditions
are outlined in the national reports. A lack of quantitative information is compensated for by
expert interviews based on a standardised questionnaire that allows for qualitative comments
and assessments (see Appendix D.2). The country-specific results provide the starting point
for a cross-country comparison of structural characteristics, framework conditions and ISR
performance. For countries with a particularly high performance in a certain type of ISR, we
analyse the knowledge production structure and policy-related framework conditions in more
detail. Based on expert interviews and expert assessments, examples of good practice in
shaping framework conditions are identified for each country in "areas of good performance™.
The good practices are described with respect to their dependence on the overall setting of the
national innovation system and the specific barriers and incentives which are dominant (in
terms of the type of interaction). Special attention is paid to those characteristics and
mechanisms of good practice that may overcome major barriers and provide stimulating
incentives, and from which one could learn how to shape framework conditions under certain
features of an innovation system.

The final step of our benchmarking exercise is the learning from the good practices identified.
We conclude with recommendations on how to improve and strengthen ISR, paying particular
emphasis to the following areas:
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collaborative research in bottom-up defined fields of technology,

supporting research commercialisation in public science through the creation of new firms
(start-ups),

the role of IPRs in the dissemination and commercialisation of new research results,

facilitating interaction in the field of human capital, i.e. researcher mobility between
industry and science and co-operation in vocational training and education,

supporting SMEs in tackling their general disadvantages in ISR,
fostering ISR in science-based industries,

reforming institutional settings in public science through setting proper incentive schemes
for transfer activities.
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B. National Models of ISR

B.1 Austria®

B.1.1 Knowledge Production Structures in Austria

R&D investments in Austria - compared to GDP - are rather low by international standards.
In the second half of the 1990s, R&D expenditures have significantly increased however, and
the R&D intensity (R&D expenditures as a percentage of GDP) has grown from 1.5 % in
1993 to 1.8 % in 1998. In terms of financing, the main source of growth has been funds from
abroad, including both EU funds (framework programmes) and R&D financing by foreign
enterprises. However, a more recent survey on R&D activities in Austria in 1998 suggests
that R&D activities financed from abroad were underestimated in 1993.

Table B.1.1: R&D Expenditures in Austria (1993, 1998) by Financing and Performing Sectors (in million

€)
Performing Sector Financed by (1993) Total
Enterprises State* Abroad million € % % of GDP

Enterprise Sector 1,107 126 54 1,287 56 0.83
PSREs* 6 203 2 211 9 0.13
HElIs 16 786 3 805 35 0.52
Total (million €) 1,128 1,115 60 2,303

Total (%) 49 48 3 100 1.48

Financed by (1998)
Total (million €) 1,475 1,410 770 3,655
Total (%) 40 39 21 1.80

* including the small non-profit private sector
Source: 1993 data: OECD (2000), based on the full survey of R&D in Austria in 1993, calculations by the authors

1998 data: Statistics Austria, based on the full survey in Austria in 1998, calculations by the authors

Enterprises are the main R&D performers in Austria accounting for 56 percent of total R&D
expenditures. The enterprise sector finances about 86 percent of its own R&D activities and
40 percent of total R&D activities in Austria. The government finances a significant share, 10
% of total BERD. The second most important R&D performing sector is the HEIs, with a
share in total GERD of 35 %. The small PSRE sector accounts for only 9 % of Austrian R&D
expenditures.

HEIs in Austria receive 83 percent of their annual budgets through basic financing and only
17 percent through competitive funding on a project basis. The main source of competitive
funding in HEIs is the Austrian Science Fund (FWF) with a focus on natural sciences. 95
percent of public financing sources in HEIs stem from the national government. In 1993, only

2 This chapter is based on the national report on ISR in Austria (Schartinger, Gassler and Schibana 2001) as well as on
Schartinger et al. (2000a,b, 2001).
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minor amounts came from enterprises, regional governments or abroad. This has significantly
changed in recent years however, with a large increase in financing from abroad since Austria
has become a member of the EU. PSRESs receive a rather high share of their annual budgets
(about two thirds) through the acquisition of research projects and only one third through
basic financing. However, the majority of funds - basic or competitive - stem from various
public sources and about 10 % come from the enterprise sector or from abroad.

Table B.1.2: Financing Structure of R&D in HEIs and PSREs in Austria (in %, estimates)

Public Financing Source HEIs (1993) PSREs (1999)
Basic Financing (GUF) 83 ~35
Project Financing and other financing sources 17 ~ 65
National Government 95 ~ 60
Regional Governments 2 ~20
Other Sources (enterprises, internal financing, abroad) 3 ~10

Source: OECD (2000), own survey and calculations by the authors

R&D expenditure in the Austrian enterprise sector focuses on the high technology sectors and
other technology sectors.* These two categories accumulate about 70 % of business R&D
expenditure. They are characterised by extensive R&D investments as a percentage of value
added respectively. There was an enormous shift in the sectoral distribution of R&D
expenditures between 1993 and 1998. In 1993, the focus of business R&D expenditures was
on technology sectors outside the high-tech-sectors and on other manufacturing sectors, which
combined, accounted for two thirds of business R&D expenditures. So, whereas at the
beginning of the 1990s, Austrian industry concentrated its R&D activities on incremental
technological change and relied heavily on its customer relations as a source of information,
now high-tech sectors which are generally assumed to have stronger science linkages, have
gained greater importance.

Table B.1.3: R&D Expenditures in the Austrian Enterprise Sector by Sectors 1998

Sector Share in R&D  R&D Expen-
Expenditures  ditures in % of
(in %) GDP
High-Tech Sectors (NACE 24.4, 30, 32.1, 32.2, 33, 35.3) 36 0,37
Other Technology Sectors (NACE 23, 24, 29 to 35 excl. high-tech sectors) 35 0,36
Other Manufacturing (NACE 01 to 45, excl. technology/high-tech sectors) 14 0,15
IT-Services (NACE 64, 72, 73) 7 0,07
Other Services (NACE 50 to 99, excl. IT-Services) 8 0,08

Source: OSTAT (2000), calculations by the authors

R&D in the Austrian service sector accounted for 15 % of total GERD in 1998, which meets
the OECD average. The highest R&D expenditures per capita are found in IT services, data
processing and telecommunications, and more in various business and consulting services.

3 High-tech sectors are (NACE-codes in parentheses): pharmaceuticals (24.4), office and computer machinery (30),
electronic components (32.1), telecommunication equipment (32.2), instruments (33) and aerospace (35.3). Other technology
sectors are refined petroleum products (23), chemicals (24) excl. pharmaceuticals, machinery (29), electrical machinery (31),
radio and television equipment (32.3), motor vehicles (34) and other transport equipment (35) excl. aerospace.
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But only a very small fraction of the service sector (commercial research institutions) reaches
the levels of the manufacturing sectors. Despite its relative weight in the Austrian economy,
no research activities are found in tourism. But it must be noted that the character of service
innovation differs from that in manufacturing, therefore R&D-intensity should not be mixed
up with a sectors propensity to innovate.

The sector of small enterprises (SMES) in Austria employed about two thirds of all employees
in the Austrian enterprise sector in 1995 and accounted for 18 % of all R&D expenditures in
the enterprise sector in 1998 (see Table B.1.4). However, results from CIS2 reveal that in
Austrian enterprises with under 250 employees use universities as an information source more
often than the European average. Over 50 % of all R&D expenditures in the enterprise sector
are spent by enterprises with more than 1000 employees which accounts for about 20 % of all
employees in the enterprise sector.

Table B.1.4: R&D Expenditures in the Austrian Enterprise Sector by Size Classes of Enterprises 1998

Sector Share in %
Small Enterprises (< 250 employees) 18
Medium-sized Enterprises (250 to 999 employees) 30
Large Enterprises (1,000 to 9,999 employees) ~ 26
Very Large Enterprises (10,000 employees and more) ~25

Source: OSTAT (2001), calculations by the authors

Some 67 percent of businesses reported the introduction of product or process innovation
between 1994 and 1996. More than half of these reported the introduction of innovation in
both products and processes. This tendency by Austrian businesses to utilise innovation is
clearly above the European average of 51 percent. When compared by size class, Austria has
also achieved an above average quota of innovation in comparison with the other EU
countries. The differences become less pronounced with an increase in the size of the
business.

In terms of investments in innovation, SMEs in the manufacturing sector and medium-sized
enterprises in the service sector have markedly higher innovation expenditures as a share of
turnover, than the European average (see Table B.1.5). Innovation intensity remains below
EU averages, mainly in the areas of electric and optical machines, as well as energy and water
supply. Furthermore, innovation intensity is above average in the oil and chemistry, rubber,
plastics, mineral products and glass, and metal production and processing, and metal products
sectors.

In Austria, the share of turnover due to new or improved products in total is similar to the EU
average. The share of turnover from new or improved products is clearly above the EU
average in very small manufacturing enterprises. Larger enterprises with more than 250
employees rank slightly below other European businesses of comparable size. These
businesses therefore appear to be very efficient innovators despite the fact that they lag behind
in innovation-specific expenditure. Austrian medium-sized enterprises also remain slightly
below the comparative European average. Given the above average innovation-specific
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expenditure of Austrian medium-sized enterprises, there is a definite need to improve the
efficiency of these innovation processes.

Table B.1.5: Relative Innovation and R&D Performance of SMEs in Austria

Manufacturing Services
Very small Small Very small Small
enterprises  enterprises enterprises enterprises
(< 50 em- (50-249 (<50 em- (50-249
ployees)  employees)  ployees)  employees)

Share of Innovative Enterprises* 1.04 0.96 1.07 0.88
Innovation Expenditures as a Share of Turnover* 1.89 141 0.90 154
Share of Turnover due to Innovative Products* 1.98 0.99 n.a. n.a.
Share of Enterprises with High R&D Intensity** 0.48 1.07 0.64 0.81
Share of Enterprises with Medium R&D Intensity** 111 1.40 0.49 0.46
Share of Enterprises Engaged Continuously in R&D** 1.02 1.27 0.60 0.97
Share of Enterprises Having Applied for a Patent** 1.42 1.35 0.40 1.21

* Figures show the relation of Austrian SMEs' performance to the performance of SMEs in the EU average, normalised by
the respective relation of all Austrian enterprises to all EU enterprises: (*“®xaj/*V"xg;)/(Xaj/Xgj), X being the variable
considered, A being Austria, j being the sector considered (i.e. manufacturing and services), and SME indicating that the
variable is measured for SMEs only. The EU average is the mean weighted by the number of enterprises of all EU countries
(except Greece): Values above 1 show that SMEs are more innovative than in the EU average.

** Figures show the relation of SMEs in Austria to SMEs in the weighted mean of all EU countries (except Greece):
SMExail™MExgj, x being the variable considered, A being Austria, j being the sector considered (i.e. manufacturing and
services), and SME indicating that the variable is measured for SMEs only. Values above 1 show that SMEs are more R&D
and patenting oriented than in the EU average.

Source: Eurostat-CIS2, calculations by the authors

In the higher education sector, Austria shows a clear focus on medical sciences in terms of
R&D personnel, followed by natural and social sciences (see Table B.1.6). Only 12 % of the
R&D personnel in the public science sector are attributed to engineering. In contrast, PSRE
figures reveal a clear focus on natural sciences, followed by social sciences and humanities.
In the total public science sector, engineering disposes of the least amount of R&D personnel.
This is critical considering that engineering may contribute mostly to technological problem
solving in the innovation processes of the enterprise sector.

Table B.1.6: R&D Personnel in the Austrian Public Science Sector (HEIs & PSRES) by Fields of Science (in

%)
Sector HEIs (1999) PSREs (1993) Total
Natural Sciences 24 34 26
Engineering (incl. Agricultural Sciences) 12 8 11
Medical Sciences 32 10 29
Social Sciences 18 25 19
Humanities 14 23 15

Source: OSTAT (2000), calculations by the authors

The public science sector in Austria consists of the following main institutions (see Table
B.1.7 for a summary):

There are 12 main universities (including two technical universities) and the universities of
Arts and Humanities. They are, by a large extent, the main R&D performers in public science
in Austria, accounting for nearly 80 % of total R&D expenditure in public science. They
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receive basic funding from the federal government and their legal framework is affected
mainly by national laws. The 12 main universities educate 93 % of all students in Austria
while universities of Arts and Humanities educate 3.5%. The main universities are situated in
seven locations and were divided into 843 departments in 1997 while the universities of Arts
and Humanities were divided in 55 departments in 1993. Detailed surveys revealed that on
average, university researchers engage 50 percent of their work hours in research and
development activities and 30 percent in medical sciences due to the attendance of patients. In
terms of professorships authorised and financed by the government, the main Austrian
universities reveal a specialisation in technical sciences, followed by social sciences and
humanities.

Polytechnic colleges educate the remaining 3.5 % of all students in Austria. Polytechnic
colleges were first established in 1994 as an alternative to classical university education. As
universities, they fulfil education and research tasks. As technology transfer is a considerable
part of their mission, education is characterised by practice orientation and shorter courses of
studies (3 years plus practice). The prerequisites for access to polytechnic colleges are the
same as for students in the main universities but increasingly, they must undergo a selection
process. The demand for polytechnic colleges has grown very quickly with an annual growth
rate of students enrolled of over 30 %. In contrast to universities, polytechnic colleges are
set-up and sustained not only by the federal government, but also by regional and local
governments, membership organisations or legal persons of civil law.

The most recently established university level institution in Austria is the Danube University
Krems, based on its own federal law of 1994. At Krems, teaching began at the beginning of
the academic year 1994/95. Research agendas are partly complementary to, and partly
overlapping with, the general universities. Education is dedicated exclusively to the realm of
post-graduate professional and continuing education and offers application oriented course
programmes.

The Austrian Academy of Sciences is regarded as part of the HEI sector and unites functions
of the ‘classic society of scholars' with those of the largest extra-university institute for basic
research in all fields. It is financed primarily by federal subsidies and employs a staff of 600
researchers.

Within the PSRE sector, there are several federal institutions and agencies that carry out
research: the Central Institute for Meteorology and Geodynamics and the Geological Survey
of Austria; the Federal Environment Agency; and the Federal Institute of Public Health.
Fifteen departmental research institutes are installed in the fields of agriculture, forestry and
the management of water resources - some of them also have an educational function.

The state owns shares of certain co-operative research enterprises, e.g. 51 percent of the
Austrian Research Centre Seibersdorf and 100 percent of the Research and Testing Centre
Arsenal. Both enterprises co-operate closely with another registered company - The
Joanneum Research, which is owned by the federal province of Styria. In order to optimise
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the market position after the opening up of Eastern Europe and Austria's EU accession,
Research Austria was founded as an umbrella organisation for these three large research
institutions.

Table B.1.7: Main Characteristics of Major Institutions in the Austrian Public Science Sector (HEIs &

PSREs)
Institution Share in Structure Main mission Research Level of Firm
Total Pub- Orientation Interaction
lic R&D
12 univer- basic and low to high,
Main Universities ~70 sities research and education applied highly varying
research among dept.
Universities of Arts 50-60 . .
- ~4 Lo research and education basic research low
and Humanities institutes
. education and applied .
Polytechnic Colleges <1 19 colleges technology transfer research high
Danube University 19 research, education applied and
<1 . ! low
Krems departments and consulting basic research
57 research basic research
Academy of Sciences ~5 units in 11 complementary to basic research low
research fields universities
Federal Research about 20 research in public aolied
Institutions and ~5 agencies and . P PP low to medium
X AR interest research
Agencies institutes
Austrian  Research e et applied
Centres Seibersdorf & ~7 0 1y PP high
subsidiary sciences and research
Arsenal Research . . .
companies engineering
applied research
Joanneum Research ~3 20 institutes mam_ly innatural applied high
sciences and research
engineering
Austrian Institute for 8-9 divisions, . .
. . economic forecasts, applied
Economic  Research ~1 various olicy consultin research low
(WIFO) research topics policy g
Institute for Advanced <1 4 departments, ecglnigm(l:%:](;[je;;z;sts, b;iSIC"(’;r(;d low
Studies (IHS) 60 researchers policy cons 9 PP
education research
Others ~3

Source: own survey and calculations by the authors

The Austrian Institute of Economic Research (WIFO) analyses Austrian and international
economic developments. They provide short and medium-term forecasts and studies on
competitiveness, quality of location and European integration, and thereby supply the
information required both for economic policy and for strategic decisions in enterprises.

A number of other PSREs and non-profit research institutes deal particularly with social
sciences and the humanities, and are financed by government funds and by earnings from
research projects assigned to them by public authorities. They also offer advice on science
policy issues. One of the larger of these institutes is the Ludwig Boltzmann Society, which is
an umbrella organisation covering more than 100 smaller research institutes with a focus on
the medical field and social sciences. The Austrian Institute for International Politics, the
International Research Centre for Cultural Sciences, and the Institute for Advanced Studies
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which in addition to its research function also provides post-graduate studies and further
education, are other main actors.

B.1.2 The Level of ISR in Austria

The level of ISR in Austria is described by a set of indicators and assessments on the
significance of various interaction channels. Table B.1.8 lists the indicators used and the
main results. It also indicates those areas in which ISR in Austria may be regarded as above
average with respect to EU standards.

Data on financial flows between the enterprise sector and the public science sector in Austria
show rather low inter-sector linkages in terms of contract research. Enterprises finance
merely 2 % of all higher education expenditures on R&D and 2 % of all government
expenditures on R&D. The business expenditure on R&D used to finance research at
universities or PSRE is even below 2 % (1.7 %). With respect to sectors of economic activity,
it is mainly the chemical and pharmaceutical, machinery and equipment sectors, the basic
metal industry and energy and water supply sectors, that finance research in a variety of fields
of research.

There is a growing trend towards the co-operation between the science and enterprise sectors
in Austria. In comparison with the innovation survey from 1990, more recent studies show an
increasing tendency towards co-operation. This is remarkable considering that Austrian
universities are almost exclusively publicly funded. Although there have been cuts in public
funding, it is quite difficult to interpret this relatively high co-operation rate with universities
and public research institutes in Austria as a consequence of these cuts (i.e. that universities
are being 'forced' to become more entrepreneurial and commercial oriented). Instead, strong
co-operation links between some specific university departments and commercial firms in
Austria seem to reflect personal relationships and initiatives of the firms, more than as a result
of canvassing by universities in order to acquire additional funds.

Concerning the use of different information sources, the Austrian enterprise sector highly
correlates with the EU average. Around 5 % of the innovative companies rank universities as
an information source which they consider highly important. The significance of these as
sources of information does however, vary depending on the size of the firm. The larger the
company, the more important are HEI and PSRE as sources of information. Small companies
tend to have problems tapping sources of information close to the sciences. If they are part of
a conglomerate they tend to look for information within it. Enterprises in the manufacturing
sector tend to turn to HEIs rather than to PSRE for additional information. Conversely, the
extent to which enterprises in the service sector use HEIs or PSRE as a source of information
is negligible.

The mobility of researchers from science to industry is rather low in Austria. This is
especially true for HEI. Career paths in the university system are rather linear. University
researchers start as university assistants and develop their careers from there. They either get
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a permanent appointment or drop out of the system. Because of this career path, universities
usually do not recruit researchers externally but develop these jobs internally. (This does not
apply for full professors.) Mobility restrictions between universities and industry in Austria
also arise from the specific culture of the university system and are based on rather pragmatic
issues. Many of the university researchers, who make use of the chance to temporarily leave
university for external research or teaching purposes, have lifelong employment contracts.
Hence, they are eager to be able to return to their jobs after the termination of their external
contracts. Additionally, due to large wage differences between HEIs and PSREs on the one
hand and industry research on the other, there is little mobility in the other direction, from
industry to science.

In many cases, researchers at PSREs are not civil servants. Therefore, compared to industry,
the differences in employment regulations are not as significant as they do not enter lifelong
employment contracts as university researchers. There is little empirical information on the
mobility of researchers from PSRE to industry. Expert assessments indicate low mobility
however.

Universities usually offer vocational training programmes on a decentralised basis, i.e. on the
initiative of individual departments or faculties. About 11 % of all university departments in
Austria were engaged in vocational training for the enterprise sector in the period from 1995-
1998. The university field of research which is most actively engaged in vocational training
in relation to its size, is traffic and transport systems, followed by the fields of research of
economics and engineering. The sectors of economic activity most frequently engaged in
vocational training with universities in Austria are the chemical and pharmaceutical sectors,
medical, precision and optical instruments, and the vehicle industry.

The awareness in HEIs and PSREs concerning the protection of intellectual property through
patent applications has increased. Both institutions are now less willing to automatically
leave the rights to the research, to the contract partner, in the case of research co-operations.
However, there is no reliable information in Austria on the annual amount of patent
applications in HEI or at PSRE.

Income from royalties is not a major means of financing, either at PSREs or in HEIs. It is
likely that royalty income heavily depends on very few patents. At HEI, royalties belong to
individual researchers and therefore empirical data is not available.

With respect to start-ups by public science researchers, it may be said that nearly 80 new
companies were set up by university researchers in Austria in the period of 1995-1998 (i.e. 26
per year, excluding graduates). The majority of these university researchers were in technical
and scientific disciplines, followed by the social sciences and economics. In terms of
business profile, three quarters of the new companies provide production-related services, 14
percent belong to the sector of the small-scale manufacturing industry, and 12 percent provide
other services. This corresponds to the findings of surveys of new technology-based
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companies in Austria, which also show the service sector to be significantly more dynamic
than the manufacturing industry.

The existence of personal networks seems to be the main determinant for the establishment of
science-industry-linkages in Austria. As PSREs are very dependent on contract research, they
must dispose of a rather widespread and stable net of personal contacts in order to acquire
external funds. HEIs, which receive a rather high share of basic funding, are less aware of the
necessity to cultivate personal relations.

Table B.1.8: Indicators and Assessments of ISR in Austria at the End of the 1990s

Type of ISR Indicator Value*
Contract and Collaborative Research R&D financing by industry for HEIs in % of HERD 2.0
(Source: OECD-BSTS) R&D financing by industry for PSREs in % of GOVERD 2.0
R&D financing by industry for HEIS/PSRES in % of BERD 1.7
Faculty Consulting with Industry Significance of R&D consulting with firms by HEI research. high
Significance of R&D consulting with firms by PSRE resear. low
Co-operation in Innovation Projects Innovative manuf. enterprises co-operating with HEIs in % 12.6
(Source: CIS2) Innovative manuf. enterprises co-operating with PSRESs in % 7.1
Innovative service enterprises co-operating with HEIs in % 5.8
Innovative service enterprises co-operating with PSRES in % 2.5
Science as an Information Source for HEIs used as inform. source by innov. manuf. enterpr. in % 4.7
Industrial Innovation PSREs used as inform. source by innov. manuf. enterpr. in % 1.1
(Source: CIS2) HEIs used as inform. source by innov. service enterpr. in % 0.6
PSREs used as inform. source by innov. service enterpr. in % 0.7
Mobility of Researchers Share of researchers in HEIs moving to industry p.a. in % medium
(Source: national statistics, assessments) Share of researchers at PSREs moving to industry p.a. in % medium
Share of HE graduates at industry moving to HEIS/PSREs p.a. |
in % ow
Vocational Training Income from vocational training in HEIs in % of R&D exp. low
(Source: national statistics, assessments) Number of vocational training participants in HEIs per 1,000 low
R&D employees at HEI
Patent Applications at Science Patent Applications by HEIs per 1,000 employees in NSEM low
(Source: national statistics, assessments) Patent Applications by PSREs per 1,000 employees in NSEM medium
Royalty Income by Science Royalties in % of total R&D expenditures in HEIs low
(Source: national statistics, assessments) Royalties in % of total R&D expenditures at PSREs low
Start-ups from Science Number of technology-based start-ups in HEIs per 1,000 R&D -4
(Source: national statistics, assessments) personnel
Number of technology-based start-ups at PSREs per 1,000 ~1
R&D personnel
Informal contacts and personal networks significance of networks between industry and HEIs medium
(Source: national statistics, assessments) significance of networks between industry and PSRE high

* values above the EU average are indicated in bold letters

Sources: Eurostat, OECD, own surveys and calculations by the authors

B.1.3 The Policy-Related Framework Conditions for ISR in Austria

Cultural attitudes: In Austria, the main contribution of universities to industrial technological
change has long been seen as the provision of qualified graduates. In contrast, PSREs were
often seen as a means to create a comprehensive knowledge base in technologies that were
considered key to technological development in general. Enhancing science's direct
contribution to industrial needs and hence, the financial contribution by the business sector,
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and increasing the shares of competitive funding to HEIs and PSREs budgets, were not stated
goals of technology policy until late in the 20" century.

It is not part of the culture in Austrian enterprises to address universities as potential sources
of information in their innovation processes in the first place. However, enterprises are
inclined to turn to universities for technological or other support, if they have built up
personal relationships and mutual trust with specific institutions in the past. This social
capital is often established through graduates.

University departments have experienced a shift in expectation towards them but until now,
there has not been a legal or financial necessity to attract more third party funds in general or
from industry. However, a small number of university departments have always entertained
industry linkages on a regular basis. The majority of university departments that do not
interact with industry may be subdivided into the following groups: (1) those who are
basically ready to co-operate but are passive and are waiting for firms to take the initiative;
(2) those who are interested in principal but feel prevented by external factors (budget or
bureaucracy); and (3) those who are not interested in co-operation.

Legal framework: Generally, the legal framework conditions in Austria do not actively
support the development of industry-science relations but they do not prevent them either.
The University Organisation Act from 1993 ascribes partial legal capacity to universities,
faculties and departments. This law entitles them to carry out research contracted by third
parties as long as regular teaching and examination activities are not impaired. And it
generally entitles universities, faculties and departments to enter into selected kinds of
contracts, engagements and memberships, e.g. purchase contracts, lease contracts, the
employment of additional staff via employment contracts etc. The payment for contract
research activities may exceed the costs thereby incurred. This implies that universities,
faculties and institutions may realise profits from their research contracted by third parties.
But these profits are committed to the fulfilment of the predefined tasks of universities which
is mainly research and teaching. There are two laws that state explicitly that university
budgets should not financially support projects contracted by third parties. Personnel as well
as real costs have to be met by the project revenues.

Legal regulations, which are likely to have an effect upon the mobility of university
researchers, may be found in the Remuneration Act and in the Civil Servant Law. Relevant
regulations institutionalise differences between science and industry, which is assumed to
make the mobility between the two sectors more difficult. Analysis of the Remuneration Act
from 1956 shows that the length of system affiliation is the main criteria for remuneration of
university employees. Researchers to be employed at an Austrian university enter a fixed
remuneration scheme consisting of 10 - 18 salary grades, depending on the position of the
researcher (professor, associate professor, university assistant). The general inflexibility of
the university remuneration scheme is, of course, very alien to industry and constitutes a
major factual and cultural difference between science and industry in Austria. There are no
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incentives in the remuneration scheme to promote ISR or in the compulsory criteria for career
advancement.

Another difference between science and industry in Austria is the fact that university
researchers may acquire tenured positions, i.e. guaranteed lifelong employment at the
university. However, the Federal Minister of Science may grant university researchers a
temporary leave from their official tasks for teaching and research purposes, which includes
research and teaching in the private sector. These research and teaching activities must have a
connection with the research and teaching activities at the university. These temporary leaves
and sabbaticals are mainly used for research studies in other (e.g. foreign) universities.

Public Promotion Programmes: In the main, the Federal Government in Austria offers a
variety of programmes aimed towards increasing the level of ISR (see Table B.1.9). Almost
all programmes aim towards reducing institutional barriers to collaboration resulting from the
inconsistency of the objectives of universities and firms and the inconsistency of the criteria
for success. The objectives of all of programmes are similar as they offer incentives to
overcome these inconsistencies. However, some public promotion programmes leave the
processes of a mutual approach and the reduction of institutional barriers, entirely to be
organised by universities and firms. After successful convergence, small amounts of lump-
sum payments are dispersed to the respective target groups.

Instead, more recently established public programmes (Kplus, Kind, and Knet) encompass
comprehensive measures in order to establish long-term structures of collaboration. The
focus lies on pre-competitive and high-level research. Platforms for collaboration are
implemented and financed for a number of years in order to provide a wide scope for the
establishment of personal relations between partners, and to support the formation of a joint
language, a joint culture and common goals. Also, spin-off programmes now receive
increasing attention in public promotion. Although a programme exists to foster spin-off
formations of new firms for several years, this has obtained funds below the critical masses.
Now a programme with comprehensive measures (AplusB) will be implemented in the near
future, which signals the significance that is now assigned to high-technology science-based
young firms in Austria.

Intermediary structure: Most of the main universities (i.e. eleven out of twelve) in Austria do
have technology transfer offices (TTOs). The offices differ in their proclaimed aims. The
aim that appears most often and most prominently is the provision of information services.
Each of these transfer offices is engaged in the collection of data on research projects at the
respective university. All information on research projects is then gathered into a central
database on research projects (AURIS) which is publicly accessible through the world wide
web. Furthermore, most of the TTOs at Austrian universities have the function of being a
public relations unit i.e. they formulate press releases and organise events, conferences and
exhibitions for university departments or faculties. In the main, at universities with a strong
technology focus, the TTOs see technology transfer as a primary aim. Related activities
include the establishment of contacts between firms and university departments, consulting in
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contracts, patents and other legal issues, and the training of university researchers (e.g. in

project management).

Table B.1.9: Major Public Promotion Programmes in the Field of ISR in Austria

Name of Programme Public Funding

Main Approach

Type(s) of ISR
Mainly Addressed

(responsible authorities) (million € '99)

Impulse projects (FWF) 1.21

Programme for 0.59

Biomedical Technology

(BMVIT)

K-plus (TIG, BMVIT) 9-11 (federal
funds)

Industrial ~ Centres  of 14.53

Excellence (Kind) and

Networks of Excellence

(Knet) (BMWA)

Christian Doppler Society 1.82

and CD Laboratories

(BMWA)

Scientists for the 0.04

Economy (BMBWK)

Scientists Establish Firms 0.31

(BMBWK)

AplusB (TIG, BMVIT) 1.45

TecMA (BMWA) 1.08

Young Researchers' 5.54

Programme (FFF)

Polytechnic Colleges for 0.3

the Economy (FFF)

Financing of the wage costs of postdocs up
to two years for research projects involving
PhDs and a firm (preferably SMEs) that
should markedly raise the level and quality
of R&D activities of the firm
Financing of selected projects in biomedical
technology that involve the collaboration
between researchers, producers and
applicants of biomedical technology at
early stages of the development processes
Establishment of collaborative competence
centres with a specified time frame, which
are selected for funding in a competitive
process according to specific quality criteria
Assaociation of several locally dislocated
nodes of excellence in business and science
with a synergetic thematic orientation,
jointly run by enterprises and HEIS/PSRES
Establishment of the CD Laboratories,
member firms of the CD Society invest on a
long-term base in specific basic research
fields and participate in the labs
Lump-sum payment for firms, which
employ a university researcher. University
researchers are granted temporary leave
from their official university tasks and may
return to their position afterwards
Lump-sum payment for university
researchers, which is disbursed after the
formal foundation of a firm
Support for the creation of incubators,
business plans and to accommodate
potential founders in newly created centres,
support for the organisation of events to
raise the awareness towards start-ups
Organisational support and cost-free
evaluation of the patenting or marketing
opportunities of inventions developed by
Austrian researchers
Support for research activities of young
researchers in joint projects with companies
(SMESs), thereby increasing the extent of
co-operation between science and industry
Fostering joint research projects between
polytechnic colleges and firms and at
increasing the capacities and networks of
polytechnic colleges for future research
collaborations with firms

Joint R&D projects

Joint R&D projects

Joint research labs

Joint research labs

Joint research labs

Researcher mobility

Start-ups

Start-ups

IPRs, Licensing

personnel mobility,

joint R&D projects

Joint projects with
graduates

Source: own surveys and calculations by the authors

The target groups of university TTOs seem very often to be researchers from within the
universities. They must be motivated, informed and trained in order to co-operate with people
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from outside the universities - not only from industry but also other universities, public
authorities and foreign research organisations. However, some of the TTOs also explicitly
mention industrial firms as target groups and want to be considered as a first contact point for
interested firms.

In the long run, every polytechnic college is supposed to have a technology transfer office but
this has not yet been the case as polytechnic colleges were only introduced in 1994 and are
still very much in the development process. The objective of polytechnic colleges is not only
the provision of practice-oriented knowledge to students but they also have a clear mission to
carry out application-oriented research. In both respects, every kind of co-operation with the
industry is very welcome. Currently, only the most established polytechnic colleges have
some kind of TTO. One of these polytechnic colleges establishes and maintains contacts with
firms via an association of 140 members who are also proprietors of the polytechnic college.
Each of these members has to provide placements or practice for the students, which is part of
the course of studies at polytechnic colleges. Furthermore, the association aims material and
immaterial support of courses of studies at polytechnic colleges, public relations, support in
the conceptualisation and financing of research projects, and organisation of discussions and
presentations. As it has emerged from several interviews, this model of an association which
institutionalises firm contacts will be copied by various other polytechnic colleges in Austria.

The large PSREs (e.g. Austrian Research Centres Seibersdorf or Joanneum Research) do have
technology transfer offices, often at several locations. Target groups are private enterprises,
mainly in the respective location. On the one hand, these TTOs provide services such as
consultation for private firms. On the other hand, they mediate services by the research
organisations.

ACR (Austrian Co-operative Research) is an umbrella organisation of privately organised co-
operative research organisations and industrial firms. It consist of 18 full members (non-
profit research organisations) and 8 associate members (profit-oriented industrial firms). Full
members have about 700 employees in total and a turnover of 51 million Euros. Activities of
ACR comprise referee and examination activities, control of quality and certification of
products, knowledge and technology transfer through consultation, training, events and
documentation. ACR does not only provide services for its members but also serves as a
platform for information on research and technological development for other firms in
Austria, particularly SMEs.

B.1.4 ISR in the Field of Human Capital in Austria

On a decentralised basis, interactions between industry and science in the field of higher
education take place in various ways. However, only few, outlined below, are
institutionalised.

Recently, the first attempt was made to institutionalise co-ordinating structures for
considering industry needs and changes in industry demand, in higher education programmes
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(curricula, new courses etc.). For every new course of studies at universities, a committee is
established to plan and conceptualise the curriculum. The Law of University Studies states
that curricula must be presented, not only to the Ministries and Governments of Federal
provinces as employers, but also to associations of industries, chambers of commerce and
individual relevant chambers of professions (e.g. chamber of physicians), or other
organisations relevant as sectors of economic activity and professions. These organisations
are to submit propositions of change within a certain period of time. The propositions must
be documented but they do not have to be reflected in the curricula.

Using their own motivation, some committees (especially in engineering) may, and often do,
go far beyond this legal requirement in the Law of University Studies.

Co-operation in graduate education is rather widespread. Universities co-operate with
industry by means of joint supervision of Masters and PhD theses. Polytechnic colleges co-
operate with industry by means of obligatory practice or placement by students in the firms.
In Austria, these are most pervasive types of interaction between HEIs and enterprises. It
enables enterprises to establish and maintain personal contacts and to acquire personnel that
are equipped with advanced levels of training and expertise, as they bring with them 'tacit’
skills, have experiences of tackling complex problems and are often part of a network of
researchers.

Teaching at universities and colleges by firm employees varies considerably among university
faculties and departments. In total, at least 16 % of all university departments have lectures
by firm employees, particularly in technical, natural and social sciences. At Polytechnic
Colleges, contacts with firms are particularly dense as over one third of all lecturers are firm
employees.

More than quarter of all university departments in Austria (27 %) offers vocational training
for firm employees. Those university fields of research which most actively engage in
vocational training are traffic and transport systems, followed by the fields of research of
economics and engineering. Except for economics, educational science and jurisprudence,
the most active fields of research are the technical sciences.

There are some large firms (e.g. from the chemical and pharmaceutical, electronics or
automobile industry) which finance professorships or even whole research units at universities
but this type of interaction is rare.

Some programmes (e.g. Young Researchers Programme) have an effect by providing
financial support for the employment of graduates. It supports research activities of young
researchers (from universities or polytechnic colleges) in joint projects with companies
(SMEs), thereby increasing the extent of co-operation between science and industry. Young
researchers may define research topics for PhDs or Masters theses in co-operation with their
supervisors from university and a firm. The programme facilitates the establishment of R&D
facilities in firms and enables many young researchers to find jobs in the field of industrial
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research. An evaluation carried out in 1996, showed that 30 % of the researchers supported
by the programme were able to find a job in the firms in which their projects were carried out.

Table B.1.10 shows some general features of tertiary education. It depicts the fact that the
majority of first degrees awarded were in social sciences and humanities/arts. In international
comparison, Austria sets itself apart with a low number of graduates for this discipline. This
is partially due to the two-stage system (first degree, post-graduate degree) and consequently,
longer the time needed to complete degrees. Also responsible is the fact that knowledge and
skills gained in other schools of higher learning are not accounted for in university study.
Rather than investing in a concentrated university education, Austria tends to invest heavily in
the secondary school system which has resulted in a broad secondary education with high
standards. In the tertiary education segment, Austria is behind most OECD countries. This is
displayed in the relatively low share of the population with a university education. The
OECD average is 11 % while in Austria only 7 % of the population have a university
diploma. The reason for this is that in most other EU countries, a course of study can be
finished in a much shorter time. Long courses of study as a result of a two-stage/degree
system also contribute to the low number of graduates, aged 24 or younger (10.2 percent).
However, a change in the laws governing university study provides for the creation of an
academic diploma (baccalaureate) after three years of study. With this, young graduates can
take their university diploma and their knowledge and put it to work in the economy sooner.

Table B.1.10: Higher Education by Disciplines in Austria 1998/99 (in %)

Field of Study Students Study Graduates Unemployed Gainfully
Beginners (diploma) Graduates Employed
1997/98 (1991)
Natural Sciences 11 11 14 13 13
Engineering (incl. Agric.) 18 17 20 15 11
Medicine 8 7 8 9 16
Social Sciences 34 34 35 46 36
Humanities and others 29 30 23 17 24
Total number (1,000) 229.9 26.6 14.3 5.3 199.0

Source: OSTAT, Austrian Labour Market Service (AMS), www.bmwf.gv.at/3uniwes/04unistat/index.htm, calculations by
the authors

A factor that seems to be of importance for the personnel mobility between industry and
science are long-term oriented and stable relationships in graduates’ mobility between
universities and firms. Furthermore, there seems to be a broad agreement that personal
contacts based on joint projects and contract research play a very important role for the
mobility of university researchers and graduates to industry. Also, if professorships or
departments are financed by industry, this raises the probability of mobility significantly
because university researchers can often become alienated by industry in this way. On the
contrary, researchers from industry rarely leave their job for an employment at a university. If
they move to a university, they do this only for a limited period of time in order to write their
dissertation and return to industry afterwards.
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There are no institutionalised methods of personnel mobility from industry to public research
in Austria. Personnel mobility between science and industry is mainly organised on an
individual basis. The most important information channel for jobs in R&D are personal
contacts based on joint projects and contract research. Advertisements in newspapers and
magazines are a further important mechanism for researchers' mobility.

Retirement requlations differ between the universities, some PSREs and industry in Austria.
At universities, fully qualified professors have the status of civil servants and are therefore not
members of any public pension funds (but will receive further 'wage payments' by the state
after retirement). If university assistants gain extra-university practical experiences, Austrian
pension law provides that only 50 percent are acknowledged for the pension annuity. At the
largest PSRE, retirement regulations are, in general, similar to the private enterprise sector.
At PSREs which are directly assigned to public authorities, researchers often also fall under
civil servants law.

Wage differences between the public and the private sector are significant in Austria as in
other countries. This is particularly true for younger people because of the seniority system in
wage payments in the public sector (where wages automatically increase by age) and
especially for researchers in fields of science in which there is a large demand from industry.

B.1.5 ISR in Austria: A Summary Assessment by Type of Interaction

In Austria, the main transfer of knowledge between the enterprise and the university sector
still occurs through the mobility of people equipped with scientific knowledge. Asked what
the general benefits from universities are, a vast majority of the firms responded that they
value highly skilled personnel as the main output from universities and consider the
employment of graduates as important access to academic knowledge.

The most frequent type of interaction between the enterprise and the university sector, apart
from the employment of graduates, is the joint supervision of Ph.D.s and Masters Theses.
This is the result of various studies on the part of innovative firms as well as on the part of
universities. The joint supervision of Ph.D.s and Masters Theses results in graduates being
not only equipped with scientific knowledge but also acquainted with the needs of the firm or
its business sector. Hence, this may very well be perceived as a strategy used by the
enterprise sector to acquire qualified personnel.

Contract and collaborative research: This type of interaction is most important for PSRE but
of lower importance for universities. PSRE have a strong incentive to attract additional
resources from industry in order to compensate for decreasing funding from basic
(institutional) financing. For HEI, this incentive is considerably lower as they receive a very
high share of basic funding. However, in the course of the reorganisation currently discussed
at universities, this is likely to change. About 65 % of R&D expenditure at PSREs are
financed by contract research whereas in HEIs this share is at 17 %. Correspondingly, the
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shares of R&D expenditure financed by industry are lower in HEIs (2 %) than at PSREs (5 to
8 %).

If framework conditions, such as public promotion programmes or the legal framework, have
an effect upon the extent of contract and collaborative research in Austria, it is mainly that of
creating awareness. However, framework conditions such as project financing by the Federal
government, the provincial governments and the Commission, for joint R&D activities with
industry in thematic or technology-specific programmes or specific legal regulations, do not
determine the quantity of contract and collaborative research. It is past experiences in
research projects with the enterprise sector, that are crucial for university departments to get
involved in interactive relations with the enterprise sector. Satisfaction with past interactions
on a personal, technological and on a research level, and the formation of social capital,
lessens individual and institutional barriers and renders contract and collaborative research
between the public research and the enterprise sector, more likely.

Personnel mobility: Personnel mobility between science and industry is rather low in Austria.
This may be attributed to the following framework conditions:

Wages for researchers are significantly lower in HEIs and PSREs, mainly due to rigid
wage scheme and budget constraints in public science. This prevents mobility from
industry to science and stimulates mobility from science to industry only to low extent.

There are legal regulations which institutionalise differences between science and industry
and are therefore assumed to make the mobility between the two sectors more difficult. In
particular, that university researchers may acquire tenured positions, i.e. guaranteed
lifelong employment at the university, presents a great barrier to mobility.

There are further unfavourable framework conditions too, such as the pension system in
public science and the low acknowledgement of non-academic activities for scientific
careers.

Training and education: Training and education are seen by the enterprise sector as the main
benefits from HEIs. There is however, little involvement of HEIs in further education and
vocational training for enterprises. In these areas, specialised institutions outside the HE
system offer services to enterprises.

IPR in science: The awareness of HEIs and PSREs concerning the protection of intellectual
property through patent application has increased. However, incomes from royalties are not a
major means of financing, neither at PSREs nor in HEIs. In HEISs, this fact is associated with
the prevailing IPR regulation, i.e. individual university researchers are free to decide whether
to commercialise a patent or not.

Start-ups from science: The annual number of all start-ups by researchers from universities
may be estimated at about 25 in total. Almost 60 % of these are in the producer-related
service sector. The producer-related service sector includes a wide variety of activities such
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as economic, technical and legal consultations, and other services. The share of technology-
based start-ups is comparably small and the same applies for PSRE. A main barrier to start-
ups from science is perceived in the lack of entrepreneurial climate at universities and a lack
in managerial knowledge, especially in the case of researchers from natural sciences and
engineering. With the implementation of a new programme, the awareness towards the
creation of new firms shall be raised.

Networking between industry and science: It may be seen, both from enterprises and from
public science institutions, that previous experiences and personal networks between
researchers from both sides are important channels for knowledge exchange. These previous
experiences do not only refer to informal contacts but also, to a high degree, to previous
collaborations. That the common educational background of researchers from industry and
science is of great importance may be shown in that graduates often pave the way for co-
operation.

Involvement of SMEs in ISR: In Austria, there are several public promotion programmes that
specifically aim towards markedly raising the level and quality of R&D activities in SMESs.
In SMEs, absorptive capacity necessary for the successful use of scientific knowledge and
expertise is often lacking. Hence, there are various types of benefits from HEI that vary
significantly with firm size. Small firms appreciate the benefit of highly skilled graduates and
of universities directly supporting the development process, less than large firms do. In
addition, small firms value the benefit of consulting services by universities less than large
organisations do.

Science-based industries: The high-tech sector with strong science links in innovation
(computer & software, telecommunication, pharmaceuticals & biotechnology, instruments,
and aircraft) has grown a great deal in Austria in recent years. Its share in intramural business
R&D expenditure has risen from about 20 % to about 36 %. This has completely changed the
specialisation of the Austrian industry which traditionally had a focus on medium- to high-
tech and low-tech sectors, and concentrated on incremental innovations.

B.1.6 Good Practice in Framework Conditions for ISR in Austria

In the following, the K-plus and the K-ind programmes are presented as examples of good
practice in stimulating joint research efforts with a long-term perspective based on a
competition and a bottom-up approach of defining thematic focuses.
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Kpuus - Collaborative Research Facilities
Focus

The purpose of the Kplus programme is to improve the co-operation between scientific institutions and the industry in Austria
and to conduct top quality research in internationally competitive dimensions. Kplus funds collaborative research facilities
jointly run by enterprises and research institutions (universities, government research labs etc). Research carried out in the
centre should be pre-competitive. Individual projects run by the centre should involve multiple partners.

The selection process of the centres introduced a novelty into Austrian technology funding schemes, insofar as it is a
competitive process between different proposals. Calls for proposals are launched regularly. There is no pre-selection of
technological/scientific areas or types/status of applicants. Consortia bidding for the grant are formed in a self-organised way
between business and academia. Proposals are evaluated on the basis of:

o their scientific and technological quality,

o their ability to 'cluster' existing scientific and economic competence into 'critical masses,

o their estimated economic benefit for Austrian companies and

e the quality of their business plans.

The main instrument of the evaluation process is peer-review.

Target groups

Industrial enterprises and research institutions which carry out high quality research with high potential for economic
application.

Volume

To ensure the formation of critical masses, some 'target size' indicators are used: centres should have an annual funding of
2,2 10 4,4 million Euro and between 25 to 50 staff.

Duration

Centres are established for a period of 4 years, with the possibility of an extension (following an interim evaluation) for
another 3 years. There is no a-priory set limit for the duration of the whole programme but at the start, it was estimated that
around 20-25 centres would be a ceiling for Austria.

Institutional setting and organisation

There is considerable leeway for the organisation of internal relations between the partners. Most centres are organised as
limited companies. There is a requirement for a minimum number of 5 industrial participants, in order to avoid 'single firm
centres' and unfair preferential treatment, which might effect competition.

Instruments used

In addition to the subsidies, some help is provided in the preparation phase of the proposal and the establishment of the
organisation of the centre. Management advice is also provided throughout the duration of the project. Subsidies are in the
form of grants with up to 35 % from the T.I.G. Enterprises bear a minimum of 40% of the costs and the remaining 25 %
stems from other public sources.
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Kind - Industrial Competence Centres

The main objective of the programme is to lay the ground for the formation of industrial clusters by providing a durable
framework for co-operation, which should lead to the "building of trust and a shared knowledge base". "Awareness activities"
and "search for partners" are not explicit activities of the programme. The programme has no active role in organising the
network either, although it outlines some minimum formal requirements. Otherwise, the organisation is left to the participants.
Neither does the Ministry take an active role as a partner in the centre/network, although some regional governments do.

Focus

King Supports the establishment of R&D centres jointly run by enterprises and research institutions (universities, government
research labs etc), while Knet supports the co-operation of geographically dislocated/dispersed research facilities along
common themes.

Target groups

All industrial enterprises with their own R&D department and research institutions. SMEs without their own R&D might
participate as 'associate' partners at the level of individual projects. The centre/network should have a transfer component
that is, technology transfer activities are encouraged. Planned technology transfer activities are a positive selection criterion.

Volume

Three centres are operative at the moment, for which 6,5 million Euro was provided in 1999 (total project costs 20 million
Euro). 4 centres are currently (2000) in a preparation phase, with the start of fully-fledged projects expected in 2001.

Duration

1999-2002 (period of initial funding with projects expected to run until 2006). The funding period is limited to 4 years, with the
possibility of a 3 years extension.

Institutional setting and organisation

The co-operation can take various forms, ranging from the more loose "association" to the establishment of a formal RJV as
a limited company.

Instruments used

Subsidies in the form of grants, up to 60 % of total (eligible) project costs. Enterprises bear a minimum of 40% of the costs.
Of the 60 % of public funding, a maximum of 40 % can come from the Programme, the rest can be provided from other public
(e.g. regional) sources.
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B.2 Belgium*

B.2.1 Knowledge Production Capacities in Belgium

As in most EU countries, the enterprise sector dominates the Belgian R&D system,
accounting for 68 % (or 1.06 % of GDP in 1995) of all R&D expenditure. In science, HEIs
account for a share of 27 % while PSREs play a minor role in the Belgian R&D system (5 %
in total R&D expenditures, see table B.2.1). The Belgian economy shows a rather low R&D
orientation with total R&D expenditure amounting to 1.57 % of GDP in 1995. In recent
years, R&D activities have increased only slightly.

Table B.2.1: R&D Expenditures in Belgium 1995 by Financing and Performing Sectors (in million €)

Performing Sector Financed by Total

Enterprises State* Abroad million € % % of GDP
Enterprise Sector 1,927 102 106 2,135 68 1.06
PSREs* 13 117 38 168 5 0.08
HEIs 92 696 75 863 27 0.43
Total (million €) 2,031 915 220 3,166
Total (%) 64 29 7 100 1.57

* including the small private non-profit institutions sector
Source: OECD (2000), calculations by the authors

R&D in enterprises is mainly financed by internal sources. The institutions in public science
are financed both by basic financing provided by the State, and by project-based financing via
scientific funds and research project funding. Basic financing via the General University
Fund accounts for only one third of total R&D expenditure by HEIs, i.e. R&D activities in
this sector depend heavily on external sources, most of which are acquired on a competitive
basis (Table B.2.2). During the 1990s, the public financing share (by regional governments,
i.e. the Flamish and Wallon government) of HEIs' R&D has slightly decreased. At PSRES in
1995 most money for R&D came from the regional government. This situation has changed
however, with the growth of industry-oriented PSREs in Flanders, showing a share of basic
government financing of 53 % in 1998.

Table B.2.2: Financing Structure of R&D in HEIs and PSREs in Belgium 1995 (in %, estimates)

Public Financing Source HEIs PSREs
Basic Financing (GUF) 35 n.a.
Project Financing and other financing sources 65 n.a.
Regional Governments 80 92
Other Sources (enterprises, internal financing, abroad) 20 8

Source: OECD (2000), calculations by the authors

4 This chapter is based on the national report on ISR in Belgium (Clarysse et al. 2001).
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Within the enterprise sector, R&D expenditure is concentrated in just a few industrial sectors.
Table B.2.3 shows that the bulk (41 %) of R&D takes place in areas which are technology-
driven but outside the narrower "high-tech sector™ (i.e. machinery, vehicles, electrical
equipment, and chemicals). The sectoral concentration of R&D is quite high. The chemical
& pharmaceutical industry accounts for more than one third of all private business R&D
expenditure alone, although its share in the value-added of the Belgian business sector is only
5 %. This industry shows, by a large degree, the highest R&D intensity (R&D expenditures
as a percentage of value added), i.e. 13 %. R&D in the service sector is rather low. However,
recent studies show that this low share may be a significant underestimation due to data
collection problems. In 1997, the service sector's share in BERD was reported to be 17 %.

Table B.2.3: R&D Expenditures in the Belgian Enterprise Sector by Sectors 1995

Sector Share in R&D  R&D Expen-
Expenditures  ditures in % of
(in %) GDP
High-Tech Sectors (NACE 24.4, 30, 32.1, 32.2, 33, 35.3) 30 0.31
Other Technology Sectors (NACE 23, 24, 29 to 35 excl. high-tech sectors) 41 0.42
Other Manufacturing (NACE 01 to 45, excl. technology/high-tech sectors) 17 0.17
IT-Services (NACE 64, 72, 73)* 7 0.07
Other Services (NACE 50 to 99, excl. IT-Services)* 5 0.05

* too low due to a lack of data recording
Source: OECD (2000), calculations by the authors

The overwhelming majority of business R&D is spent in large enterprises. Small enterprises
(< 100 employees) account for only 19 % of total business R&D. About 40 % of all business
R&D is performed by very large enterprises, i.e. consisting of more than 10,000 employees.
These are international oriented enterprises (for example Solvay) with huge R&D activities.

Table B.2.4: R&D Expenditures in the Belgian Enterprise Sector by Size Classes of Enterprises 1997

Sector Share in %
Small Enterprises (< 100 employees) 19
Medium-sized Enterprises (100 to 499 employees) 17
Medium-sized to Large Enterprises (500 to 999 employees) 12
Large Enterprises (1,000 to 9,999 employees) ~12
Very Large Enterprises (10,000 employees and more) ~40

Source: OECD (2000), calculations by the authors

Although SMEs have only modest significance for the R&D performance of the Belgian
business enterprise sector, they represent nevertheless the vast majority of enterprises in
Belgium (as in other EU countries). Thus, their awareness of the potential benefits of contacts
and co-operation with the science sector is crucial for the absolute level of ISR (as in other
EU countries also). Information on innovative performance can be obtained from the results

5 High-tech sectors are (NACE-codes in parentheses): pharmaceuticals (24.4), office and computer machinery (30),
electronic components (32.1), telecommunication equipment (32.2), instruments (33) and aerospace (35.3). Other technology
sectors are refined petroleum products (23), chemicals (24) excl. pharmaceuticals, machinery (29), electrical machinery (31),
radio and television equipment (32.3), motor vehicles (34) and other transport equipment (35) excl. aerospace.
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of the recent community innovation survey (CIS2). However, the results of CIS2 should be
interpreted with care. The framing of questions proved to be different from one country to
another. This has had a severe impact on international comparability. In particular, the
estimations of the share of innovative enterprises in Belgium seem to be far too low when
compared to respondents from other EU countries.

In Table B.2.5 information is provided on the innovative performance of Belgian SMES in
relation to the EU average. The results are rather mixed. For some indicators (especially the
share of turnover due to innovative products or share of enterprises with continuos
engagement in R&D), Belgian SMEs (both very small as well as small enterprises) perform
better than the EU average. The overall picture suggests that absorptive capacities at Belgian
SMEs are rather high, especially in the very small enterprises segment.

Table B.2.5: Relative Innovation and R&D Performance of SMEs in Belgium

Manufacturing Services
Very small Small Very small Small
enterprises  enterprises enterprises enterprises
(< 50 em- (50-249 (<50 em- (50-249
ployees)  employees)  ployees)  employees)

Share of Innovative Enterprises* 1.12 0.87 0.94 1.28
Innovation Expenditures as a Share of Turnover* 1.48 1.06 0.67 2.64
Share of Turnover due to Innovative Products* 1.67 1.27 n.a. n.a.
Share of Enterprises with High R&D Intensity** 1.05 0.69 0.45 2.08
Share of Enterprises with Medium R&D Intensity** 0.86 1.28 1.94 2.40
Share of Enterprises Engaged Continuously in R&D** 1.41 1.41 1.28 1.93
Share of Enterprises Having Applied for a Patent** 1.26 0.64 1.20 2.36

* Figures show the relation of Belgian SMEs' performance to the performance of SMEs in the EU average, normalised by the
respective relation of all Belgian enterprises to all EU enterprises: (*™*xg;/°"xg;)/(Xgj/Xg;), X being the variable considered, B
being Belgium, j being the sector considered (i.e. manufacturing and services), and SME indicating that the variable is
measured for SMEs only. The EU average is the mean weighted by the number of enterprises of all EU countries (except
Greece): Values above 1 show that SMEs are more innovative than in the EU average.

** Figures show the relation of SMEs in Belgium to SMEs in the weighted mean of all EU countries (except Greece):

S“"EXBJ-/S""EXEJ-, X being the variable considered, B being Belgium, j being the sector considered (i.e. manufacturing and

services), and SME indicating that the variable is measured for SMEs only. Values above 1 show that SMEs are more R&D
and patenting oriented than in the EU average.

Source: Eurostat-CIS2, calculations by the authors

The public science sector in Belgium consists of universities, polytechnics and several
PSREs. The regional governments of Flanders and Wallonia are formally responsible for the
public science institutions. Table B.2.6 summarises some major institutional aspects of the
public science system in Belgium:

e As of today, there are 17 universities in Belgium, employing about 25,000 personnel and
with about 132,000 enrolled students (1999). Universities differ in terms of size and
range of teaching and research spectrum. The three biggest universities (Katholieke
Universiteit Leuven, Rijksuniversiteit Gent and Universite Catholique de Louvain)
employ 50 % of the total university personnel in Belgium and account for about 53 % of
all university students. Some universities are specialised in certain technology fields (for
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example agriculture and mining). These universities are significantly smaller, both in
terms of personnel as well as enrolled students (150 to 500 personnel and about 1,000 to
2,000 students).

e Taking into account the distribution of research personnel, the majority work in the
natural sciences (33 %), followed by engineering (24 %). The opposite holds true for the
distribution of enrolled students. Here, the main bulk is concentrated in social sciences
(43 %). This somewhat contrary picture between the share of students and the share of
researchers suggests that faculties in the social sciences are much more focused on
teaching duties when compared to faculty members in engineering and natural sciences.
Interestingly, this pattern cannot be found in any other EU country (at least to such a large
extent).

Table B.2.6: R&D Personnel and Enrolled Students in the Belgium Higher Education Sector by Fields of
Science 1999 (in %)

Sector R&D personnel Enrolled students
Natural Sciences 33 15
Engineering (incl. Agricultural Sciences) 24 7
Medical Sciences 15 21
Social Sciences* 19 43
Humanities* 9 14

Source: VLIR (2000), Cref (2000)

e In addition to the universities, there are 59 polytechnic schools in Belgium whose main
focus is on education. In 1999, the total R&D personnel at these schools was only 214,
128 in Flanders and 86 in Wallonia. The R&D expenditure at polytechnic schools was
about 13 million Euro in 1999. The main financing sources are direct regional
government appropriations (67 %) and intermediaries, i.e. other public financing agencies
(25 %). Financing by enterprises accounts for only 3 to 4 %.

e Besides the university system, Belgium has several public (or semi-public) research
institutes with varying objectives, structures and size. In total, their significance in the
public science sector is limited but some institutions are highly specialised on ISR
activities and therefore play a major role for industry-science links. Particularly in
Flanders, these institutions play a prominent role in the regional innovation system. The
three most prominent are IMEC, VIB and VITO:

e IMEC, Interuniversity Institute for Microelectronics (founded in 1984) employs about
1000 people and has a total financial budget of about 75 million Euro. Its mission is in the
field of microelectronics, conducting research, promoting technology transfer and
stimulating spin-offs (IMEC has its own VVC fund).

e VIB, Flanders Interuniversity Institute for Biotechnology (founded in 1995) employs
about 700 people with an annual budget of about 30 million Euro. The mission of VIB is
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to promote biotechnology in a broad sense (research and development, technology transfer
including stimulating spin-offs, public awareness of biotechnology). VIB combines eight
university departments and five associated labs.

VITO, the Flemish Institute for Technological Research (founded in 1991) employs 450
people with a budget of about 40 million euros. The mission of VITO is to conduct
contract research and to develop new products and processes in the fields of energy,
environment and materials for the public and private sectors. An important objective is to
encourage the sustainable use of energy and raw materials.

In Wallonia, centres of excellence in specific fields of technologies have been created
including: BCR (biotechnology); CEDITI and MULTITEL (information technology);
MATERIAL NOVA (new materials); and Centre de Recherches Metallurgique (steel).
However, these centres are less prominent in the field than their Flemish counterparts.
The Wallonian strategy is more programme-orientated and puts lower emphasis on the
establishment of independent research centres.

Table B.2.7: Main Characteristics of Major Institutions in the Belgian Public Science Sector (HEIs &

PSREs)
Institution Structure Main mission Research Level of Firm
Orientation Interaction
Universities 17 universities, incl. 7 higher education and basic high share of
larger, general universities research research funding from
and 10 smaller, business sector
specialised universities
Polytechnic 59 schools education, consulting applied low
Schools research at
a low level
IMEC Inter-university Institute,  (contract) research in the mainly high share of
"PPP model" field of microelectronics applied contract research,
(universities, Flemish research high level of
government, Association international
of Flemish Employers) orientation
VITO Independent research contract research and applied high share of
centre owned by the development in the field research contract research
Flemish government of energy, environment
and materials
VIB Inter-university institute applied research in applied lower orientation
biotechnology; research on contract
technology transfer, and new research if
creating spin-offs; technology compared to IMEC
promoting biotech for a develop- and VITO
broader audience ment
Sector-specific public research institutes applied research in applied divergent
Centres of with strong sectoral focus  distinct fields of techno- research
Excellence logy (biotechnology,
(Wallonia) information technology,

new materials,
metallurgy)

Source: own survey and compiled by the authors

There are several other small PSREs and semi-public research institutes such as: the
International Institute of Cellular and Molecular Pathology (ICP); the Societe de
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Recherches et de Developpement Industriel (SOREDI); the Institution pour le
Developpement de la Gazeification Souterraine; and the Wetenschappelikj en Techn.
Centrum van de Belgische Textiel (Centexbel).

In summary, the knowledge production structures in Belgium may be characterised as
somewhere in between, going in no particular direction, and neither very favourable nor very
unfavourable to ISR. In science, a quite distinguished and large variety of different
institutions exists. Their objectives cover the whole range from a mainly higher education
orientation to basic research to applied research, with the focus explicitly on contract research.
In particular, the PSREs sector in Flanders has an explicit focus on technology transfer in the
broad sense (including joint research, stimulating diffusion, promoting and supporting spin-
offs, increasing public awareness for new technologies etc.). However, financing of R&D by
the public sector (as a share of GDP) is comparatively low and is decreasing. Consequently,
this leads to the fact that universities have to cope with budgetary constraints which seem to
have become even more severe in the latter years. The Belgian enterprise sector has no
pronounced high-tech orientation. Rather, R&D is concentrated in technology sectors which
are not characterised as highly science-oriented. BERD (as a percentage of GDP) is quite
below that of the leading EU countries such as Sweden, Finland or Germany. However, R&D
in the business sector is performed, to a large extent, by large companies with significant in-
house R&D capacity. These companies, such as Solvay, are a driving force for ISR in
Belgium.

B.2.2 The Level of ISR in Belgium

The level of ISR in Belgium is described by a set of indicators and assessments on the
significance of various interaction channels. Table B.2.9 lists the indicators used and the
results achieved. It also indicates those areas where ISR in Belgium may be regarded as
above average with respect to EU standards. There is no uniform pattern of ISR - rather,
interaction between industry and science differs largely by the type of interaction and by the
type of actor involved in industry and science. The main results are discussed below.

Contract research carried out by science institutions for industry and collaborative research
between industry and science is revealed through financial flows from enterprises to HEIs and
PSREs for R&D activities. Enterprises are a very significant funding source with almost 11
% of total R&D funding in HEIs. Belgian universities receive much more funding from the
business sector than most other EU countries do. In 1995, only a very small part of R&D at
PSREs (about 2 %) was associated with contract research. In industry, the share of R&D
financing by enterprises for HEIs and PSREs as a % of BERD is clearly above the EU
average. Thus, according to this data source, the level of interaction between science and the
business sector seems to be rather high when compared with the EU average.

However, the results of the CIS2 obtain somewhat different results. The share of innovative
enterprises (both from the manufacturing as well as from the service sector) co-operating in
innovation projects with HEIs, is below the EU average. According to CIS2 results, Belgium
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is the only country with greater co-operation with PSREs than the EU average. Additionally,
the CIS2 results show that HEIs and PSREs are not regarded as an important source of
information in the innovation process of Belgian manufacturing firms (the opposite is true for
service firms). However, the interpretation of these results should be taken with care, as the
international comparability of the CIS2 data cannot be fully guaranteed.

Table B.2.8: Indicators and Assessments of ISR in Belgium at the End of the 1990s

Type of ISR Indicator Value*
Contract and Collaborative Research R&D financing by industry for HEIs in % of HERD 10.6
(Source: OECD-BSTS) R&D financing by industry for PSREs in % of GOVERD 2.1
R&D financing by industry for HEI/PSREs in % of BERD 4.9
Faculty Consulting with Industry Significance of R&D consulting with firms by HEI researcher low
Significance of R&D consulting with firms by PSRE research. low
Co-operation in Innovation Projects Innovative manuf. enterprises co-operating with HEIs in % 13.4
(Source: CIS2) Innovative manuf. enterprises co-operating with PSRES in % 8.5
Innovative service enterprises co-operating with HEIs in % 15.3
Innovative service enterprises co-operating with PSRES in % 6.0
Science as an Information Source for HElIs used as inform. source by innov. manuf. enterpr. in % 6.7
Industrial Innovation PSREs used as inform. source by innov. manuf. enterpr. in % 4.8
(Source: CIS2) HEIs used as inform. source by innov. service enterpr. in % 2.0
PSREs used as inform. source by innov. service enterpr. in % 2.7
Mobility of Researchers Share of researchers in HEIs moving to industry p.a. in % ~3
(Source: national statistics, assessments) Share of researchers at PSREs moving to industry p.a. in % ~5
_Sh(e)l/re of HE graduates at industry moving to HEI/PSREs p.a. 0.4
in % )
Vocational Training Income from vocational training in HEIs in % of R&D exp. high
(Source: national statistics, assessments) Number of vocational training participants in HEIs per 1,000 high
R&D employees at HEI
Patent Applications at Science Patent Applications by HEIs per 1,000 employees in NSEM low
(Source: national statistics, assessments) Patent Applications by PSREs per 1,000 employees in NSEM ~15
Royalty Income by Science Royalties in % of total R&D expenditures in HEIs low
(Source: national statistics, assessments) Royalties in % of total R&D expenditures at PSREs low
Start-ups from Science Number of technology-based start-ups in HEIs per 1,000 high
(Source: national statistics, assessments) R&D personnel g
Number of technology-based start-ups at PSREs per 1,000 ~3
R&D personnel
Informal contacts and personal networks significance of networks between industry and HEIs low
(Source: national statistics, assessments) significance of networks between industry and PSRE high

* values above the EU average are indicated in bold letters
Sources: Eurostat, OECD, calculations by the authors

Recently, a Belgian study for the mobility of human resources in science and technology

(HRST) was conducted on the basis of the labour force survey®. Mobility is defined as the

move in employment between two points of time.

mobility are identified:

Q) immobility of persons between different employers;

(i)

from full time to part time employment;

6 Steunpunt WAV (2000). First Exploration of the Belgian HSST Data.
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(iii) ~ mobility in or out of employment (e.g. finding a job or going into retirement);

(iv)  other mobility patterns (e.g. a non-active person enrolling in the unemployment-
system).

As Table B.2.9 shows, almost 44 % of all HRST personnel experienced some type of
employment mobility in the time period 1993 and 1997. The most frequent type of mobility
was between firms. Thus, it can be argued that changing occupation between firms is a very
important channel of knowledge transfer. Interestingly, the rate of mobility seems to have a
declining trend over time. At the beginning of the time period, the rate was considerably
higher in all types of mobility than at the end of the period. Then, with only one exception,
this rate declined steadily.

Table B.2.9: Mobility of HRST-personnel in Belgium in 1993-1997 by types of mobility

In percent of inter-firm within workforce in or out of work other transitions  stability (no
sample mobility mobility)
dec '93 - dec '94 7.4 4.2 6.0 25 79.9
dec '94 - dec '95 8.3 4.0 55 2.2 79.9
dec '95 - dec '96 6.5 41 4.7 2.1 82.5
dec '96 - dec '97 3.2 2.5 2.7 1.1 90.5
Period 1993-1997 19.1 9.1 11.4 4.0 56.4

Source: KSZ, HRST-dataset (Steunpunt WAV)

For the period 1995-1996, there is also information on sector specific mobility rates (inter-
firm mobility) and on available inter-sector interactions in mobility. With 25,4 % R&D,
institutions experience the highest mobility rate of all sectors (the average for the total
workforce is 1,5 %). However, the majority (47,6 %) of the mobile R&D employees stay in
the same sector. Only 11,2 % change to the business enterprise sector. With respect to the
total number of HRST persons employed, this results in a mobility rate from PSREs to
industry, of about 5 % (this figure, however, also includes mobility from private and semi-
public R&D institutions). The respective mobility rate of HRST persons from HEIs to
industry is 3 %. Both figures are high by international standards and indicate a significant
R&D personnel mobility between industry and science in Belgium. The mobility by HRST
personnel from industry to the public science sector is considerably lower. Annually, only
about 0.4 % of all HRST personnel in the business enterprise sector move to HEIs or PSREs.
Thus, personnel mobility takes place mostly in the direction from science to industry and
seldom the other way around.

HEIs and PSREs play a significant role in vocational and further training for enterprises in
Belgium. According to the expert interviews, teaching by firm employees at universities,
vocational training programmes for industry and long-term relationships in graduate mobility
seem to be very significant channels of ISR. However, some interviewees mention that there
is a shortage of teaching by firm employees in the natural sciences and in engineering. Most
teaching by firm employees takes place in the field of business practices (entrepreneurship,
management, etc.). A lot of interviewees are in favour of work placements for students in
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order to strengthen the relationships between industry and science. However, the current
structure of the curriculum in the engineering faculties and the exact sciences does not allow
for these kinds of work placements. There are some programmes that foresee internships
during summer holidays but these are not integrated into the basic curriculum.

Patent applications by HEIs and PSREs account for only a small share of total national
patenting in Belgium. Capron and Cincera (2000) estimate the share of patents by Belgian
applicants originating in a non-market environment, at about 5 %. Between 1980 and 1996
there were only 357 patent applications at the EPO by Belgian HEIs or PSREs (including
government agencies). Most of these patents (71 %) originated from PSREs. However,
within the PSREs sector, patent applications are highly concentrated on just one institution,
namely the Centre de Recherches Metallurgiques. Universities account for 35 % of patent
applications. Table B.2.10 gives a detailed overview of patenting activities of the various
institutions in the science sector in Belgium.

Table B.2.10: Number of patent applications at the EPO by different non-market institutions between
1980 and 1996

Type* Name of institution Number of patent
applications

P Centre de Recherches Metallurgiques 126

P Interuniversitair Microelektronica Centrem (IMEC) 35

P Stichting REGA 22

P SCK/CEN 19

P International Institute of Cellular and Molecular Pathology (ICP) 16

P Vlaamse Instelling voor Technologisch Onderzoek (VITO) 14

P Others and miscellaneous 23

P Subtotal Public Research Institutions 255

U Leuven Research & Development (Katholieke Universiteit Leuven) 23

U  Universite Catolique de Louvain 16

U  Universiteit Gent 10

U  Universite Libre de Bruxelles 9

U  Universite de Liege 4

U  Subtotal Universities 62

G LaRegion Wallone 27

G Belgium State - Scientific Policy Office 13

G  Subtotal Government Agencies 40
Total 357

* Type: P: Public Research Institute; U: University; G: Government Agency
Source: Capron and Cincera (2000, 181)

Given the small size of the PSREs sector in comparison to the HEIs sector, PSREs are much
more patent active than universities. Based on recent numbers of patent disclosures by the
three Flemish research institutes VIB, IMEC and VITO, one may estimate that annually, there
are about 15 patent applications per 1,000 researchers in the PSREs sector, which is high by
EU standards. At universities, patent intensity is clearly below 5, even when one takes into
account an increase in the late 1990s in disclosures by Belgian universities.

There is no data available on royalties income in public science. In HEIs, this type of income
is negligible. At patent active PSRESs, patents seem to be used more as a strategic tool for
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signalling competence and knowledge to potential industrial partners, rather than as an
important source for R&D financing.

A recent study by Degroof et al. (2001) has described the phenomenon of research based
start-ups of enterprises in Belgium. These are defined as spin-offs from university
laboratories or public/private R&D laboratories. Corporate spin-offs are not included in the
definition. In order to be considered as a spin-off, there had to be a clear technology transfer
from the parent organisation to the new start-up, embodied by either a licensing agreement or
a financial participation by the parent organisation of the company. According to this study,
the number of spin-off enterprises has increased exponentially in Flanders since the mid-
nineties and in Wallonia as well since the end of the 90s. As of today, over 100 spin-offs
exist in Flanders and almost 50 are found in Wallonia. There are a number of explanations
for this increase in the late nineties. First, there were some successful and visible IPOs in the
middle and late nineties of companies such as Innogenetics, Eurogentec, Ubize, etc. These
IPOs did not only motivate other scholars to create a new start-up, they also attracted pre-seed
capital funds. This might be seen as a second main explanation - the emergence of pre-seed
capital funds has been shown by Clarysse et al. (2000) to be an incentive for entry to spin-off
activity. Third, changes in the Belgian legislative framework made it easier and clearer to
start up companies for academics. The IPR legislation was made clearer (at least in Flanders,
see below), the universities were motivated to develop their interface services (see below),
stock options were recognised as a legal remuneration system, and finally, Business Angel
networks received financial support from the government.

Not surprisingly, informal contacts and personal and organisational networks are considered
very significant for ISR by almost all interviewed experts. Personal contacts based upon past
joint projects may lead to a sustained network and to new joint projects in the future. Given
the uncertainty naturally associated with research projects, this behaviour may be attributed as
risk reducing and to be quite logical. However, according to expert assessments, networks
play a more significant role for PSREs than for HEISs.

In summary, Belgium shows an impressive record of ISR when taking into account the rather
low investment in R&D both in the enterprise and public science sectors. The main channels
of interaction are research collaboration, personnel mobility, training, and start-ups. The
small PSREs sector is quite strongly engaged in patent activities, as far as technology
specialised research institutes are concerned. The Belgian enterprise sector plays a
comparatively significant role in financing university research. This indicates that the
enterprise sector has the absorption capacity as well as the willingness to contract out research
to the science sector or to conduct joint research projects with universities.

B.2.3 The Policy-related Framework Conditions for ISR in Belgium

The Belgian institutional framework is quite complex compared to other EU countries.
Belgium has a federal government responsible for federal issues regarding ISR. It can be
divided into the French and Flemish community, each responsible for some parts of ISR (i.e.
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the higher education sector). Finally, in matrix format, there are three Regions - the Walloon,
Flemish and Brussels-Capital Region - which also share some responsibilities (e.g. technology
policy). Only in Flanders, do the Flemish Region and Flemish Community have a common
government and administration. The legal environment differs between these regions to a
considerable extent. Thus, it is necessary to discuss the legal framework separately for the
two Communities.

Despite the complex policy structure, the institutional framework is characterised by
divergent 'cultures' between industry and science which are reported as a major obstacle for
ISR. In science, there are almost no incentives to engage heavily in ISR and the disincentives
are numerous. Involvement in ISR does not lead to a reduction in administrative and teaching
duties, the evaluation system is based on scientific publications in which ISR involvement
plays no role. Also, although royalty earnings are possible, they are highly taxed and earnings
(i.e. personal remuneration) from contract research cannot be attributed to the individual
professors but belong to the university. The latter is quite different in Leuven R&D (see
B.2.6). Here, university professors have the right to take 50 % of total profit generated by
contract research, while the other half has to be reinvested. A major incentive in HEIs is the
possibility to recruit researchers associated with the contract research project. Thus, it is
possible to form greater research teams at university institutes than current budget constraints
would otherwise allow.

The differences in R&D objectives are also reported as an impediment to ISR, although this is
not specific to the Belgian situation. Although patent-driven and industry-driven research can
be carried out at universities, it is not the main focus of university research, nor is it
adequately appreciated in evaluation and decisions on the distribution of research grants.
However, differences in objectives may also enrich the co-operation. Universities get funding
in order to carry out fundamental research, without which, it would be impossible for
companies or scientific institutions to develop applied research that can lead to joint research
contracts.

The institutional setting in PSREs seems to be more favourable to ISR activities, particularly
in technology specialised research institutes oriented towards a well-defined research area and
group of industrial clients. Section B.2.6 gives an example of such an organisation and the
main features of the institutional setting.

The legal framework of intellectual property rights is currently changing in the Flemish
Community. The decree of 22 February 1995 determined that research results which can lead
to validation (including patents, licenses and other IPRs) must be divided between the
university or research centre and the principal of the contract, and that each individual
contract includes the results of negotiations between parties. Article 103 of the decree of 29
August 1998 determines that IPR from research carried out by university researchers belong
to the university, excluding the possibility of negotiating contracts with third parties (and thus
dividing IPR between industry and the university). Even though the university obtains the
IPR on the research and the university has an exclusive right on the exploitation of the
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research results, the researcher can claim the rights if the university fails to exploit them
within 3 years after filing the research results. This excludes the possibility for researchers to
obtain the rights on their own research results (unless the university fails to exploit these
results). The same regulations are used for research projects carried out at the governmental
research centres in Flanders, VIB and IMEC. The research organisations and not the
researchers, get the IPR. For research contracts between research organisations and industry,
the division of IPR depends on how much know-how was needed in the research organisation
prior to the start-up of the joint research project. Contract negotiations will determine
whether the research centre or company obtains the rights.

The decree of 1995 also determines the criteria that need to be fulfilled before a university can
invest in spin-offs. Financial participation is only possible if the research results that lead to
the creation of a spin-off, and other intangibles, are validated. The university can accept
shares in exchange for these intangibles but it can never own the majority of voting rights.
For research financed by the Community, it still owns the rights but, as is the practice for
many years, agrees to let the university exploit its research results. Research contracts with
the Region of Flanders (only for universities located in Flanders) are contractually settled
between the industrial partner, the IWT (Flemish Institute for Science and Technology - a
semi-autonomous, one-stop institution for the implementation of industrial R&D policy and
for dealing with all R&D programmes and activities with an economic impact in which the
Flemish Government is involved), and the university. Recently, the Flemish Council for
Science Policy (Advisory organisation) advised on the voting of a decree which stipulates that
the universities own the results of the research they carry out, regardless of the party that
finances the research (i.e. industry or government).

The former legal basis for research contracts between universities and third parties was
established in 1991 (decree on education) and was complemented by the decree of 22
February 1995. This decree states that all costs directly linked to the execution of contract
research, namely the use of infrastructure, services or personnel from a university, are at the
expense of the principal of the contract. It also determines that all research contracts must be
approved by the university administration. There are no other regulations for Flemish
universities so most have their own internal regulations governing these matters. These
internal regulations determine the minimum overhead costs that must be applied in these
contracts, the method of payment and the possibility of personal remuneration for researchers.

The legal framework for IPR changed recently in the French Community as well. Before
the decree of 1997, IPR from research at universities belonged to the French Community.
The decree of December 1997 determined that universities obtain the rights on the research
carried out. For research that was carried out before 1998, and for which the results are
owned by the Walloon government, IPR can be transferred from the government to the
research group or university who wants to exploit the results obtained. The Walloon
government is authorised to interact with companies that will exploit the research results by
participation, by giving convertible loans or guarantees. With respect to contract research,
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joint research projects and start-ups from public science institutions, there are no specific
regulations which apply in the French Community.

In Belgium, IPR is a federal issue. There is no subsidy for carrying out evaluation of the
patenting or marketing opportunities of the proposed invention. In the Flemish Community,
the Dutch speaking universities can make use of a small budget set aside for their disposal by
the Flemish government (1.2 million Euro in total). They can, amongst others, use this money
to promote licensing or pay patent applications. We refer to the next section for a detailed
analysis of this. In Wallonia however, costs for protecting research results obtained from
research in universities or research labs financed by the Walloon government, are paid by
DGTRE. After the patent evaluation is carried out and marketing opportunities are mapped
by the Ministry of Economic Affairs, the Walloon region pays all costs (including first filing,
national patents, patent demand at the PCT, European patents, taxes on these patents, costs of
patent attorneys, and translation costs) up to a maximum period of 6 years.

Table B.2.11. provides an overview on major regulations in the fields of IPR and spin-offs in
HEIs and PSREs in the two Belgian Communities.

Table B.2.11: Overview of IPR and Spin-off Related Regulations in Belgium

Name of regulation Year of  Contents/Incentives/Barriers
imple-

mentation
Flanders
IPR at universities and public research labs
Decree on scientific or social services concerning the 1995 Art. 6 IPR: to be determined in contract
relations of universities with private institutions
Decree 1X on education, art. 103 1998  Art. 169 IPR: belongs to university
Joint R&D projects and contract research
Decree on scientific or social services concerning the 1995  Art. 4: contract determines regulation
relations of universities with private institutions
Spin-offs

Decree on scientific or social services concerning the 1995 No majority stake in spin-offs
relations of universities with private institutions

Wallonia

IPR at universities and public research labs

Decree of 05/07/90 1990 IPR belong the Walloon government
Decree of 17/12/97, title 111, art. 14 1997 IPR belong to universities

Joint R&D projects and contract research
No specific regulation

Spin-offs
No specific regulation

Source: Capron and Cincera (2000, 181)

Another obstacle to ISR seems to be the shortage in capital and financing in science in
Belgium. For instance, there is a lack of funds to create technology transfer offices at
universities, which are consequently understaffed. Furthermore, universities in Flanders are
not allowed to take a majority stake in spin-offs. The current budgetary restrictions for
universities results in short term actions. As a result, the financing of research projects is
often too small to encourage a research team to excel in a certain domain. The universities
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have a rather small budget which they can use to finance larger projects (in the range of 1
million Euro). However, these projects are often 'politically' attributed to faculties so that
they remain an insufficient support to a research programme.

As a result of various barriers to ISR stemming both from market characteristics and
institutional and behavioural peculiarities, the regional governments of Flanders and Wallonia
have introduced various promotion programmes relevant to ISR. Table B.2.12 gives a
summary of some of the most important programmes. In addition to the programmes listed in
the table, there are further important policy initiatives in the field of ISR, such as providing
intermediary and supportive infrastructures (which are described in a separate subsection),
and providing an efficient set of public research institutes which act as partners to enterprises
in innovation projects. Such institutions (e.g. VIB, VITO, and IMEC) have been listed in
B.2.1. Among the promotion programmes, the following deserve special attention:

e In 1998, the Flemish Government decided to launch a specific financing programme
aimed towards stimulating fundamental research projects in strategic technologies, and
was a result of an interaction between the academic institutes and economic agents in
Flanders (STWW). Last year, this programme was slightly modified (technological
projects with both societal and economic impacts could be proposed without thematic
limitation), re-named GBOU, and the methods of obtaining financing were made easier.
The GBOU projects have the following objectives: economic or societal impact have to be
shown; this impact is to be expected only in the medium or long term; the research
remains generic so that more than one application area can be defined, with one or more
related economic sector; and it happens in interaction with economic and/or societal actors
outside the academic domain. The industrial partners in these projects cannot obtain
direct funding from GBOU. However, further along the technological trajectory (when
commercialisation nears) they can make use of the traditional subsidies from the IWT.

e The KIV programme was established in 1997 and aims to stimulate SMEs with a limited
innovative capacity, to recruit highly educated people to work on innovation projects,
coached by a research centre. The programme was established because SMEs seemed to
lack the structural capacity to carry out these projects. It gives a wage subsidy for one
year and the external coaching by the research centre is remunerated. Projects are handed
in by research centres or intermediary structures and are evaluated by IWT. Until fall
2000, 75 proposals were received and 69 selected for funding. The greatest difficulty with
this kind of programme seems to be the availability of people willing to carry out these
innovation projects in SMEs.

e The HOBU fund, stimulating and supporting technological research in Flemish
polytechnics, has been operational since 1997. It has two goals. First of all, its objective
is to give an impulse to the commercialisation of technological research at Flemish
polytechnics. Secondly, it aims towards giving smaller companies the opportunity to stay
acquainted with the technological developments in their sector. The HOBU fund gives
support to Flemish polytechnics to carry out technological research projects with potential
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commercial or socially valuable results. A project must be relevant for at least 3
companies (preferably SMEs), who will be actively involved in the project. The
polytechnic searches for technological opportunities for the companies involved. The
project takes a maximum of 2 years and gets a maximum budget of 0,3 million Euro.

Table B.2.12: Selected Public Promotion Programmes in the Field of ISR in Belgium

Programme Region Public Starting Main approach Type(s) of ISR
(executing Funding year Mainly Addressed
agency) p.a.
(million
Euro)
STWW/GBOU Flanders 16.2 1998 stimulating fundamental technology transfer,
(IWT) research in strategic areas in  collaborative research
public science
KIV (IWT) Flanders 1.2 1997  wages subsidies to SMEs for  personnel mobility,
hiring research personnel, consulting, training,
financial support to contract research
HEIs/PSREs for providing
consulting services to SMEs
HOBU fund Flanders 4.2 1997 support to polytechnics for contract research,
(IWT) carrying out technological technology transfer,
research projects for SMEs consulting, training
FIRST Doctorat Wallonia 1.1 1989* support to PhD students for personnel mobility,
(DGTRE) carrying out a doctoral thesis ~ technology transfer
jointly with an enterprise
First Europe Wallonia 2.8 1989* support to PhD students for personnel mobility,
(DGTRE) carrying out a doctoral thesis ~ technology transfer
jointly with an enterprise,
including a research period
abroad
FIRST Spin-off Wallonia 1.1 1989  support for HEIs researchers start-ups
(DGTRE) to establish a new firm
Interface Offices Belgium 2.3 1998 support for technology IPR-use, start-ups,
(DGTRE, Flemish transfer offices in HEIs to technology transfer
government) strengthen valorisation of
research results
PhD programmes  Flanders 155 1981  support to young researchers  personnel mobility,

(IWT)

to carry out R&D projects
relevant to industry

technology transfer

1 First Doctorat, First Europe and First Spin-off were derived from the initial programme First Universities that was
established in 1989.
Source: EU trend chart project, own survey and compiled by the authors

DGTRE was established in 1989 from the programme 'FIRST' (Formation and Impulse to
Scientific and Technologic Research), in order to stimulate exchange between science and
industry. The programme has three objectives. First, to increase of scientific and
technological potential of university research. Second, the valuation and transfer of this
potential to Walloon companies, and third, the formation of high-level executives
specialised in new technologies. The FIRST programme consists of three initiatives
called FIRST Spin-off, FIRST Doctorat and FIRST Europe, and outlined below.

FIRST Doctorat offers 20 scholarships annually to PhD students who want to develop
their PhD in co-operation with industry. The research results must contain the possibility
of a positive impact on the economic and social development of the Walloon region while
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the research proposal must be initiated by an Walloon university in co-operation with a
Walloon research centre or company, and must lead to a PhD. Scholarships are granted for
a period of 2 years but can be extended by another 2 year period. The Walloon region and
the company or research centre that collaborates with the university during the research
period pays part of the remuneration of the researcher. The Walloon region takes care of
50 % (for large companies) or 80 % (for SMESs) of the scholarships, and pays an extra of
5,000 Euro a year to the university involved. The company or the research institute pays
the rest. In turn, the company or research institute obtains the rights over the research
results but if it fails to validate these results, the university has the right to take them over.

First Europe is a very similar programme for PhD students but the researcher must spend
at least 6 months of their research period at a European university. The costs
(remuneration of researchers, and travel and subsistence costs) are completely covered by
the Walloon region and the European Social Fund. Each year, a maximum of 40
scholarships can be granted.

FIRST Spin-off offers 20 scholarships to researchers each year. During the project, they
work on the completion of an innovation project, carry out an economic and technical
feasibility study, and write a business plan for the creation of a spin-off. The researcher
must participate in management. Financing covers the remuneration and courses of the
researcher and is fully covered by the Walloon region. The programme is described in
more detail in B.2.6.

In Flanders, the IWT PhD scholarships support young researchers to carry out a research
project that might result in an industrially applicable concept. The scholarships are
granted for a period of 2 years and are renewable for another 2 year period. The
researcher gets an income of approximately 1,340 Euro per month, and a 'bench-fee' of
3,718 Euro per year to cover other costs. In 1999, 162 scholarships were started and 134
were renewed.

Both in Wallonia and Flanders, universities are developing their interface offices. These
offices receive some public support from the regional governments. Although the
structuring of most interface services is still in its infancy, there is one good practice to be
found in Flanders - Leuven R&D (see B.2.6). Interface activities are activities that
promote the co-operation between Flemish universities and companies value university
research and help to establish spin-off companies by the university. The promotion of co-
operation between Flemish universities and companies focuses on the organisation of
contacts, search for partners and juridical and financial assistance for the establishment of
contracts.  Valuation of research results includes educational initiatives concerning
validation, active searching for commercial potential results, market research, and
protection of IPR and coaching the establishment of a validation plan. The promotion of
the establishment of spin-off companies includes business plan coaching, coaching for
investments, and financing and management training.
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According to the assessment by national experts, the intermediary infrastructure to strengthen
interaction between science and industry lacks effectiveness.  Although in Flanders
universities are established with technology transfer offices (TTOs), their size (usually only
one or two persons) is far below the necessary critical mass to cover all the responsibility
(negotiation and management of patents, validation of research, monitoring spin-offs etc.).
The institutional framework in Belgium induces a large population of different intermediaries
that play a role in ISR. There are three types of intermediaries that can be distinguished:
financing institutes for R&D; bridging institutes at regional and sectoral level; and private-
public incubator initiatives. The following is a selection:

IWT (Institute for the Promotion of Innovation by Science and Technology in Flanders):
IWT was established in 1991 as a semi-autonomous, one-stop institution for the
implementation of industrial R&D policy, to deal with all R&D programmes and activities
with an economic impact, in which the Flemish Government is involved. The annual
budget is 148 million Euro (2000). The institute supports and stimulates industrial
research and technology transfer in the Flemish industry. The IWT has two main
functions. First, to offer financial support for research, technology advice, partner search
and information about international subsidy options. Second, to promote the validation,
diffusion and support of scientific and technological knowledge. In this function, the
institute deals with the development of new initiatives and provides information and
expertise. Furthermore, it enhances networking and co-ordinates the government policy
with regard to bridging institutes and interface services.

DGTRE (General Directorate for Technologies, Research and Energy): In Wallonia, the
financial support for R&D is not managed by a separate institute as in Flanders but by the
regional administration, namely DGTRE, which supervises and finances industrial
projects. The DGTRE budget is used for carrying out S&T activities, the organisation of
technology watch, involvement in international programmes, and carrying out sector
analysis.

The Research and Innovation Service of Brussels-Capital: The Research and Innovation
Service (RIS) supports R&D projects in which the firms located in Brussels are involved.
The RIS is a part of the administration and is very comparable to DGTRE in the Walloon
Region.

Interface offices: Both in Wallonia and Flanders, universities are developing their
interface offices. As aforementioned, in Flanders, these offices receive some public
support while in Wallonia, universities have to look for their own funds. Although the
structuring of most interface services is still in its infancy, there is one 'good practice’
model to be found in Flanders - Leuven R&D. This model is described in B.2.6 in more
detail.

Regional Development Agencies (GOMSs): Each Flemish Province hosts a GOM. They
are public bodies that promote the socio-economic development of their province. Their
aims and activities include the active promotion of the province's socio-economic
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development and companies in the province. The GOM's active field is based on co-
operation between the public and private sectors. In their management structure, there are
representatives from the public sector (provincial and city government, as well as local
associations) and the private sector (employers' organisations). They play an important
role in technology diffusion towards SMEs. The GOMs have created a common
"Technology Innovation Cell", which tracks the potential of new products, processes and
services in companies.

Collective Research Centres: These centres occupy a central place in the applied research
context of the Flemish Community and Belgium as a whole. Their objective is to meet the
specific scientific and technological research requirements of the industry in the sector
they represent. The largest of these centres are connected to industries which have
historically played an important role in the Flemish economy - the textiles, metallurgy and
metallic constructions, and building industries. In total, they employ about 1,200
specialist researchers. Although their money comes mainly from the compulsory
contributions of companies in the industry, they increasingly engage in joint R&D projects
with industry and participate in programmes such as the KIV programme (managed by the
IWT). The Flemish research institutes VIB, VITO and IMEC have created a central
organisation, VLOOT, to undertake ad hoc common projects in which the competencies
of each individual centre can be used.

TADs (Regional Technology Advisory Centres): These centres are an initiative of the
Flemish Government to support companies with technological advice and information
about technological developments. In fact, they are virtual centres located in most
regional development agencies (GOMs) and in several collective research centres. Their
activities are co-ordinated by the IWT.

Regional Development Agencies: In Wallonia, there are nine Regional Development
Agencies which together, manage about 130 industrial zones. As in Flanders, these
Agencies play a major role in the promotion of the socio-economic development of their
region. Unlike in Flanders, they do not engage in innovation advice, although this is
currently changing.

Walloon Innovation Relay Centre (CRIW): This centre has been created on the initiative
of the DGTRE in collaboration with the six Walloon EURO-Info-Centres and the five
Walloon European Business and Innovation Centres (see below). CRIW promotes
innovative projects, technology transfer, European partnerships and "technology watch".

In 1999, the Walloon Region started a new information service on innovative enterprises.
This "Index" includes information from about 1,000 firms on certification, technologies,
R&D activities and participation in EU programmes. The Index shall increase the
opportunities for collaboration, favour the participation in EU Framework Programmes,
and develop new perspectives on the commercialisation of research results.
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e Business and Innovation Centres: BICs are Business and Innovation Centres that are
recognised by the EC. Belgium has 8 BICs, of which seven are in Wallonia and one in
Flanders. These were established with financing from the European Fund for Regional
Development and local authorities. Even though most experts were convinced that the
first BICs established did not reach their goal, they do think that some of the BICs
established so far might become a good practice in the future. The first BIC was created
in 1984 in Luik (Socran). An analysis of 2 BICs, namely EEBIC (European Erasmus
Business Innovation Centre in Brussels) and Innotek (BIC Geel) shows that cooperation
between industry and science is one of their most important achievements.

e Almost each university in Belgium has an 'incubator' which provides offices and a 'science
or research park'. As described above, the incubator function of a university is much
broader than offering office space to new spin-offs. In addition to office space, university
seed capital funds are created and activities initiated to coach these start-ups. As these
activities are described elsewhere in this report, refer to the section on Leuven R&D
(interface services) and to section I11.

e There are quite a number of private incubation initiatives in Belgium. Examples of these
initiatives include Silicon Forest, E-Merge, Minds, Powerlaunch, Sailtrust and Starlab.
Starlab deserves some more attention. It is a private, blue-sky research lab that employs
about 80 people carries out blue-sky research, is involved in the creation of consortia with
industry and the creation of spin-offs. It is described in more detail in B.2.6.

One main conclusion of the Belgian legal framework is its high complexity due to the federal-
regional nature of the Belgian political system. Nevertheless, the situation has become clearer
in the last few years (for example, with respect to IPR, if parties from universities and
business are involved). A various set of different institutions and programmes fostering ISR
have been established in recent years. They address the whole range of ISR but lay a special
focus on mobility and researcher training programmes. Another major feature of the Belgian
ISR system is the huge variety of intermediaries attempting to foster ISR. Broadly defined,
they include special research institutions in science and industry, public financing institutions,
commercialisation offices in HEIs, incubators (both public and privately run), business and
innovation centres, information services, and technology consultants. Experts feel that this
large supply of intermediaries is rather inefficient although there are some good practice
examples.

B.2.4 ISR in the Field of Human Capital in Belgium

At the end of the 1990s, the total number of graduates by different disciplines amounts to
about 32,000 persons per year. Not surprisingly (given the distribution of students) the great
bulk of graduates are in the social sciences (43 %), followed by medicine (20 %). 11 % of all
graduates can be found in engineering which is considerably higher than the relative share of
engineering students (7 %). The opposite holds true for the natural sciences. While their
share of students is 15 %, their relative share of graduates is only 8 % (Table B.2.13).
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Of the 7,300 unemployed graduates, 46 % of them are from the social sciences. Thus, this is
not much higher than the relative share of graduates. The highest discrepancies are to be
found in the humanities (share of graduates: 17 %; unemployment share: 25 %) and - in the
opposite direction - in medicine (20 % versus 8 %).

Table B.2.13: Higher Education by Disciplines in Belgium 1998/99 (in %)

Field of Study Students Graduates Unemployed Gainfully Employed (1991)
(first and Graduates

second cycles) Manufacturing Services
Natural Sciences 15 8 12 7 8
Engineering (incl. Agric.) 7 11 9 56 17
Medicine 21 20 8 4 23
Social Sciences 43 43 46 25 34
Humanities and others 14 17 25 8 19
Total number (1,000) 132.0 32.0 7.3 54.1 312.0

Source: various national sources, calculations by the authors

Based on the Census of 1991, the total number of graduated employees amounts to 366,100
people (which is about 10 % of total employment). A huge bulk (85 %), work in the service
sector. Thus the service sector concentrates a considerably higher share of graduates than it
has to total employment. This pattern is generally common in the EU. One reason is that the
public sector alone (government, education and health sector), absorbs about 41 % of all
employees with graduates. This orientation towards the public sector is particularly high in
medicine (71 %), natural science (54 %) and humanities (49 %). For the latter two scientific
fields, the education sector is of particular importance.

In Belgium, the majority of engineers work in the manufacturing sector. On a more detailed
level it can be seen that 6.5 % of all engineers are working in just one (sub) sector, namely
chemistry. This points to the dominant role of the chemical sector in the Belgian innovation
system. Another support for this is that 7 % of all natural sciences graduates work in the
chemical sector too.

Based on expert assessments, ISR in the field of human capital in Belgium may be
characterised as follows:

e Teaching by firm employees at universities, vocational training programmes for industry
and long-term relationships based on graduate mobility seem to be significant type of
interactions in the field of training and education. The number of firm employees
teaching in the domain of exact science in universities in Belgium, is rather low, as
business people tend to prefer teaching in entrepreneurship and economics courses, and at
Business Schools.

e The current structure of the curriculum in the engineering faculties and the exact sciences
does not allow or enhance work placements by students. The FIRST programme as well
as the IWT PhD programme, supports this type of interaction for PhD students but not for
undergraduates writing their master thesis. There are some study programmes that foresee
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internships during summer holidays but these are not integrated in the basic curriculum.
A recent research report (Clarysse et al., 2000), mentions that introducing these
internships would require a lot of additional effort by the professors. It is probable that
the academic staff should be largely increased because coaching of internships is much
more intensive than ex cathedra lecturing. In addition, universities would have to attract
professors who not only excel in scientific work but also know the business environment.
This seems difficult in the current university structure.

e There is quite a significant interaction between public science and industry in the field of
curricula planning. Examples of study programmes that were organised at universities
and public research labs in co-operation with industry are the Postgraduate in
Telecommunications at IMEC and the Programme in Informatics at UCL (Catholic
University of Louvain-la-Neuve).

e Mobility of R&D personnel is high in Belgium, at least from science to industry. There
are also several promotion measures aiming - at least partially - to stimulate this type of
interaction. Mobility from industry to science is low due to significant differences in
salaries.

e Offering university chairs to R&D managers from the business sector is considered by
experts to be considerably significant and may be viewed as an important type of ISR with
respect to mobility of research managers.

e Personal contacts based on joint projects and contract research are seen as a very
significant channel of interaction too.

B.2.5 ISR in Belgium: A Summary Assessment

Contract and collaborative research: Industry's share in financing of R&D in HEIs is
remarkably high in Belgium, i.e. interaction by the way of commissioning R&D projects to
universities and carrying out research projects jointly, is an important channel for knowledge
and technology transfer. There are several driving forces for this pattern. First, Belgian
universities face a low level of basic funding and public funding sources decreased during the
1990s. Thus, there is pressure to look for additional funding for R&D. Second, the scientific
disciplines most relevant to industrial R&D, i.e. natural sciences and engineering, show a
strong orientation towards research activities, while teaching occupies a lower share of their
resources compared to other disciplines. There is some indication that at least some natural
science and engineering departments maintain close and regular research contacts with the
enterprise sector. Third, despite a generally low level of R&D activities in the business
enterprise sector, there is a group of large, R&D intensive enterprises in the advanced
technology sector (above all in chemicals but also machinery and metals), which have both
the resources and capabilities to interact intensively with public science institutions. There
are however, no major financing programmes for joint R&D activities.
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Personnel mobility from public science to industry is high in Belgium. This high level is
stimulated, firstly, by significant differences in salaries and a high demand by industry for
well-qualified personnel. Secondly, fluctuation of higher educated science and technology
personnel seems to be generally high in Belgium and thus, demand for replacement at
enterprises is significant. Thirdly, public promotion programmes in the field of ISR pay
special attention to personnel mobility as an effective channel of technology transfer. Finally,
a close interaction between industry and science in the field of training and education, and the
corresponding development of personal networks between researchers in both sectors, favours
personnel mobility too.

Training and education: There are no quantitative figures on the extent of interaction in
training and education but expert assessments suggest quite intense interaction. HEIs
(especially polytechnic schools) contribute to vocational training measures for enterprises and
there are also promotion measures to increase, amongst others, training interactions between
HEIs and SMEs (KIV). Industry is also involved in curricula planning and there are special
programmes for promoting PhD students carrying out research relevant to enterprises.

IPR: IPR are used frequently and intensively by PSREs while universities show a weak
patenting record until the end of the 1990s. A major reason might be the regulatory
framework which does not provide specific incentives to researchers in HEIs for invention
activities. Property rights on inventions belong to the universities (or, until 1998 in Wallonia,
to the regional government). There is some financial support for HEIs to cover costs of patent
applications and commercialisation but only a few universities have the size, research quality,
disciplinary structures and professional commercialisation offices, to use IPR in an effective
way. The high patent intensity in the PSREs sector is caused by a few specialised institutes
acting in fields of technology where patenting is an important competitive issue.

Start-ups: The level of start-ups from science is high in Belgium, both in HEIs and PSREs.
Spin-off activities in the field of new firm formation are supported by infrastructure provision
(incubators and consulting services) as well as by direct financial support, especially in the
very early stages. The FIRST Spin-off programme is perceived as a good example of an
effective promotion programme in this area.

Involvement of SMEs in ISR: There is little evidence for a particularly strong involvement of
SMEs in ISR in Belgium. Their share in total business R&D activities is low. There are
some policy initiatives in Flanders to stimulate SMEs to use more intensively scientific
knowledge in innovation activities, including the employment of scientists (KIV programme).

Science-based industries in ISR: Fast growing new technology sectors such as biotechnology,
software, microelectronics and new materials, have a less prominent weight in total business
R&D than in other European economies. In 1995, the Flemish government started a new
research institute dedicated to the area of biotechnology (VIB) in order to strengthen research
in this area and to attract complementary activities by enterprises. VIB has developed well
and seems to achieve the high expectations. Furthermore, IMEC, a research institute
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belonging to the Flemish government and specialised in information technology is a major
scientific actor in its field. Nevertheless, it will still take a significant amount of time until
science-based industries take a more central role in the Belgian innovation system than they
do today.

B.2.6 Good Practice in Framework Conditions for ISR in Belgium

In Belgium, one may identify several examples of good practice in framework conditions for
ISR. The following have been selected for presentation:

e Leuven R&D as an example of an efficient interface organisation

e VIB and IMEC as public research organisations specialised in certain technologies and
with a strong focus on technology transfer

e First Spin-off as an example of a promotion programme with the aim of fostering research
spin-offs from universities and public research labs

e Starlab as an example of a private research firm with an interdisciplinary focus, promoting
spin-offs and research consortia.
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Leuven R&D

The Technological Transfer Organisation at the Katholieke Universiteit Leuven, called Leuven R&D, can be considered as a
good practice in the functioning of an interface service. The interface is run by an internationally well connected business
manager with a track record. It has built up considerable experience in the filing and managing of patents, it provides
technical incubation to various sorts of research groups involved in applied research projects, it closely collaborates with a
university seed capital fund to spin-off an average of 5-7 spin-offs annually, and has created Leuven INC., a non-profit
organisation which manages the networking between the different spin-offs in the region. Finally, it manages a science park
and an incubator. Start-ups currently in the incubator are expected to grow into the science park.

To realise the investment in these spin-offs, the university created, in a collaboration with KBC and FORTIS (two leading
banks in Belgium), a university seed capital fund (Gemma Frisius). After a year and half of experience in investing in spin-off
firms via the seed stage fund, LRD came to the conclusion that it needed (1) to invest larger amounts of money in each
company and (2) to push entrepreneurs to devise more ambitious projects. Initially, they invested between EUR 12,500 and
EUR 62,500. Now they target investments in the range of EUR 250,000. They realise that, if the start up does not have
enough equity to start with, it will be difficult to adopt a product orientation and automatically, the project will lack ambitions.

The Katholieke University of Leuven is also currently developing two science parks. It wants to encourage its spin-offs to
locate in this park in the future. It also wants to attract international companies with complementary expertise to that of the
spin-offs and the research labs of the university. In addition, Leuven R&D embarked in a public relations campaign within the
university to make the researchers and the professors realise that the university is favourable to spin-offs and to inform them
about the resources it can offer them. This includes articles in the campus press, a special course on entrepreneurship and
specific presentations. Special attention was given to inform students about the high growth potential of new technology
based firms and increase the awareness of IPOs as a form of funding. In Belgium, the dominant model for a small firm is very
much the traditional 'SME' (Small and Medium Size Enterprise) characterised by low capitalisation, weak management, and
slow growth. One aim with these awareness measures is to change this traditional view and to change the adverse attitude
towards fast (but risky) growth among potential spin-off founders.

In 1999, the Leuven spin-offs represented about 150 million Euro in sales and employed over 1,000 people. In the same
year, a new organisation was created by Leuven R&D, Leuven inc., whose mission is to promote networking between these
different high tech firms and to organise training courses in high tech specific domains. Thus, also the social community has
become increasingly active in this small environment.
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VIB (Flanders Interuniversity Institute for Biotechnology)

VIB (Flanders Interuniversity Institute for Biotechnology) was established in 1995 by the Flemish government as an
autonomous research institute specialised in biotechnology. VIB can build on a strong tradition in biotech research in
Flanders and can count on the long-term commitment of the Flemish government towards biotechnology.

VIB was created in 1995 with three main objectives: research and applied research in biotechnology; the validation of
research results in the form of technology transfer and spin-offs; and promoting biotechnology for the broad public. As of
today, the institute realises 7 million Euro of revenues through its contract research and it employs over 700 researchers. VIB
has 3 main objectives. First of all, it carries out high-level research. Therefore, it combines 8 university departments and 5
associated labs, representing a group of 700 researchers who are active in the domain of hiotechnology. Over 50 patents
have been applied for since 1995. So far, it has realised two venture capital backed spin-offs and is currently spinning of
three new ones.

A second objective is the transfer of technology by licensing or by creating spin-offs. In order to evaluate the potential of
technology transfer and validation, VIB uses a standard evaluation tool, namely "the record of inventions". Therefore, each
research group has to report an invention or potential invention to the technology transfer group of VIB. In order to evaluate
the commercial potential, VIB has established a valuation cell. This cell consists of 7 people that have a combined business
experience of more than 30 years in several domains, such as hio-pharmaceutics, enzymology and plant genetics. The
number of inventions reported to the cell increased during the past few years. In 1996, 22 inventions were reported,
increasing to 59 by 1998. The valuation cell carries out patent screens and applies for patents if possible. The number of
patent applications increased from 5 in 1996 to 20 in 1997 and 24 in 1998. The revenues from licensing amounted to 2,2
million Euro in 1997, and increased in the following years. It is still too early to estimate the economic impact of technology
transfer by spin-offs. So far, VIB generated 2 spin-offs; Devgen and CropDesign. Both companies were established with a
start capital of more than 2,5 million Euro, financed by both local and international risk capital providers. As well as looking
for financing, VIB also looks for an experienced business manager to run the company if the initially technically oriented
entrepreneur does not have the required management skills. At the moment, VIB has 3 spin-offs in the start-up phase.

The third VIB objective is to promote the image of biotechnology to a broad audience.

In 1999, the VIB has also set up a BIO-Incubator, which offers 2000 m2 of office and laboratory space (soon to be extended
to 3000 m2) for biotech start-ups. These start-ups do not have to be spin-offs from the research institute.
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IMEC (Interuniversity Institute for Microelectronics)

IMEC (Interuniversity Institute for Microelectronics) was established in 1984 by the Flemish government in co-operation with
the association of Flemish employers and universities. IMEC, established in Louvain (with associated labs in Gent and
Brussels), has the mission to promote microelectronics in Flanders and to strengthen the industry-science relations. At the
moment, 16 years after start-up, IMEC is known worldwide in the field of microelectronics. IMEC has a yearly budget of 75
million Euro at its disposal: 45 million is generated by contract research, the other 30 million BEF are subsidies from the
Flemish government in the form of basic research grants. The income from contract research is distributed as follows: 43%
comes from international industry, 32% from the Flemish industry, 20% from the European Commission, 2,5% from ESA
(European Space Agency), and 2,5% from the government. IMEC employs about 1.000 people of whom 86% are directly
involved in research and development.

The research at IMEC focuses on the development of production processes for the next generation of integrated circuits.
Special focus lays on opto-electronic components, microsystems, solar cells and sensors. Next to this, research aims
towards advanced integrated circuits with an increasing complexity (such as telecommunication technologies and
multimedia). Finally, IMEC develops new packaging technologies that are the result of the increasing demand for small,
portable and complex electronic products.

In 1999, IMEC established a new Microelectronics Training Centre (MTC) in order to strengthen its educational activities and
to meet the worldwide need of well-educated people in the field of microelectronics.

Concerning technology transfer, IMEC co-operates with Flemish companies and tries to commercialise its technology by
creating spin-offs. The technology transfer team consists of 20 people. IMEC also has established an incubation fund that
gives funds to researchers to find out whether or not their idea can be used in a company, and whether or not a market for
their product exists. Next to this incubation fund, IMEC has a VC fund (IT Partners) that has a first right of refusal for IMEC
spin-offs. In 1999, IMEC handed in 45 patent applications of which 16 were filed. The number of contacts with Flemish
companies increased from 22 in 1984 to 70 now. The first IMEC spin-off was established in 1986 and so far, 17 spin-offs
have been created. Until 1997 there was little risk capital available in Belgium in order to start up spin-offs. Next to this, IMEC
underestimated the costs related to 'business development'. Most of the spin-offs started with a capital between 3 and 10
million BEF and the management team mainly consisted of researchers who established their own company. In this starting
period IMEC as its industrial partners had few experience in risk capital investments and the coaching of high tech starters.
However, during its existence, IMEC learnt to estimate the needs of its spin-offs and the availability of risk capital increased
in Belgium. At this moment, IMEC mainly focuses on the establishment of large start-ups (investments higher than 1 million
Euro). In order to fill in for the lack of business experience of researchers, IMEC tries to recruit experienced managers to run
its spin-offs. However, finding experienced managers who are willing to leave their current job in order to start in a high-risk
company, remains difficult.
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FIRST Spin-off

FIRST Spin-off is a programme to promote the founding of spin-offs by university researchers in Wallonia. It offers 20
scholarships to researchers each year. During the project, they work on the completion of a product, a procedure or a new
innovative service concept, carry out an economic and technical feasibility study, and write a business plan for the creation of
a spin-off. The researcher must commit to participate in entrepreneurship and management courses during the project (which
normally takes 2 years, and is renewable for 1 or 2 years). At the end of the project, the researcher submits a report stating
the scientific and technical results, and indicating the possibilities to start up industrial and commercial activities based on the
research. Aswell as this, the report contains a business plan, financial plan and an estimation of the market. The researcher
is succeeded by someone who has experience in the creation and management of companies. Financing covers the
remuneration and courses of the researcher and is fully covered by the Walloon region. A lump-sum payment of 5.000 Euro
is foreseen for the applying research institute. Conforming to the decree of 17 December 1997, research results belong to
the university. However, if the researcher decides to start-up a company based on his research within 3 months after the end
of the scholarship, the university has to attribute a license to the researcher that:

o s free during the first 5 years after company start-up;

e cannot be shared with third parties without the former approval of university;

e s exclusive on the condition that exploitation of results becomes effective in a time period that is to be determined by
the university and the company. If the company fails to exploit the results before expiration of this period, the license
becomes non-exclusive

Even though this FIRST Spin-off programme is probably one of the better programmes in Belgium initiated by government, it
has some weaknesses. First of all, the researcher must have a technical background (engineer, exact sciences) in order to
apply for a FIRST Spin-off scholarship. This means that they certainly have the technical capabilities to elaborate on the
product, procedure or innovative service concept they have been working on, but that they also lack the commercial and
financial background needed to write the business plan and to carry out the feasibility study. Entrepreneurship and
management courses can teach them some basic principles, but they still lack the business experience, the business
contacts needed with suppliers, clients, financiers, and the capabilities to build a team of entrepreneurs who have skills
different to technical skills. A lot depends on the business person in charge of following up on their progress, the time they
want to spend coaching the researcher, and their willingness to open up their network of contacts to the researcher. Some of
the experts interviewed by us (particularly those from the industry or VC-environment) mentioned that the FIRST programme
does not encourage collaboration of people with a technical degree with those with management experience. So, although it
fulfils the objectives of being a pre-seed capital, it under-estimates the dimension of co-operation.
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Starlab

Starlab is a privately held, blue-sky research lab with campuses in Brussels and Barcelona and was established in 1998 with
a start-up capital of 12,9 million Euro. It is unique in the choice of its charter: the cross-fertilisation between Bits, Atoms,
Neurons and Genes (BANG). The lab employs 80 researchers from 30 different nationalities. Its model consists of 3 pillars:
blue sky research, consortia and creation of spin-offs.

Blue-sky research is solely funded by the government, whereas consortia are formed with financial help of industrial
Sponsors.

The company has a fund for spin-off companies (Starfund) and has recently established "Starseeders" which looks for ideas
inside Starlab that can be transformed into new business ventures, and coaches the new ventures during the first phase after
start-up. So far, Starlab has established 8 spin-offs. Some of these spin-offs are research groups that were moved from
university to Starlab in order to further develop the technology, and were thus established with both Starlab and the
universities as shareholders.

Probably most important within the framework of industry-science relations is the development of consortia. In these
consortia, forward-thinking industrial players on the world business stage commit to a 5-year research project with Starlab's
experts to guide the exploration of a chosen rich idea. The consortia are cross-sectoral and define a background for the
exploration of a broad vision during which the sponsors give ‘carte blanche' to the research team. Sponsors can however,
guide the consortium via a steering committee and get full and royalty-free access to all its results (there is however, no
commitment to obtaining results). One of the consortia established recently is the I-Wear consortium which researches into
the theories, technologies, methods and techniques that will enable a vision of intelligent clothing. The consortium aims
towards cross-sector collaboration, exploitation and the creation of new markets, and can be seen as a kind of network
through which people from different sectors meet. Only exceptionally, spin-offs can be created out of these consortia
because the research that is carried out has a long term and basic focus.
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B.3 Finland’

B.3.1 Knowledge Production Structures in Finland

The R&D expenditure in Finland has grown in all main sectors over the last ten years and
amounted to 3.9 billion Euro in 1999, which was 3,2 % of GDP (Table B.3.1). Until 2000,
total R&D expenditure raised further to 4.35 billion Euro, i.e. 3.3 % of GDP. In comparison
to other EU countries, both the level and growth of R&D expenditure in Finland are notably
high. The main performer of R&D is the enterprise sector, carrying out 68 % of all
expenditure. Between 1991 and 1998, business enterprise R&D expenditure almost tripled in
nominal figures. The share of the HEIs in total R&D expenditure is about 20 %, and the share
of the PSRESs is 12 %. The private sector is also the biggest financier of R&D with a share of
66 % of the total R&D funding.

Table B.3.1: R&D Expenditures in Finland 1999 by Financing and Performing Sectors (in million Euro)

Performing Sector Financed by Total
Enterprises State* Abroad million % % of GDP

Euro

Enterprise Sector 2,439 167 38 2,644 68 2,18

PSREs* 66 370 34 470 12 0.39

HEIs 36 685 43 765 20 0.63

Total (million Euro) 2,541 1,222 115 3,879

Total (%) 66 32 3 100 3,19

* including non-profit private institutions

Source: Statistics Finland (2001), calculations by the authors

Most of the R&D activities in the enterprise sector are financed by the internal funds of a
company or enterprise group (90 %). The share of public funding of enterprises (6 %) is
decreasing and clearly below the OECD average. Over half of outside funding of enterprise
R&D comes from the Finnish Technology Agency (Tekes). Financing from abroad is of little
relevance (4 %).

At the HEIs (universities), about half of R&D financing (46 %) is provided via the General
University Fund. This share has decreased during the 1990s. Total government HEI
appropriations (including financing of education and administration) remained almost
constant in real terms between 1991 and 1999, while HEIs expanded in terms of students,
graduates and personnel. Consequently, HEIs experience increased the pressure to look for
outside financing. Among the outside R&D funding for HEIs, the Academy of Finland is the
largest single financier, providing funds for research projects. Its funding was 98 million

7 This chapter is based on the national report on ISR in Finland (Kangaspunta 2001) and on Husso et al. (2000).
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Euro which equals 24 % of the total outside R&D funding for universities. Amongst the
outside financiers, the Tekes was quickest to increase its share, to current levels of 20 %.
Foreign funding accounts for 11 % of total project-based financing of HEIs' R&D activities
and domestic enterprises have a share of about 9 %. Non-governmental sources (own funds,
domestic and foreign enterprises, private funds and EU sources) account for 13 % of the total
R&D funding of HElIs.

At PSREs, the financing structure is quite similar to that in HEIs - 55 % of R&D is financed
by basic funding. Within project oriented funding, non-government sources play a more
prominent role, particularly concerning financing by domestic enterprises (31 % in total
outside financing of R&D at PSRESs) and from abroad (16 %).

Table B.3.2: Financing Structure of R&D in HEIs and PSRES in Finland 1999 (in %)

Financing Source HEIs PSREs
Basic Financing 46 55
Project Financing and other financing sources 54 45
Government 87 79
Other Sources (enterprises, internal financing, abroad) 13 21

Source: Statistics Finland (2000), calculations by the authors

The structure of the Finnish R&D expenditure in the enterprise sector places a strong
emphasis on high-tech sectors®, where 51 % of all BERD is carried out. Medium- to high-
tech sectors such as machinery, vehicles and chemicals, play a minor role in business
enterprise R&D and their share of total BERD is only 15 % (Table B.3.3). The number of
high-tech enterprises significantly increased between 1993 and 1998, from 281 to 389, with
the majority of high-tech firms located in the electronics industry. This industry is also
mainly responsible for the current increase in BERD.

Table B.3.3: R&D Expenditures in the Finnish Enterprise Sector by Sectors 1997

Sector Share in R&D R&D
Expenditures  Expenditures in
(in %) % of GDP
High-Tech Sectors (NACE 24.4, 30, 32.1, 32.2, 33, 35.3) 50.8 0.91
Other Technology Sectors (NACE 23, 24, 29 to 35 excl. high-tech sectors) 15.2 0.27
Other Manufacturing (NACE 01 to 45, excl. technology/high-tech sectors) 17.0 0.30
IT-Services (NACE 64, 72, 73) 9.0 0.16
Other Services (NACE 50 to 99, excl. IT-Services) 7.9 0.14

Source: OECD (2000), calculations by the authors

Private sector R&D expenditure is strongly concentrated in large enterprises with more than
1,000 employees. They carry out more than 55 % of all BERD (Table B.3.4). The major ten
companies account for 53 % of the total private sector R&D expenditure. It has been

8 High-tech sectors are (NACE-codes in parentheses): pharmaceuticals (24.4), office and computer machinery (30),
electronic components (32.1), telecommunication equipment (32.2), instruments (33) and aerospace (35.3). Other technology
sectors are refined petroleum products (23), chemicals (24) excl. pharmaceuticals, machinery (29), electrical machinery (31),
radio and television equipment (32.3), motor vehicles (34) and other transport equipment (35) excl. aerospace.
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estimated that one single company, Nokia, accounted for about a third of total private
expenditure on R&D in Finland in 1999. Consequently, there is also a strong sectoral
concentration of business R&D in the electro-technical industry (machinery, equipment,
electro-technical products, instruments and fine-mechanical equipment), which had a share of
53.8 % in 1999 and 55.3 % in 2000, and the metal and engineering industry (basic metals,
metal products, cars and other transport equipment), their share being 12.8 % in 1999 and
11.6 % in 2000. Recently there was a significant increase in small firms carrying out R&D.
Between 1995 and 1999, the number of enterprises with less than 50 employees carrying out
R&D increased from about 900 to over 1,600, i.e. by almost 80 %. However, it is the large
enterprise sector which accounts for the vast majority of R&D expenditure growth in the
Finnish enterprise sector in recent years.

Table B.3.4: R&D Expenditures in the Finnish Enterprise Sector by Size Classes of Enterprises 1997

Sector Share in %
Small Enterprises (< 100 employees) 14.3
Medium-scaled Enterprises (100 to 499 employees) 15.0
Large Enterprises (500 to 999 employees) 14.5
Very Large Enterprises (1,000 employees and more) 56.2

Source: OECD (2000), calculations by the authors

The SME sector represents about 89 % of all R&D performing enterprises, although its share
in BERD was only 22 % in 1998. R&D activities in small enterprises (with less than 50
employees) are heavily supported by public funds, which amounted to 25 % of all R&D
expenditure in these types of companies in 1999 (i.e. 68 million Euro). With respect to
innovation activities reported by CIS2 data, there is a considerable gap in innovation
performance between SMEs and larger enterprises, which is clearly greater than the EU
average (Table. B.3.5)°.

In the Finnish manufacturing sector, innovation expenditure as a share of turnover as well as
the turnover due to innovative products, are significantly lower in the SME sector. This result
may be biased however, as the Finnish CIS2 strongly focussed on technology innovation, and
the share of larger enterprises introducing such innovation may be higher than the relative
share when all types of innovation are considered (see Leppalahti 2000). With respect to
R&D intensity and patent activity, Finnish SMEs clearly perform better than SMEs in the EU
average. SME performance in the service sector is above the EU standard for nearly all
indicators.

9 In order to compare innovation performance as reported in the CIS2 among EU countries, one has to take into account
national variations in the way innovation was defined (see Leppélahti 2000). Therefore, innovation performance indicators
for SMEs are calculated with respect to the national average and the EU average, respectively, and these ratios are compared
in order to position Finnish SMEs' innovation activities. With respect to R&D and patent indicators, there seem to be less
serious definition biases, thus one can directly compare SME performance on a national level with SME performance on EU
average.
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Foreign firms play a minor role in the Finnish innovation system. They account for only 11.5
% of total BERD in 1996. On the other hand, the main Finnish R&D performing enterprises
are internationally operating companies with a large number of foreign affiliates.

Table B.3.5: Relative Innovation and R&D Performance of SMEs in Finland

Manufacturing Services
Very small Small Very small Small
enterprises  enterprises enterprises enterprises
(< 50 em- (50-249 (<50 em- (50-249
ployees)  employees)  ployees)  employees)

Share of Innovative Enterprises* 0.85 0.97 1.00 1.05
Innovation Expenditures as a Share of Turnover* 0.56 0.57 1.43 1.50
Share of Turnover due to Innovative Products* 0.54 0.79 n.a. n.a.
Share of Enterprises with High R&D Intensity** 1.84 1.54 1.85 0.81
Share of Enterprises with Medium R&D Intensity** 1.10 1.62 1.96 1.42
Share of Enterprises Engaged Continuously in R&D** 1.21 1.42 1.78 1.47
Share of Enterprises Having Applied for a Patent** 1.42 1.51 2.14 1.13

* Figures show the relation of Finnish SMEs' performance to the performance of SMEs in the EU average, normalised by the

respective relation of all Finnish enterprises to all EU enterprises: (*M&xg/*Exey;)/(Xi/Xey;), X being the variable considered,

F being Finland, j being the sector considered (i.e. manufacturing and services), and SME indicating that the variable is
measured for SMEs only. The EU average is the mean weighted by the number of enterprises of all EU countries (except
Greece): Values above 1 show that SMEs are more innovative than in the EU average.

** Figures show the relation of SMEs in Finland to SMEs in the weighted mean of all EU countries (except Greece):
SMExei*MExey;, X being the variable considered, F being Finland, j being the sector considered (i.e. manufacturing and
services), and SME indicating that the variable is measured for SMEs only. Values above 1 show that SMEs are more R&D
and patenting oriented than in the EU average.

Source: Eurostat-CIS2, calculations by the authors

Research in public science in Finland is concentrated on natural sciences and engineering
while social sciences and humanities have a very low of total R&D staff in public science (21
%), compared to other EU countries. Engineering and agricultural sciences are the
dominating fields of research in the PSRE sector, while natural sciences, engineering and
medicine have the majority of research personnel in the HEI sector (Table B.3.6). Thus, the
majority of public R&D is performed in areas with a high potential value for industrial
innovation.

Table B.3.6: R&D Personnel in the Finnish Public Research Sector (HEIs & PSRES) by Fields of Science
1999 (in %)

Sector HEIs PSREs Total
Natural Sciences 30 16 25
Engineering 21 37 26
Medical Sciences 20 14 18
Agricultural Sciences 3 23 10
Social Sciences* 18 9 15
Humanities* 8 2 6

Source: Statistics Finland (2000), calculations by the authors

The science side of the Finnish innovation system consists of different institutions, each
having a particular organisational and financing structure, mission and research orientation,
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and orientation towards technology transfer and firm interaction. Eight types of institutions
are worthy of distinguishing:

Finland has 20 universities. Three of them are universities of technology, a further three
are schools of economics and business administration, and four are art academies™. In
R&D statistics, the university sector also includes five central university hospitals which
perform clinical research (11 % of total R&D expenditure in HEIs). All Finnish
universities are state-run, with the government providing 89 % of their funding. High
levels of outside financing can be observed in universities of technology. The basic
objective of all universities is to carry out research, and to provide education based on the
research. The underlying principle is the freedom of research, which gives the universities
extensive latitude for independent decisions. Finnish universities typically have between
five and nine faculties or departments under which there are numerous institutes or fields of
responsibility (laboratories or professorships). Many universities are also partners in
companies, such as science and technology parks, and technology transfer companies. Some
universities have research institutes which cross the limits of the different faculties.

In addition, in each university there are separate specialised institutes, including separate
further education institutes. They typically provide chargeable services in research, training,
consulting etc. tailored to meet the outside customers' specific needs. The specialised
institutes are often multi-disciplinary units, involving partners from several faculties within
a university or between different universities or research organisations. Institutes may
have their own boards, on which industry or other interest groups are active. Institutes
have their own budget and usually obtain outside financing from industry and other
customers. They may carry out both basic and applied research. Institutes may have a
national responsibility and often, also have a regional objective. Separate specialised
institutes have offered a flexible way for the universities to respond to the demand by their
interests groups. Today, there are about 140 such institutes at 19 Finnish universities. A
good practice case is described in B.3.6.

The 29 Polytechnics are more practically oriented. Most of them are multi-disciplinary,
regional institutions (either municipal or private, and co-financed by the government and
the local authorities) which give particular weight to contacts with business and industry.
Polytechnics are being developed as part of the national and international higher education
community, with special emphasis on their expertise in working life and its development.
The polytechnics also carry out R&D relevant to their teaching and to working life but
compared to universities, R&D activities are fairly low. Their share in total R&D
expenditure in Finnish HEIs was 4 % in 1999 (i.e. 27.5 million Euro) but 73 % was
financed by outside sources. The polytechnics were created gradually over the 1990s. The
standard of former higher vocational education was raised and incorporated into multi-
disciplinary polytechnics. Since the Polytechnics Act was passed in 1995, each year the
Government accredited some polytechnics to operate on a permanent basis. The criteria
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used in accreditation included proven excellence in experimental and development work.
The national polytechnics network was completed in 2000. The polytechnics have two
categories of teachers - principal lecturers, for whom the requirement is a postgraduate
(licentiate or doctorate) degree, and lecturers, who must have a Master's degree. Both
categories of teachers must have a minimum of three years of work experience in the field
they teach, which may involve the completion of working experience in enterprises,
although this may not be absolutely necessary.

The largest public research institute is the_Technical Research Centre of Finland (VTT)
with about 2,850 R&D personnel and a turnover of c¢. 200 million Euro in 1999, which is
36 % (R&D personnel) and 43 % (R&D expenditure) of the total of the Finnish PSRE
sector. VTT is an impartial expert organisation that carries out technical and techno-
economic research and development work. VTT develops technologies in order to
improve both the competitiveness of companies and the basic infrastructure of society, and
to foster the creation of new businesses. VTT has eight Research Institutes (Electronics,
Information Technology, Automation, Chemical Technology, Biotechnology and Food
Research, Energy, Manufacturing Technology, and Building Technology) as well as an
information service and a technology studies group. About three-quarters of the staff are
located at VTT's main site, at Espoo.

Table B.3.7: Main Characteristics of Major Institutions in the Finnish Public Research Sector (HEIs &

PSREs)

Institution Share in Structure Main mission Research

Total Orientation

Public

R&D in %*
Universities 60 20 universities, including Carrying out jointly basic research
3 technical universities research and education
and 5 university hospitals
Separate Specia- included in  ca. 140 institutes at 19 providing internal and applied research,
lised Institutes at "Univer- universities external services, but of little
Universities sities" knowledge and significance
technology transfer
Polytechnics 2 29 institutions Education, technology development
transfer to industry
VTT 16 8 research institutes Creating and applying applied research
technology to enhance
industrial competitiveness
other PSREs 22 19 specialised research  divergent: public services, basic and applied
institutes, 11 ministries,  technology transfer, basic research
other small institutes research

* except R&D at Polytechnics

Source: compilation by the authors

- There are 19 other public research institutes, significantly smaller than VTT and mostly
oriented towards a specific industry sector or field of research:

10 University-level education is also provided by the National Defence College, which comes under the Ministry of Defence.
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- Agricultural Economic Research Institute and Agricultural Research Centre of Finland
(MTT)

- Finnish Centre for Radiation and Nuclear Safety (STUK)

- Finnish Environment Institute (and Regional Environment Institutes)
- Finnish Forest Research Institute (METLA)

- Finnish Game and Fisheries Research Institute

- Finnish Geodetic Institute (FIG)

- Finnish Institute of Marine Research

- Finnish Institute of Occupational Health

- Finnish Meteorological Institute (FMI)

- Geological Survey of Finland (GSF)

- Government Institute for Economic Research

- National Public Health Institute (KTL)

- National Research and Development Centre for Welfare and Health (STAKES)
- National Research Institute of Legal Policy

- National Veterinary and Food Research Institute (EELA)

- The Defence Forces Research Centre (DFRC)

- The National Board of Antiquities

- The National Consumer Research Centre

- The Research Institute for the Languages of Finland

- The institutes listed above operate under the responsibility of the 11 Ministries and
account for 91 % of the public sector R&D expenditure.

Furthermore, there are some other public institutes and private non-profit research institutes.
Their significance in total R&D activities in Finland is less important however (other public
institutes have 3 % while non-profit research institutes have 6 % of total public R&D
expenditures).

In summary, Finland's knowledge production structures provide a favourable framework for
developing strong ISR. The business enterprise sector is highly R&D oriented and
concentrated on high-tech sectors traditionally regarded as science-based industries. R&D
expenditures by enterprises have increased strongly over the last decade and thus, demand for
interaction with industry grows. At the same time, the number of SMEs carrying out R&D is
steadily increasing at a fast pace. In public science, R&D activities have increased during the
1990s as well, and have reached a high level compared to the EU standard. Here, an
increased share of R&D financing was based on project and programme financing and the
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share of basic (institutional) R&D financing is now 46 % (HEIs) and 55 % (PSREs). Public
science institutions increasingly looked for additional funding from outside sources. Both in
HEIs and PSREs, the focus of R&D is in natural sciences, engineering and agricultural
sciences, thus providing a major potential source for co-operation and knowledge transfer to
industry.

B.3.2 The Level of ISR in Finland

The level of ISR in Finland is described by a set of indicators and assessment on the
significance of various interaction channels. Table B.3.8 lists the indicators used and the
main results. It also depicts those areas where ISR in Finland may be regarded as above
average with respect to EU standards. In most areas of ISR, Finland performs comparably
well although there are some types of ISR interaction which are less intensively used by
actors in the Finnish innovation system.

Contract research by public science institutions for enterprises (including consulting services),
and collaborative research carried out jointly by industry and public science, are major types
of ISR in Finland. University researchers mention these channels of interaction as being most
important, while enterprises rank them as somewhat less significant than informal contacts
and personnel recruitment. The significance of contract and collaborative research between
industry and science is revealed by the financial flows from industry to science. In 1999, the
domestic business enterprise sector financed R&D activities in HEIs and PSREs up to a total
of 102 million euros. About two thirds of this amount went to PSREs, although their share in
total public R&D performance is only 38 %. As a consequence, 14 % of all R&D expenditure
in PSREs were financed by industry, whereas the respective ratio for HEIs is only 5 %.
Among HEIs, the two largest technical universities show a high share of industry
collaboration and account for a large part of domestic industry money going to Finnish HEIs
(36 % in 1999). Nearly 4 % of all R&D money raised by the Finnish enterprise sector is used
for financing contract and collaborative research in public science.

In 1999, VTT accounted for 82 % of all contract research carried out in the PSRE sector and the
Finnish Institute of Occupational Health for a further 8 %. The volume of contract research in all
other research institutes is small. VTT's share of the total volume of contract research in the
public science sector (PSREs and HEIs) is 53 %. The total volume of contract research
increased in the public science sector between 1997 and 1999 by 19 %. The growth was stronger
in the university sector (36 %) than among the research institutes (11 %). Contract research at
VTT grew by 9 % and continued to grow in 2000 with its volume reaching 77 million Euro (up
from 63 million Euro in 1998). 49 million Euro (63 %) of the total income from contract
research came from private companies in Finland. This is more than 20 % of the total
turnover. The share of SMEs was 39 %.

Collaborative research is heavily promoted by Tekes financing schemes. In 1999, 62 % of all
R&D projects in enterprises which had been co-funded by Tekes, also involved co-operation
or sub-contracting to public science institutions. In this year, Tekes provided a total amount
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for contract research in HEIs and PSREs commissioned by enterprises of nearly 32 million
Euro, which is nearly a third of the total of HEIs' and PSRESs' income from industry contract
research. This is equivalent to 13 % of all Tekes funding for enterprises.

In addition, Tekes provides money for applied research in HEIs and PSREs (c. 125 million
Euro in 1999), which is 12 % of total R&D funding in public science in Finland. These
applied research projects act as 'indirect contract research’ because of Tekes' policy to involve
industry in these projects (e.g. via steering committees) and to encourage public science to
transfer research results to the end users as early as possible.

A high level of co-operation between industry and science in Finland is also revealed by the
CIS2 results. One in two manufacturing enterprises co-operate with HEIs in the course of
their innovation activities and nearly 40 % of all innovative manufacturing enterprises co-
operate with PSRESs. In the service sector, these ratios are smaller but still among the highest
in the EU. A notably higher share of large manufacturing companies had co-operation with
science (76 % in manufacturing and 27 % in services) compared to SMEs. Nevertheless, the
share of enterprises co-operating with public science is heavily driven by the behaviour of
SMEs. Thus, the figures indicate a remarkable science orientation of the SME sector in
Finland. Expert assessments suggest that the Tekes activities in promoting R&D at SMEs and
strengthening contract and collaborative research between industry and science have a major
impact on this pattern.

For innovative manufacturing enterprises, science is also an important information source for
innovation, especially for large companies. In comparison to other EU countries, the share of
Finnish manufacturing companies using HEIs and PRSEs as a source of information for their
innovation projects, is clearly above the average. For innovative service companies, the
importance of science as an information source is smaller than for manufacturing firms and is
below the EU average. In general, HEIs are a somewhat more important source of innovation
than PRSEs, which reflects the difference in size between the two sectors in Finland.

Research personnel mobility from science to industry is comparably high in Finland.
According to a survey in 1995, 3.4 % of HE graduates who had worked at an HEI in 1994,
moved to the business enterprise sector in 1995. At PSREs, the mobility ratio of HE
graduates was 3.8 %. However, only 14 % of all HEI employees with a HE degree who
moved away from a HEI occupation to an other sector, entered the business enterprise sector,
while the vast majority moved inside the HEI sector or to other public services. At PSRE, 26
% of all outwardly mobile HE graduates went into business enterprises. Personnel mobility of
employees with a HE degree from industry to public science is significantly lower. Between
1994 and 1995, 0.4 % of all HE graduates working in the private enterprise sector moved to
public science and more than 90 % moved to the HEI sector. They represent 2.5 % of all
business enterprise employees with a HE degree moving to another occupation. According to
experts, an important factor for this biased pattern of research personnel mobility are the
differences both in the level of salaries and in their growth rates, between industry and
science. The level of personnel mobility is likely to be higher today, as 1994/95 was still a

95



Benchmarking Industry-Science Relations: The Role of Framework Conditions

period of economic recession with a rather low demand for highly qualified labour in the
labour market. In 1998, the overall mobility rate of highly educated personnel returned back
to the pre-recession level of 1989.

HEIs play a significant role in vocational training and offer various types of further education
services. Universities provide professional continuing education to academically educated
people for up-dating their knowledge and skills (In 1999, there were 133,500 participants).
Within open university initiatives, adults may participate in teaching courses (In 1999, 77,500
participants). Universities are also engaged in employment training as an element of active
labour market policy. In 1999, they reported 433,000 acquired student working days, which
is 5 % of the total volume of employment training in Finland for that year. Furthermore,
universities offer specific courses for companies' personnel training. Altogether, income from
vocational training activities by Finnish universities totalled up to 79 million Euro in 1997, 64
% (50 million Euro) coming from business and public corporations. Compared to the total
R&D budget, this is equal to nearly 9 %. Vocational studies are also offered by polytechnic
colleges, especially for adults who wish to acquire a polytechnics degree. In 1999, 17,000
adults participated in this type of further education. Furthermore, polytechnics offer
vocational specialised studies (3,000 students in 1999) and open polytechnic training (2,800
students in 1999).

With respect to patent applications, ISR relevant activities by universities are considered to be
rather low. Because of the IPR regulation (see B.3.3), almost all patents are held by
individual researchers, and thus universities are estimated to hold only a few dozen patents
and receive almost no income from royalties. No data is available on the number of patents
applications by HEI researchers but Aaltonen (1998), found that 20 % of R&D personnel at
universities are engaged in patent or licensing activities, which is a remarkably high share.

At PSREs, VTT is responsible for the vast majority of patent applications and royalties. Here,
it is considered a strategic tool. In 1999, VTT filed an application for 73 patents (24 per 1,000
researchers) and became the third most active applicant in Finland. So far, VTT has not
separately calculated the development of income generated by licensing. The annual income
from royalties and selling of IPR is estimated by VTT to be 0.6 to 0.7 million Euro (0.3 % of
total R&D expenditure) but a three fold increase in the next couple of years is being aspired
to. No summary information on other PSRESs' patenting and licensing activity is available. It
IS most probable that the figures are not notable.

Although no comprehensive data is available on technology-oriented start-ups by researchers
from public science in Finland, the existing information indicates a rather high level of start-
up activity. In the HEI sector, data from the National Centre of Expertise Programme
suggests that there were about 70 high-tech spin-offs per year in the period 1995 to 1998, but
it is not clear how many of them had been real university-based start-ups (i.e. creation of a
new firm by a university employee, the firm activity being based on new research results or
the knowledge and competence acquired through university research). If one assumes that at
least every second start-up fulfils the criteria of a university spin-off, the start-up ratio per
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1,000 researchers at HEI would be about 2 to 3. A high level of start-up activity is also
reported by Aaltonen (1998) who found that 11 % of university researchers had been engaged
in spin-off activities but engagement included, for example, giving advice to start-ups. VTT
reports 5 to 7 start-ups by their R&D personnel per year, i.e. ¢. 2 start-ups per 1,000
researchers. As start-up activities in other PSRESs are rare, the average start-up intensity in
PSREs in Finland may be about 1.

Finnish enterprises mention informal contacts as the most important channel of interaction
with HEIs. Such contacts often take place within stable, long-term oriented networks of
universities, PSREs and enterprises. In Finland, there are several policy initiatives to build up
and maintain such networks, such as Centres of Excellence, Tekes Technology Programmes,
Centres of Expertise and Cluster Programmes (see B.3.3). Networking and informal contacts
are also enhanced by enterprise involvement in teaching (e.g. lectures by enterprise
researchers and managers), by professorships sponsored by industry and by inviting enterprise
representatives to take university professorships. Another way of maintaining informal
contacts is to nominate members from outside the university, on universities' senates,
including those from enterprises. In 2000, 5 universities had senate members from outside the
university.

Table B.3.8: Indicators and Assessments of ISR in Finland at the End of the 1990s

Type of ISR Indicator Value*
Contract and Collaborative Research R&D financing by industry for HEIs in % of HERD 4.7
(1999, Source: Statistics Finland) R&D financing by industry for PSREs in % of GOVERD 14.0
R&D financing by industry for HEIs/PSREs in % of BERD 3.9
Faculty Consulting with Industry Significance of R&D consulting with firms by HEI research. low
Significance of R&D consulting with firms by PSRE research. low
Co-operation in Innovation Projects Innovative manuf. enterprises co-operating with HEIs in % 47.3
(Source: CIS2, 1996) Innovative manuf. enterprises co-operating with PSREs in % 38.0
Innovative service enterprises co-operating with HEIs in % 19.2
Innovative service enterprises co-operating with PSRES in % 13.8
Science as an Information Source for HEIs used as inform. source by innov. manuf. enterpr. in % 6.9
Industrial Innovation PSREs used as inform. source by innov. manuf. enterpr. in % 53
(Source: CIS2, 1996) HEIs used as inform. source by innov. service enterpr. in % 2.7
PSREs used as inform. source by inn. service enterpr. in % 0.6
Mobility of Researchers Share of researchers in HEIs moving to industry p.a. in % ~3
(Source: national statistics, 1994/95) Share of researchers at PSREs moving to industry p.a. in % ~4
ith(a;r)e of HE graduates at industry moving to HEIS/PSREs p.a. 04
Vocational Training Income from vocational training in HEIs in % of R&D exp. 8.7
(Source: national statistics, 1997/99) Number of vocational training participants in HEIs per R&D 16.3
employee in HEIs
Patent Applications at Science Patent Applications by HEIs per 1,000 employees in NSEM high
(Source: national statistics, assessments) Patent Applications by PSREs per 1,000 employees in NSEM
(based on VTT figures) ~12
Royalty Income by Science Royalties in % of total R&D expenditures in HEIs low
(Source: national statistics, assessments) Royalties in % of total R&D expendit. at PSREs (VTT only) ~03
Start-ups from Science Number of technology-based start-ups in HEIs per 1,000 5.3

(Source: national statistics, assessments) R&D personnel
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Number of technology-based start-ups at PSREs per 1,000

R&D personnel (based on VTT figures) ~1
Informal contacts and personal networks significance of networks between industry and HEIs high
(Source: national statistics, assessments) significance of networks between industry and PSREs high

* values above the EU average are indicated in bold letters

Sources: Eurostat, OECD, national statistics, calculations by the authors

Another indicator for long-term oriented networks between industry and science is the co-
publication of scientific papers, as this typically involves much co-operation and joint
working on a certain topic over a significant period of time. In the second half of the 1990s
(1996-1998), 4.2 % of all scientific papers written by Finnish authors had a co-authorship
involving both firm employees and researchers form HEIs or PSREs. In HEIs, 4.5 % of all
papers were written jointly with researchers from enterprises and at PSREs, this ratio was 5.0
%. Almost all scientific papers written by enterprise researchers are co-authored by a HEI or
PSRE researcher.

In summary, the interaction between industry and science is rather strong in Finland. In order
to exchange knowledge and technology, various channels are used. Of particular importance
are contract research commissioned by enterprises, particularly to PSREs (which is very much
concentrated on VTT), collaborative research and co-operation in innovation projects and
vocational training. A special feature of the Finnish innovation system today is the strong
involvement of SMEs in ISR, which was stimulated by policy initiatives during the 1990s.
Finland's remarkable ISR record is associated with a strong re-orientation of the Finnish
economy towards high-tech areas in information technologies after a heavy recession in the
early 1990s (Statistics Finland 1999). Most of the considerable increase in R&D activities
took place in this area and information technology enterprises seem to be a major driving
force for ISR in Finland too.

B.3.3 The Policy-related Framework Conditions for ISR in Finland

Cultural Attitudes: There seems to be a rather high awareness thin public science should
contribute to industrial innovation. This was promoted by a coherent science, education and
technology policy strategy during the 80s and 90s aimed towards increasing the knowledge
base, improving the R&D and innovation performance of Finnish industry, and shifting the
economy towards an information society. This ongoing technology policy is accompanied by
various policy actions, many of them including measures to foster ISR. In universities
however, there is still a strong tradition of autonomy in research and education, including a
tendency to favour pure, curiosity-driven research and sometimes little awareness for
commercially exploitative research results. However, many R&D intensive enterprises
acknowledge the role of universities in carrying out basic research without direct commercial
application purposes. Nevertheless, the government has made efforts to improve university
performance in ISR (see below).
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Legislation: There is no law in Finland that would explicitly regulate ISR but there are a
number of laws that have to be taken into consideration. Some of them refer to regulatory
settings in certain public science institutions and are discussed in a separate section below. In
addition to laws, there are a number of relevant decrees and decisions by the Government that
form part of the legal framework. Some regulations, for instance concerning the terms of
finance, are based on regulations at EU level. Specific laws, which affect ISR in Finland,
include regulations on intellectual property, civil service, terms of employment and public aid
for business and include:

The Act on Employer's Right to an Invention made by an Employee states that the IP of
inventions made by employees, could to be transferred to the employer who then owns the
invention. The Act covers the private sector organisations as well as most civil servants,
including researchers in public research organisations such as VTT or those in the service
of the Academy of Finland. However, researchers in universities or similar scientific
institutions are not covered by the Act. Hence, the basic rule in the universities is that 'the
researcher owns the invention'. In practice, the ownership and use of the intellectual
property rights in HEIs and PSREs is strongly affected by the funding principles of the
different financiers of research, as well as the policy and strategy of the university or the
research institution. The policy of the Academy of Finland (SA) has been not to claim the
rights for inventions, i.e. they are in practice, left with the researchers financed by SA.
The ownership of the research results varies in programmes financed by Tekes. A
participating company often claims rights to IPR. The principal policy of Tekes is to
leave IP as the property of the organisation which has benefited from the funding. At
universities, researchers often have to transfer their rights to the university before the
funding contract can be signed by the university with Tekes, the EU or companies. This
practice has become more common in recent years and has been influenced by Finnish
participation in EU R&D programmes.

The Act on Civil Servants defines the general terms of service for civil servants in
Finland. Most public sector researchers are civil servants. The main responsibility of a
civil servant is to carry out his official duties properly. For this reason, the Act limits the
right of a civil servant to hold secondary occupations in addition to their office. A
secondary occupation is defined as another office, or a waged work or task that the person
has a right to refuse, as well as an occupation or business. The employee may not engage
in secondary occupations which require the use of office time unless they have applied for
it and the employer has given them the right to it. It is the duty of the civil servant to
inform his employer about a secondary occupation subject to license, and to apply for a
license. In practice, occupation and business require a certain continuity of the activity
and a sufficient amount of repetition. Sporadic occupational tasks are not subject to
limitations while participation on the board of a company is considered a secondary
occupation.

The Act on Civil Servants presents the following barriers for granting permission for a
secondary occupation: (a) the civil servant may not become more challenged in the office
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because of the secondary occupation; (b) the secondary occupation may not compromise
the confidence in the civil servant's impartiality in office; (c) the secondary occupation
may not bother otherwise appropriate execution of tasks; and (d) as a competing activity,
the secondary occupation arguably damages the employer. Once the researcher has been
given permission to hold a secondary occupation there are no restrictions as to the amount
of remuneration. While the Act also defines the provisions concerning leave of absence, it
is up to the employer to decide upon the length of leave of absence, except for certain
cases where it is based on law.

A general rule, which is based on the Act on Civil Servants and The Act on Contract of
Employment, is that an employee must be loyal towards his employer (“The loyalty
Principle™). An employee or civil servant may not engage in business that may harm the
employer or competes with the activity of the employer. The contents and the extent of
the loyalty requirement depend on the activity of the employer. For instance, it is the task
of the universities to provide teaching, which leads to basic and scientific post-graduate
degrees. It is not conceivable that university teachers and researchers could privately
compete with the activities of the universities in these fields. The same holds largely true
for basic research. Other relevant decrees include for example, those that define the
criteria for the filling of professors' vacancies, qualification for university teachers or
other staff.

Various business-related laws may also be relevant for ISR, such as The Act on the Right
to Carry on Business. Among others, some civil servants are denied engagement in
business for reasons related to guaranteeing their impartiality. When thinking about what
business is permitted and what is not, the consumer's point of view must be taken into
consideration also. It is not acceptable that the line between official service and private
business of a civil servant becomes vague. Competition laws also set requirements for
academic entrepreneurship within universities. All conduct against good business practice
is forbidden, as well as the provision of misleading information. Business secrets may not
be exploited illegally or divulged. Other companies' business may not be harmed by an
inappropriate manner of representation or by false information. In universities, problems
may occur particularly at the interface of research work and business.

The Act on the Principles of State Fees, and related decrees set the principles on which
contract research has to be priced. Contract research is not considered as a public function
and has to be provided on market conditions i.e. full compensation is required.
Contributions ‘in kind" are not allowed without providing work against its full value.
Regulation concerning investment by PSREs and HEIs states that a government
organisation receiving funding (even partly) directly from the state budget, may not invest
in the private sector without the specific consent of the Parliament. On this condition,
equity investments (for instance, in a joint research lab) are possible. In practice, such
investments are rare. For example, VTT once made such an investment when VTT
Technology Ltd, a technology transfer company, was started. Several universities have
their own foundations, which are able to make equity investments. These funds are
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separate from state funds. The New University Decree states that donated and bequeathed
funds shall be administered separately to state funds. It is not quite clear to what extent
the present regulation allows PSREs and HEIs to make capital contributions to private
companies.

Despite the significant number of legal regulations on ISR, experts feel that legislation has a
small inhibitory effect upon the performance in ISR in Finland. IPR regulations, civil servant
law and mobility regulations are regarded to have neither a positive nor negative affect on
ISR. The most commonly mentioned barriers to ISR stemming from legislation are perceived
in the field of extra earnings for public science researchers and regulation on equity
investment by public science institutions in enterprises.

Promotion Programmes: The government has started a large number of policy initiatives and
measures to, directly or indirectly, foster ISR. A major approach is to actively finance R&D
and research co-operation. In 1996, the Finnish government launched the Additional
Research Appropriation Programme, with a volume for 1997-1999 of more than 500 million
Euro, financed by privatisation incomes which stimulated R&D activities and research
collaboration significantly (see B.3.6). The most important public financier of joint R&D
between companies, universities and research organisations in Finland, is the National
Technology Agency (Tekes) which focuses on the funding of applied research and product
development. The Academy of Finland (SA) concentrates its funding on basic research. The
importance and volume of joint funding of projects and programmes by Tekes and SA, has
increased during the last few years. At the moment, the following programmes/measures are
in operation and worthy of mention:

e Technology programmes have been the most important tools for Tekes to promote ISR.
The technology programmes are planned co-operatively by companies, public science
institutions and Tekes, and foresight is an important element in the programmes.
Programmes have proved to be an effective form of co-operation and networking for
enterprises and the research sector. Each programme has a steering group and a co-
ordinator, their duration ranges from three to five years, and their volumes range from 5
million Euro to more than 100 million Euro. Tekes usually finances about half of the
costs of programmes and the second half comes from the participants. During 2000, a
total of about 60 extensive national technology programmes were under way. In 1999,
Tekes provided 185 million Euro to fund technology programmes. The total volume of
the programmes in operation was about 1,250 million Euro. More than 2,400 companies
and about 860 public research units participated in the programmes.

e The Technology Clinics initiative was started in 1992 with the aim of bringing together
technological service providers, SMEs and financiers of technological support activities.
In each technology clinic, there are four organisations involved - the customer SME,
Tekes, the clinic co-ordinator and the technological service provider (which is most often
a public science institution). The financial support for SME projects can cover up to 60 %
of the costs of the project and the remaining part is covered by the SME. There are six
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generic types of technology clinics: technology based clinics that focus on a specific
technology; theme-based clinics that aim towards promoting awareness of, and offering
solutions to, a specific theme, problem or regulatory change; cutting-edge clinics which
aim towards keeping Finnish SMEs at the forefront of technological development in some
areas of technology, or possibly helping them increase their lead over international
competition; catching-up clinics aim to help Finnish SMEs catch up with international
standards in some areas of technology; methodology clinics aim to disseminate good
management practices and methodologies in the SME sector; and demonstration clinics
aim to offer demonstration services to a selected group of customers in a particular sector.
In 1998, there were 16 clinics in operation and they carried out a total of about 180
assignments with about 0.85 million Euro funding from Tekes.

The aim of the Academy of Finland's Centre of Excellence Programme's is to enable the
emergence of research and training environments that can generate top international
research with social relevance. The goal is to promote interaction between different types
of research and foster a multi-disciplinary approach to research. A centre of excellence is
a research and researcher training unit, comprised of one or more high-level research
teams with shared, clearly defined goals and good prospects for reaching the international
forefront in its field of specialisation. Centres of excellence are selected for a term of six
years on a competitive basis, with evaluations provided by international experts. The first
12 centres were nominated for 1995-1999 and a further five units for 1997-1999. For the
period 2000-2005, a total of 26 units from different fields were granted centre of
excellence status. During the first three years, the Academy will be spending 21 million
Euro in direct support of the units and 3.5 million Euro in core facilities funding. The
centres also receive support from their host organisations (48 million Euro of universities
basic funding and 12.5 million Euro of other funding). Tekes has been closely involved in
the planning and implementation of the centres of excellence and supports the first three
years of 11 units of the 2000-2005 programme at a cost of 5.2 million Euro. Funding
from the EU is also important for many of the centres. Funding from the private sector is
present in about a quarter of the centres but the amount is rather small.

The Finnish Cluster Programmes comprise eight programmes under six ministries - Wood
Wisdom (forest cluster), The Well-being cluster, Food cluster, KETJU (Logistics), TETRA
(Transportation cluster), NetMate (the use of information networks in SME business), and
Workplace development and Environmental cluster. The major goal of the programmes is
to create new and permanent co-operation structures, improve the co-operative ability of
the whole research system, and increase the relevance and flexibility of activities. Most
programmes started in 1998 and will end in 2000 or 2001. The programme is described in
more detail in B.3.6.

Programmes for researcher mobility are rather rare in Finland. = SA provides
appropriations for the employment of post-doctoral researchers and for researcher training
positions but this programme mainly focuses on universities and graduate schools. Tekes
pays certain costs of researchers working abroad in R&D projects but also may bear costs
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of researchers who are coming to work in Finland in R&D projects. By this measure,
international co-operation in practice oriented projects should be promoted. For several
years, Finland has had a tax relief for top foreign experts moving to Finland, i.e. they are
taxed at a fixed rat of 30 %. There are also some institution specific schemes at
universities and VTT described in B.3.4.

The National Centres of Expertise Programme is one of the five periodic regional
development objective programmes included in the Regional Development Act and
Decree. The programme started in 1994 and will be continued until 2006. The
programme tries to bring research, education and production expertise in a region into
close interaction and shall enhance the profile of universities, regional specialisation and
the division of tasks between regions. Centres of Expertise are regional operational units
selected by a competition and using Technology Centres and Science Parks as an
operational environment. Each Centre of Expertise has a scientific and technological
focus. At the same time, networking and co-operation between the Centres is promoted.
The total number of centres for 1999-2006 is 16 and the volume of financing for the
projects included in the Programme amount to some 140 million Euro. There are 1,200
participating enterprises. Each Centre of Expertise is assisted by approximately four
universities. 290 new enterprises have been established as a result of the Programme so
far. The Programme has had an impact on the creation of some 8,000 new jobs. The
frequency of co-operation between enterprises, universities and municipalities is reported
to have increased five-fold.

The TULI Programme for the promotion of science-based start-ups is operated by Tekes
and promotes new ventures originating from university research through science park
incubator companies. "TULI incubator companies™ search for research results and new
ideas produced within the research units they co-operate with, that could have business
potential. These ideas are then processed further with the help of outside services (market
research, business planning etc.). The Programme started in the early 1990s and was
evaluated in 1996. By the end of 1996, 25 companies had been started or benefited
otherwise from the programme through 11 different science park incubator companies.
441 project ideas had been appraised and 121 had been developed further. Tekes provides
about 8 to 9 million Euro per year for TULI. A larger amount of new venture promotion
takes place however, through Tekes normal financial and advisory services (capital loans
scheme and Technology Programmes) when the customer is a new, start-up company.
Between 1997 and 1999, Tekes spent annually between 80 and 110 million Euro in the
promotion of new business ventures. Start-ups by researchers are also promoted by the
Spinno Programme. It provides a network of experts in the service of the starting
entrepreneur. Spinno is particularly targeted towards researchers working in universities
and research institutes in Helsinki. It is administrated by the Innopoli Science Park and it
is financed by the ESF, Tekes, Uusimaa, the Ministry of Trade and Industry and the
Helsinki Region Centre of Expertise.
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The licensing of science patents by industry is promoted by the Finnish Foundation for
Inventions, a private foundation financed mainly by The Ministry of Trade and Industry.
It gives advice to individual inventors in the protection, development and utilisation of
their inventions. It also assists the inventor in the search for partners for the development
and commercialisation of the invention, and helps the inventor in negotiations with
industry. It may also take part in the financing of the protection, development and
marketing of the invention. The Foundation has a network of 18 advisory experts in the
different regions of Finland. Six of them are located in universities. Their total annual
budget is about 5 million Euro, 80 % of which is covered by public funds. About 2.5
million Euro is allocated directly to the protection, development and promotion of
inventions, mostly in the form of conditional grants. Furthermore, there are institution

specific activities in this area, both at universities and PSREs (esp. VTT).

Table B.3.9: Major Public Promotion Programmes in the Field of ISR in Finland

Name of Programme Public Main Approach Type(s) of Interaction
(responsible authorities) Funding Mainly Addressed
per Year
(million
Euro)
Technology Programmes - 185 funding _for joint large rese_arch projects collaborative research
(Tekes) in 60 technology fields
Technology Clinics (Tekes) funding for te_chnology consulting to technology transfer,
~0.85 SMEs, developing a market for external : .
. consulting, training
technology assistance
Centres of Excellence leading public research to top .
. . . . : long-term oriented co-
(mainly SA, partly Tekes) international level in selected fields of L
~10 : operation in high-tech
research in order to strengthen the o
areas, mobility
knowledge base
Cluster Programme_s_ _ funding co-operative projects and networking, contract and
(several sectoral ministries, networks of innovation actors in sectoral ;
~30 : . collaborative research,
Tekes, SA) fields (research- producer-supplier-user .
g mobility
chains)
Researcher Mobility subsidies or tax relief to researchers international researcher
n.a., low . . -
Programmes (Tekes) moving abroad or coming from abroad mobility
Centres of Expertise building up regional networks in certain networking, start-ups,
(Ministry of the Interior) ~20 fields of technology involving informal contacts,
enterprises, universities, municipalities collaborative research,
and intermediaries training & education
TULI (Tekes), Spinno promotion of start-ups from science by
~9 providing a supportive infrastructure start-ups
which actively looks for spin-off ideas
Programme for Increasing
Education in the N strengthening education relating to - .
Information Industry Field 40 information industries training & education
(Ministry of Education)
Research Training for compensation to enterprises in order to - .
- training & education,
Employed Persons n.a. enable post-graduate training for o
. ; . mobility
researchers in business enterprises
Licensing Science's Patents providing supportive infrastructure
by Industry (Finnish Foun- 4 (consulting, negotiation, information) to IPR

dation for Inventions, Mini-
stry of Trade and Industry)

inventors in public science for licensing
IPR

Source: own survey and compiled by the authors
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Training programmes: All universities have further education centres which provide
various kind of vocational further education and training for individuals, as well as
companies and other organisations. Programmes are financed by various sources
(individuals, public authorities, companies/employers and EU structural funds).
Companies' employees can also benefit from the so-called transfer education offered in
the "Programme for Increasing Education in the Information Industry Field 1998-2002".
This programme includes both ad hoc measures for promoting know-how and increasing
the number of graduates in the near future, and permanent increases in the provision of
university and non-university professional education. The measures will require a total of
205 million Euro of public funding. Furthermore, the government provides a state subsidy
for the postgraduate research training of employed persons. This form of subsidy is
intended for persons working in research institutes, the industry, business or public
administrations other than universities. The recipient must have a postgraduate study
programme approved of by a university. A pre-requisite to granting the subsidy is the fact
that the researcher has an employment contract and is permitted to use a part of his/her
working hours on a doctoral dissertation. The person in researcher training remains
employed by his/her regular employer but the employer receives 1,514 Euro per month as
compensation for a maximum of 18 months. The necessary research equipment is to be
provided by the researcher's employer. There are further promotion programmes in the
field of training and education such as the Graduate Schools, explored in B.3.4.

Institutional Setting: Universities (including Polytechnics) and PSREs each face a specific

regulatory environment set out by several laws and government decisions but also shaped by
their own internal directives. The institutional setting in HEIs and PSREs in Finland may be
described as follows:

The legal framework in which universities operate is defined, first of all, by the
Constitution of Finland, which secures the freedom of sciences, the arts and the highest
level of teaching. The Higher Education Development Act includes provisions on the
objectives of the higher education system, appropriations and their allocation. The
Universities Act ensures the autonomy of universities and prescribes their functions,
operations and objectives in general terms only. Within these limits, each university may
decide on the detailed organisation of its administration and the decision making power of
its administrative bodies. The Universities Act also includes provisions concerning the
evaluation of the outside effectiveness of the universities. The steering of the universities
by the Ministry of Education is carried out by 'management by results' and is largely a
strategic one. The same kind of legal frameworks exist for the Polytechnics. The highest
decision-making body of a university is its senate. Usually, it also appoints all professors
and other senior officials. To enhance co-operation between universities, businesses and
the rest of society, universities are entitled to accept representatives of parties outside the
institution as full members of university bodies.

With respect to some areas of ISR, the institutional setting in universities does not appear
to be very favourable. Temporary mobility of university researchers is hampered by civil
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servants law (concerning leave of absence which usually depends completely on the
consideration of the employer and the permission demanded by the employee for carrying
out a secondary job), although the relative regulation is not regarded as a significant
barrier by national experts. Universities are restricted in making equity investment in
start-ups of other companies and researchers may face difficulties in start-up activities
when competition laws or loyalty principles apply. In the field of IPR, inventions belong
to university researchers. This may cause problems, for instance in the case of
negotiations with companies in collaborative R&D projects, and may reduce appropriate
commercialisation activities of inventions. This issue is currently being debated in
Finland. Some argue that it is good from the commercialisation point of view that
researchers own the rights as (large) companies like to negotiate directly with the
researchers. Researchers may lack knowledge and experience for commercialisation and
business development, which does not however, bother the large companies that negotiate
with them. University administrations attempt to develop and test new principles for
sharing IPR with the researcher and the university. Some universities have established
innovation centres, others ask researchers to transfer their IPR to the university.
Increasingly, universities provide value-added services for researchers for the
commercialisation of IPR.

The government made several steps to reform the university system. A major step in this
regard is the Development Plan for Education and University Research. The plan for
1995-2000 emphasises, amongst other things, the promotion of university-enterprise
partnerships. New university steering and management systems have been implemented,
administrative autonomy of universities raised, and a decentralisation of decisions took
place, giving more power to faculties and departments. At the same time, budgetary and
regulatory control has given way to steering performance, backed up by a shift towards
budgeting by results, and the development of evaluation systems. A key element in
Ministry-university relations is the consultation procedure by which the Ministry and the
universities jointly set the objectives for each university and agree on funding levels.

In order to increase flexibility in external relations, almost all Finnish universities have
established separate specialised institutes. They carry out, for example, vocational
training activities, research, development and consulting for industry clients, or provide
services to the general public, such as libraries etc. A good practice example of such an
institute in the field of technology transfer and industry co-operation is given in B.3.6.

The institutional setting for PSREs (position, aims, tasks, internal organisation and
instruments) is defined by an Act, a Decree, Rules of Procedure and different Decisions
by The Council of State concerning the organisation in question. These regulations may
for example, oblige the organisation to promote technology transfer, the creation of new
business or co-operation between companies, research organisations and universities. The
leading PSRE in Finland, VTT, shows an institutional setting regarded as particularly
favourable for strong industry links and is described in more detail in B.3.6.
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Intermediaries in the field of ISR: A large number of intermediaries operate in Finland and they

aim to support and promote knowledge and technology transfer between industry and science.
The following types of intermediaries may be distinguished: Science and technology parks;
technology transfer companies; industrial liaison offices and innovation centres at universities;
and incubators, and these are outlined below:

Science and technology parks offer premises, a technically developed infrastructure and a
stimulating and innovative business environment. In addition to industrial companies and
research units, different kinds of private, semi-public and public service organisations are
located in the science parks. Each centre has its own general technology profile.
Technology/science parks play an important co-ordinating or implementing role in various
business development and regional development programmes. Shareholders of the parks
are both private and public organisations. The Finnish Science Park Association (FISPA)
has 10 member centres and 9 associate members, accommodating a total of approximately
1,000 enterprises, research, and education organisations, which employ more than 10,000
people. Within the National Centres of Expertise Programme, science and technology
parks are used as locations for the centres. The Technology Centres implementing the
programme have set up construction projects that will amount to a total volume over 150,
000 sg. m by the year 2002. These operations have resulted in new regional infrastructure
(organisations, new enterprises and development units, premises and installations,
equipment and service centres).

There are seven technology transfer companies located in different technology and science
parks. The companies are jointly owned by university foundations and other regional
organisations. The National Fund for Research and Development (Sitra) is also an
important shareholder in each of them. The task of the technology transfer companies is
to promote the commercialisation of research results from universities and research
institutes. The companies help their customers in evaluating the new research results, the
patenting procedures, licence negotiations, and also take care of the development and
marketing of patents when needed. The technology transfer companies also act as co-
ordinators in important national and international research projects and programmes.

All universities have industrial liaison offices and some run innovation centres. They
attempt to promote research and technology transfer by helping researchers in applying
for external research funding, drafting contracts and managing the research projects.
Some research offices have more personnel and offer wider services. In these cases they
are likely to be called research and innovation services units or innovation centres. The
services offered cover a huge variety of consulting, information, training and organisation
services.

At the moment, there are 12 technology incubators located at different technology and
science parks in Finland. They co-operate closely together and are usually also close to
universities and research institutes. There are also however, other university incubators
such as the New Business Centre of the Helsinki University of Economics and Business
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Administration and Arabis, and the business incubator at the University of Industrial Art.
Also the Polytechnics have incubators. Incubators get their backing from a variety of
organisations in the public sector, organisations including large and medium sized
companies, business associations and other organisations. Some incubators are so new
that there are no companies in them yet. A couple of networked incubators are about to
start in 2001. Technology incubators offer versatile services to companies that are just
starting their activities as well as to companies that want to grow and internationalise.
There are nearly 350 enterprises located in the 12 technology incubators, and between 160
and 200 new enterprises are estimated to start their businesses during the year 2001.
FISPA is presently running a national project called Technology Incubator 2001. The
main objective is to create a national business training model to support launching
incubator companies as well as their growth and development.

e In the field of information services, the Finnish Innovations (Sfinno) project at the VTT
Group for Technology Studies was introduced. It provides a unique database consisting
of 1,482 Finnish innovations commercialised by 952 firms during the 1980s and 1990s.
The database contains basic data on these innovations, including detailed survey data on
the origin, development and commercial significance of 642 innovations.

In summary, policy-related framework conditions for ISR in Finland seem to be heavily
shaped by a set of promotion programmes which give strong financial support for R&D
activities, and lay particular focus on joint R&D activities, co-operation between enterprises
and public science institutions, and establishing networks among various actors in the Finnish
innovation system. This type of co-operation stimulating policy is at the centre of Finnish
technology policy for two decades new and seems to have supported manifold relations
between industry and science, resulting in high ISR performance in Finland. A major element
of this technology policy strategy is a focus on information technologies, including education
measures. Furthermore, technology clustering approaches and approaches focussing on the
promotion of excellence in selected fields of research and technology, are other important
features of this policy. Special attention is also paid to infrastructure provision as a base for
inter-institutional networking. There are some legal regulations with respect to ISR (within
civil servants law etc.) but their effect upon the practice of interaction and co-operation is
reported to be low, i.e. the incentives for ISR set by policy override them.

B.3.4 ISR in the Field of Human Capital in Finland

In the field of education and training, there is quite a close interaction between industry and
science. The new Universities Act which gave increased autonomy to universities, has had a
positive effect upon the interaction between industry and science in the development of
human capital. Industry influences the contents of university teaching through various
channels: company representatives can be members on the administrative boards of the
universities; some universities have established joint advisory committees on which industry
is also represented; and industry sponsored professors have become more common at
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universities. Professors unofficial contacts with industry however, are the most direct channel
for industry to influence the major subjects at universities.

Industry carries out an annual survey (Osaamisluotain) to obtain companies’ views about their
demand for skilled personnel and training needs. The results of Osaamisluotain were an
important impulse for the launching of the Programme for increasing education in the
information industry fields 1998-2000. The Confederation of Finnish Industry has made
plans to launch a foresight forum in the near future aiming at co-ordinating future studies and
discussion related to education and training.

The structure of university degrees has been reformed in almost all fields of study. The new,
more flexible decrees on degrees allows universities and students to design their studies more
freely according to their own objective. Practical training can always be included in degrees.
According to the universities' curricula, this is either compulsory or voluntary, depending on
the field. In the past few years, the responsibility of the universities for job placement of
graduates has been emphasised and has become one of the performance indicators of
universities. Universities have, in recent years, established guidance and counselling services
in order to promote working life relations and job placement. In polytechnic degrees, training
in companies (20 credits out of 140 t0160) is compulsory. Furthermore, dissertation work and
exercises for companies by students are particularly important mechanisms, particularly at
technical universities and schools of economics but also at all other universities. In the field
of post-graduate education, the graduate (doctoral) schools scheme is a major instrument. The
first schools started their 4-year-operation in 1995. Since then, the graduate school system
has been expanded to 95 schools in 2000. They are co-ordinated by universities and are
financed mainly by the Ministry of Education and/or Academy of Finland and also a variety
of other sources, including industry. Fifteen out of twenty universities have at least one
graduate school. There were 1,287 students in the graduate schools in 2000, 1/5 of which
previously worked outside the science sector. Many of the graduate schools work in close co-
operation with the Centres of Excellence in research (see B.3.3). One of the aims of this
instrument is to enhance the networking of universities, research institutions and industry.
Evaluation results suggest that the level of intensive courses in the graduate schools was
raised through co-operation between universities, research institutes and business, and co-
operation between universities, research institutes and industry in the teaching of graduates
has increased. Nevertheless, the main emphasis on graduate school students is to obtain
competence in the academic world.

Over the 1990's period, adult education has emerged as an increasingly important component
in national educational policy and planning. As a rule, adult education has close links with
working life and the labour market but does not necessarily always relate to jobs and
qualifications. Adults can choose between award-winning programmes, open instruction of
curricular subjects (e.g. open university) and training for competence-based qualifications.
Adult education is provided at all levels of education, from basic to university level education,
by more than 1,000 institutions. Most adult learning takes place outside actual educational
institutions, provided by the employer at the workplace or in the form of in-service training.
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However, universities and polytechnics form a significant part of the adult education system
in Finland and offer various types of courses and training services which are outlined below:

Polytechnics offer plenty of possibilities for vocational studies for adults. More than 20 %
of education supply leading to a polytechnic degree has been targeted towards adults. In
1999, some 17,000 adults were engaged in this type of education. The majority of adults
already have a degree, usually from a vocational institute, and supplement them with
polytechnics degrees. In addition to degree winning training, polytechnics organise 20-40
credit vocational specialising studies.

All Finnish universities provide adult education opportunities. Adults may participate to
normal degree winning university education through examination. Several fields offer
masters courses tailored to meet the needs of working life. Scientific post-graduate
possibilities are of course also available. Adult education at universities consists of seven
complementary areas which together, form a complete entity: (a) professional continuing
education (b) open university (c) employment training (d) regional and organisational
development projects (e) development of teaching materials (f) research and publication
(g) careers services. The main areas of activity have been the first three, (a) to (c) above.

Professional continuing education provided by universities is primarily arranged by their
continuing education centres. Each university has a continuing education centre which
may have several affiliates operating outside the university town. The centres organise
continuing education ranging from short courses, to 20-40 credit specialising studies.
Education focuses on the application of the knowledge obtained through the latest
academic research, and on the methods and models based on the most resent ideas.
Continuing education centres typically work in close co-operation with the faculties and
institutes of the university in question, and also co-operate with experts from other
universities, both in Finland and abroad. The idea is to bridge the knowledge base of the
university with the needs of individuals, business and various other organisations. In
addition to education and training, continuing education centres carry out research and
development projects with the aim of, for example, promoting regional development or
internationalisation of its customers. The training is mostly chargeable. However,
universities and polytechnics are also free to arrange non-academic vocational
supplementary training, as in any other educational institute. The financing of the
professional continuing education is based on the delivery contract between the
institutions and the County Administrative Boards. In 1999, some 133,500 students
participated in professional continuing education at universities. Of these, 14,500 were in
specialist studies. Altogether, 5,000 courses were organised, out of which 700 were
related to 20 credit specialising studies.

Open university teaching has expanded rapidly. It provides an opportunity for all citizens,
regardless of their basic education, to carry out university level studies. Finland does not
have a specialised open university but universities organise the education in a distributed
manner in co-operation with various adult education institutes. Different kinds of
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multiform teaching methods have been developed for open university teaching. During
the last few years, training through data networks particularly increased. In 1999, some
77,500 people participated in open university teaching. Moreover, all polytechnics also
organise open polytechnic training.

e The provision of continuing education and apprenticeship training in the information
industry fields is a major issue in the current policy debate and has resulted in a special
"Programme for Increasing Education in the Information Industry Field". The programme
is expected to increase the number of degrees in the information industry fields by one
third between 1998 and 2002. The provision of continuing education and apprenticeship
training will also be expanded. Mathematical and science education will be improved and
measures are sought to attract more female students to the field. The Ministry of
Education will explore ways to alleviate the shortage of competent teachers in the field.
The industry will also contribute to the implementation of the programme. It will put
equipment and experts at the disposal of educational institutions, offer internships and
encourage their internships to graduate.

The high level of Personnel mobility between industry and science in Finland rests on three
major elements: (1) long-term oriented and stable relations between enterprises or industrial
sectors and universities in graduates mobility; (2) close co-operation in graduate education
between universities and industry (including placements); and (3) the existence of co-
ordinating structures for considering industry needs and changes in industry demand, in
university education programmes. The mobility of researchers from science to industry and
vice versa is mainly based on personal contacts (often as a result of joint research). While the
level of mobility from public science to industry is high, mobility in the other direction is
impeded by grave differences in salaries. In this field, national experts note the lack of
effective programmes for the promotion of two-way mobility. In HEIs, human capital
planning and mechanisms on research mobility, are currently under active development
(alumni networks, recruiting offices, encouraging entrepreneurship etc.). International
mobility of researchers is regarded as crucial for a small country like Finland and some
promotion measures do exist (see B.3.3).

Sponsored and invited professors from industry have become more common in recent years.
The sponsors typically form a consortium including private enterprises, communities and
others. The minimum duration of a sponsored professorship is five years. In filling the
invited professorship vacancies, the universities do not have to adhere to the open application
procedure. Another successful form of university-industry co-operation is that of part time or
adjunct professors, funded by the industry, who share some of their time with the university.

At VTT, leave of absence is the first step used for the exchange of researchers. This is
supported by different funding methods (EU, Tekes, bursaries and fellowships). For the last
three decades, VTT has had a specific system (exchange study) for encouraging the training of
researchers in foreign research institutes and companies. Within the same frame, foreign
researchers also work at VTT. In order to ensure feedback on the exchange study, VTT
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expects the students to work at VTT for twice the amount of time they spent in exchange
studies. The number of exchange students from VTT has been around 20 per year.

Human capital development receives high public and policy attention in Finland. The number
of people with higher education is still increasing at a fast pace, which is indicated by a high
ratio of HE students to the total number of the workforce with HE degrees (nearly 50 %), and
a high ratio of HE graduates to higher educated employees (more than 5 %), (see Table
B.3.10). The majority of students occupy studies in social and economic sciences and
humanities.  Unemployment among HE graduates is low, both with respect to the
unemployment ratio within the total workforce with a HE degree (about 5 %) and with respect
to current graduates (about 6 %).

Table B.3.10: Higher Education by Disciplines in Finland 1998/99 (in %)

Field of Study Students (1999) Graduates Unemployed Gainfully
(lower, higher, Graduates Employed with
licenciates, (1998) HE (1998)
1999)

Natural Sciences 15 16 7 8

Engineering (incl. Agricultural Sc.) 23 21 32 32

Medicine 7 9 11 11

Social Sciences 24 24 33 37

Humanities and others 31 32 18 20

Total number (1,000) 151.9 15.9 16.6 310.2

Source: Statistics Finland (2000), calculations by the authors

B.3.5 ISR in Finland: A Summary Assessment by Type of Interaction

Contract and collaborative research: Contract research carried out by public science and
commissioned by industry, and joint R&D activities by industry and science, are major
channels for ISR in Finland. On the side of public science, this type of interaction
concentrates on a few types of institutions. In the PSRE sector, VTT is the main performer of
such a type of interaction with industry, with a share of R&D financing by industry of about
40 %. In HElIs, it is the two largest technical universities as well as the separate specialised
institutes at universities, that are most intensively engaged in this type of ISR. The average
level of industry funding of R&D in HEIs is rather low however, and may reflect institutional
and legal barriers in this type of institution, such as regulation concerning extra earnings. In
industry, the bulk of money flowing to science comes from large, R&D intensive enterprises,
most often located in high-tech sectors. Collaborative research between industry and science
is strongly encouraged by policy initiatives, including Tekes' Technology Programmes and
various networking programmes. In recent years, R&D activities and R&D co-operation at
SMEs have been strongly and successfully promoted. During the 1990s, co-operation in
research between industry and science has increased considerably, largely as a result of a
coherent, long-term oriented technology policy strategy to strengthen R&D by providing large
public funds and restructuring the Finnish economy towards information technologies.
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Personnel mobility: The mobility of researchers from public science to industry is rather high
in Finland, with a mobility ratio (mobile researcher per year in % of total researchers in the
sector of origin) of 3 to 4 %. The ratio is higher at PSRESs than in HEIs and at the latter, some
legal regulations in civil servant law do exist which might be perceived as impediments,
although they are regarded as having little relevance. Mobility seems to be driven mainly by
a large demand in industry to enlarge their R&D activities. Special programmes for
promoting mobility from industry to science are scarce. State subsidy for the postgraduate
training of employed persons by the Academy of Finland was the only programme of this
kind. Mobility from industry to public science is low as a result of significant differences in
salaries

Training and education: ISR in the field of training and education is very well developed in
Finland. HEIs receive a significant amount of income from training and education activities
for adults, including professional training for employees of enterprises (the volume of these
activities equals 8 % of total R&D expenditures at HEI). There are several education and
training programmes offered by universities and polytechnics in order to meet the specific and
divergent needs of their clients. Education in the field of information technology is a major
policy issue and a separate programme was introduced by the government in this area.
Vocational training and further education is carried out at universities in separate, specialised
institutes, enabling a sufficient degree of flexibility. Interaction in the field of education also
includes programmes for HE graduates working in industry which aim to up-date their
scientific knowledge as well as providing doctoral programmes for industry researchers (such
as the graduate schools programme). Further types of interaction concern student training in
companies which is common in universities and compulsory in polytechnics degrees.
Furthermore, foresight studies on the companies'’ skills needs (Osaamisluotain) and other tools
are used by industry to influence the discussion of the development of higher education.

IPR in science: Patenting and incomes from licenses play a rather minor role in ISR in
Finland. A major exception is VTT which is the third largest patent applicant in Finland and
shows a high patent intensity (25 patents per 1,000 researchers). At universities, there are
divergent views on whether the current IPR regulation hampers commercialisation of IP, as
the individual researcher is the owner of an IPR. Several universities quite recently started to
increase supportive measures for HEI researchers to make more use of IPR and licensing (e.g.
consulting, financial support for patent application, innovation centres and incubators).
Incomes form royalties in public science institutions are very low, even at VTT.

Start-ups from science: The level of start-up activities by researchers from public science
seems to be rather high in Finland, although no exact data is available. Start-ups are
promoted via supportive measures such as consulting services and incubators in science and
technology parks. Tekes runs a separate programme on this issue, TULI, which provides
financial support and aims to exploit the commercial potential of university results via spin-
off formation, including the active search for spin-off ideas. Further supportive measures
concern incubators and technology parks in public science institutions, and the Centre of
Expertise programme.
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Networking between industry and science: Building long-term oriented networks between
innovative enterprises and public science institutions is a major approach of Finnish
technology policy and is being pursued via several programmes and initiatives, such as the
Cluster Programmes, Centres of Expertise, Technology Programmes, and National Centres of
Excellence. Institutional reform at universities attempts to raise networking by opening
university board membership to externals. Networking of enterprises and HEIs is also a
major approach in the development of higher education and the design of studies. Finnish
science and technology policy put a great emphasis on establishing a co-operative culture in
R&D and innovation, and intense co-operation between industry and science is revealed by
the CIS2 results. The largest PSRE, VTT, also follows a networking approach to maintain its
close industry connection, including having industry representatives on its board.

Involvement of SMEs in ISR: SMEs carry out only a small fraction of business enterprise
R&D. Nevertheless, involvement in R&D activities among SMEs has increased significantly
over the past few years, largely because of public financial support (mainly via Tekes), which
accounts for more than 30 % of R&D financing in small enterprises. More than half of all
public financing for R&D at Finnish enterprises, goes to SMEs. The share of SMEs with
continuous R&D activities and with patent activities is one of the highest in the EU. There is
a separate programme, Technology Clinics, which aims to improve the absorptive capacities
of SMEs and technology transfer from technology providers (public science, large enterprises
and research enterprises) to SMEs.

Science-based industries: After the serious economic recession in the early 1990s, the Finnish
economy rapidly re-oriented towards high-tech sectors, with information technologies as the
leading sector. In 1998, more than 50 % of all business R&D was performed in the high-tech
sectors and this share is still increasing. However, the high-tech sector is strongly shaped by
one company, Nokia, which alone accounts for about one third of all business R&D in
Finland. A major stimulus for the increased high-tech orientation was the launching of the
Additional Research Appropriation Programme in 1996, which contributed to an increase of
GERD (as a percentage of GDP) from 2.3 % in 1995 to 3.1 % in 1999, accompanied by a
respective increase in BERD (as a percentage of GDP), from 1.45 % to 2.15 %. In 1999, a
programme for strengthening education in information technology started. Technology
Programmes, Cluster Programmes and Centres of Excellence and Expertise focus not only on
information technology, but support other high-tech areas as well, such as biotechnology and
new technologies in energy and environment.

B.3.6 Good Practice in Framework Conditions for ISR in Finland

There are several good practice examples for framework conditions favourable to ISR in
Finland. The following four have been selected in this study:

(i) The Technical Research Centre of Finland (VTT) as an example of an institutional setting
at PSREs favourable to technology transfer to industry.
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(i) The Digital Media Institute as one example of a separate specialised institute at
universities, providing an interface between university and industry.

(iii)The Additional Research Appropriation Programme launched by the government in 1996
as an example of how to create a positive atmosphere and environment for increased
investment in R&D by all actors in the innovation system, including a closer and more
intense interaction between industry and science.

(iv) The Finnish Cluster Programme provides an example of a sector-focussed programme to
build up networks and strengthen expertise in research and technology by bringing
together various actors in a sectoral innovation system.
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VTT: Technical Research Centre of Finland

VTT is an impartial expert organisation that carries out technical and techno-economic research and development work. VTT
produces new applied technology in co-operation with domestic and foreign partners. The number of employees is about
3,000 and turnover is about 200 million Euro (1999). VTT is a not-for-profit organisation. The pricing of commercial activities
is based on economic principles. Each year, VTT serves over 5,000 domestic and foreign customers. There is one main
location at Espoo (2,250 employees) and five smaller sites in other Finnish regions with 20 to 300 employees.

VTT has eight Research Institutes:
e  Electronics

e Information Technology

e  Automation

e  Chemical Technology

e  Biotechnology

e  Energy

e  Manufacturing Technology

e  Building and Transport

Furthermore, there is a division "Communities and Infrastructure” which provides information services (i.e. disseminates
scientific, technical and techno-economic information and promotes the development of information services) and an internal
services unit, including a Group for Technology Studies.

VTT's board members come from enterprises (Orion, Nokia), government (Ministry of Trade and Industry), interest groups
(Trade Union, Confederation of Finnish Industry) and VTT (director general, representative of employees). VTT's staff is well
qualified. With respect to the highest qualification level, 12 % have a doctors' degree, 7 % have licentiates, 46 % are other
university graduates, and 22 % have a college degree (or similar). 82 % of the total staff are researchers, the remainder
comprises of planning, office and management personnel.

Mission and Operating Principles

R&D at VTT is centred around three strategic principles: Customer and demand orientation, science-based innovation, and
genuine co-operation (i.e. direct transfer to industry). VTT's strengths lie in a multidisciplinary expertise and a combination of
long-term oriented research and technology development within the same unit of research. R&D is carried out in way which
meets the specific demands of industry, i.e. scope, budget and timetable are practice oriented, results are reported clearly
and concisely according to the needs of the customer.

VTT directs and develops its activities in close interaction with industry, research institutes and universities, as well as
government authorities responsible for co-ordinating technology policy and the financing of R&D. VTT operates in
accordance with Finland's technology, industrial and energy policies, and plays an active role in their formulation. In fulfilling
its mission, the primary role of VTT's research institutes is to carry out research and development work, technology transfer
and testing. R&D work is performed as projects.

Income and Funding

Most of VTT's income of total 200 million Euro derives from commercial activities which are in the main, contract research
(including joint R&D projects) for industry (39 %). The share of income from so-called jointly funded activities (i.e. project
based financing by public authorities) is 32 % and has increased in the last few years while the share of basic funding (29
%), and especially budget funding to research on VTT's own initiative, decreased. Basic funding is used mainly for long-term
self-financed or jointly funded strategic research, i.e. basic or applied industrial research that increases VTT's core
competencies and competitiveness in key areas and precedes commercial activities offering promising application
opportunities in the future.

More than half of the external income is financed by public bodies, such as the Ministry of Trade and Industry, Tekes, and
the EU. Over the last few years, the funding from abroad, including EU-funding, is gaining importance in the external income
of the VTT. Industry accounts for about 34 % of the total VTT income, equivalent to 68 million Euro, with 5 million Euro
coming from abroad. The majority of industry income is provided by manufacturing enterprises (59 %), especially from the
electronics and electro-technical industries (i.e. Nokia). 32 % comes from the service sector, and other sectors (energy,
construction etc.) are of little importance.
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VTT is also a participant in international research projects. It's participation increased significantly in the last ten years,
having a total number of 457 projects in 1999. The overwhelming majority of VTT international activities involves EU projects.

The table below shows size, funding and start-up activities by research institutes. The figures clearly indicate the integrated
approach to research at VTT. At each research institute, there is a balance of basic funding for long-term, oriented research,
project-based funding by public authorities for R&D projects with public interest, and industry funding for supplying industry
with new research results and for ensuring effective technology transfer.

Research Institutes Turnover Employees Basic Industry Project-based Number of
(million Euro) Funding Funding Public Funding Start-ups
(as % of total funding) (1980-1999
VTT Electronics 26 337 34 36 23 14
VTT Information Technology 17 246 34 31 24 10
VTT Automation 26 353 27 31 29 10
VTT Chemical Technology 24 328 29 33 26 1
VTT Biotechnology 17 304 31 27 28 2
VTT Energy 28 350 26 28 34 8
VTT Manufacturing Technology 25 314 27 25 33 14
VTT Building Technology 26 383 26 41 22 5
VTT Communities and Infrastructure 12 170 25 11 51 2
VTT Total (incl. others) 201 3,005 29 39 32 66

Source: www.vtt.fi (March 2001)
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Additional Research Appropriation Programme

In 1996, the Government of Finland decided to allocate over 3 billion in proceeds from State property sales, to research and
development. The purpose of this additional appropriation, disbursed between 1997 and 1999, was to intensify the operation
of the national innovation system for the benefit of the economy, the business environment and employment alike. One key
means to this end was to achieve a sufficiently narrow targeting of funds. An equally important aim was to allocate the
research appropriation to end users by means of competitive bidding.

The Science and Technology Policy Council of Finland drew up a plan for the appropriation whereby the bulk of the funds
were to be allocated to research and development through the appropriate channels in the science and technology
administration, notably by increasing the resources allocated to Tekes and the Academy of Finland by means of competitive
tenders. Targeted research funding for VTT and to universities was also to be stepped up. Moreover, additional funding was
to be granted to R&D projects that aim to foster the development of the country's industrial clusters, the science and
technology administration and individual business enterprises.

It was decided that when projects funded by State privatisation proceeds were implemented, the appropriation sum would be
increased in stages over a period of three years. The original plan set the final allocation increment for 1999 at FIM 1,5
billion. The overall target sum for the allocation increment over the course of three years was FIM 3,35 billion. The original
target in the additional appropriation programme was to raise the national appropriation contribution to R&D to 2,9 percent of
GDP by 1999. This goal was reached and surpassed in 1998. In 1999, an appropriation increment of FIM 1,5 billion was
introduced on a permanent basis.

The additional money was used for the following purposes:

e 54 % to Tekes for New business operations, Cluster programmes, Technology based services and Enhanced basic
research

e 20 % to Academy of Finland for Centres of Excellence, Research programmes, Doctor-researchers programme and
Internationalisation

e 20 % to universities for Equipment and other research conditions and facilities, Expanding existing and establishing new
graduate schools, Expansion of training, Data transfer, information services and co-operation with industry, Bioteknia Il

e 4% to sectoral ministries for Cluster programmes and
e 2%to VTT and Ministry of Trade and Industry for Cluster programmes and impact assessment.

The evaluation of the additional research programme was published at the end of year 2000. The evaluation team stated,
among other things, that the programme seems to have had a positive impact on private research investment and implicitly in
productivity, company profitability and employment. Additional funding has also had positive effects on regional development
but only in the regions where research investment has been focused. Development of both the quantity and the quality of
Finnish basic research had been very positive and rapid in the latter half of the 1990s. Networks of researchers expanded
and co-operation with business enterprises increased both in Finland and abroad. The evaluation team stressed that in the
future, policymakers should continue to set ambitious aims for research funding and strengthen the conditions for basic
research. Old and new economies should also be better integrated. More focus should be placed on innovation (not only
Ré&D) and future workforce competencies should be developed.

The additional appropriation programme included, amongst others, Technology Programmes funding by Tekes, research
funding by the Academy of Finland, the Centre of Excellence Programme, the Cluster Programmes, Graduate Schools and
the promotion of start-ups by Tekes (TULI).

Source: Prihti et al. (2000)
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Digital Media Institute at TUT: An Interface between University and Industry

Tampere University of Technology (TUT) is one of Finland's three universities of technology and was founded in 1965. The
university has developed a significant position in the Finnish higher education system. In the 1990s, TUT experienced a rapid
growth in the number of students. By 1995, there were about 6,000 students in TUT and at the beginning of 2001, the
number of students reached about 10,000, making it the second largest technical university in Finland.

By focusing on a set of key technology and technical sciences, it has formed a clear strategic profile, with some areas
achieving world-wide international renown. The most important of these are materials technology, semiconductor technology,
and signal processing. TUT offers certain programmes which are not available elsewhere in Finland including textile and
garment technology, automation engineering, and materials engineering. There is also a department specialising in
environmental technology. Characteristic of TUT is its close connection to industry, which is evident in the substantial amount
of industry-commissioned research that it has undertaken throughout the years since its establishment.

TUT has a long and established co-operation with local industry. This comprises services such as basic and applied
research, planning and product development, tests and measurements, Master's theses being made for firms' purposes, and
customised education and training. Although charged for, these services are also within the reach of most of the SMEs.
Compared to 1984, the finance from external sources in 1994 was over five times larger. In 2000, more than two thirds of the
R&D budget was funding from external sources outside the basic financing, and about a third of external funding was
provided by industry. TUT serves not only industry in the region, but in the whole country and increasingly, foreign firms.
Nevertheless, Tampere University of Technology remains firmly rooted in its regional client base.

The reasons for this close co-operation with industry are numerous. First, the region has a clear sectoral agglomeration in
the field of mechanical engineering, where firms have a similar kind of technology base. Secondly, the guiding principals of
TUT have always been open and positive towards co-operation and they have directed research and services to those areas
strongly represented in the region. Thirdly, and unusual for Finland, is that many of TUT professors have first gained
experience within industry. As such, professors usually have many ongoing contacts with industry, 'they speak the same
language', and they have a common understanding on the development issues. After becoming independent in 1972, TUT
recruited a couple of young, active and well-qualified professors who were free of old-style traditions that were dominant in
the Finnish higher education system up until then. At the same time, TUT formulated its key, strategic goal of developing
close co-operation with industry.

The Digital Media Institute (DMI) is a separate research unit of Tampere University of Technology (TUT). The Institute was
founded in 1985, when it was called the Institute for Research in Information Technology. In 1994, the research activities of
the Institute were directed towards the area of digital media and it was renamed as the Digital Media Institute. Most
researchers deal with digital media technology but there is also close co-operation with marketing, communication, sociology,
information research, mathematics, psychology and educational studies. In these areas, a very important co-operation
partner for the DMI is the University of Tampere. The heart of DMI is a thorough knowledge of signal processing algorithms
which includes audio, image and video as well as hiomedical signal pressing. The institute experienced a huge increase in
staff during the 1990s, with about 120 researchers in 1995, rising to 400 in 2000.

The organisation of the institute is extremely simple and follows the matrix principle. DMI consists of 7 laboratories which
belong to DMI from the point of view of research, but to TUT form the point of view of teaching. Thus, research and education
is unified within the laboratories. This close relation between research and teaching is one of DMI's strong points. The
majority of researchers are postgraduate students, directed by professors and senior researchers from TUT's Department of
Information Technology. DMI is comprised of the following laboratories:

e  Signal Processing

o Digital and Computer Systems
e  Software Systems

e  Telecommunications

e  Hypermedia

e Information Technology in Pori
e |Institute of Electronics

There were about 100 research projects in DMI in 1999. The budget for the institute for year 1999 was over 14 million Euro
and has increased over the three last years by 30 to 40 % per annum. In 1999, funding of the projects came from Tekes (32
%), the TUT (20 %), the Academy of Finland (16 %), other public funds (14 %), Finnish enterprises (12 %) and the EU (6 %).
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The signal processing laboratory has attracted the majority of income (53 %) while the other labs' share in total income is
between 7 and 14 %.

The close interaction between research and education results in a remarkable education record of DMI and the TUT
Department of Information Technology. In 1999, a total of 180 students graduated with a MSc and 15 with a doctoral degree.
The Laboratories are focussed on undergraduate and postgraduate examinations in different ways. Most MSc students
graduate from the Laboratory of Software Engineering while the Signal Processing Laboratory is strong in doctorates. DMI
aims to narrow the difference in dissertation theses in future however. The Laboratories have provided encouragement to
undertake doctoral thesis work e.g. by increasing the number of graduate school places. While DMI profits from the
knowledge, competence and ideas of students, almost all graduates move to industry as both demand and salaries in
industry are high.

Source: Howells et al. (2001), www.dmi.tut.fi (March 2001)
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The Cluster Programmes

The Cluster Programmes are a policy initiative resulting from the government's Additional Research Appropriation
Programme launched in 1996. They were formed to support R&D that strengthens selected industrial clusters in Finland by
allocating funds to their development. The aim of these clusters is to transfer and accumulate knowledge in chosen fields by
promoting co-operation among various actors, including both the producers and users of knowledge. They also aim to break
boundaries between different sciences and fields and thus promote new innovations. Conceptually, the cluster programmes
follow the innovation systems approach, stressing the importance of interaction among various actors in a sectoral innovation
system.

The overall goals of the Cluster Programmes were specified by the Science and Technology Policy Council of Finland in
1997. The primary goal was to "generate new innovations, businesses and employment". Intermediate goals were to improve
co-operation between authorities, public funding sources, legislators and the private sector. The Science and Technology
Policy Council emphasised a "holistic" approach to the value chain so that private actions would add up to be a mutually
beneficial process. Furthermore, 1997-99 cluster-specific funding was seen as a seed, which would "create new and
permanent co-operation structures, improve the co-operative ability of the whole research system, and increase relevance
and flexibility of activities". The council's main emphasis was on sectoral ministries and public financiers. However, they
emphasised that one of the central practical goals of the programmes was that they should be attractive to companies.

The Cluster Programmes started in 1998 for three to four year periods. They consist of eight programmes: Wood Wisdom
(forest cluster), Well-being cluster, Food Cluster, KETJU (Logistics), TETRA (Transportation cluster), NetMate (the use of
information networks in SME business), Workplace Development and Environmental Cluster. The Finnish Cluster
Programmes basically are public financial instruments. Each programme is organised under a sectoral ministry and each
programme has its own publicly assigned and funded co-ordination. Moreover, there are several steering groups in each
cluster, typically involving enterprises, public authorities, funding institutions and public science institutions. The financing of
the Finnish cluster programmes is organised by increasing the appropriations of the sectoral ministries. "Earmarked" cluster-
specific funds are only a part of funding and other public and private financing sources have been used in all programmes
(see table below). However, public funding dominates in all programmes. In addition to ministries, TEKES and the Academy
of Finland were major financiers. Reported financing is mostly domestic, with only 5 percent of funding being international
(from different EU-sources).

In principle, the financial instruments were very straightforward. Public resources were allocated as grants to a set of
projects. Access to programme resources is based on competitions. Each programme has its own eligibility criteria that focus
on co-operation and networking, as well as scientific and industrial issues. Up to now, more than 300 projects have been
funded, bringing together about 300 enterprises and as many organisations from the public sphere. 110 projects are
industry-driven. The total finance of all six cluster programmes is 102 Million Euro, of which 24 % is earmarked cluster
funding from the responsible sectoral ministries and 24 % is industry money. Most of the programmes have been organised
on the basis of an open competition and in collaboration with other public financiers, particularly Tekes and the Academy of
Finland.

Effectiveness of the cluster programmes

Based on a first evaluation carried out in 2000, the effectiveness of the Cluster Programmes with respect to its goals seems
to be high, although several areas of critique have been mentioned. Overall, participants of cluster programmes were
generally satisfied with the programmes, new and even innovative forms of co-operation were piloted, and public intervention
was found important and effective. Concerning the cluster programmes, the evaluators found some of the definitions of the
clusters rather vague. Another comment concerned the networking effect of the programmes. Positive effects on networking
were identified at many levels (in Ministries and bodies responsible for the support of science and technology; interaction
between sponsors and participants - for example municipalities, service providers and enterprises; and collaboration
between research participants). The evaluators also discussed the participation of companies. Most cluster co-ordinators felt
that the number of firms involved in projects could have been higher. The evaluators noted that several good explanations
were offered for companies' rates of participation but probably the most important explanation lies in the strategic positioning
of the clusters. Their strongest features, notably their engagement in public sector missions, have tended to position them
upstream in the innovation cycle, away from where industry is most likely to participate. However, the evaluators did not
necessarily recommend that clusters be started in more clearly industrial sectors (such as the telecommunication sector)
because "the more the sector is industry-driven, the less the need for engagement of the public sector in this very active
manner, except in circumstances such as development of standards and promotion of new firms". It was also mentioned that
networking can take place even where there is no financial relationship. A more active participation of the companies and
organisations other than university and other research units, such as trade associations, in project steering committees was
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noticeable. Participation in such committees can give companies access to important information on the latest breakthroughs
and developments in their area of interest. Furthermore, such participation may lead to further co-operation. Participating
associations considered it their mission to disseminate the results to their client groups.

Several network-related aims were central motives for participation in the programme. Contacts with other researchers and
research financiers were considered to be especially important. Public funding was seen as a positive signal to financiers,
clients and those within their "own" organisation. Correspondingly, public funding was seen as a means to improve or
strengthen a participant's position in an existing network. An important motive for participation was to look for access to a
new network. On the other hand, statements that are typically important in "near-market" applications were not considered
important here. In particular, risk sharing, client contact, financial costs and even proprietary rights, were ranked rather low.

Name Start Number of Number of  Number of Cluster Other publ. Private Grand

projects particip. particip. spec. fund. funding funding total

companies public units (in million Euro)

Wood Wisdom 1998 113 12 49 25 17,2 14,7 34,4
Well-being cluster 1998 17 8 22 4,4 4,9 0,0 9,3
Food cluster 1997 12 17 12 2,0 2,4 0,1 4,5
KETJU 1998 30 60 10 2,3 4,1 7.7 141
TETRA 1998 48 29 42 19 7,5 1,3 10,6
NetMate 1998 10 n.a. n.a. 1,6 0,4 0,2 2,3
Workplace development 1997 13 86 n.a. 50 8,4 0,0 13,5
Environmental cluster 1998 60 70 110 4,5 8,0 1,0 13,5
Total 303 282 245 24,2 53,0 25,0 102,2

Source: Pentikdinen, T. (2000)
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B.4 Germany"

B.4.1 Knowledge Production Structures in Germany

The enterprise sector is the dominant group of actors in the German R&D system, performing
69 % of all R&D expenditure. In science, HEIs and PSREs are similar in size. Compared to
international standards, R&D expenditure is relatively high, amounting to 2.37 of GDP in
1999 (Table B.4.1). During the 1990s, R&D intensity in Germany fell significantly, partly as
a result of the integration of East Germany and partly because of cuts in public R&D
financing. The main R&D performer is the enterprise sector, accounting for 64 % of domestic
R&D financing and 69 % of R&D expenditure in Germany. In public science, both the higher
education sector and the PSRE sector are major R&D performers too (with respect to their
R&D expenditures as a percentage of GDP), although their relative size compared to the
enterprise sector is small)

Table B.4.1: R&D Expenditures in Germany 1999 by Financing and Performing Sectors (in million €)

Performing Sector Financed by Total

Enterprises State Abroad million € % % of GDP
Enterprise Sector 28,960 2,587 818 32,365 69 1.63
PSREs 133 6,530 114 6,777 14 0.34
HEIs 770 7,000 135 7,905 17 0.40
Total (million €) 29,863 16,177 1,067 47,047
Total (%) 64 34 2 100 2.37

Source: BMBF (2000), calculations by the authors

R&D in enterprises is mainly financed by internal sources. In recent years, contract research
within the enterprise sector has risen significantly and is about 15 % of total R&D expenditure
of enterprises today. The state contributes 8 % to total BERD.

The institutions in public science are financed both by basic financing provided by the state
and by project-based financing via scientific funds (especially the "Deutsche
Forschungsgemeinschaft” - German Research Council) and research project funding by
Federal and State Ministries. There are also some large private research foundations for
public science institutions sponsored by large corporations (Volkswagen-Stiftung,
Bertelsmann-Stiftung, Thyssen-Stiftung) as well as research programmes and funds in certain
disciplines announced by large companies or industry federations (e.g. by the chemical
industry). The HEIs acquire about one third of their total funds for research activities from
such - mainly competition based - project financing, while at PSRE, this share is closer to one
quarter. Financing for HEIs (the sum of basic and project financing) stems primarily from
regional governments (i.e. the 16 Federal States, called "Lander™) which are responsible for
the higher education sector in Germany (Table B.4.2). The Federal Government, represented

11 This chapter is based on the national report on ISR in Germany (Rammer 2001) as well as on the following sources:
Schmoch et al. (2000), BMBF (2000), Legler et al. (2000), Czarnitzki et al. (2000).
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by the Federal Ministry of Education and Research (BMBF), is the main financing source of
PSREs, although some PSRE-institutions are jointly or solely financed by the Lander.

Table B.4.2: Financing Structure of R&D in HEIs and PSRES in Germany 1999 (in %, estimates)

Public Financing Source HEIls PSREs
Basic Financing 67 77
Project Financing and other financing sources 33 23
National Government 17 66
Regional Governments 71 28
Other Sources (enterprises, internal financing, abroad) 12 6

Source: BMBF (2000), calculations by the authors

Within the enterprise sector, R&D expenditure is concentrated on technology sectors outside
the high-tech sectors (Table B.4.3)*2. More than 50 % of all R&D activities takes place in
these sectors which are characterised by a more cumulative pattern of technological change,
high, but not extremely high, R&D investment as a percentage of value added, and innovation
activities which rely strongly on industrial relations and networks (such as machinery,
manufacturing of vehicles, chemicals and electrical machinery). Also however, the weight of
high-tech sectors which are likely to have stronger science linkages, is considerably high. Its
R&D expenditure as a share of GDP is for instance, still higher than the corresponding
indicator for the sum of HEIs. R&D in the service sector is reported to be low but there is
certainly a lack of data recording.

Table B.4.3: R&D Expenditures in the German Enterprise Sector by Sectors 1997

Sector Share in total R&D Expen-
BERD (in %) ditures in % of
GDP
High-Tech Sectors (NACE 24.4, 30, 32.1, 32.2, 33, 35.3) 32 0.49
Other Technology Sectors (NACE 23, 24, 29 to 35 excl. high-tech sectors) 54 0.83
Other Manufacturing (NACE 01 to 45, excl. technology/high-tech sectors) 8 0.12
IT-Services (NACE 64, 72, 73)* 3 0.05
Other Services (NACE 50 to 99, excl. IT-Services)* 3 0.05

* too low due to a lack of data recording
Source: OECD (2000), calculations by the authors

The overwhelming majority of business R&D is spent in large enterprises. Small enterprises
(with respect to the SME definition by the EU) only account for 11 % of total business R&D.
About 50 % of all business R&D is performed by very large enterprises, consisting of more
than 10,000 employees (Table B.4.4). The main business R&D performers in Germany are
multinational corporations in the car industry, the chemical and pharmaceutical industry, the
electronics industry and the aircraft industry. In general, these corporations run large R&D
divisions both at German and at foreign locations, whilst also having central R&D

12 High-tech sectors are (NACE-codes in parentheses): pharmaceuticals (24.4), office and computer machinery (30),
electronic components (32.1), telecommunication equipment (32.2), instruments (33) and aerospace (35.3). Other technology
sectors are refined petroleum products (23), chemicals (24) excl. pharmaceuticals, machinery (29), electrical machinery (31),
radio and television equipment (32.3), motor vehicles (34) and other transport equipment (35) excl. aerospace.
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laboratories in Germany which maintain a manifold R&D network, both with other
enterprises and with domestic and international science institutions. Some corporations spend
extraordinary high amounts of money on R&D compared to the R&D expenditure in science.
For example, DaimlerChrylser's R&D expenditure in 1999 was 7,575 million €, which is only
slightly lower than the total research expenditure in HEIs. More than 60 % of this amount
was performed in Germany. Siemens spent about 5,600 million € (again, about 60 % in
Germany) and the five largest pharmaceutical enterprises spent about 4,400 million € on R&D
within Germany. The joint number of patent applications by Siemens and DaimlerChrysler
exceeds threefold the total number of patent applications by HEI and PSRE in Germany in
1997.

Table B.4.4: R&D Expenditures in the German Enterprise Sector by Size Classes of Enterprises 1997

Sector Share in %
Small Enterprises (< 250 employees) 11
Medium-sized Enterprises (250 to 999 employees) 10
Large Enterprises (1,000 to 9,999 employees) 30
Very Large Enterprises (10,000 employees and more) 49

Source: BMBF (2000), calculations by the authors

Although SMEs have little significance on the R&D performance of the German business
enterprise sector, nonetheless, they do represent the vast majority of enterprises in Germany.
Their behaviour concerning contact and co-operation with science determines the absolute
level of ISR in Germany (as it does in other countries too). The level of ISR by SMEs
strongly depends on their absorptive capacities and their involvement in innovation activities.
According to various indicators on these variables provided by the CIS2, the German SME
sector seems to perform rather well with respect to EU standards (Table B.4.5)". In
particular, very small firms perform better, both in the field of innovation and concerning
R&D and patenting activities.

Foreign firms have a share of 17 % of total business enterprise R&D expenditure. With
respect to their R&D intensity, they behave very similarly to their German competitors, i.e.
their R&D expenditure as a percentage of turnover is very similar to the sectoral average,
although in most sectors, is slightly smaller than those of German-owned enterprises (see
Legler et al. 2000, 83ff).

A small part of R&D in the enterprise sector is performed by so-called "Institutes for Joint
Industrial Research™ (IfG). There are more than 100 such technology or sector specific
institutes, united in the "Arbeitsgemeinschaft industrieller Forschungsvereinigungen (AiF)"
(Association of Industrial Research Organisations). Each IfG has a large number of

13 In order to compare innovation performance as reported in the CIS2 among EU countries, one has to take into account
national variations in the way innovation was defined (see Leppélahti 2000). Therefore, innovation performance indicators
for SMEs are calculated with respect to the national average and the EU average, respectively, and these ratios are compared
in order to position German SMES' innovation activities. With respect to R&D and patent indicators, there seem to be less
serious definition biases, thus one can directly compare SME performance on a national level with SME performance on EU
average.
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membership firms, almost all being SMEs (with a total of about 50,000 SMESs) and carries out
R&D projects where the results are used by the membership firms. Financing mainly stems
from public sources (Federal Ministry of Economy and Technology - BMWi). The share of
these institutes in total R&D performed in the enterprise sector is about 1 % (i.e. ca. 250
million € per year) but that is about 10 % of all R&D performed in the SME sector.

Table B.4.5: Relative Innovation and R&D Performance of SMEs in Germany

Manufacturing Services
Very small Small Very small Small
enterprises  enterprises enterprises enterprises
(< 50 em- (50-249 (<50 em- (50-249
ployees)  employees)  ployees)  employees)

Share of Innovative Enterprises* 1.07 0.91 0.98 1.09
Innovation Expenditures as a Share of Turnover* 1.19 0.93 0.99 0.99
Share of Turnover due to Innovative Products* 1.44 1.04 n.a. n.a.
Share of Enterprises with High R&D Intensity** 1.27 141 1.06 0.76
Share of Enterprises with Medium R&D Intensity** 1.04 1.01 1.03 111
Share of Enterprises Engaged Continuously in R&D** 1.14 1.05 1.01 0.78
Share of Enterprises Having Applied for a Patent** 1.15 1.12 1.25 1.04

* Figures show the relation of German SMEs' performance to the performance of SMEs in the EU average, normalised by the
respective relation of all German enterprises to all EU enterprises: (*“®xg;/>"xg;)/(Xsj/Xeu;), X being the variable considered,
G being Germany, j being the sector considered (i.e. manufacturing and services), and SME indicating that the variable is
measured for SMEs only. The EU average is the mean weighted by the number of enterprises of all EU countries (except
Greece): Values above 1 show that SMEs are more innovative than in the EU average.

** Figures show the relation of SMEs in Germany to SMEs in the weighted mean of all EU countries (except Greece):

SMEx i ™MExey;, X being the variable considered, G being Germany, j being the sector considered (i.e. manufacturing and

services), and SME indicating that the variable is measured for SMEs only. Values above 1 show that SMEs are more R&D
and patenting oriented than in the EU average.

Source: Eurostat-CIS2, calculations by the authors

Research in the science sector in Germany is strongly oriented towards natural sciences,
engineering and medicine. More than 75 % of all research activities takes place in these
fields, nearly two thirds in natural sciences and engineering, which may be regarded as
particularly relevant both to R&D and innovation activities in enterprises. Research in social
sciences and humanities accounts for only 17 %. The PSREs are more strongly oriented
towards the natural sciences and engineering than HEIs.

Table B.4.6: R&D Expenditures in the German Public Science Sector (HEIs & PSRESs) by Fields of Science
1997 (in %)

Sector HEIs PSREs Total
Natural Sciences 29 47 38
Engineering 21 28 24
Medical Sciences 24 7 16
Agricultural Sciences 4 6 5
Social Sciences* 9 6 7
Humanities* 13 6 10

* shares at PSRE only available for the sum of social sciences and humanities, a 50:50 distribution is assumed.

Source: BMBF (2000), calculations by the authors
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The German public science sector consists of different institutions each showing a particular
organisational and financing structure, mission and research orientation, and orientation
towards technology transfer and firm interaction. A number of types of institutions are
worthy of distinguishing and are outlined below:

The general universities comprise about 170 institutions distributed rather equally over the
whole territory of Germany and include all large, traditional universities. Universities are
subordinate to Lander ministries from whom they receive basic financing. Their legal
framework is mainly affected by regional laws although some general legal and
organisational frameworks are set by a Federal law ("Hochschulrahmengesetz™). Their
main objective is to carry out education and scientific research in an integrated way (the
unity of research and education). Some smaller universities are specialised in arts,
educational sciences or theology. Most universities are state-owned but there is an
increasing (but still small) number of private ones too. Within the last few years,
university reforms increased the autonomy of each institution including the area of
financing. Cuts in university basic financing budgets during the 1990s forced universities
to look for additional sources.

There is a special organisational type in universities, called "An-Institute”. They are
legally defined as independent bodies in order to achieve sufficient administrative
flexibility. Their main goals are to foster technology transfer and to perform research in
application-oriented fields which does not fit into the administrative structures of
universities (see Abramson et al. 1997, 288). They often take over the role of mediators
between universities and industry and may be regarded as a good practice example of
transfer oriented research institutes at universities (see B.4.6). They perform about 5 % of
total R&D in the HEI sector.

There are 13 Technical Universities which face the same legal and organisational
framework as general universities do but with a somewhat different mission, as the
transfer of knowledge and technology to enterprises is among their main objectives. This
is seen in their high share of natural sciences and engineering in the disciplinary structure,
an orientation towards applied research and a high level of firm interaction. They also
play a crucial role in providing industry with highly qualified R&D personnel. At TU, the
personnel mobility of researchers is not one directional from universities to firms but it is
quite common to invite researchers from industry to take professorships (for which the
wage gap between industry and science is less pronounced than in the case of younger
researchers).

Polytechnic Colleges, called Universities of Applied Sciences (“Fachhochschulen™),
provide practice-oriented studies in engineering and business fields including one-year
practical study periods at firms. The same legal framework applies as that of general and
Technical Universities, i.e. Polytechnic Colleges are subordinate to L&nder governments.
The number of research activities is rather low but many colleges have strong ties to
enterprises, especially SMEs, in the field of consulting and technical development. In the
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Federal State of Baden-Wdrttemberg, a separate consulting network of professors from
polytechnic colleges, called Steinbeis-Stiftung, was established in order to promote
technology transfer to SMEs. This network has now spread over the whole of Germany.

The Helmholtz-Association of German Research Centres (HGF) is the largest institution
in the PSREs, uniting 16 large, organisationally independent research labs. The basic
financing of 90 percent, is provided by the Federal Government, and 10 percent by the
Lander. So far, research financing was based mainly on general funds but a shift towards
more project and programme financing was announced in 2001. The main objectives of
HGF are carrying out long-term oriented basic research as well as research in key
technologies (especially that with high degrees of public application such as space
research, nuclear research and basic health research), and running large-scale R&D
infrastructure (and provide this infrastructure to other users, such as the particle
accelerator DESY). In April 2001, one research centre (GMD, 1,200 staff) was separated
out and joined the Fraunhofer-Society.

The Max-Planck-Society (MPG) consists of 76 institutes and is financed jointly
(concerning basic financing) by the Federal Government and the Lander. The MPG is the
descendant of the 1911 founded "Kaiser-Wilhelm-Gesellschaft" and its mission is to carry
out top-level basic research by international standards in selected areas and thereby
complete research at universities. The vast majority of research funds are provided via
general grants. The MPG provides a high level of autonomy for researchers and is
particularly engaged in new fields of research and in interdisciplinary research.
Furthermore, the MPG offers PhD posts and acts as top-level qualification institution for
young scientists.

The Leibniz-Association of Research Institutes (WGL) comprises 84 organisational units.
The main similarity between the institutes is that their basic financing is provided jointly
by the Federal Government and the L&nder governments which rests on an agreement on
the joint promotion of research with respect to article 91b of the German constitution,
decided in 1975 (so-called "blue list"). The research institutes are very heterogeneous
concerning size, research topics and objectives. The WGL covers all fields of science,
including humanities and social sciences. There are also non-research institution
members of WGL, such as museums, libraries and thematic information centres. On the
other side, some of Germany's top-level research centres (e.g. Heinrich-Hertz-Institute for
communication engineering, Institute for New Materials, Institute for Innovative
Semiconductors and the Institute for Semiconductor Physics) belong to the WGL. In
2000, an evaluation of all institutes was finalised and attempts to strengthen the profile of
the WGL are under way.

The Fraunhofer-Society (FHG) consists of 48 research institutes, each specialised in a
certain field of technology within engineering. 90 percent of the basic financing is
provided by the Federal Government, and 10 percent by the Lander (except 3 institutes
oriented on military research and financed solely by the Federal Ministry of Defence).
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The FhG was founded in 1949. Its main objective today is to promote technology transfer
to industry, both via direct research collaboration and long-term oriented research in
upcoming fields of technology. Key success indicators are the share of industry financing
via contract research (which is currently nearly 40 % having strongly increased since
1994), and the number of patent applications (which in 1999, was 64 per 1,000 R&D
personnel) and royalties (which were about 5 million € in 1999, i.e. 0.75 % of the total
budget). In April 2001, a large research centre specialised on basic research in
information technology (GMD, 1,200 staff) and belonging to the HGF network, was
integrated into FHG.

Most Federal Ministries run Departmental Research Institutions. There are a total of 52
institutes, most of them carrying out applied research and research services such as
measuring, testing and standardisation. They include some large research centres such as
the Physical-Technical Federal Establishment (PTB) and the Federal Establishment for
Material Research (BAM) (both with more than 1,000 employees). Furthermore, there are
some high level research institutes in this group, such as the Robert-Koch-Institute, the
Federal Establishment for Breeding and Growing (BAZ) and the Paul-Ehrlich-Institute for
Sera (PEI). Although their main objective is to provide research support for the Federal
Government and public services in research related areas, there is quite a high level of

interaction with industry within the institutes mentioned.

Table B.4.7: Main Characteristics of Major Institutions in the German Public Science Sector (HEIs &

PSRES)
Institution Share in Total Structure Main mission Research Level of Firm
Public R&D* Orientation Interaction
General Univer- 44.9 ca. 170 institu- education and basic research  medium, highly
sities (including tions, of which research varying among
"An-Institutes") 75 larger gene- departments
ral universities
Technical 7.1 13 medium- education and basic and high
Universities sized and large research in natural applied
universities sciences and research
engineering
"Universites of 1.8 ca. 160 small education, development,  medium to high
Applied Sciences” university  technology transfer ~ consulting
(Polytechnic colleges
Colleges)
Helmholtz-Centres 15.9 16 large basic research, basic and medium to low
research strategic research applied
centres in key technologies research
Max-Planck- 7.0 76 institutes  long-term oriented pure basic medium to low
Society top-level research research
Leibniz- 5.9 84 institutes heterogeneous basic and medium, but
Association applied highly varying
research among institutes
Fraunhofer-Society 4.7 48 institutes research for applied very high
industry, research,
technology transfer technical
development
Departmental 4.4 44 institutes support for applied medium to high

129



Benchmarking Industry-Science Relations: The Role of Framework Conditions

Research ministries, research research,
Institutions of with public testing
Federal Ministries interest, public

duties

* 1999, partly estimates, the remaining share is performed in other institutions such as seven academies of sciences (financed
by the L&nder governments), departmental research institutions of L&nder governments, museums, libraries, and other public
research institutes outside the eight institutions.

Source: BMBF (2000), own survey and calculations by the authors

In summary, it may be said that the knowledge production structure in Germany is favourable
for a high level of ISR. The enterprise sector is strongly oriented towards R&D activities. On
the one side, there is a significant number of very large corporations who spend a
considerable amount of money on R&D. On the other side, a large share of SMEs are
engaged in R&D and innovation activities and thus, represent a substantial potential for
interaction with science too. In the science sector, there are a large variety of institutions,
some explicitly oriented towards technology transfer to the enterprise sector. The disciplinary
structure, the even spatial distribution of HEIs and PSREs and the variety of research
orientation (ranging from basic research to technology and management consulting), should
provide an attractive supply of knowledge for enterprises.

B.4.2 The Level of ISR in Germany

The level of ISR in Germany is described by a set of indicators and assessments on the
significance of various interaction channels. Table B.4.8 lists the indicators used and the
main results. It also indicates those areas where ISR in Germany may be regarded as above
average with respect to EU standards. There is, however, no uniform pattern of ISR. Rather,
interactions between industry and science differ largely by the type of interaction and by the
type of actor involved in industry and science.

Contract research by science institutions for industry, and collaborative research carried out
jointly by industry and science, are revealed by financial flows from industry to science®.
For HEI, contract research for industry is an important financing source. About 10 % of total
R&D expenditure is financed by the enterprise sector. This share continuously increased
during the 1990s, starting from 6 % in 1991. Particularly high shares are reported for
Technical Universities. At PSRE, this ratio is significantly lower (2 %) but there are huge
differences between institutions and disciplines. In natural sciences and engineering, the
average share of industry financing in the four major institutions (HGF, MPG, WGL, FHG) is
about 5 to 8 %, while at the FHG, it is around 40 % (including industry financing from
abroad).

14 There is considerable inconsistency in the data, however. While HEIs report a total of 747 million € of R&D funding
received from the domestic enterprise sector in 1997, German enterprises report only 341 million € given to HEIs for contract
research. PSREs report a total R&D financing by domestic enterprises of 124 million €, enterprises report that they finance
250 million € at PSREs. In the following, we refer to the figures reported by HEIs and PSREs.
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In industry, large enterprises (with 1,000 employees or more) are the major financing source
for contract and collaborative research in HEIs and PSREs, as they are actually the major
R&D performers. While 80 % of BERD is performed by large enterprises, they account for
only 70 % of R&D financing by enterprises in HEIs, but for 90 % at PSREs. This means that
SMEs tend to use HEIs as partners in contract and collaborative research more commonly
than PSRE. From a sector point of view, the following sectors are the main providers for
industrial R&D funding for HEIs: Motor vehicles (25 %); pharmaceuticals (14 %); machinery
(9 %); and aerospace (7 %). At PSREs, they are: motor vehicles (37 %); telecommunication
equipment (21 %); machinery (5 %); telecommunication services; (6 %) and computer
equipment (6 %).

Science is used by a significant number of innovative enterprises as an information source of
innovation activities and as a co-operation partner in innovation projects. As a result of size
differences between the HEI and PSRE sector, HEIs are more often used by innovative
enterprises as an information source. Surprisingly, in the field of co-operation in innovation,
manufacturing enterprises collaborate with PSRE-institutions more often than with HEIs.
Innovation oriented interaction between industry and science in Germany is clearly above the
EU average, with the exception of interactions between service enterprises and PSREs.
Differentiated by types of science institutions, Technical Universities, general universities,
Polytechnic Colleges and Fraunhofer-Institutes show the highest intensities as an innovative
source for innovative enterprises (see Schmoch et al. 2000).

Researcher mobility from science to industry is comparably high in Germany (see B.4.4 for
more detail). This is especially true for HEIs. One main reason is temporary employment
contracts for research assistants. Usually, working contracts are limited to 5 years (both for
graduates and researchers already with a PhD). At most institutes in the PSRE sector, a
similar practice is used. Therefore, young researchers in HEIs and PSRE are forced to look
for new job options and the industry sector is undoubtedly the most preferred target sector as
it offers higher wages and represents the larger potential (as measured in the number of R&D
personnel). Furthermore, older R&D personnel (i.e. aged 35 and older) often find it difficult
to get a new research assistant job at a HEI. Due to serious wage differences between HEIs
and PSREs on the one hand, and industry research on the other, there is little mobility from
industry to science. Two exceptions should be mentioned however. First, at Technical
Universities, it is quite common to invite top-level industry researchers to take a professorship
(whereby industry R&D experience is regarded as a substitute for obligatory habitation).
Second, in Polytechnic Colleges, professors must have a minimum of two years work
experience in industry, i.e. pure academic careers are not accepted at this type of HELI.

The role of HEIs and PSREs in vocational and further training is rather minor in Germany.
Universities and Polytechnic Colleges normally offer vocational training programmes on a
decentralised basis, i.e. on the initiative of individual departments or faculties. No exact
information on the number of participants in vocational training courses offered by HEIs and
PSREs is available but information derived from the Microcensus 1996 suggests clearly that
less than 10 % of all vocational training (measured by the share of participants) take place in
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HEIs. Amongst industry researchers who participate in vocational training, HEIs have a
slightly higher share in vocational training institutions, at about 15 %. PSREs seem to offer
vocational training courses only occasionally.

Patent applications by HEIs and PSREs have increased during the last 25 years. Today, the
level of patent applications by science institutions in Germany is relatively high. HEIs
applied for about 1,520 patents in 1997, the latest year for which figures are available. The
number of patent applications by the four large PSRE institutions (HGF, MPG, WGL, FHG)
was about 960 in the same year. Together, this is about 7 % of all national patent applications
by German residents. In 1991, the respective numbers have been 1,020 (HEIs), 400 (PSREsS),
and 5 % (share in total). In relation to the R&D personnel in natural sciences, engineering
and medicine, there are 19 patents per 1,000 R&D personnel in HEIs, and 20 at PSREs.
Among the various institutions, significant differences can be observed with the FHG as the
most patent intensive institution (55), followed by HGF (17), MPG (8) and WGL (7).

Table B.4.8: Indicators and Assessments of ISR in Germany at the End of the 1990s

Type of ISR Indicator Value*
Contract and Collaborative Research R&D financing by industry for HEIs in % (1999) 9.7
(Source: OECD-BSTS) R&D financing by industry for PSREs in % (1999) 2.0
R&D financing by industry for HEIs/PSREs in % of BERD 2.9
Faculty Consulting with Industry Significance of R&D consulting with firms by HEI research. high
Significance of R&D consulting with firms by PSRE resear. low
Co-operation in Innovation Projects Innovative manuf. enterprises co-operating with HEIs in % 10.4
(Source: CIS2) Innovative manuf. enterprises co-operating with PSRESs in % 13.6
Innovative service enterprises co-operating with HEIs in % 7.2
Innovative service enterprises co-operating with PSRES in % 3.0
Science as an Information Source for HElIs used as inform. source by innov. manuf. enterpr. in % 6.7
Industrial Innovation PSREs used as inform. source by innov. manuf. enterpr. in % 2.9
(Source: CIS2) HEIs used as inform. source by innov. service enterpr. in % 5.6
PSREs used as inform. source by inn. service enterpr. in % 2.7
Mobility of Researchers Share of researchers in HEIs moving to industry p.a. in % -5
(Source: national statistics, assessments) (1997-1999, NSE only)
Share of researchers at PSREs moving to industry p.a. in % ~3
(1997-1999, NSE only)
Share of HE graduates at industry moving to HEIS/PSRES p.a. n.a., but
in % low
Vocational Training Income from vocational training for enterprises in HEIs n.a., but
(Source: national statistics, assessments) rather low
Number of vocational training participants in HEIs per 1,000  n.a., but
employees in HEIs rather low
Patent Applications at Science Patent Applications by HEIs per 1,000 employees (1997, 19
(Source: national statistics, assessments) natural sciences and engineering only)
Patent A;_)plications by_PSR_Es per 1,000 employees (1997, 20
natural sciences and engineering only)
Royalty Income by Science Royalties in % of total R&D expenditures in HEIs n.a., rather
(Source: national statistics, assessments) low
Royalties in % of total R&D expenditures at PSREs (1998; 073
HGF, MPG, FHG only) :
Start-ups from Science Number of R&D-oriented business start-ups in HEIs per
(Source: national statistics, assessments) 1,000 R&D personnel (1997-99) 3to4
Number of R&D-oriented business start-ups at PSRES per 2103
1,000 R&D personnel (1997-99)
Informal contacts and personal networks significance of informal contacts and personal networks .
(Source: national statistics, assessments) between industry and HEIs rather high
significance of informal contacts and personal networks heteroge-
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between industry and PSREs neous, high
at some
institutions

* values above the EU average are indicated in bold letters
Sources: Eurostat, OECD, BMBF (2000), Schmoch et al. (2000), Czarnitzki et al. (2000), calculations by the authors

Incomes from royalties are not a major financing source, neither for PSREs nor for HEIs.
Although licensing activities has increased at several PSRE institutions within the last few
years, their share of the total R&D budget is still below 1 % of the sum of all PSRES in
Germany. At the HGF centres, royalties were equal to 0.51 % of total R&D expenditure in
1998, and increased to 0.62 % in 1999. At the FHG, the ratio was 0.60 % on average in the
years 1998 and 1999 (for 2000, an increase of up to 2 % was expected), and at MPG it was
1.65 % on average for the years 1996 to 1998 (more than 50 % was received from the USA
and Japan). Royalty incomes heavily depend on a few patents. At the FHG, patents are
regarded more as a marketing element for establishing contract research with firms, by
signalling which fields of technology they possess special know-how in, rather than using
them as a financing instrument. In HEIls, royalties belong to individual researchers and
therefore, no data is available.

Start-ups from HEIs and PSREs are reported to have increased during the last few years,
partially stimulated by public promotion programmes by the Federal Government and by
Lander governments. There are no reliable figures on the number of technology-oriented
start-ups from science institutions. Estimations based on a recent survey suggest that there
was a total annual number of 300 to 400 high-tech start-ups from HEIs, and 100 to 200 from
PRSEs, in the time period 1997 to 1999. Other studies report a total number of about 550
start-ups per year from HEIs and PSREs (see OECD 2000b). Within the Federal Government
Programme EXIST, which promotes start-ups from science institutions in five regions, about
170 successful start-ups have been supported in the 2 and a half year period since the start of
the programme. With respect to the total number of researchers in science, the start-up ratio
is 3 to 4 per 1,000 R&D personnel in HEIs, and 2 to 3 per 1,000 R&D personnel at PSREs.
The highest propensity to create a start-up is observed in Technical Universities.

Informal contacts and personal and organisational networks are highly important for the
overall pattern of ISR in Germany today. In many fields of technology, there are dense
networks between researchers in both industry and science, who know each other due to a
common educational background and meet each other regularly at several occasions such as
Alumni meetings, industry-specific conferences and fairs, advisory boards of funding
institutions, scientific advisory boards of large corporations, standardisation boards, and
regional events. Anecdotal evidence suggests that university institutes in the natural sciences
and engineering, FHG-Institutes and some specialised WGL-Institutes, are particularly
strongly engaged in such networks.

In summary, interactions between industry and science have increased during the last 20 years
and have reached a high level today. Several channels are used for exchanging knowledge
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and technology with contract research appearing to be the most prominent one. Personnel
mobility, start-ups, patenting by public science institutions and informal networks are further
major channels. A more detailed look into the German innovation systems shows that there
are significant differences in ISR performance by type of actors (see Czarnitzki et al. 2000).
In the HEI sector, Technical Universities show the strongest ties to industry. However,
general universities and Polytechnic Colleges also have intense relations with industry, at
least with respect to certain channels. Among the PSREs, the FHG has an outstanding
position concerning most of the indicators considered which is only achieved by some
specialised, industry-oriented research institutes (most of them belonging to the WGL). In
industry, large companies from motor vehicle production, pharmaceuticals,
telecommunication equipment and machinery sectors, are the major actors. They most often
maintain an extensive network with several public science institutions, including all types of
interactions considered above.

B.4.3 The Policy-related Framework Conditions for ISR in Germany

Cultural Attitudes: There is a long tradition of intense industry-science relations in Germany
dating back to the 19" century and the development of high-tech oriented industrial sectors in
the electronics, machinery, chemical and automobile industries. At this time, several
technical universities were founded such as the TU Berlin (1879), the RWTH Aachen (1880)
the TU Munich (1877), TU Karlsruhe (1885), TU Darmstadt (1877), TU Braunschweig
(1878) and TU Dresden (1890). On the other side, the majority of general universities are still
oriented towards a Humboldtian model of science giving special attention to freedom of
research, curiosity driven research orientation (aimed towards increasing the general stock of
knowledge in society) and the independence of individual researchers. As a consequence,
different types of public research institutions with distinctively different objectives and ways
of how they see themselves, co-exist today. While transfer to, and interaction with industry is
part of the objectives of technical universities (as it is for polytechnic colleges), many
researchers at traditional universities are said to follow a purely academic orientation, giving
little priority to interaction with industry. The latter view on the role of science is also quite
common in the general public, although awareness measures by the Federal and the L&nder
governments have changed attitudes in recent years.

Legislation: There are no specific laws either explicitly hindering or encouraging ISR. Three
areas of legislation are commonly mentioned as hampering industry-science relations, all
operating in science:

Q) The Employment Law in HEIs, especially concerning retirement regulations for civil
servants and other public employees, and the wage system, strongly affect personnel
mobility from public research to industry. Professors in HEIs and some researchers at
PSREs are traditionally civil servants, while other researchers in HEIs and most
researchers at PSREs are other public employees. Movement of researchers from
science to industry is hampered by a lack of transferability of pension titles between
the public and private sector, resulting in decreasing incentives to move the older a
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researcher gets in public science. Recently, it was announced that the transferability
of entitlements to occupational pension plans between the public and private sector
had eased. Both professors and researchers in HEIs (and almost all PSRES) are paid
according to a single wage scheme with low flexibility, rare performance-related
elements and a significantly lower wage level than in the business enterprise sector,
making a move towards industry attractive for younger researchers (see B.4.4 for more
details). In September 2000, the Federal Ministry of Education and Research
announced a concept for reforming employment law in HEIls, including the
introduction of temporary professorships ("Juniorprofessur™) and a higher flexibility in
wage payments to professors (i.e. a part of salaries should depend on performance
indicators). New regulations are expected to pass parliament in autumn 2001.

Regulations on intellectual property rights (IPRs) in HEIs are regarded as reducing the
commercialisation of inventions made by university researchers. Professors have the
privilege to decide whether to apply for new technological knowledge which they
have invented, to be patented or not. This is in contrast to all other sectors of the
economy (including PSRES) where inventions belong to the organisation of the
employee who made the invention. University professors also receive all incomes
from licensing a patent. This regulation may be viewed as an appropriate incentive
scheme as it maximises private returns of patenting efforts. However, university
researchers are sometimes lacking the knowledge and capabilities for assessing the
commercial value of new technological developments and they sometimes shrink
away from applying for a patent because of high costs and uncertainty of possible
earnings. The Federal Government plans to alter IP regulation in HEIs by shifting the
property rights to the HEI, fostering the establishment of effective commercialisation
units and sharing royalties between the HEI, the commercialisation unit and the
professor, in equal amounts. This proposed type of IP regulation in HEISs is in practice
at all PSREs in Germany.

The non-profit status of public science complicates the organisation of contract
research and forces public research institutions towards organisational innovations.
HEIs (and some PSRES) are in general, not allowed to earn profits and engage in
entrepreneurial activities, including the investment in start-ups. In HEIs, income from
industry research usually becomes a part of the university budget and carrying out the
R&D project is considered a part of their regular activities. However, professors in
HEIs may carry out contract research with industry as a secondary activity, as long as
it does not exceed about one fifth of their total work time, or within an enterprise
owned by the professors themselves. Other ways of dealing with the non-profit status
is to concentrate research projects with industry in certain institutes, e.g. so-called
"An-Institute” (see B.4.6). Although many actors feel uncomfortable with the current
situation, any changes are viewed with caution as a new regulation may be either
bureaucratic or reduce flexibility.
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Institutional Setting: In B.4.1, the main features of the different institutions in public science
in Germany are described. Four types of institutional settings especially favourable to ISR
should be mentioned here:

Fraunhofer-Society (see B.4.6 for more detail): The Fraunhofer-Society is a publicly
funded, non-profit R&D organisation which regards technology transfer to industry as its
major mission. The following ‘critical success factors' may be identified: flexibility in
carrying out R&D projects at the level of Institutes and research departments (each
Institute being a profit centre); responsibility for transferring R&D results to industry
application located at a very low organisational level (research groups and individual
researcher); a high share of industry funding as an explicit evaluation criteria; a
combination of long-term oriented research and direct application oriented R&D within
one research team; advisory boards consisting of representatives from academia and
industry; and balanced financing from industry (35-40 %), basic public funds (35-40 %)
and project financing by Federal and Lander governments (15-20 %) and others (10 %).

Technical Universities (TUs) and Technical Faculties: There are 13 TUs, and many large
traditional universities have important technical faculties with similar structures to TUs.
They bring together industry oriented research with practical and scientific education and
are traditional partners for industry, both with respect to personnel recruitment and joint
and contract research. TUs and technical faculties show the following characteristics
which may be regarded as favourable for ISR: specialisation on natural sciences and
engineering fields; technology transfer to industry as a 'third mission' (in addition to
scientific research and education); maintenance of personal networks via Alumni and the
call of industry R&D managers as professors (e.g. for a limited time period); practically-
oriented education in co-operation with enterprises (including joint supervision of master
thesis); and administrative and infrastructure flexibility with respect to industry projects.

Polytechnic Colleges (Universities of Applied Sciences - UAS): UAS's role in ISR in
Germany is to provide short, practice-oriented tertiary education and offer innovation and
technology consulting to SMEs. Although they carry out research only rarely or on a
small scale respectively, they are an acknowledged partner in innovation activities by
industry, mainly because of the following characteristics: professors must have working
experience in industry before getting a professorship; UAS are strongly specialised in
industry-relevant fields of technology; students are obliged to write their master thesis on
industry-related subjects and in co-operation with enterprises; non-research oriented
consulting for enterprises is a well-accepted activity for professors at UAS; and the
diffusion of new management methods and new technologies to SMEs is part of the
objectives of UAS (there is, for example, a consulting network of UAS professors has
been established, the so-called Steinbeis-Foundation).

Specialised PSREs: There are a number of PSREs specialised in industry-related fields of
research and technology showing a strong transfer orientation and hence, intense ISR. In
B.4.6, the newly established PSREs called Caesar is described in some detail. Other
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examples are to the Heinrich-Hertz-Institute for Telecommunication (HHI), the German
Centre for Artificial Intelligence (DFKI), the Institute for Semiconductor Physics (IHP)
and the Institute for New Materials (INM). One may identify four critical success factors
at such specialised PSREs: (1) decentralised responsibility for transfer activities; (2)
regular strategic audits with respect to new technology developments and industry needs;
(3) the integration of short-term and long-term oriented research within each research unit
and the integration of technology transfer into strategic planning; and (4) joint public-
private institutional set-up (co-funding by public and private partners).

In the field of science and technology policy, strengthening collaboration between industry
and science has been a major issue for long time and a large number of policy initiatives have
been started both by the Federal Government and the L&nder governments. However, for a
long time there was rather little co-ordination and responsibilities in the field of ISR are still
split between two federal ministries (BMBF and BMWi) and the Lander governments
(including HEIs, PSREs and innovation policy targeted at enterprises). In March 2001, a new
Action Programme on strengthening knowledge and technology transfer between industry and
science ("Knowledge Creates Markets") was announced jointly by the BMBF and BMWi,
putting special emphasis on a stringent, integrated approach towards ISR (see B.4.6).
Reforms focus on improving the incentive scheme in public science (including financing,
institutional affiliation and individual remuneration), the commercialisation of public research
results via patenting and start-ups, and increasing absorptive capacities at SMEs.

Promotion Programmes: Both the Federal Government and the Lander governments offer a
variety of programmes which aim towards increasing the level of ISR (see Table B.4.9).
There are some examples of effective programmes, outlined below, which are regarded as
positively influencing the level of industry-science relations, although no comprehensive
evaluation of the various programmes concerning their effects on ISR have taken place so far.

e Direct research promotion within thematic programmes is the major financing source for
collaborative R&D projects in Germany and is by far, the largest public promotion
programme exercise in the field of innovation. In the Federal Government, there are
about 250 thematic programmes administered by the BMBF or the BMWi. In each
thematic programme, there are several sub-programmes and tenders. Individual
enterprises, public science institutions or consortia may apply for subsidies. Project
proposals are evaluated on a peer review basis and the most promising projects are
selected for public support. Typically, projects are of considerable size, last a good
number of years and involve enterprises, HEIs and PSREs (so-called
"Verbundforschung™). A special approach within thematic programmes is the so-called
"Lead Projects”. They follow a bottom-up approach of selecting thematic areas for public
support (a competition of ideas). Currently, seven Lead Projects receive support, each for
about 5 years and the total amount of public money spent on each project, is about 10 to
15 million Euro. Most Lander governments also offer technology specific programmes or
programmes for the support of collaborative research.
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e Prolnno, InnoNet, INSTI and other innovation programmes aim to foster R&D and
innovation activities by SMEs, including the promotion of R&D collaboration with public
science, the exchange of R&D personnel, and increasing absorption capacities at SMEs.
Prolnno, for example, provides support to SMEs to employ R&D personnel and carry out
co-operative R&D projects with public science institutions or with other enterprises.
InnoNet is an newly introduced measure to establish research networks between SMEs
and public science institutions. Subsidies are provided for HEIs or PSREs carrying out

research within consortia which consist of at least four SMEs.

INSTI is an initiative

consisting of several sub-programmes and aims to foster the use of intellectual property
rights in innovation by SMEs, including financial support, awareness measures, training
for SMEs, reform of education in HEIs with respect to IPR, networking and others.

Table B.4.9: Major Public Promotion Programmes in the Field of ISR in Germany

Main Approach

Type(s) of ISR Mainly

Addressed

Name of Programme Public Fun-
(responsible authorities) ding
(million €

1999)

Direct Research Subsidies in ~ ~ 2,500 to

Thematic Programmes 3,000

(BMBF, BMWI, Léander

programmes)

Prolnno (BMWI1) ~110

InnoNet (BMWI) ~10

InnoRegio (BMBF) ~50

R&D at SME and private ~50

R&D enterprises (New

Lander only) (BMWI)

Joint Industrial Research ~90

within the AiF-Network

(BMWI)

Technology Transfer n.a.

Infrastructure (BMWI,

BMBF, Lander)

Applied Research at ~8

Polytechnic Colleges

(BMBF)

INSTI-Network (BMBF) ~25

IPR Promotion (BMBF, n.a.

various Lander programmes)

Technology Consulting, ~5

Innovation Management

(BMWI, various Lander

programmes)

Networks of Competence ~0.5

Subsidies to enterprises and HEIS/PSREs
for carrying out research projects in certain
thematic fields (currently ca. 250), inclu-
ding "Lead Projects" in strategic areas and
"Centres of Competence" in certain fields
of technology (biotechnology, medicine
etc.)

Subsidies to SMEs for co-operative R&D
projects with other enterprises or with
HEI/PSRE, including personnel exchange
Subsidies to HEIs/PSREs for carrying out
R&D together with at least 4 SMEs
Subsidies for establishing innovation
networks in selected East German regions
Subsidies to SMEs for carrying out R&D

Subsidies for members of the AiF (network
of sectoral research institutes) for carrying
out R&D projects relevant to SMEs
Basic financing for technology transfer
infrastructure in HEIs or on a regional level

R&D funding for researchers at polytechnic
colleges

increasing the use of IPR with the held of
awareness measures, networking, reform of
HE, establishing innovation markets,
subsidies to SMEs for using IPR
Consulting infrastructure (patent offices)
for and subsidies to inventors at SMEs,
HEIs and PSREs
Subsidies to SMEs for costs of innovation
management training and consulting

Internet platform for networks of various

Joint R&D projects,
contract research

Joint R&D projects,
Personnel Mobility

Collaborative
Research in Networks
Informal Networks,
Personnel Mobility
Contract Research

Collaborative
Research
Consulting, Contract
Research, Personnel
Mobility
Contract Research,
Consulting

IPR, Training

IPR

Training, Consulting,
Personnel Mobility

Informal Networks

138



Benchmarking Industry-Science Relations: The Role of Framework Conditions

actors in a certain field of technology with
high international performance
BTU, FUTOUR, thg- and ~500to  Subsidies, loans, equity investment, and re- Start-ups
KfW-programmes for high 1,000 (VC financing for VVC for high-tech start-ups
tech start-ups (BMWI) investment)

EXIST (BMBF), various ~30 Infrastructure provision and pre-seed Start-ups
Lander-programmes financing for HEI-/PSRE-based start-ups in
certain regions

BioProfile/BioRegio (BMBF) ~15 Infrastructure provision for and subsidies to Start-ups

start-ups in biotechnology in certain regions
R&D personnel promotion ~35 Subsidies to SMEs for temporary Personnel Mobility
(New Lander only) (BMWI) employment of researchers
Innovation Assistant (various n.a. Subsidies to SMEs for temporary Personnel Mobility
Lander programmes) employment of researchers

Source: EU Trend Chart project, own surveys and calculations

e Start-ups of high tech enterprises are supported by a variety of policy measures, such as
financial support via the provision of venture capital (BTU-programme and thg-
Programme) or by re-financing VC investment (KfW-programme), business angels
networks, special promotion programmes for new firm creation by graduates and
researchers in HEIs and PSREs (EXIST and various programmes at the Lénder level),
regional start-up initiatives within the thematic biotechnology programme (BioRegio and
BioProfile), start-up contests in the field of multimedia, and many more.

e Awareness and networking programmes have received increasing attention in recent
years. The "networks of competence™ programme provides an Internet platform for
networks of various actors in a certain field of technology with high international
performance. Networks are selected on a competition basis. Technology-specific
programmes and technology consulting promotion also attempt to raise the awareness of
actors towards ISR and to reduce information asymmetries between actors.

e Joint industrial research centres carrying out R&D projects relevant to SMEs in a certain
industrial sector are a long-standing support mechanism in Germany, introduced as early
as 1952. There is an extensive network within the AiF providing research services and
including collaborative research with public science institutions.

e Personnel mobility is promoted mainly by Léander programmes but the Prolnno-
Programme also offers support for employing researchers. Most Lénder run so-called
Innovation Assistant Programmes. They provide temporary financial support to SMEs for
employing a graduate in the course of an innovation project.

e There is a special applied research programme for Polytechnic Colleges to increase their
R&D activities. By this measure, R&D capabilities and competence in these type of
institutions shall be strengthened in order to improve transfer activities and co-operation
with enterprises in innovation projects.

e For the new Lénder in Eastern Germany, there are several special programmes which
address the main structural problems of this region. A major focus of many programmes
is the strengthening of R&D and innovation in East German SMEs, which is achieved by
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establishing and deepening links to public science and the large number of private non-
profit R&D organisations in specific fields of technology, which have been established as
a result of the transformation of large corporations in the former GDR (i.e. outsourcing of
R&D departments). Such programmes include InnoRegio (establishing innovation
networks in certain fields of technology on a regional base), researcher mobility
programmes, special R&D promotion (including the promotion of collaborative research)
and start-up promotion (FUTOUR)

Intermediary Structure: There are a large number of publicly supported intermediaries in the
field of ISR in Germany today. Estimates are of about 1,680 organisational units, located in
HEIs, PSREs, Chambers of Commerce or run as "independent” institutions or networks (see
Table B.4.10). Their effectiveness is considered controversial among experts. While a large
number of intermediaries show a mismatch between resources (which are most often, very
low) and the scope of services offered (which normally cover a wide range of activities to
support ISR), there are several good practice examples, too, including:

The Steinbeis Transfer Centres represent a network of technology consultants for SMEs
offering innovation consulting, technology development and training. There are more
than 400 centres, most of them located in Baden-Wiurttemberg and Bavaria, and in all
other regions as well. Typically, a transfer centre is managed by a professor from a
polytechnic college and most centres are affiliated to such colleges. Regional proximity,
personal contacts with SMEs, practice and problem solving orientation and a rapid
realisation of consulting and developing projects, are regarded as major success factors.

Several universities established independent commercialisation units (operating as a
business enterprise) for the licensing of patents and promoting start-ups, as well as for
fostering knowledge transfer via training courses (e.g. TU Hamburg-Harburg, Ruhr-
University Bochum and TU Dresden). Some Lander introduced a single technology
licensing bureau for all universities within a Federal State (e.g. "Technology-Lizenz-Biro
der Baden-Waurttembergischen Hochschulen GmbH" in Baden-Wurttemberg).

At the Max-Planck-Society, there is a separate business unit which acts as a central
technology transfer office for all 75 MGP-Institutes, called "Garching Innovation GmbH"
(see B.4.6).

Table B.4.10: Intermediaries in the Field of Technology Transfer in Germany in 2000

Affiliation Type of Institution Number of Intermediaries
(estimates)
Science TTOs at Universities, Polytechnic Colleges ~250
TTOs at Public Sector Research Establishments ~ 150
Technology Testing and Controlling ~20
Consulting and Development Centres ~110
Application and Demonstration Centres ~100
Industry Technology Consultants at local Chambers of Commerce ~ 240
Innovation Consultants at local Chambers of Handicrafts ~ 60
Independent Technology Centres, Innovation Centres, Incubators ~ 200

Technology Agencies ~50
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Regional Technology Consultant Networks ~10

Steinbeis Transfer Centres ~ 440

Information Exchange Services ~50
Total ~1,680

Source: based on Reinhard and Schmalholz (1996, 107), additional investigations by ZEW

In summary, framework conditions for ISR in Germany seem to be driven strongly by the
diversity of institutional settings and types of organisation in public science institutions, partly
providing a favourable framework for the institutionalised transfer of knowledge and
technology, and partly hindering interactions. Public promotion programmes in the field of
ISR are designed to overcome inherent barriers to interaction between industry and science in
the knowledge market. In recent years, policy initiatives have started to address some
perceived weaknesses in the German ISR system, such as cultural attitudes in science, a
critical industry orientation of science, or a lack in entrepreneurial spirit.

B.4.4 ISR in the Field of Human Capital in Germany

Interactions between industry and science in the field of higher education take place in
various ways but only few of them are institutionalised and are outlined below:

e There are no institutionalised co-ordinating structures for considering industry needs and
changes in industry demand, in higher education programmes (curricula, new courses
etc.). Chambers of Commerce, industrial associations and other representatives of the
enterprise sector may address their position directly to the Lander Ministries.
Representatives of industry are members in the Scientific Commission
("Wissenschaftsrat™) which is an advisory body to the Federal Government and the Lander
governments. It makes recommendations on the development of higher education
institutions and the research and science sector, with respect to structure and performance,
financing, and general questions relating to the system of higher education, selected
structural aspects of research and teaching, as well as management of specific fields and
disciplines.

e In decentralised individual departments and enterprises, there is strong co-operation in
graduates education by the means of joint supervision of master and PhD theses, and
obligatory practices at enterprises. Both large and medium-sized firms use this type of
interaction to transfer knowledge from public research to establish and maintain personal
contacts, to carry out innovation projects and to recruit new R&D personnel. In technical
sciences, writing a master thesis in firms or by arrangement with firms, is a very common
form of writing a thesis and often opens up employment options at this firm for the
students.

e Teaching at universities and colleges by firm employees is common in many studies
although it varies considerably among HEIs and departments. At Polytechnic Colleges,
contacts with firms are especially thick as professors need to have two-years previous
working experience in the private enterprise sector in order to receive a professorship.
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Thus, personal contact with firms is common, including the participation of firm
representatives in study programmes.

e Important institutions for exchanging information, maintaining personal contacts between
firm employees, graduates and university teachers and opening up job opportunities for
students, are the alumni organisations. They exist at most German universities and
organise various events which are used for informal contacts between industry and
science.

e Many universities and colleges offer vocational training programmes for firm employees.
Special courses for industry researchers are also offered by public research labs. Often
these activities are organised via a separate organisational unit, a so-called "An-Institut”
which may also carry out contract research for firms. Compared to other suppliers of
vocational training (private enterprises and other education institutions), the significance
of the supply by public research organisations is very low however.

e Some large firms (e.g. from the chemical and pharmaceutical, electronics and automobile
industry or banking, insurance and media sectors) finance professorships or even whole
research units at universities. This institutional infrastructure increases R&D resources in
public research and builds the basis for long-term oriented and stable relations between
the financing firm and the university departments. In many cases, these departments also
act as an origin of graduate mobility.

e Many Léander governments offer so-called Innovation Assistant Programmes which
provide financial support for the (temporary) employment of graduates from universities
and colleges, in the context of innovation projects by SMEs.

Table B.4.10 shows some general features of tertiary education by fields of science in
Germany. Compared to the high share of natural sciences, engineering and medicine sectors
in the total R&D budget at HEI, about 75 percent (see Table B.4.6), their share in education is
significantly lower. Today, nearly two thirds of new students choose to study in the field of
social sciences or humanities, while engineering accounts for only 15 percent of new students.
This is remarkably low compared to the share of gainfully employed academics with a degree
in engineering (which is 25 percent) and may produce a shortage in highly qualified
engineering personnel in the coming years. The decision to study in a particular field made
by students seems to be highly affected by the labour market situation for graduates in the
various fields, at the time of beginning a study. As demand varies at least partially with the
business cycle, so does the labour market situation and the number of students beginning
various studies. The corresponding variation in the number of graduates is lagged by about
six years however, and the demand situation may be the opposite to that at the time the
decision was taken. Today, such a phenomenon may be observed in the field of informatics.
Since about 1995, firms have reported a high demand for personnel with informatics
knowledge. In 1998 and 1999, the number of beginners in informatics increased dramatically,
and in 2000, this development continued.
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Table B.4.10: Higher Education by Disciplines in Germany 1998/99 (in %)

Field of Study Students Study Graduates Unemployed Gainfully
Beginners (diploma) Graduates Employed with
HE (1995)
Natural Sciences 15 16 13 13 14
Engineering 17 15 21 32 25
Medicine 6 4 6 6 9
Agricultural Sciences 2 2 3 3 3
Social Sciences 31 33 35 25 29
Humanities and others 29 30 22 21 20
Total number (1,000) 1,801 390 203 198 4,767

Source: Statistisches Bundesamt (2000), Mikrozensus 1995, calculations by the authors

While students are free to decide which subject they want to study at which HEI, there are
restrictions on the maximum number of new students per year, for certain studies. For such
studies, students have to apply for a study place either directly at the HEI or - for some studies
with a Germany-wide "numerus clausus™ (NC) - at the Central Office for the Allocation of
Study Places ("Zentralstelle flr die Vergabe von Studienpléatzen” - ZVS) in NC studies. The
main criteria for receiving a study place is the grades obtained on the high-school leaving
certificate, but the time a student has already waited for a study place, is considered as well.
In winter term 2000/01, 11 studies have a German wide NC, including business
administration, biology, food chemistry, medicine, pharmaceutics, psychology and law.
Technical studies normally do not have a Germany-wide NC.

A major criticism by industry on the German HE-System is the length of time of study. The
minimum time for most university studies is 9 semesters while at polytechnic colleges it is
three years. The average duration of study at universities is between 12 to 14 semesters
however. Due to restrictions in the number of study places and some other factors, students in
Germany start their study at a comparably high age, and the average age of graduates
completing their study, is about 30 years old. Industry representatives thus urge the
introduction of baccalaureate studies with a maximum of 6 semesters at universities.

Personnel mobility between industry and science takes place in both directions, i.e. from
public research institutions to industry and from industry to public research. Three
framework conditions strongly affect the level of personnel mobility between the two sectors
in Germany - (1) regulations in the field of employment law with respect to retirement
regulations; (2) wage differences between industry and science; and (3), certain institutional
settings which either encourage or hinder personnel mobility.

Retirement requlations differ between the institutions of public research. At universities, full
professors have the status of civil servants and are therefore, not members of any public
pension fund (but will receive further "wage payments" by the state after having retired). A
move to the private enterprise sector or to other public research institutions is unattractive, as
their working time as professors is not considered for their pension entitlement in public
pension funds. At the four large public research lab organisations (HGF, MPG, FhG, WGL),
retirement regulations are in general, similar to the private enterprise sector. At research
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institutions directly assigned to Federal or Lander Ministries, researchers also often fall under
civil servants law.

Wage differences between the public and private sectors are significant in Germany,
especially for younger people, because of the seniority system in wage payments in the public
sector (where wages automatically increase by age), and especially for researchers in fields of
science where there is a large demand by industry. The vast majority of researchers in public
research organisations fall under the BAT wage system ("Bundesangestelltentarif” - Tariff for
Employees at Federal Institutions) which has four different payment levels for graduates. As
individual extra payments are not common (and sometimes are even not allowed by Lander
laws), an adjustment of wages to the labour market situation is not possible. Thus, wage
differences for young graduates holding strongly demanded qualifications (such as
informatics, electronics and certain aspects of business administration) may reach a factor of
1.5 and more.

There are some types of institutionalisation of personnel mobility from industry to public
research. At polytechnic colleges, candidates for professorships must have previous working
experience in the private enterprise sector of at least five years. In many cases, young
researchers or managers from firms move to these colleges as professors and thus, establish
personal linkages between the college and their former employer. At Technical Universities,
time spent in industry research is often demanded from candidates for professorships. The
same is true for senior researchers at the FhG. At general universities and public research labs
with a basic science orientation (such as MPG and some WGL institutes), pure academic
careers are the rule and increase the likelihood of receiving a professorship or a permanent
working contract as a senior researcher.

At universities and at many public research labs (such as MPG), the vast majority of young
researchers are only offered temporary working contracts with a maximum length of 5 years,
often connected with a PhD study. Afterwards, they are forced to look for alternative jobs
which stimulates personnel mobility to the firm sector too.

Personnel mobility between science and industry is mainly organised on an individual basis.
The main information channel for jobs in R&D are newspapers, website homepages of firms
and public research departments, and above all, personal contact with professors, heads of
institutes and R&D managers at firms. The local employment agencies of the Federal Office
for Labour ("Bundesanstalt fiir Arbeit™) are engaged in arranging working possibilities for
unemployed graduates and they do actively advertise their services to firms. There is,
however, no centralised database on the demand for, and supply of, researchers in Germany.

There are some institutionalised forms of personnel exchange, but their quantitative
significance should not be overestimated. Amongst others, the following are notable:

e company-university agreements of personnel exchange on a temporary basis (mainly from
the university to enterprises),

e sabbaticals for university professors to carry out research projects together with firms,
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e offers of chairs at technical universities to R&D managers at firms.

The level of personnel mobility from public science institutions to industry is quite high but it
differs significantly by type of institution and reflects the diverse objectives (in terms of
education and research orientation) and different regulatory frameworks at these institutions.
In natural sciences and engineering - which are most relevant with respect to personnel
mobility in the field of R&D - universities have the highest intensity of personnel mobility
and this is mainly due to the practice of temporary working contracts for research assistants
(annually, 5 to 6 percent of all university researchers move to industry research). At
Polytechnic Colleges, this ratio is much lower. At PSREs, this mobility ratio is about 3 to 4
percent.

B.4.5 ISR in Germany: A Summary Assessment by Type of Interaction

Contract and collaborative research: Both enterprises and public science institutions regard
this channel of interaction as the most important one for ISR. About 10 % of R&D
expenditure in HEIs are financed by industry while at PSREs, this share is significantly lower
(2 %), and also, some public research labs reach shares of 30 % and more. Contract and
collaborative research between industry and science in Germany is strongly driven by four
forces:

e Firstly, HEIs and PSREs have a strong incentive to attract additional resources from
industry in order to compensate for decreasing funding from the General University Funds
and basic (institutional) financing.

e Secondly, a high R&D potential and sufficient absorptive capacities at a few dozen very
large companies, provides a significant demand for this type of interaction.

e Thirdly, project financing by the Federal government and the L&nder governments for
joint R&D activities with industry in thematic or technology-specific programmes, is a
major stimulus.

e Fourthly, there are several institutions in science which are strongly oriented towards
contract/collaborative research with industry, such as the Fraunhofer-Society, Technical
Universities, Polytechnic Colleges (with respect to consulting) and specialised PSREs.

In conclusion, framework conditions with respect to legislation and intermediaries seem to
have little effect (either positive or negative) for this type of interaction.

Personnel mobility: Personnel mobility from science to industry is high in Germany, with
about 5 % of all HEIs researchers and 3 % of all PSREs researchers moving to industry each
year. This high level of mobility may be attributed to the following framework conditions:

Wages for researchers are significantly lower in HEIs and PSREs, mainly due to a rigid
wage scheme and budget constraints in public science. This stimulates mobility from
science to industry.
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Young researchers in public science (both in HEIs and most PSRESs) usually only get
temporary working contracts. There are also a large number of researchers working on
completed research projects in public science. As further employment within the same
institution is restricted or at least not common, young researchers are forced to move to
other employers, which are often in industry.

At some types of public science institutions such as Technical Universities, Polytechnic
Colleges and the Fraunhofer-Society, the employment of R&D managers from industry as
professors or heads of department is common.

There are however, unfavourable framework conditions too, such as the pension system in
public science and a lack of acknowledgement of non-academic activities for scientific
careers.

Training and education: HEIs are the main provider of highly qualified labour for industry.
There is however, little involvement of HEIs in further education and vocational training for
enterprises. In these areas, specialised institutions outside the HE system offer services to
enterprises. There are no explicit mechanisms to co-ordinate demand and supply for highly
qualified labour in Germany. Rather, there is a free labour market with high inter-regional
mobility and cyclical unemployment of, and shortages in, graduates of certain disciplines,
partly as a result of high fluctuations in the number of new students in industry relevant
studies. In highly demanded fields of study, the number of study places is limited but such
regulation mainly affects the availability of teaching resources in HEIs rather than the
expected demand by industry.

IPR in science: Both HEIs and PSREs increasingly use IPR. The number of patent
applications per researcher in natural sciences, engineering and medicine has risen by 40 %
(HEIs) and 120 % (PSRE) in the period 1987-1997, and is now at about 20 patent applications
per 1.000 R&D personnel, both in HEIs and PSREs. About 7 % of all patent applications at
the German Patent Office stem from public science, which is considerably high when taking
into account the size and structure of the German business enterprise sector and its
specialisation in fields of technology where patenting is a key business strategy. Royalties
from patents however, are not a significant source of income for public science in Germany.
In HEls, this fact is associated with the prevailing IPR-regulation, i.e. patents belong to
individual professors who are free to decide whether to commercialise a patent or not.
Professors are supported by specialised technology transfer bureaux which are run by
individual universities or a regional network of universities. IPR-regulation in HEIs will be
changed in the near future however, giving the right of commercialisation to the universities
and enlarging the support infrastructure. At PSREs, patents belong to the organisation, and
most PSRE institutions run their own licensing bureau. Here, royalties have increased during
the second half of the 1990s.

Start-ups from science: The annual number of start-ups by researchers from HEIs may be
estimated at about 3 to 4 per 1.000 researchers while at PSREs, this figure is somewhat lower.
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Start-ups are facilitated by a quite well developed private Venture Capital market, VC
programmes by the Federal Government (such as BTU) and specific promotion programmes
for university spin-offs by the Federal Government (EXIST) and by five Lander governments.
Furthermore, there is public promotion for start-ups in biotechnology via the BioRegio
programme (five regions) and its successor, the BioProfile programme (competition is still
underway). A main barrier to start-ups from science is perceived as the lack of an
entrepreneurial climate at universities and a lack in managerial knowledge, especially in the
case of researchers from natural sciences and engineering. With the establishment of
specialised professorships for entrepreneurship and start-ups, managerial skills of students and
the awareness towards the creation of new firms, shall be raised.

Networking between industry and science: Both enterprises and public science institutions
report that informal contacts and personal networks between researchers from both sides are
important channels for knowledge exchange. Such informal contacts may take very different
forms: Alumni meetings in HEIs; meetings in advisory boards and scientific committees;
occasional contact at industry fairs, exhibitions, conferences; participation in standardisation
committees etc.; regional forums and events; and many more. A main basis for such
networking is often a common educational background of researchers from industry and
science and personal contacts dating back to the time of study or working experiences in HEIs
and PSREs by industry researchers. At industry, it is mostly medium-sized and large
companies which are involved in such networks.

Involvement of SMEs in ISR: In SMEs, absorptive capacities necessary for the successful use
of scientific knowledge and expertise, are often lacking. The share of SMEs either
performing R&D on a continuous basis or showing patent activity is rather low compared to
EU standards. Therefore, several public promotion programmes attempt to remove these
barriers to interaction, either by providing funding for R&D or by offering consulting services
in order to improve innovation management capabilities. In 1995/97, SMEs (i.e. enterprises
with less than 500 employees) accounted for 17 % of all R&D contracts to public science in
Germany. This was 4.2 % of their total R&D expenditures, which is slightly above the
average share of R&D contracts to public science in total BERD (3.9 %). SMEs main
partners for co-operation in science are universities, polytechnic colleges and Fraunhofer-
Institutes. In Eastern Germany, there are also good contacts to sector specific, non-profit
privately owned research companies.

Science-based industries: Compared to other large, industrialised countries, the high-tech
sector which has strong science links in innovation (computer & software,
telecommunication, pharmaceuticals & biotechnology, instruments and aircraft sectors), is of
a lower significance in the German economy. Its share of total BERD is about 30 %. The
German economy is rather specialised on medium- to high-tech sectors such as motor
vehicles, chemicals, electrical machines and (non-electrical) machinery, which account for
more than 50 % of BERD. In science, there are however, several institutions specialised in
research highly relevant to science-based industries. Research in computer & software,
microelectronics and biotechnology is carried out at some of the large public research centres,
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at many Fraunhofer-Institutes, at Max-Planck-Institutes and at specialised research centres. In
recent years, spin-offs from these institutions in terms of start-ups of new enterprises, of
licensing patents to enterprises and of joint research activities, have increased in number. In
the field of biotechnology, Germany is the European leader with respect to patent applications

today.

B.4.6 Good Practice in Framework Conditions for ISR in Germany

Six examples of good practice in shaping framework conditions favourable to ISR have been
selected. In the main, they refer to different types of institutional settings and are outlined as

follows:

Q) The Fraunhofer-Society as an example of an institutional setting at PSREs favourable
to technology transfer to industry.

(i)  The newly established "Center of Advanced European Studies and Research™ (Caesar)
which represents a transfer oriented type of PSRE with a new type of organisation and
incentives.

(ili)  The patent and technology transfer office at the Max-Planck-Society, called "Garching
Innovation™ which represents effective supportive intermediary infrastructure at large,
basic research oriented PSRE.

(iv)  The so-called "An-Institute™ at universities offering a flexible organisational approach
to carrying out joint R&D with enterprises and other transfer oriented activities such
as training and seminars.

(V) The EXIST-Programme by the Federal Government which aims to promote start-ups
from HEIs and PSREs within a regional network approach.

(vi)  The new action programme by the Federal Government on strengthening ISR -

"Knowledge Creates Markets" - is a joint initiative by the BMBF and the BMWi
which represents an attempt by an integrated, stringent policy approach to foster
interaction between industry and science.
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Fraunhofer-Society: A Model of Institutionalised Technology Transfer

The "Fraunhofer-Society" (FHG) consists of 48 research institutes, a total staff of about 7,200 (on full-time contracts in 2000)
and an annual budget of (2000) 760 million Euro. Founded in 1949, the FHG is organised as a recognised non-profit
organisation specialised in applied research in engineering. Amongst its members are well-known companies and private
patrons. The basic financing was 220 million Euro in 2000, 90 percent of which was provided by the Federal Government
and 10 percent by the Lander (except 3 institutes oriented on military research and financed solely by the Federal Ministry of
Defence).

The Fraunhofer-Institutes focus their research efforts in eight fields:

e  Materials technology, component behaviour

e  Production technology, manufacturing engineering

e Information and communications technology

e Microelectronics, micro-systems technology

e  Sensor systems, testing technology

e  Process technology

o  Energy and building technology, environmental and health research

e  Technical and economic studies, information transfer

The success of the Fraunhofer model, as reflected by steadily increasing budgets, is based on a variety of strategic
elements, including the decentralised management and substantial autonomy of the institutes, which are pre-requisite for
flexible adaptation to the needs of the research market. Another element is the direct linkage between the level of
institutional funding to success in contract research, which is a major incentive for market orientation and entrepreneurial
behaviour. Indicators for success include their high share of contract research for industry (nearly 40 %), the number of
patent applications (1999: 64 per 1,000 R&D personnel), royalties (1999: 5 million Euro, i.e. 0.75 % of the total budget) and
spin-offs (40 to 50 start-ups by researchers in 1998 to 2000, i.e. 6 to 7 start-ups per 1,000 R&D personnel).

Furthermore, the success of the Fraunhofer model rests on a balanced mix of the three sources of support: institutional
funding (35-40 %), public projects (20-25 %), and contract research for industry (35-40 %). On the one hand, a higher share
of institutional funding would imply a decreasing interest of the institutions in industrial contracts, and thus, a diminished
orientation toward industrial needs. On the other hand, a considerable decrease in public funding would reduce scientific
competence and call the institutes' transfer function into question. The financing structure allows both for oriented (strategic)
basic research in new fields of research and for using the results of this research for application oriented R&D which meets
industry needs. The institutional linkage to universities is another vital element in maintaining a high standard of scientific
competence. Some Fraunhofer-Institutes are managed by researchers who hold a part-time professorship at a nearby
university at the same time.

In the German debate on research policy, success with industrial contracts is often seen as the defining feature of the
Fraunhofer model, and the close linkage to science is overlooked. Both elements however, are important to guarantee
effective technology transfer in the long run. Therefore, managing the balance between scientific and technological
competence is a major challenge for the FHG, which is met by regular control of all elements of technology transfer for each
institute. In 1998, a systemic evaluation of the FHG took place. The results reinforced the main success factors of the
Fraunhofer model: integration of strategic and applied research, decentralisation of transfer responsibilities, strategic
planning and audits at the level of institutes. Major recommendations include the increase in flexibility of the wage system
(which is today rather rigid due to the application of the BAT-tariff) in order to attract highly qualified researchers, to re-orient
the disciplinary structure towards life sciences, material sciences and communication technologies, and to increase
networking with other PSREs in Germany (MPG, HGF, WGL).

In 2001, the Research Centre for Information Technologies (GMD), so far one of the 16 large research centres within the
HGF-network, will be merged with the Fraunhofer-Society. In 2000, the GMD had about 1,170 employees and an annual
budget of about 95 million Euro. As a result of the merger, the FhG will become the leading German PSRE in the growing
field of information technology, both carrying out basic research (GMD) and applied research at seven FhG-Institutes.

The Fraunhofer-Society also runs some specialised institutes offering particular transfer services:

o  Fraunhofer Alliances: Fraunhofer-Institutes pool their expertise in co-operative alliances, appearing jointly on the market
to offer their customers a broad range of services. There are currently eight Alliances: Information and Communication
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Technology, Life Sciences, Microelectronics, Surface Technology and Photonics, Production Technologies, Materials
and Components, Polymer Surfaces, and Simulation Technologies (FAST).

e Application Centres: They are run by a Fraunhofer-Institute and provide a research infrastructure to university
professors who are carrying out contract research for industry. The competence of the Fraunhofer-Institute and the
university are combined to offer more customer oriented research services, especially for SMEs in the region with whom
university professors often have better contact. Today there are seven such centres.

e Innovation Centres: There are two such centres (telecommunication technologies and recyclable polymers) which are
constituted as limited enterprises and do not receive any public financing. The purpose of Innovation Centres is to
facilitate and speed up the transfer of new developments at Fraunhofer-Institutes to industry. This function is carried out
through the manufacture of short-run series for market introduction, pilot and field tests.

Source: Schmoch et al. (2000. 154ff), Evaluierungskommission FhG (1998), Abrahamson et al. (1997, 2871f), www.thg.de (March 2001)
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Center of Advanced European Studies and Research (Caesar)

Caesar is a research centre in the field of natural sciences founded in 1995 by the Federal Government and the state of
North Rhine-Westphalia and commenced work in 1999. It is a new type of private foundation with a capital endowment of its
own and major organisational freedom. It is geared to the technologies of the 21st century and focuses on projects with
explicit market orientation. Technology transfer to industry is a major objective of Caesar. Its main characteristics are the
following:

e Caesar takes up seminal research topics on an interdisciplinary basis at the interfaces between information sciences
and physics, chemistry, biology and medicine. Both in terms of research topics and staff, Caesar has a strong
international orientation.

e  Major consideration is given to market orientation of research topics, including a view to its industrial application from
the beginning.

e  Caesar is to develop and test new mechanisms for converting research results into industrial innovation. This includes
the consistent protection of research results by patents and assistance in raising capital and operational support in
setting up new businesses.

o  Flexibility in the choice of topics and staff is to be ensured by imposing a strict time limit on the projects and by efficient
project control, i.e. project management at the operational and strategic levels.

Caesar attempts to reach these goals by:
e conducting multidisciplinary research projects supported by an efficient operational and strategic project control,

e assembling temporary teams of researchers employed by Caesar, as well as staff members from other research
organisations and industry,

o  establishing research teams based on scientific excellence neglecting international and interdisciplinary boundaries,
e developing new mechanisms for commercialisation including the substantial support of start-up-companies,

e  becoming a nucleus for co-operative activities and a focal point for knowledge networks.

Organisation of Research

Caesar will continuously search for new topics and shift its research focuses. Organisation-by-project requires continuous
development and self-examination with respect to scientific relevance and market orientation. By way of example the
founding committee has identified three broad topics for the initial phase:

(i) Material science and nanotechnologies
(ii) Coupling of biological and electronic systems
(iif) Ergonomics in communications

Research teams are the core units within Caesar. They are formed on an ad-hoc basis to tackle specific projects - generally
lasting no more than five years. The project goal is defined jointly by the team leader and the Board of Directors, and this
goal determines the team's size and budget. Teams include scientists employed by Caesar, scientists from the region and
industrial fellows.

Since the basic research themes of Caesar are, by definition, at the interfaces between different scientific fields, the teams
are transdisciplinary and the research methodology will not be rooted in any one discipline but will develop as part of the
research. This method of operation is the leitmotiv of the projects selected for Caesar and is being organised via research in
triplets. Each thematic focus will be worked out by three teams with different viewpoints:

e The model and simulation group is responsible for setting the research via model building and supports the
experimental stage via simulations. Mathematicians, computer scientists and research oriented scientists from other
fields are working in these groups.

e The experimental group carries out the necessary experiments. Natural scientists are in this group.

e An engineering group is responsible for the transmission of the results to the market and there will be application
oriented natural scientists and engineers.

The co-operation among these three groups is indispensable for the success of the projects. Each team is led by a person
who must be an outstanding scientist who is able to lead a mixed group of researchers from various disciplines. Also,

151




Benchmarking Industry-Science Relations: The Role of Framework Conditions

younger scientists with an international reputation are to be considered when filling these posts. The team leader will be
responsible for monitoring and spending the budget, which will be determined jointly by the Board of Directors and the team
leader before work starts. The team leader will also choose team members, in agreement with the Board of Directors.

The three team leaders of a thematic focus - a triplet - work collectively and are co-directing the triplet with the same rights.
The teams focuses on innovations which can be applied to industry - industrial representatives are invited to participate in
Caesar projects. The Board of Directors and the team leaders - and also industry if external funds are involved - co-operate
in providing a budget for each team. The team leaders control their budgets and are be bound by structural elements of
public control such as annual accounting, cover limit and staffing schedules.

The teams progress is measured by an oversight process which includes not only measuring expenses, monitoring
milestones and consumption of resources, but also includes a scientific assessment. By making the research progress
transparent the oversight process is to assist the management and the teams. It is not meant to limit freedom or supervise
the staff but rather to guide and promote foresight.

The team leaders report at least annually on the progress and results of their research. When half the project period has
elapsed, or earlier, the scientific director, with external support, will carry out a progress review which can result in the
reorganisation or re-orientation of the project or even, in its early termination. The Advisory Council is involved in this
procedure.

The Foundation Council consists of representatives from policy (Federal Government, Lander Government and Local
Government), science and enterprises (Bayer and Telecom). In the Scientific Advisory Council, there are both
representatives from universities and public research labs, and from enterprises (Siemens, BMW, IBM and BST).

Today, Caesar has a staff of about 100, a third being senior researchers. There are currently 12 research teams. Within the
next few years, the number of employees shall increase to 350. The total capital of the Foundation is 383.5 million €, 91 %
was provided by the Federal Government and the remaining part, by the Lander government of North Rhine-Westphalia.
Nearly 100 million € are used for investments. Financing is provided by interests from the foundation capital but the majority
will come from research project funding, both using public (national and EU) and private (industry) sources.

Interaction with industry is carried out in several ways:

e  Participation of industry representatives in the Foundation Council and the Scientific Advisory Council (Bayer, Deutsche
Telecom, Siemens, BMW and BST).

o Presentations at fairs, conferences and lectures.

e  Contract research for enterprises.

e R&D projects carried out jointly by Caesar and enterprises.
e  Temporary personnel mobility from enterprises to Caesar.
e  Start-ups by scientists.

o Personal networks between scientists and researchers from enterprises.

Source: www.caesar.de, March 2001
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Garching Innovation - the TTO at the Max-Planck-Society

The "Garching Innovation GmbH - Technologien aus der Max-Planck-Gesellschaft" (Gl) handles technology transfer for the
Max-Planck-Society (MPG). The main task of Gl lies in seeking out inventions and know-how in the Max-Planck-Institutes
and exploiting them by the conclusion of sales, licence and option agreements with industry, at home and abroad. Gl
investigates these inventions, estimates their economic potential and advise the institutes on the scope of protection of
patent applications and the territories in which protection should be sought. Gl also supports start-up activities by
researchers at MPG.

With respect to industry, Gl informs interested commercial enterprises on the actual state of research at MPG and promotes
contacts with the business world. It assists companies in concluding scientific co-operation and consulting agreements, as far
as these relate to inventions and know-how from the institutes of MPG.

Economically exploitable research results arise in almost all areas of the Max-Planck-Society. The fields of operation of Gl
can be subdivided as follows:

e New Materials

e  Apparatus and Sensors

e  Medical Technology

o Diagnostic and Pharmaceutical Compounds
e  Biotechnology and Genetics

e Plants

e  Software

Garching Innovation was founded in 1970. At present, Gl has 13 employees, including a managing director, four scientists,
two economists, and a lawyer. An advising board, to which experts from research, scientific administration and industry
belong, assists Gl and its parent, the MPG, in important questions concerning the structuring of the company and on licence
policy. Gl is financed by the general budget of MPG, which mainly stems from institutional funds from the government.

Garching Innovation is a mediator between research and industry. It advises the institutes when inventions are made and
instructs external patent attorneys to formulate and file patent applications on behalf of the Max-Planck-Society. It is Gl's aim
to conclude agreements with industrial partners. For this, Gl tries to find suitable partners for their projects. The negotiation of
appropriate licence conditions is the task of Gl in agreement with the institutes. Knowledge of companies and individuals, as
well as visits to many exhibitions and conferences, are the basis for successful contacts. A comprehensive archive of
concluded agreements serve as a foundation for future work.

Success Indicators

Garching Innovation has taken care of about 1,600 inventions since 1979 and has exploited 905 of them. The total net
revenue runs to about 154 million DM, half of which originates abroad. In 1996, the MPG held a total of about 800 inventions.
Patent applications are filed for between 100 and 120 new inventions each year. In 1998, 72 licence and option agreements
were concluded. They netted MPG around 8.7 million € in licence fees. The income from licence agreements has risen
considerably in recent years. The statistics are however, still determined by outstanding individual inventions. Further
substantial contributions to turnover are expected from Gl's industrial partners and will determine the picture in the future.

Through their contacts with industry, Gl acquired research funding of 12.6 million € for the institutes of the MPG between
1993 and 1998 (which is about 0.3 % of total R&D expenditures during this period). The foundation of innovative businesses,
with Gl participating in their creation in different ways, is of increasing significance, although the absolute number of start-ups
from MPG supported by Gl is still small.

Year Number of patent Number of licence, Royalties Number of R&D expenditures
applications option agreements in million € Start-ups at MPG in million €

1993 69 69 37 2 731

1994 92 46 3.8 1 750

1995 83 51 6.0 1 810

1996 120 54 25.0 2 892

1997 167 69 11.7 8 885

1998 134 72 8.7 5 956

1999 n.a. n.a. n.a. 4 1,026

Source: www.garching-innovation.mpg.de, March 2001
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"An-Institutes”: Flexible Organisation for Technology Transfer at HEI

While universities are the most preferred partner by the science sector for innovative enterprises in Germany, the
administrative framework and bureaucratic procedures at universities may impede interaction. This concerns, for example,
the employment of research assistants, the purchase of research equipment and the financial questions concerned with the
non-profit-status of public science in Germany. One way to overcome restrictions on ISR imposed by university regulations is
to establish external institutes.

A special type of such external institutes are the so-called "An-Institutes”. An-Institutes are legally defined as independent
bodies of universities in order to achieve sufficient administrative flexibility. They may have a completely private or semi-
public status. In most cases, they are non-profit institutions and thus, pay reduced taxes. Important common characteristics
of all An-Institutes are that they are officially acknowledged by universities and operate under a co-operation agreement.
Some Federal States (L&nder) have official rules and regulations for An-Institutes.

The main goals of An-Institute are to
o foster technology transfer and application-oriented research and development;

e perform research in areas that are the focus of university research; and
o  perform research that does not fit into the administrative structures of universities.

An-Institutes are "mediators” between universities and industry. Because of their legal independence, they have short
decision paths and can react to market demands and opportunities in a flexible way. Furthermore, they can establish a
business-oriented budgeting and accounting system. For example, they can freely use their budgets for special remuneration
of their staff, for public relations activities, or for the professional training of their researchers. For interested companies,
especially SMEs, the research areas and competence of An-Institutes are more transparent than those of large universities
with a variety of faculties, and international institutes. This is a special advantage that helps An-Institutes to get involved in
regional networks and attract attention.

At the same time, An-Institutes have close relations to universities and thus, good access to basic research. In most cases,
the directors of An-Institutes are also regular (part-time) professors at universities and are engaged in teaching. An-Institutes
are able to offer students attractive research possibilities and thus, can attract the brightest students which may be another
competitive advantage for interaction with industry.

Some critics fear that university research activities are being shifted too strongly to An-Institutes, and consequently,
universities may loose external funds from industry. In reality, universities generally profit from the industrially oriented
activities of An-Institutes and acquire additional funds through the co-operation agreements.

The various An-Institutes differ not only in their legal status, but also in the scope of their research. Some An-Institutes have
narrow markets linked to a special industry, for example VLSI design for the microelectronics industry (Institut fir
Mikroelektronik [IMS], University of Stuttgart). Others have broad markets, for example, software systems for the
manufacturing industries (Oldenburger Forschungs- und Entwicklungsinstitut fiir Informatik-Werkzeuge und -Systeme
[OFFIS], University of Oldenburg). The institutes with broad markets normally have multiple directors. As a general rule, An-
Institutes carry out research in areas close to so-called 'science-based industries’ such as information technology and
microelectronics.

The various legal status correspond to their diverse budget structures. In some Lé&nder, e.g. Baden-Wirttemberg, the An-
Institutes receive one-third from contract research for industrial clients and one-third from projects for public clients, such as
the BMBF, the European Commission, the Lander and others. In this regard, the model of the An-Institutes is comparable to
that of Fraunhofer-Institutes. However, many An-Institutes receive no public contribution to their institutional base and thus,
depend almost totally on private and public contracts. In some cases, industrial partners provide some institutional funds.

The main problem for An-Institutes is survival in a market that is dominated by competitors from large institutions with
superior organisational skills and networks (e.g., Fraunhofer-Society), more generous basic funding (e.g., large public
research centres), or hidden overheads (e.g., universities). Therefore, only An-Institutes with a special competence profile,
close linkages to industrial partners, and dynamic structures, have the potential for long-term survival.

The activities of An-Institutes at universities represent a considerable portion of technology transfer. In 1997, their total
number of R&D personnel was about 4,500. In 1999, their total budget was 442 million Euro, 88 % of which (390 million
Euro) was devoted to R&D. Assuming that at least one third of this amount was financed by industry, the industry income by
An-Institutes is 13 % of the total R&D financing by industry at HEI in Germany.
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Source: Abrahamnson et al. (1997, 2871f), BMBF (2000)

EXIST: Promotion Programme for University-based Start-ups

The German EXIST-programme is an example of a start-up promotion from universities using a regional network approach
and supporting only a selected number of projects which serve as 'best practice' examples. Through the identification of
critical success factors, university start-up initiatives in other regions can use the supported projects as models. Furthermore,
the 'best practice' examples should stimulate competition among HEI by providing framework conditions conducive to start-
ups.

The EXIST programme has four main objectives:

(i) to establish a culture of entrepreneurship in teaching, research and administration at HEI,

(i) to increase the knowledge spillover into economic value added

(iif) to foster the transfer of business ideas and entrepreneurial potential at HEI and PSRE into real business activities
(iv) to increase the number of technology-based enterprises and innovative services, combined with the corresponding

labour market effects.

The EXIST programme started in December 1997 with the launching of a competition. The aim of the competition was to find
the best concepts for achieving the objectives mentioned above by building a network of relevant regional institutions
(university, public research organisations, technology transfer, firms, public authorities etc.). To qualify for participation, at
least three different partners from a region had to work together, including at least one higher education institution. A total of
109 proposals for regional networks were brought to a jury which selected 12 most promising proposals. In many cases of
rejected proposals, the participation in the competition was enough to start the process of networking, improving framework
conditions and drawing increased attention to new firm formation as a professional option for graduates. Thus, the
programme affected university start-ups even in the pre-promotion stage and without spending any public money. This effect
was proved by an analysis of 47 regions.

In a second round of competition, five proposals were awarded prizes as the best regions (Wuppertal, Karlsruhe, Stuttgart,
lImenau-Jena and Dresden). In December 1998, these five regions started the realisation of their network concepts. The
approaches, starting conditions and main emphasis of the five regional networks differ widely and reflect the heterogeneity in
public higher education and in regional economic structures. Each approach builds on the specific potential in the region and
covers very different numbers of participating institutions (from 15 to 60). All networks have central contact agencies which
give advice, help establishing contact between network members and distribute information.

The EXIST programme gives financial support for different purposes. First, the network itself is sponsored by the EXIST
funds. Second, scientific support and on-going evaluation is financed within the programme. Third, countrywide publicity on
activities and success within the five networks is a major mechanism for stimulating similar start-up initiatives in other
regions. Forth, direct individual support to new firm founders is provided by the sub-programme EXIST-Seed.

EXIST-Seed provides support in the very early phase of new firm creation, i.e. the formulating of business ideas and the
development of enterprise concepts. The target groups are students, graduates and young academic staff, either individuals
or teams up to three persons. Financial support is available for start-up activities in the phase before a full business plan has
been developed i.e. the focus is on encouraging the successful translation of a business idea into a business plan. Financial
support covers the entrepreneurs' livelihood, the funding of consulting services, expenses incurred prior to the setting-up of a
business and expenses for filing patents. A pre-requisite is that the university provides a mentor and a workplace and
guarantees that the entrepreneur may use the university's infrastructure. Furthermore, the entrepreneur must be assisted by
the regional EXIST network. Funding may be granted for up to one year and up to 20.452 Euro per annum for students, and
38.347 for academic staff (including a lump sum). After six months, the progress of the project is assessed by the mentor and
the administrating agency of the Programme.

In 2000, a new sub-programme called EXIST-HighTEPP (High Technology Entrepreneurship Post-Graduate Programme)
started. It shall improve the entrepreneurially oriented education at HEI and aims to increase the academic potential in the
field of management of start-ups, and to offer a high-quality education for managers of young, technology-oriented
enterprises. The sub-programme runs at three universities (Jena, Bamberg, and Regensburg) and focuses on biotechnology
and information technology. A major approach is that both managers and natural scientists get experiences in the other
fields, hence fostering interdisciplinary learning. The sub-programme also includes placements at companies.

Further cross regional measures are being developed by EXIST and will be open to other networks and regional initiatives,
such as incentives for professors to support university-based start-ups, training for lecturers and consultants who give advice
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to start-up companies, setting up and testing model structures in industrial property rights and a "virtual academy for
company founders" for the target group of new media. These measures are always centred on model projects (also outside
the five EXIST-networks). The results and lessons learned by the model projects are made available countrywide.

The public funding for EXIST was about Euro 7.5 million per year in the first years (1998-1999). In 2000, funding was
doubled to about Euro 15 million annually. The on-going evaluation of the EXIST programme shows that there is a strong
demand for start-up related qualification and further education measures in each of the five regions. In some regions, new
curricula were introduced particularly dealing with new firm foundation. A network analysis in the five regions came to the
result that in most regions, new network connections among the participating actors and institutions had been built up. Until
the beginning of 2001, nearly 200 start-ups received support in the five EXIST regions. An especially high level of success is
reported from the Karlsruhe region (KEIM) and Stuttgart region (PUSH).

Source: www.exist.de
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Action Programme "Knowledge Creates Markets"

Announced in March 2001 by the Federal Ministry of Education and Research (BMBF) and the Federal Ministry of
Economics and Technology (BMWi) jointly, this action programme aims to foster industry-science relations on a broad scale,
by addressing various channels of interaction and stressing the important role of an appropriate incentive scheme in public
science, and to increase sufficient absorptive capacities and awareness towards science on behalf of industry.

In the document, the Federal Government notices that Germany has excellent framework conditions for using the potential of
the knowledge based economy, i.e. the competence in public research and enterprises are high, export performance is
strongly based on the integration of high-tech in traditional products, and new firm creation accelerates structural economic
changes. There is also a high willingness among science and industry to put new technological and organisational
developments into practice. However, the level of interaction between industry and science is perceived to be lower than one
would expect, and there is a high potential for further co-operation. Therefore, knowledge and technology transfer between
industry and science must receive the highest priority in the sense of a fruitful public-private partnership. The action
programmes are intended to foster these interactions by providing several types of incentives and by reforms to the
framework conditions for co-operation. The programme addresses four central fields of activity:

e commercialisation of research results,
e  promoting start-ups by scientists and in the field of new technologies,

e setting incentives and favourable framework conditions for transfer activities and establishing partnerships between
industry and science,

e supporting enterprises in building up and strengthening their innovation competence.
The programme consists of 26 action areas, most of them comprising different individual measures:

1. Establishment of a supportive commercialisation infrastructure for universities and public research establishments in the
field of patenting and licensing on a regional level.

2. Areform of intellectual property regulation for professors at higher education institutions.

o

Promoting qualification measures at universities and public research establishments in the field of patenting and
research results commercialisation.

Providing funding for patent applications by higher education institutions.
Support for the introduction of a period of grace for novelties on a European level.
Building up communication and co-operation platforms among intermediaries in the field of technology transfer.

N o o &~

Introduction of a uniform Internet platform on science and technology, offering a one-stop information service on
research activities and transfer activities in public science and research in Germany.

8. Financial and consulting support to scientists at all German universities and public research institutes, planning to
create a new enterprise.

9. Creating a favourable climate for start-ups in public science institutions, including start-up labs, business angels,
disseminating good practice in promoting start-ups from science, increasing the consideration of start-ups as part of the
commercialisation of research results in public science institutions.

10. Introducing a general framework for improved co-operation between public science institutions and public venture
capital financing institutions.

11. Enlarging the number of professorships for entrepreneurship at universities, introducing new courses with respect to the
management of a start-up.

12. Increasing co-operation among public science institutions, partially by reforming the institutional affiliation of research
institutes, such as the merger of the GMD research centre for information technologies with the Fraunhofer Society.

13. Incorporating industry perspectives in long-term research planning in public science, especially in the large public
research centres, including a stronger programme-oriented public financing of the HGF centres (project financing
instead of basic financing).

14. Promoting industry-science research co-operation also in the field of long-term oriented, strategic research, including
stronger financial contributions by enterprises to more basic oriented research, and the participation of enterprises in the
definition of such research activities in public science.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Incorporation of technology transfer within the mission of public research institutions, both within the HGF-network and
Federal departmental laboratories.

Strengthening regional innovation networks in the New Lé&nder, including a new measure on innovative regional growth
poles and regional innovation forums which should bring together industry and science in order to develop joint
innovation strategies.

Involving SMES in international co-operation and thematic research programmes by offering special consulting services
and by systematically exploring the barriers existing at SMEs, including a "innovation dialogue" for SMEs.

Systems evaluation of the public promotion of collaborative research between SMEs and public science institutions by
the Federal Ministry of Economics and Technology in order to increase efficiency in this line of policy activity.

Increasing the ability of Polytechnics (Fachhochschulen) to engage in transfer activities (especially with SMEs) by
increasing the funding for R&D at Polytechnics.

Increasing the individual benefits of transfer activities by scientists, including the reform of employment regulations at
higher education institutions in the field of the wage system, i.e. introducing variable elements of salary, and
disseminating successful models of other types of individual reward for the engagement in transfer activities.

Improving innovation competence at SMEs as a precondition for interactions with public science institutions by
promoting the development of continuous learning mechanisms in enterprises, the strengthening of individual
occupational competencies, and the introduction of network-oriented learning in SMEs.

Reducing information deficits in SMEs concerning the supply of training and consulting services by establishing a new
Internet platform on the German education system, including all public education and training institutions in Germany.
Furthermore, it is checked whether quality circles among these institutions and the evaluation of their services might
reduce information asymmetries existing at SMEs.

Introducing innovation related issues as part of examinations for the title of masters, fostering the introduction of
innovation management in education of apprentices and the training of employees in the handicraft sector.

Making new information and communication technologies, and electronics more available to all fields of traditional
handicraft by further developing occupational and technology centres for handicraft to form a national network of
thematic competence centres in certain fields of technology. Furthermore, the number of technology consultants for the
handicraft will be increased.

Increasing the supply of vocational training courses by higher education institutions (within the new system of master
courses) and support for the introduction of new education courses in the field of innovation management.

Accelerating the transmission of new research results into higher education courses by initiating and promoting models
of a new qualification network consisting of higher education institutions, public research centres and industry. It is
intended that public research centres and enterprises will complement courses offered by higher education institutions
in the field of application oriented qualification.

The programme represents an example of a comprehensive policy approach towards fostering ISR, taking into account the
huge variety of potential channels for the exchange of knowledge and technology. A main distinctive feature of the Action
Programme is that it addresses framework conditions that guide individual decisions on ISR, such as institutional incentives
and barriers, absorption capacities at enterprises, and infrastructure and platforms for bottom-up co-operation initiatives.

Implementation approach

The action programme will be implemented on the basis of individual measures. Time horizons and financing modes differ
from measure to measure. There is no programme-specific budget and no central authority responsible for the
implementation of all actions. Rather, a decentralised implementation approach is followed. The action programmes also
take up some that exist already and which will be re-designed in the context of the Action Programme.

Source: www.bmbf.de
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B.5 Ireland®

B.5.1 Knowledge Production Structures in Ireland

Ireland reports a significant increase in R&D activities. At the beginning of the 1990s, R&D
expenditure as a percentage of GDP was about 0.9, while in 1997 this ratio was 1.4. In recent
years, the fast growth in R&D activities has continued. Today, Ireland is in 11th place out of
26 OECD countries with respect to this indicator and this brings the country on a par with the
European average.

Table B.5.1: R&D Expenditures in Ireland 1997 by Financing and Performing Sectors (in million €)

Performing Sector Financed by Total

Enterprises State* Abroad million € % % of GDP
Enterprise Sector 619 40 20 679 73 1.01
PSREs* 12 57 6 75 8 0.11
HEIs 11 125 37 172 19 0.26
Total (million €) 643 221 62 926
Total (%) 69 24 7 100 1.38

* Including the very small private non-profit institutions sector.

Source: OECD (2000), calculations by the authors

The enterprise sector is by far the dominant group of actors in the Irish R&D system,
performing 74 % of all R&D expenditure. In aggregate terms, R&D activity in Irish industry
continued to grow during the 1990s. Total business expenditure on R&D in 1997 was € 643
million or 1.01 % of GDP. In science, HEIs are twice as large as PSRESs, the PSREs sector
being of little relevance to the Irish R&D system (Table B.5.1). R&D at enterprises is
overwhelmingly financed by the enterprise sector itself, while the government is the main
funding source for HEIs and PSREs. R&D financing from abroad was rather low in 1997 but
shows an increasing tendency. The financing of R&D in HEIls is mainly based on project
financing, while money from the General University Fund (i.e. grant-in-aid by the Higher
Education Authority) accounts for 42 % of total R&D financing (Table B.5.2). At PSREs,
about two thirds of R&D money comes from basic financing via the Exchequer Fund. Both
for HEIs and PSREs, the national government is the main funding source for R&D.

Table B.5.2: Financing Structure of R&D in HEIs and PSREs in Ireland 1999 (in %, estimates)

Public Financing Source HEIs PSREs
Basic Financing (GUF) 42 ~ 65
Project Financing and other financing sources 58 ~35
National Government 66 76
Other Sources (enterprises, internal financing, abroad) 34 24

Source: Forfas (2000), own survey and calculations by the authors

15 This chapter is based on the national report on ISR in Ireland (Evertsen 2001).
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In industry, it is estimated that there were approximately 1,250 enterprises with some
involvement in research and development in 1997 - of these, over 70 percent are Irish-owned
and about 30 percent are foreign-owned. However, the scale of R&D activity within these
enterprises is very low in many cases and particularly so for the indigenous group. Most
Irish-owned R&D performers are SMEs and the absolute size of R&D expenditures is low.
Therefore, Irish-owned enterprises account for only 36 % of total business R&D in Ireland,
while foreign-owned enterprises are responsible for 64 %. However, the industrial and
technological skills and R&D capacities are most realistically reflected by the Irish-owned
sector. The foreign-owned sector enterprises benefit from their location in Ireland but obtain
their primary entrepreneurial impetus and R&D capability from their countries of origin.

Furthermore, Irish-owned and foreign-owned enterprises are specialised in different industrial
sectors. Foreign-owned enterprises dominate in the high-tech sectors such as
pharmaceuticals, office machinery & computers, communications equipment and medical &
optical equipment, while Irish enterprises dominate in the traditional sectors, including food,
wood & wood products, paper and printing, non-metallic minerals and basic metals.
However, average R&D intensity of indigenous manufacturing is similar to that of foreign-
owned manufacturing (1.1 % versus 1.2 %). Given the different sectoral mix, this seems
surprising but can be explained by the fact that indigenous manufacturing has an average
R&D intensity (compared to international standards) in ‘low-tech' sectors where R&D
intensities are generally low, while the R&D intensity of foreign-owned 'high-tech’ sectors, is
low by international standards. Only one in five foreign-owned enterprises in Ireland can be
described as a 'research performer".

As Table B.5.3 demonstrates, the majority of R&D expenditures within the Irish enterprise
sector are concentrated on the high technology sectors™ (46 percent), with foreign-owned
enterprises as the main actors. Compared to the EU average, the share of R&D performed in
low-tech sectors is rather high. There is also a significant share of business R&D carried out
in 'high-tech services' such as software.

Table B.5.3: R&D Expenditures in the Irish Enterprise Sector by Sectors 1997

Sector Share in R&D Expen-
Business R&D  ditures in % of
Expenditures GDP
(in %)
High-Tech Sectors (NACE 24.4, 30, 32.1, 32.2, 33, 35.3) 46 0.47
Other Technology Sectors (NACE 23, 24, 29 to 35 excl. high-tech sectors) 21 0.21
Other Manufacturing (NACE 01 to 45, excl. technology/high-tech sectors) 20 0.20
IT-Services (NACE 64, 72, 73)* 11 0.11
Other Services (NACE 50 to 99, excl. IT-Services)* 2 0.02

Source: OECD (2000), calculations by the authors

16 High-tech sectors are (NACE-codes in parentheses): pharmaceuticals (24.4), office and computer machinery (30),
electronic components (32.1), telecommunication equipment (32.2), instruments (33) and aerospace (35.3). Other technology
sectors are refined petroleum products (23), chemicals (24) excl. pharmaceuticals, machinery (29), electrical machinery (31),
radio and television equipment (32.3), motor vehicles (34) and other transport equipment (35) excl. aerospace.
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Despite the large number of R&D performing SMEs, R&D activities in industry are
concentrated on a small number of enterprises. Only 60 enterprises annually spend more than
IRE 1 million on R&D and together, they account for two thirds of total BERD.

Table B.5.4: R&D Expenditures in the Irish Enterprise Sector by Size Classes of Enterprises 1997

Sector Share in %
Small Enterprises (< 100 employees) 32
Medium-sized Enterprises (100 to 499 employees) 57
Large Enterprises (500 to 9,999 employees) 11
Very Large Enterprises (10,000 employees and more) 0

Source: OECD (2000), calculations by the authors

Nevertheless, the SME sector is of crucial importance to ISR in Ireland. The behaviour of
SMEs concerning contact and co-operation with science determines the absolute level of ISR
in Ireland. However, SMEs are often said to lack absorptive capacities in order to recognise,
adopt and process new knowledge and technologies produced in public science. According to
different indicators on SMEs' absorption capacities as provided by the CIS2, the Irish SME
sector seems to perform rather well with respect to EU standards (Table B.4.5)"".

Table B.5.5: Relative Innovation and R&D Performance of SMEs in Ireland

Manufacturing Services
Very small Small Very small Small
enterprises  enterprises enterprises enterprises
(< 50 em- (50-249 (<50 em- (50-249
ployees)  employees)  ployees)  employees)

Share of Innovative Enterprises* 1.10 0.94 1.14 0.69
Innovation Expenditures as a Share of Turnover* 1.22 1.54 2.67 0.64
Share of Turnover due to Innovative Products* 1.42 121 n.a. n.a.
Share of Enterprises with High R&D Intensity** 2.38 2.03 1.29 3.55
Share of Enterprises with Medium R&D Intensity** 1.55 1.33 0.83 0.17
Share of Enterprises Engaged Continuously in R&D** 1.46 1.25 0.56 0.94
Share of Enterprises Having Applied for a Patent** 1.10 0.99 0.19 0.95

* Figures show the relation of Irish SMEs' performance to the performance of SMEs in the EU average, normalised by the
respective relation of all Irish enterprises to all EU enterprises: (*M&x,g;/*xg;)/(Xiri/Xg;), X being the variable considered, IR
being Ireland, j being the sector considered (i.e. manufacturing and services), and SME indicating that the variable is
measured for SMEs only. The EU average is the mean weighted by the number of enterprises of all EU countries (except
Greece): Values above 1 show that SMEs are more innovative than in the EU average.

** Figures show the relation of SMEs in Ireland to SMEs in the weighted mean of all EU countries (except Greece):
SMEx ril>MExg;, X being the variable considered, IR being Ireland, j being the sector considered (i.e. manufacturing and
services), and SME indicating that the variable is measured for SMEs only. Values above 1 show that SMEs are more R&D
and patenting oriented than in the EU average.

Source: Eurostat-CIS2, calculations by the authors

17 In order to compare innovation performance as reported in the CIS2 among EU countries, one has to take into account
national variations in the way innovation was defined (see Leppélahti 2000). Therefore, innovation performance indicators
for SMEs are calculated with respect to the national average and the EU average, respectively, and these ratios are compared
in order to position Irish SMESs' innovation activities. With respect to R&D and patent indicators, there seem to be less
serious definition biases, thus one can directly compare SME performance on a national level with SME performance on EU
average.
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Table B.5.5 makes clear that the share of firms that have introduced new products is above the
EU average in the small firms, as is the share of innovation expenditure in turnover and the
share of turnover due to new products. The share of firms with high or medium R&D
intensity is above the EU average in the manufacturing sector but not in the service sector.

In Ireland, the manufacturing sector shows low R&D intensities in general, and also when
compared to the OECD average in each sector. However, the share of firms with high or
medium R&D intensities is above the EU average in the manufacturing sector. This evidence
points to the fact that R&D is carried out in most enterprises at a low intensity, and that large,
R&D intensive companies are missing in Ireland.

Research in public science in Ireland is strongly oriented towards the natural sciences and
engineering (Table B.5.6). More then 60 percent of all research activities in HEIs take place
in these fields, which may be regarded as especially relevant both to R&D and innovation
activities at enterprises. Research in social sciences accounts for almost 20 percent of R&D
expenditures in HEIs. Instead, research in the medical and agricultural sciences and
humanities combined, account for only 20 percent. For the PSRES sector, no recent data is
available. In 1994, about 80 % of all R&D expenditure went to the natural sciences,
engineering, medicine and agricultural sciences sectors.

Table B.5.6: R&D Expenditures in the Irish Public Science Sector by Fields of Science (in %)

Sector HEIs (1998) PSREs (1994)
Natural Sciences 37

Engineering (incl. Agricultural Sciences) 24 81
Medical Sciences 8

Agricultural Sciences 3

Social Sciences 19 19
Humanities 9

Source: Forfas (2000) OECD (2000), calculations by the authors

The structure of the Irish HEIs sector is made up of Universities, Institutes of Technology
(Technical Colleges) and other Third Level Colleges (Colleges of Education) (see Table B.5.7
for more detail). There are only a few PSREs in Ireland, most of which are involved in
specific sectoral interests. The knowledge production at tertiary level in Ireland is based on
Private and Public Institutions. Both are governed by their own Government acts. In
addition, a number of private Colleges provide specialised training and education.

There are eight™® Universities in Ireland. Universities and other designated institutions are
funded directly by the Higher Education Authority (HEA). The government is the main
provider of HE research funds in Ireland, through both direct and indirect sourcing of funds.
Indirect funds are the single largest funding source for higher education research in Ireland,
accounting for 43 % of the total, but they do not provide support for incremental costs
associated with individual research projects. Direct funding of research projects comes from

18 Including one Pontifical University.
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government departments and their agencies (including Enterprise Ireland®®, Health Research
Board, the Marine Institute, COFORD (Forestry and Timber) and Teagasc?).

Table B.5.7: Main Characteristics of Major Institutions in the Irish Public Science Sector (HEIs & PSRE)

Institution Share in Total Structure Main mission Research Level of Firm
Public Science Orientation Interaction
R&D (1998)
Universities 61 8 universities, education and basic, strategic divergent
including 1 research and applied
Pontifical research
University
Institutes of 5 14 institutes technological strategic medium to high
Technology education and applied
applied research research,
consulting
Technology 8 26 centres at  technology transfer applied high
Service Centres third level research,
and PATs colleges consulting
Teagasc (incl. 26 120 locations  advisory, training, applied high
Agriculture and in Ireland, 9 research research
Food Centres) thematic R&D
centres

Source: Forfas (2000), compilation and calculation by the authors

There is quite a variation in the sources of research income that are received by the different
fields of science. In the area of social sciences and humanities, 68 % and 85 % of their
research income respectively, comes from an indirect government source. In contrast to this,
the natural sciences, engineering and medical sciences are not as dependent on these indirect
government funds. These three areas have seen a combined real increase of € 29.3 million
since 1992 from the EU and direct government sources. The monies under direct government
sources have a high portion (75 % on average) of Community Support Framework funds
included in them.

As the interaction with the business sector intensifies, universities are increasingly involved in
applied and technical tasks. Applied research has increased by € 50.9 million (125 %) in real
terms since 1992 and experimental research has also increased by € 12.1 million in real terms.
There is a strong bias in the engineering and agricultural sciences towards the
applied/experimental end of the research spectrum, with nearly 80 % of research being carried
out in this area. Basic research has also increased significantly over this period by € 37.2
million (81 %) in real terms, although its share of the total has decreased from 45 % in 1992
to 41 % in 1998. Applied research increased from 40 % in 1992 to 45 % in 1998.

Upon a co-operative initiative by the three universities on the Atlantic seaboard - University
College Cork (NUI Cork), National University of Ireland, Galway (NUIG) and University of
Limerick (UL) - the Atlantic University Alliance (AUA) was formed in May 1999. The

19 Enterprise Ireland: Agency concerned with the development of Irish Industry sector.
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objective of the AUA is to facilitate the effective transfer and commercialisation of
technology within industry, and between industry and university. It provides an integrated
approach to assist the economies of the western, mid-western and southern regions. The aim
of the AUA is to harness the collective strengths and resources of NUI Galway, NUI Cork and
the University of Limerick, to facilitate innovation within companies and to meet the training
requirements of industry, especially the indigenous industry within the three regions served by
the Universities.

There are fourteen Institutes of Technology (IoTs) in Ireland. The I0Ts represent a major
development in the provision of higher technical education and play an important role at
regional level in providing for recurrent educational needs by way of full-time and part-time,
day and evening programmes. Institutes of Technology do not have the same track record as
the Universities in supporting industry-relevant research - legislation allowing the Institutes to
participate in R&D activities was only introduced in 1992. Consequently, ISR activity within
the Institutes of Technology is in its infancy by comparison to the university sector - the
major factor being that staff have to carry out any R&D in addition to their administrative and
lecturing tasks. No allowances are made to reduce these obligations. Currently, discussions
are taking place to allow a certain amount of overheads to be charged to a research project,
facilitating the employment of supplementary staff to fulfil administrative and lecturing
obligations. 10Ts are an important partner for SMEs in innovation. TecNet is a network
formed by the 10Ts to promote co-operation in this respect.

There are 26 technology specific Technology Service Centres, housed in most of the Institutes
of Technology and Universities around the country. These are campus-based centres, focused
on specific technology areas, which provide a range of services to industry, for example:
research and development, technology consulting, testing, industrial training and technology
demonstration. The Centres are built on existing strengths and expertise in the colleges.
There is a wide range of scientific and technological expertise available in the HEIs sector
that is a valuable resource for industry. However, the full potential of the resource cannot
always be realised while access to it depends on ad hoc interactions between industry and
individual scientists and technologists in a college. Technology Service Centres are expected
to ensure a well planned and professionally delivered service, which is responsive to the needs
of industry and commercial in its approach.

The work of the Technology Service Centres is perceived as central to raising the level of
innovation in Irish enterprises so that they can compete successfully in world markets. The
Centres complete over 1,200 contracts every year and generate an income of around € 2.5
million. Over 300 Irish-owned enterprises use the services of the various Centres each year.
The Centres themselves provide employment for about 100 engineers and researchers. The
public funding which each Centre receives is for a limited period only but enables them to get
established and develop independent sources of income. Each Centre is expected to become

20 Teagasc: Agency concerned with the development of Irish Agriculture sector and includes the National Food Centre.
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financially viable within about three years. The back up and support of their host colleges is
essential to the continued success of the Centres.

The PAT (Programme for Advanced Technologies) run centres of expertise (PATS) within the
Universities that provide a joint research lab facility. They are considered to have made a
significant contribution to promoting spin-offs from collaborative research. The PATSs are
designed to manage the commercialisation of technology and ideas developed within
universities.

The PSREs sector is not very relevant to the Irish research and innovation system, except to
some extent in the Agriculture and Food sector. Teagasc is a semi-state body that provides
integrated research, advisory and training services for the agriculture and food industry in
Ireland and employs over 1,500 people at 120 locations throughout Ireland. The National
Food Centre is involved with the development of food safety and food products, and the
Health Research Board deals with national health aspects. Often the research at PSRES is not
focused on commercialisation but their main mission is to provide public services.

In summary, the knowledge production structure in Ireland has developed well in the past
decade, and Ireland has experienced a remarkable growth in R&D activities. In the main, this
growth may be attributed to foreign-owned firms in high-tech sectors who used a favourable
business climate to establish new production sites. Despite their high-tech orientation, the
level of R&D performance by foreign-owned enterprises is lower than the EU average in
these industries. At the same time, more and more indigenous manufacturing enterprises -
almost all being SMEs - have become more intensively involved in R&D activities. The
growing knowledge orientation of the Irish industry is faced with a rather small public science
sector, the HEIs being the main R&D performer. However, universities and colleges
traditionally had a strong focus on education and academic oriented basic research activities.
While the education of graduates who become R&D personnel in industry remains a major
contribution to industrial innovation (and the growing shortage of highly qualified personnel
raises the importance of this area of ISR even more, see B.5.4), the growing demand for
knowledge interaction in industry contributes to the fact that HEIs become increasingly
involved in applied research and technical tasks.

B.5.2 The Level of ISR in lreland

The level of ISR in lIreland is described by a set of indicators and assessments on the
significance of various interaction channels. Table B.5.8 lists the indicators used and the
main results. It also indicates those areas where ISR in Ireland may be regarded as above
average with respect to EU standards. There is however, a lack of quantitative data and for
many areas of ISR, the level of interaction is only available on the basis of expert assessment.
While those indicators with available quantitative information (i.e. financial flows from
industry to science, and co-operation in innovation projects) show lIreland's performance in
ISR to be rather good, expert assessments for other channels of interaction suggest a low level
of ISR.
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Research co-operation between industry and universities has increased dramatically over the
past few decades. Although industry still accounts for only a small share of university
research funding (on average 6 percent), there has been a significant change in the traditional
framework of interactions between universities, the private sector and governments. Research
co-operation between industry and science is fostered by a variety of co-operative research
programmes, ranging from specific collaborative research projects to specialised research
centres featuring partnerships among industry, institutes and universities. Most of these
programmes have been introduced by the government in recent years.

Recently, there are increasing levels of contract research in universities financed by
companies. Irish HEIs finance about one third of their R&D expenditures through sources
other than the national government and receive basic financing below 50 percent (see Table
B.5.2), thus there is pressure to acquire additional funding from industry. In 1997, 6.4 % (in
1999, 6.5 %) of all R&D expenditures in HEIs came from industry, which is above the EU
average. The small PSREs sector attracts a significantly greater share of their funding from
industry (15.4 %). Within HEIs, almost half of all contract research income appears in the
field of engineering, where industry's share in total R&D financing is 12.5 %.

Co-operation between innovative manufacturing enterprises and public science institutions is
relatively common in Ireland. In the CIS2, enterprises stated to have co-operated in
innovation projects with HEIs significantly more often than with PSREs (13.8 percent vs. 6.3
percent). Moreover, innovative manufacturing enterprises in Ireland use PSREs more often as
an information source in innovation processes than the European average, while innovative
Irish enterprises in the service sector rely more heavily on HEIs. As these figures are
determined by the behaviour of SMEs, this points to a rather strong use of science as a source
of innovation by Irish SMEs, even in the mid-1990s (to which period the figures refer to).
One may expect that science links may have further increased within the last few years as a
consequence of the increased effort by Irish and EU technology policy to foster such linkages.

In general, personnel mobility by researchers from science to industry is very low, as the
academic would perceive this as possibly compromising their career in the academic
institution. This is because research (and research outputs such as number of publications and
post graduates) is rewarded heavily in the promotion of the faculty while working with
industry has a low significance in awarding promotions. Graduate exchanges have been very
positive at some HEIs as a result of the co-operative education programme and actually
creates researcher retention difficulties. Industry mobility into research is low due to high
salary differences between science and industry. Temporary transfer from industry to science
appears to be on the increase but this may only be due to faculty shortages in science in 'high-
demand' areas such as information and computer technologies. In contrast, industry does not
appear to attach a great significance to teaching at colleges as part of contributing to the
academic curriculum.

Vocational training by HEIs for the industry researcher and other highly qualified personnel
was low in Ireland for a long time, mainly because of a low demand by the indigenous
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industry which is specialised in traditional, 'low-tech’ sectors. With an increasingly high-tech
orientation during the last decade, the interaction between industry and science in regard to
matching supply and demand for highly qualified labour has strengthened, including activities
in the field of continued professional development, but ISR in this area is still in its infancy.

The use of IPR by public science institutions in Ireland, both in regard to patent applications
and royalties from IP, is supposed to be low. There are no quantitative indicators available
however. In the case of collaborative R&D projects involving both public science institutions
and enterprises, individual arrangements based on formalised agreements are common.
Often, the enterprise receives the ownership of IP. With the growth of the software industry
in Ireland, copyright issues receive increasing attention in science too.

Table B.5.8: Indicators and Assessments of ISR in Ireland at the End of the 1990s

Type of ISR Indicator Value*
Contract and Collaborative Research R&D financing by industry for HEIs in % of HERD 6.4
(1997, Source: OECD-BSTS) R&D financing by industry for PSREs in % of GOVERD 15.4
R&D financing by industry for HEI/PSREs in % of BERD 3.4
Faculty Consulting with Industry Significance of R&D consulting with firms by HEI research. low
Significance of R&D consulting with firms by PSRE resear. low
Co-operation in Innovation Projects Innovative manuf. enterprises co-operating with HEIs in % 13.8
(1996, Source: CIS2) Innovative manuf. enterprises co-operating with PSRESs in % 6.3
Innovative service enterprises co-operating with HEIs in % 3.6
Innovative service enterprises co-operating with PSRES in % 2.5
Science as an Information Source for HElIs used as inform. source by innov. manuf. enterpr. in % 5.0
Industrial Innovation PSREs used as inform. source by innov. manuf. enterpr. in % 7.4
(1996, Source: CIS2) HEIs used as inform. source by innov. service enterpr. in % 5.8
PSREs used as inform. source by innov. service enterpr. in % 2.1
Mobility of Researchers Share of researchers in HEIs moving to industry p.a. in % low
(Source: national statistics, assessments) Share of researchers at PSREs moving to industry p.a. in % low
_Sh(e)l/re of HE graduates at industry moving to HEIS/PSREs p.a. low
in %
Vocational Training Income from vocational training in HEIs in % of R&D exp. medium
(Source: national statistics, assessments) Number of vocational training participants in HEIs per 1,000 medium
R&D employees at HEI
Patent Applications at Science Patent Applications by HEIs per 1,000 employees in NSEM low
(Source: national statistics, assessments) Patent Applications by PSREs per 1,000 employees in NSEM low
Royalty Income by Science Royalties in % of total R&D expenditures in HEIs low
(Source: national statistics, assessments) Royalties in % of total R&D expenditures at PSRES low
Start-ups from Science Number of technology-based start-ups in HEIs per 1,000 R&D low
(Source: national statistics, assessments) personnel
Number of technology-based start-ups at PSREs per 1,000 |
R&D personnel ow
Informal contacts and personal networks significance of networks between industry and HEIs low
(Source: national statistics, assessments) significance of networks between industry and PSRE low

* values above the EU average are indicated in bold letters

Sources: Eurostat, OECD, surveys and calculations by the authors

Also, there are no statistical data on the number of start-ups by researchers from HEIs or
PSREs. Assessments by national experts suggest the level is rather low. Nevertheless, the
general mind-set on IPR and spin-offs from research has changed both within the public
science sector and industry. Therefore, a growing use of this type of ISR may be expected in
the coming years.
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The development of long term relationships and stable networks based on personal contacts
between a HE department and an enterprise, is seen as a major element for raising the
efficiency and effectiveness of ISR, as transfer of knowledge and technology often demands
intense communication on a personal level, the establishment of confident relations and trust
between the partners involved. In the past, such networks have been less significant than in
many other countries, mainly due to industrial structures, the strong academic orientation of
HEIs, and a lack of specialised PSREs. In recent years, networking seems to have gained
importance in Ireland too.

In summary, data on ISR in Ireland is scarce and expert assessment reports a low but growing
level of interaction between enterprises and public science institutions. The rather low level
of ISR corresponds to the knowledge production structure, i.e. an Irish-owned enterprise
sector specialised in low- and medium tech areas, a foreign-owned enterprise sector importing
the bulk of R&D used in Irish production from the corporation's headquarters from abroad,
and a small public science sector in terms of R&D expenditures as a percentage of GDP.
However, the Irish government pursues a strategy to upgrade the technology orientation of
industry by various promotion programmes, especially by providing additional money for
R&D activities both for industry and science. As a result, ISR are becoming more important
in recent years, and a continuation of this policy is expected to strengthen industry-science
links in future even more.

B.5.3 The Policy-related Framework Conditions for ISR in Ireland

Cultural Attitudes: Due to the dominance of traditional, small-scale manufacturing in the Irish
economy over many decades, demand for ISR was low in industry. Consequently, there was
no tradition in HEIs to get intensively involved in ISR. Furthermore, evaluation criteria in
HEIs still strongly focus on scientific performance while technology transfer activities to
industry are rated lower. In the PSREs sector, commercialisation of research results has a
rather low priority too. The general mind-set with respect to ISR is undergoing a significant
change today however. Awareness for technology transfer has improved in HEIs, with a large
increase in applied research activities being a prominent indicator for this process.

IPR-Regulation: Currently, there are no global regulations which govern intellectual property
rights issues in the case of collaborative research between industry and HEIs. However, these
are under development. In public science, IP as a result of research belongs to the
organisation and individual researchers do not receive any special compensation for their
invention activities, e.g. they do not get any royalties from patents licensed to other parties.
In the case of collaborative R&D between enterprises and public science institutions, formal
agreements are generally entered into as part of the collaboration. The agreement conditions
are mainly institution specific and are adjusted to company requirements. The current
approach to IPR is seen as very positive by the HEIs whilst industry has expressed some
reservation and find it a factor which may restrict ISR.  Policy makers and ISR support
groups do not consider the current IPR situation to be adverse however, and do recognise that
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some formalisation is required. One aspect of any regulation is that academia fully
understands and applies such agreements, whilst focusing on R&D.

Over the last decade there has been a distinctive shift in emphasis from patenting to copyright
owing to the growth in the software development industry in Ireland. Consequently, there is a
need for greater availability of expertise to deal with legal issues pertaining to software
development. A perceived lack of adequate protection of a range of copyright IPRs, including
legislation to counter copying of computer programs/software, protect databases and ensure
recognition performing rights, particularly in the arts, has motivated the introduction of a new
Copyright & Related Rights Bill 1999. It substantially updates Irish Copyright law to take
account of the many changes that have taken place, particularly in relation to technological
developments, since the last substantial piece of Copyright legislation in 1963. The Bill also
consolidates and modernises most of the previous legislation and gives effect to a number of
European Directives which have not yet been implemented in Ireland. The legislation also
gives effect to some international obligations arising as a result of the WIPO Copyright Treaty
and the WIPO Performances and Phonograms Treaty of December 1996. The scope of the
Bill will be of interest to a wide range of persons in industrial sectors however. It should be
of particular interest to the computing, internet and other high technology industries
(including the E-commerce community) as certain provisions of the Bill address important
copyright issues for these industries which have, to date, not yet been addressed by the
legislature. The Bill also provides for new rights which will transform the conduct of
Intellectual Property right holders and connected industries. These new rights include the
following: rental and lending rights; database rights; satellite broadcasting and cable
retransmission rights; moral rights for authors; and making available right.

There are no regulations governing the mobility of researchers from science to industry, and
neither is it an issue of any significant concern. The new full-time recruitment restrictions as
dictated by government policy can adversely affect the employment of industry researchers
into HEIs. In the case of the 10Ts, a more flexible contract for Institutional academic staff to
facilitate their involvement in industry-relevant R&D is essential. Currently, the lecturing
obligations of staff in the Technological Sector are between 16-18 hours per week for 35
weeks. There is no scope for a reduction of hours for supervision of other classifications of
research personnel or for academic staff members to carry out research and development work
themselves. There are no formal policies within the Higher Education sector that support the
mobility of staff between industry and the Institutes of Technology. Indeed, the recent
Labour and Employment Agreement (PCW) that introduced recruitment at Assistant Lecturer
Level only (except in proven exceptional cases), actively discourages Institutes from releasing
more senior staff members since many of the Institutes are experiencing severe difficulties in
recruiting high quality lecturers for their full-time programmes at Assistant Lecturer grade in
the current economic climate.

Financing-related regulations: The current level of tax relief, i.e. a non-tax relief, does not
provide an added incentive to industry to engage in ISR. The major incentive for ISR
collaboration is currently provided through the provision of co-finance of ISR collaboration
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by Government Departments and Agencies. The income-tax-free status of IP royalties is
currently a bonus for both the HEIs and industry researchers. However, public service
employees involved in R&D do not receive royalties and cannot therefore, benefit. At the
moment, this is not an apparent disincentive to research at the public research institute,
Teagasc, for instance.

Technology Policy: Since the late 1950s, Ireland has pursued an activist industrial
development strategy aimed at both attracting foreign direct investment and stimulating
growth in export-oriented Irish-owned companies. The strategy has been focused on the
internationally traded sector and thus, mainly on manufacturing, although since 1990,
internationally traded services have played an increasingly important role. During the 1990s,
this policy showed a shift towards technology policy with the main aim to transform the
traditional Irish economy into a knowledge-based economy, and by doing so, raising income
and wealth. Together with a significant support by the EU structural policy programmes,
some remarkable success was achieved. Such a policy produced a favourable environment
for enterprises and public science to strengthen their R&D activities, including closer links
between both sectors. For the next decade, this process should be accelerated. In 1999, the
Irish government decided to earmark about € 2.5 billion for research, technology and
innovation activities as a cornerstone of the National Development Plan for the period 2000 to
2006 (see B.5.6.).

Public Promotion Programmes: The provision of public financial support is seen both as a
significant and effective stimulant to collaborative R&D between HEIs and industry.
Financial support programmes are operated by various state agencies. With the exception of
Enterprise Ireland, all of these are sector focused. Table B.5.9 summarises major aspects of
those programmes most relevant to foster ISR in Ireland, and more detail is provided below.

The Research Technology & Innovation Scheme (RTI) provides financial support to
enterprises for carrying out R&D and technological innovation. The scheme has proven
invaluable in the past when the share of public contribution was very high (up to 40 - 50
%). W.ith a current contribution of 25 to 45%, the RTI scheme is regarded as a good
scheme as far as encouraging ISR is concerned.

The Innovation Partnerships programme (formerly the Applied Research Grant Scheme)
provides a major incentive for industry to develop collaborative research activities with
Irish universities and loTs. It facilitates industry to have applied and innovative research
carried out in HEIs on industry's behalf. The current approach is viewed as satisfactory,
and its major strength is seen in the high percentage of public funding available (up to 75
%).

Table B.5.9: Major Public Promotion Programmes in the Field of ISR in Ireland

Name of Programme Public Period Main Approach Type(s) of ISR
(responsible authorities) Fun- Mainly Addressed
ding

(million
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€ 1999)
Research Innovation Fund 45 2000 - 2006 funding of commercially oriented pre-collaborative
(Enterprise Ireland) ' strategic R&D in colleges research
RTI (Enterprise Ireland) 253 2000 - 2006 funding <_)f R&D and mpovatlon contract research
projects at enterprises
Innovation Partnerships
(formerly "Applied Research 31 2000 - 2006 subsidies to colleges for R&D collaborative
Grant Scheme™) (Enterprise ' carried out jointly with HEIs research
Ireland)
R&D Technological Skills training &
Programme Strand 1 (HEA) n.a. n.a. strengthening R&D at loT educatlon,_ .
personnel mobility,
contract research
TecNet (Technology technology
Network) 033 1999 - 2001 facilitating partnership_s between transfgr,
I0Ts and enterprises consulting,
contract research
CORD (Enterprise Ireland) 2001, funding for start-ups from HEIs by
2.7 annual financing feasibility studies and start-ups
repeat business plans
Atlantic University Alliance raising absorptive capacities at technology
(Enterprise Ireland) 0.33  1999-2001 SMEs by providing consulting and
g . transfer, start-ups
training services
gfgg;?#;?g (CE%rlgrepsrise establishing intermediary tetigggclggy
~35 1999 -2000 infrastructure in HEIs for technology -
Ireland) consulting,
transfer T ;
training, testing
Programme for Advanced 72.5 1995 - establishing centres of expertise at collaborative
Technology (7 Programmes) (from 2000, universities, providing technology research,
(Enterprise Ireland) 2000 on: extended to  transfer services and joint research technology
~103) 2006 labs transfer, IPR use
Regional Business Incubation 4.2 2001 - 2006 establishing incubators at 10T start-ups
and R&D space
Techstart (Forbairt) funding for implanting technology  raising absorption
n.a. 1998 - 1999 L T 2.
and engineering expertise in SMEs  capacities at SMEs
Techman (Forbairt) na 1998 - 1999 funding for implanting technology  raising absorption
- and engineering experts in SMEs  capacities at SMEs
COFORD (Govt. Dept. of the 1995 - technology
Marine and Natural 6.4 2000, Funding of R&D in forestry and transfer, personnel
Resources) ' extended to timber research mobility, contract
2006 research
Marine Institute (Govt. Dept. technology
of the Marine and Natural na. 2000-2006 Funding of R&D in marine and transfer, personnel

Resources)

Source: surveys and calculations by the authors

fisheries research

mobility, contract
research

The R&D Technological Skills Programme Strand | has a similar focus to the Applied

Research Grant Scheme, although the latter has an increased emphasis on the provision of
highly trained research graduates in advanced technological areas that industry requires to
become and remain competitive. However, it does not insist on an industrial monetary
contribution and is specifically focussed on building research capability within the Institute
of Technology sector. The programme provides research and development training for
graduates for the specific purpose of promoting development capability and thus,
advancing links between HEIs and industry. Specific emphasis is given to industrially
relevant research projects or projects which are filling a gap in the research knowledge.
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Another programme is the Technology Transfer Initiative under the aegis of the Atlantic
University Alliance, which aims to promote and develop new ways of interacting between
academia and industry, to build sustainable competitive advantage for industry and to
establish new high tech campus companies. The Initiative will target 1,400 enterprises
across the southern and western regions. About two thirds of these companies are
classified as "Standard Technology Companies”, and the need for innovation and the
potential for growth are high. The Technology Transfer Initiative will help these firms by
putting the routes in place for technology information and acquisition, identifying barriers
to university-industry co-operation and putting together regional and sectoral networks of
firms.

TecNet - The Technology Network - was established in 1999 by the Council of Directors
of the 10T and is jointly funded with them by Enterprise Ireland. The primary objective is
to provide industry with comprehensive R&D, consulting services and technology transfers
by utilising the skills and facilities available within the 10T sector. TecNet can support
SMEs by providing a mechanism through which industry can tap into the 10Ts' resources
and specialised expertise on a networked basis to stimulate ISR and economic growth.
When companies need to undertake projects requiring external expertise, TecNet can
facilitate a partnership between the Institutes and local industry for their mutual benefit.
This provides a framework for exploring and identifying needs and developing and
refining solutions (based on personal communications between scientists and SMES).

Enterprise Ireland operates a dedicated programme "CORD" for start-ups from HEIs. The
programme provides funding for the setting up of start-up in the form of financial support
for a feasibility study and a business plan. The annual budget assigned to this programme
€ 0.6 million. The average grant issued (50 % of the total cost) is generally € 19,000.
During 2000, 30 projects were approved and implemented 10 % of which are expected to
materialise into High Potential Start Ups (HPSU) companies. In addition, further soft
financing is provided by the supplementary financing of assigned mentors, and support for
IPR and marketing.

There are several policy initiatives to build up an effective technology transfer
infrastructure at Irish HEIs. The Technology Centres Programme has built up the technical
services infrastructure by establishing 26 technology specific Technology Service Centres
in most of the loTs and universities around the country. The Technology Centres
Programme supports campus based centres, focused on specific technology areas, which
provide a range of services to industry, for example: R&D, technical consulting, testing,
industrial training and technology demonstration. The Programme for Advanced
Technologies (PAT) run centres of expertise within the universities that provide some joint
research lab facility and can support university researchers in managing the
commercialisation of technology and ideas. In January 2001, a new support initiative was
launched Regional Business Incubation and R&D space. This programme is, in particular,
directed at Institutes of Technology in an effort to promote ISR. It will be operational until
2006 and has an assigned budget of € 25.4 million. It is expected that approximately 10-
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incubation units will result from this programme leading to the setting up of HPSUs. The
provision of support for these intermediary structures and facilities are regarded by both
academia and industry to be of significant importance and effectiveness to promote ISR.

Techstart and Techman were two government programmes operated by Enterprise Ireland
during 1989 - 1999 with the objective of supporting the introduction and implementation
of technology into SMEs in particular. Both support programmes provided the company
with access to skills and technology / engineering resources. The requirement for the
expertise was identified in a detailed strategic development plan for the company. Both
programmes are outlined in more detail below:

Techstart was aimed at companies, which had outdated or limited technological
expertise. It provided assistance to employ a young technical graduate or diploma
holder who could bring more relevant skills to the company. Furthermore, it also
aimed to provide financial support for the placement of the graduate by linking this
expert to an external source of expertise upon which they could draw for advice and
assistance, e.g. a college or technology centre. The programme provided a 50 %
employment subsidy of up to € 6,348 and a further € 2,500 to buy technical expertise
from a college or other resources. The financial support was annual for a maximum of
two years.

Techman aimed to assist SMEs with good development potential to make significant
technological advances by: (1) the placement of a technically qualified person to carry
out significant work in key areas in the company; and (2) supporting an effective
working link between the company and an appropriate college or research centre.
Under this initiative, co-funding was provided on a sliding scale over a three-year
period. During year one, 50 % of the graduate's salary was funded up to a maximum
of € 12,700. During year two and year three, up to a maximum of € 6,350 and € 3,200
respectively. In addition, a further subsidy of up to € 6,350 was provided for external
consulting.

Intermediaries: The support for an intermediary structure is regarded to be of great
significance to promote ISR and is considered to be effective in ISR promotion. Several
dedicated initiatives have been set up specifically targeting Universities, Institutes of
Technology and Industry, as follows:

C.H.1.U. (Conference of Heads of Irish Universities) represents the Heads of the seven
Irish universities. It aims to promote the development of university education and
research by formulating and pursuing collective policies and programmes. A joint
Council of the C.H.I.U. and IBEC (Irish Business and Employers' Confederation) was
established, to develop and promote co-operation in areas common to enterprise and
universities to the benefit of each sector, the economy and social and cultural life in
Ireland.
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Enterprise Ireland is a government organisation charged with assisting the development of
Irish enterprise. Its core mission is: "to work in partnership with client companies to
develop a sustainable competitive advantage, leading to a significant increase in profitable
sales, exports and employment”. The clients are mainly Irish manufacturing and
internationally traded services companies employing ten or more people, and overseas
food and natural resources companies operating in Ireland. Enterprise Ireland also
administers national and EU supports for building technological innovation capability and
co-operation between industry and higher education educational institutions. The
development is carried out both at national and regional level on behalf of both the
Government Department of Enterprise, Trade and Employment and the Office of Science
and Technology. Through the regional office network of 13 offices, individual SMEs are
assisted in their development in a structured approach, amongst which R&D and technical
development is included. Assistance is provided in the form of financial support and
advisory / consultancy.

The Industry Research & Development Group (IRDG) is the lobby group for research,
development and innovation-oriented companies in Ireland. It is a company limited by
guarantee with its own board of directors and is entirely funded by member's annual
subscriptions. IRDG is an affiliate of The Irish Business and Employers Confederation
(IBEC) and the IRDG chairman is a member of IBEC's National Executive Council. The
Group includes companies of all sizes, Irish as well as Foreign-owned, in all
manufacturing sectors. The main objectives of the Group are to identify the needs of
members, to advise and assist them on research and technology development matters and
to lobby Government, Government Agencies and the EU on their behalf.

Most of the Institutes of Technology and universities have established Technology Service
Centres. These are campus-based centres, focused on specific technology areas, which
provide a range of services to industry, for example: research and development,
technology consulting, testing, industrial training and technology demonstration. They are
supported via a special programme (see above). Furthermore, there are centres of
expertise at each university financed via the Programme for Advanced Technologies
(PAT). They provide some joint research lab facility and supportive services for the
commercialisation of technology and ideas developed within universities. In addition,
each HEIs set up an Industrial Liaison Office to facilitate ISR activities. The "Head of
Development”, a senior management post, is responsible for the overall strategic
development of research within each institute. The Industrial Liaison Officer, reporting to
the Head of Development, is responsible for promoting and developing collaborative links
with industry.

B.5.4 ISR in the Field of Human Capital in Ireland

In Ireland, the interaction between industry and science in regard to matching supply and
demand of graduates is only in its infancy, as industry has only become more high tech
oriented during the last decade. Very few university academic staff have had real industrial
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experience, and indeed, very few industrially based engineers and scientists contribute to
university programmes.

In general, faculty personnel mobility is very low from science to industry, as the academic
would perceive this as possibly compromising their career in the academic institution. This
may be due to the rewarding system in HEIs: research (and research outputs such as number
of publications and post-graduates) is rewarded heavily in the promotion of faculty while
working with industry has a low significance in awarding promotions. Furthermore,
representatives from public science report that difficulties in the portability of pensions may
restrict mobility. In the HEI sector, there is a view that the academic staff contracts should be
reviewed in order to permit the employing institutions to provide incentives for participation
in ISR.

Graduate exchange has been very positive at some HEIs as a result of the co-operative
education programme and actually creates researcher retention difficulties. Industry mobility
into research is low due to salary differences between science and industry. Temporary
transfer from industry to science appears to be on the increase but this may be only due to
personnel shortages at science in 'high-demand' areas such as information and computer
technologies. In contrast, industry does not appear to attach great significance to teaching at
colleges being a part of contributing to the academic curriculum. There are well-developed
programmes for undergraduate student placement in industry but in general, there is limited
mobility at post-graduate or researcher level. The PATs and the Applied Research
Programme has had some impact. Funding from the EU Framework Programme has helped
to forge links with mainland EU based enterprises but there has been limited mobility in the
view of experts.

Sabbaticals to industry are not considered to be very attractive to researchers. There is little
incentive for mobility between industry and HEIs as there is often a collision of cultures, and
the longer one spends on either side the more difficult it is to transfer, even on a temporary
basis. There is also the 'out of sight out of mind syndrome’ i.e. if one moves off campus, or
lab she/he may be forgotten about and overlooked for promotion etc. It appears that people
choose early in their career, which direction to take after which, there is no movement. The
sponsorship of academic chairs by industry only has a limited significance in enhancing ISR
in Ireland today.

In the promotion of ISR in the field of education, training and mobility, various measures are
currently discussed in Ireland in order to ensure effectiveness. The development of a longer-
term relationship between industry and science would be regarded as the most important
factor. This could be supported through an improved co-ordination between science and
industry to obtain a better understanding of industry needs and through vocational education
programmes for industry in HEIs. Structures to support both the matching of industry skills
requirements and the hiring of graduates in industry, could provide a significant ISR
incentive.  Until recently, Enterprise Ireland operated such promotional programmes,
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Techman and Techstart. Both these programmes provided financial incentives to companies
to employ new graduates.

There is a high demand for graduates in the IT sector as well as in other fields of natural
sciences and engineering. The so-called Science & Technology graduates experience very
good job opportunities and significantly higher salaries than graduates from other disciplines.
Given the buoyant job market in Ireland at present, it has become increasingly difficult for
HEIs to attract highly qualified graduates to undertake postgraduate programmes and step into
a university career. Consequently, more consideration needs to be given to repositioning
research as a career. Furthermore, the share of S&T students and graduates is rather low
(Table. B.5.10), and activities to raise awareness in favour of these studies may be required.

Table B.5.10: Higher Education by Disciplines in Ireland 1998/99 (in %)

Field of Study Students Graduates (degree
awarded)

Natural Sciences 19 18
Engineering 9 9
Medicine 13 11
Agricultural Sciences 2 2

Social Sciences 24 26
Humanities and others 33 34

Total number (1,000) 98.6 22.4

Source: HEA (1999), calculations by the authors

As a result of the high industry demand for high-qualified labour in Ireland today,
unemployment among HE graduates is low. A recent survey shows that among the HE
graduates from 1999, only 1.5 % was seeking employment in 2000. More than 50 % gained
employment and about 40 % carried out further studies or training.

B.5.5 ISR in Ireland: A Summary Assessment by Type of Interaction

Contract and collaborative research: In 1999, 6.5 % of all R&D expenditures by HEIs were
financed by industry as contract or collaborative research. In the small PSREs sector,
industry financing of R&D is even more important and accounts for 15 % of total R&D
expenditure. A major driving force for joint research activities is public financial support to
enterprises for R&D activities. A major restricting factor for research collaboration is the
small size, strong academic orientation and the absence of world-class research capability in
the Irish public science system. Technology-based industries increasingly expect public
authorities to put such capabilities in place i.e. to provide the fundamental science from which
they will generate the next generation of products. At present, research expenditures in public
science institutions amount to 0.4 % of GNP. There is considerable scope to increase this
level of investment so that growth in public R&D complements the required increases in
business sector investment in R&D. Quite recently, the government proposed the
establishment of € 63 million to develop a world-class research capability in the niche areas of
information and communications technology and biotechnology.
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Personnel mobility, training and education: Personnel mobility from science to industry is
reported to be low in Ireland. There are some regulatory barriers in public science but cultural
differences and the lack of incentive schemes for researchers in HEIs and PSREs, may be the
more important factors. In the area of training and education, there seems to be only little co-
operation, and both industry and science representatives feel that interactions should be
strengthened in this area. Human capital development is becoming increasingly important in
Ireland with the rapid growth of the IT industry. A shortage of graduates has led to an
increase in wages for S&T graduates. Increasing differences in salaries for researchers in
public science and industry may drive mobility from science to industry, but it may also
weaken the position of HEIs in attracting talented young researchers to academic careers. In
the long term, one may fear a weakening of the science base, with a negative feedback to
industry.

IPR science, start-ups from public science: Today, the use of IPR by public science plays a
minor role for disseminating their research results and for producing spin-offs. A major
reason may be the current IPR regulation, which does not foresee any special compensation to
individual researchers out of incomes from inventions they made. Start-ups by public science
researchers are also reported to be low. In this area, some policy initiatives have been
established in order to raise awareness of this type of commercialisation of research results,
and to reduce barriers to new firm formation by scientists.

Networking between industry and science: There is little evidence of well-established
networks of enterprises and public science institutions in Ireland. Maintenance of such
networks demands certain resources in enterprises which are often only available at large
companies (such as separate R&D departments, and a high share of researchers). As such,
large R&D intensive companies are absent in Ireland, along with industry-science networks.
In HEIS, no specific networking activities with enterprises (such as membership of enterprise
representatives in advisory boards, alumni, joint research labs, professorships to industry
R&D managers, and researcher exchange programmes) are reported.

Involvement of SMEs in ISR: R&D in Ireland is carried out, to a large extent, by SMEs.
R&D activities by SMEs have increased significantly over the past few years, promoted by
several policy initiatives. Today, the SME sector performs rather well in terms of continuous
R&D, patenting and innovation, when compared to EU standards. They present a growing
potential for interaction with science. With respect to the HEIs, the TecNet, the Atlantic
University Alliance and similar regional networks attempt to foster partnerships between
SMEs and HEIs in innovation activities.

Science-based industries: High-tech industries are the main R&D performer in industry, and
this sector showed the highest growth rate in R&D investment during the 1990s. However,
the bulk of high-tech R&D activities is carried out by foreign-owned enterprises with rather
loose ties to the domestic public science sector. The low level of ISR in the field of science-
based industries is as a result of comparably low in-house R&D capacities in enterprises (as
foreign-owned companies mainly carry out technology and further product development
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tasks, rather than more fundamental R&D and new product development), and of a weak
knowledge base in the high-tech sector in public science, compared to international standards.
To foster linkages in this area is a major goal of Irish technology policy. Policies have been
put in place to address those areas were public intervention is most needed, and to set up the
capabilities at enterprises and HEIs for closer interaction.

B.5.6 Good Practice in Framework Conditions for ISR in Ireland

Amongst others, there are two examples of good practice in shaping policy-related framework
conditions for ISR in Ireland. The first example refers to policy initiatives aiming at a
promotion of start-up activities in HEIs, which are fairly low today. The second example is
the National Development Plan 2000-2006 and other strategic technology policy initiatives
introduced by the Irish government. They represent a successful way of how to increase
R&D, innovation and industry-science links in an economy with an initially low level of R&D
activities.
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Third Level Business Incubation Programme
Aims and Objectives of the Programme

Internationally, the college campus has been identified as an ideal location for high-tech, start-up companies. Through the
Third Level Business Incubation Programme, Enterprise Ireland aims to expand the base of high-tech companies operating
on college campuses by providing funds to assist colleges to develop and expand incubation space facilities. The main
objectives of the programme are

e to support the development and expansion of campus company activity
e to strengthen the role of the Third level Sector in supporting the development of high-tech companies in Ireland

e to encourage and support the commercialisation of R&D carried out in the Third level sector
o torecognise the important regional role which colleges can play.

Enterprise Ireland will provide grant support towards the capital costs associated with the development of a campus
incubation centre, to a maximum of £ 1.3 million or 40 % of eligible capital costs, whichever is the lesser.

Internationally, the college campus has been identified as an ideal location for high-tech, start-up companies. Two new
programmes have been put in place to facilitate the establishment of Incubation Space on the college campus, the Third
Level Business Incubation Programme, and the Regional Business Incubation Space Programme.

Third Level Business Incubation Programme

This programme commenced in 1998, is aimed at the Universities and Institutes of Technology and is financed by Enterprise
Ireland. It aims to expand the base of high-tech companies operating on college campuses by providing funds to assist the
college to develop new incubation facilities or the expansion of existing operations. To date, three of seven universities have
availed of the programme and are starting to develop the incubation units.

Grant support is available towards the capital costs associated with the development of a campus incubation centre, to a
maximum of £ 1.3 million or 40 % of eligible capital costs, whichever is the lesser. Priority will be given to proposals offering a
broad range of services and comprehensive solutions to the specialist problems faced by high technology start-ups and
which catalyse significant new private sector support. Projects should lead to the expansion of the high tech sector in Ireland
and result in enduring private sector support for campus company activity.

The main objectives of the programme are:
e to support the development and expansion of campus company activity
e to strengthen the role of the Third level Sector in supporting the development of high-tech companies in Ireland

e to encourage and support the commercialisation of R&D carried out in the Third level sector
e torecognise the important regional role which colleges can play.
Regional Business Incubation Space Programme

The National Development Plan 2000-2006 identifies balanced regional development as a key objective to be achieved over
the period of the Plan.

The Operational Programmes for each region, BMW and Southern and Eastern, contain a sub-programme on Local
Enterprise Development. The objectives include enhancing the quality and availability of employment within the Region and
building research and technological development within the Region generally. The main elements are concerned with
strengthening the regional innovation infrastructure by facilitating the provision of incubation and commercial R&D space for
the development and establishment of high potential businesses, with a particular emphasis on the role of the Institutes of
Technology. In particular, the Regions and sub-regions remote from the major urban Centres the Institutes of Technology are
the main agents for delivering growth through innovation. The programme is administered by Enterprise Ireland through its
Regional Innovation Infrastructure Measure. Funds will be available to Institutes of Technology to develop and expand
incubation space and commercial research and development facilities.

The main objectives of the measure are:
e to support the development and expansion of campus company activity

e to encourage and support the commercialisation of R&D carried out in the Institutes of Technology
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e to embed the Institutes of Technology as major supports for the development of high-tech companies in the Regions.

The programme will commence in early 2001 and support is available to all Institutes of Technology and equivalent 3rd level
colleges in Ireland and it is expected that by 2006, all Institutes will have an Incubation Centre installed. Institutes can apply
for assistance towards the development of new industrial incubation and R&D facilities or the expansion of existing
operations. The measure will provide up to a maximum of Euro 2.5 million towards the costs associated with the
development of a campus incubation and commercial R&D Centre with a maximum funding level up to 95 %. In all cases, it
will be expected that the remainder of the costs will be raised by the applicant from business sources within the region.
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Research, Technology and Innovation in the Irish National Development Plan 2000-2006

In 2000, the Irish Council for Science and Technology and Innovation (ICSTI) completed a Technology Foresight exercise
and identified a wide range of actions aimed at advancing science and technological innovation, knowledge development
and R&D in Ireland in future years in the interests of social and economic development. Key recommendations of the Council
included: the need to create world-class research groups in information and communications technologies and in
biotechnology, and the need to develop a national capability for innovation management. Research and Development has a
critical role to play in developing the competitiveness and innovation capacity in the enterprise sector. Further measures are
required to be developed to increase collaboration between industry and the HE system. As not all firms will be R&D
performers, a "technology intelligence" network should be developed, to help firms define and access their technology needs
from both domestic and overseas sources.

The Technology Foresight Report and further research by Forfas, identified the absence of a world-class research capability
as a serious deficiency in the Irish research system. Technology-based industries increasingly expect public authorities to put
such capabilities in place, to provide the fundamental science from which they will generate the next generation of products.
R&D facilities that respond to the immediate and medium-term needs of industry are essential. A science and technology
infrastructure that will develop and attract world-class researchers in niche areas, needs to be a policy priority. At present,
expenditure on research and development in higher education and Government institutes amounts to 0.5 percent of GNP.
There is considerable scope to increase this level of investment so that growth in ‘public' R&D complements the required
increases in business sector investment in R&D.

Employment and human resource development have received considerable funding under the new National Development
Plan 2000 - 2006 (NDP). The NDP considers people to be the country's most important asset and will invest almost Euro
51.5 hillion to increase their employability and adaptability, encourage entrepreneurship and promote equal opportunity. The
NDP attempts to balance concerns about the need to upgrade the skills of those in employment, while also addressing
issues of social inclusion, gender mainstreaming and elimination of inequalities. The Irish Government has earmarked Euro
5.725 hillion for Research, Technological Development and Innovation (RTDI) activities in the National Development Plan
2000-2006. The Science Foundation of Ireland (SFI, a sub-board of Forfas (The National Policy and Advisory Board for
Enterprise, Trade, Science, Technology and Innovation)), is responsible for the management, allocation, disbursement and
evaluation of expenditure. This newly formed Foundation reflects the Irish Government's decision to put research,
Technological Development and Innovation at the heart of the future economic development policies. Furthermore, it is the
Government's objective to establish Ireland as a centre for research excellence. Initially, specific preference will be given to
the Biotechnology and Information & Communication Technology sectors. In summary, the key recommendations in relation
to the promotion of science, technology and innovation are as follows:

e establish a Technology Foresight Fund under the National Development Plan 2000 - 2006;

e establish a 'technology intelligence’ network to help non-R&D performing firms define and access their technology
needs;

e  promote the development of strategic collaborative partnerships between industry and public science institutions;

e provide more focused direct support for in-company R&D to encourage first-time R&D performers, to help smaller firms
achieve a critical mass in R&D investment, and to help firms progress up the R&D capability ladder to become world-
class R&D performers;

e torealise national goals with respect to science and technology, the following targets should be adopted and achieved:

e expenditure on R&D in manufacturing to increase from 1.2 percent of sales at present to exceed the OECD average of
2.4 percent by 2010;

e expenditure on R&D in Government and higher education institutes to increase from 0.5 percent of GNP at present to 1
percent by 2005.

A new EU-supported investment programme should complement the National Development Plan in the field of Research,
Technological Development and Innovation (RTDI) by focussing on the following four areas:

0] RTDI for Industry e.g. support for R&D, innovation training and the collection and dissemination of technology
intelligence in firms

(i) RTDI Collaboration involving industry, third-level colleges and public research institutes at home and abroad

(iif) RTDI Infrastructure including public investment in key technologies, skills and research facilities to strengthen the

national research capability and the ability of colleges and institutes to collaborate with industry
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(iv) Natural Resource based-RTI for the development and improved competitiveness of the natural resource sectors.

Within this wider comparative framework, available data would suggest that Ireland should aim to achieve a level of spending
on R&D equivalent to 2.5 % of GDP. This would mean additional public investment of the order of 254 million Euro per year.
Future public sector R&D expenditure profiles, including both increases and decreases, should be developed on a sector-by-
sector basis as an intrinsic part in achieving the development objectives for each sector and the prioritisation of resources for
this purpose.

In order to implement the national strategy as set out under the 'Science and Technology' Budget', the various agencies (e.g.
HEA, Enterprise Ireland, and SFADCO), have a portfolio of specific programmes to target focused investments into
collaborative research, development of spin-off enterprises, setting up of company in-house R&D infra-structure and facilities,
technology transfer and training of personnel.
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B.6 Italy”

B.6.1 Knowledge Production Structures in Italy

Between 1990 and 1998, a negative rate of growth in R&D expenditure can be recorded in
Italy. The 1998 value of R&D expenditure is equal to 1.02 % of GDP, ranking Italy on the
bottom line together with Spain, Portugal and Greece, in Europe. Compared with the EU, it
can be said that in the last decade, Italy started with a low value for R&D expenditure in
relation to GDP (1.3 %) and ended the decade with a further increase of this gap. In 1998,
R&D expenditure as a percentage of GDP, had fallen to about 1 %.

Table B.6.1: R&D Expenditures in Italy 1998 by Financing and Performing Sectors (in million €)

Performing Sector Financed by Total

Enterprises State* Abroad million € % % of GDP
Enterprise Sector 4,579 776 477 5,833 54 0.55
State* 59 2,211 44 2,313 21 0.22
Universities 129 2,564 23 2,717 25 0.25
Total (million €) 4,767 5,551 545 10,863
Total (%) 44 51 5 100 1.02

* including private non-profit institutions

Source: OECD (2000), calculations by the authors

In 1998 (as in previous years), 54 % of R&D in Italy was carried out by the business
enterprise while the remaining 46 % was carried out by the public sector (universities 25 %
and public research institutions 21 %). In 1998, 13,3 % of R&D activity in the business
sector was financed by the public administration through incentives, contributions and
procurements (in 1995, it was 16.5 %). The quota of financing coming from abroad was 8 %.
In industry, the Italian business enterprises have financed less than 4.8 % of the 2,717 million
€ for R&D carried out at universities. Overall, the Italian business enterprises contribute 44
% of the total national intramural R&D investments and this means that in Italy (compared to
the OECD countries), the research activity is strongly supported by the public sector. A
survey carried out by ISTAT reveals that in 1998, apart from carrying out research activity
directly, enterprises designated 18 % (1,051 million €) of the expenditure for the intramural
research, to extramural research.

R&D financing in public science is, by and large, based on general, institutional funding (see
Table B.6.2). It is estimated that in HEIs, about 90 % of the total R&D expenditures are
financed via the general university fund, provided by the central government. No detailed

21 This chapter is based on the national report on ISR in Italy (see ASTER 2001). Compared to other countries, the
information concerning ISR-related topics is scarce, and there are almost no statistics on the level and structure of
interactions between enterprises and public science institutions for the different channels analysed. Therefore, discussion in
some sections of this chapter is less detailed than for other country sections.
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data on the relation between institutional and competition based project financing, is available
for the PSREs sector but institutional funding is the major source for R&D too.

Table B.6.2: Financing Structure of R&D in HEIs and PSREs in Italy 1995 (in %, estimates)

Public Financing Source HEIs PSREs
Basic Financing (GUF) ~90 n.a.
Project Financing and other financing sources ~10 n.a.
National Government > 90 n.a.
Regional Governments <5 n.a.
Other Sources (enterprises, internal financing, abroad) 6 4

Source: OECD (2000), own survey and calculations by the authors

In Italy, the manufacturing sector covers a central role in the production of wealth and
employment. If the added value production and employment are taken into account, the most
important sectors in the field of manufacturing are traditional sectors such as textile, agro-
industry and mechanical. 13 % of the employees are employed in the textile and clothing
sector, which counts for 10 % of the value-added. Although the importance of textile has
decreased in terms of both the numbers of enterprises and employment levels, it is still a very
competitive sector and maintains the leadership in the international market, due to strong
specialisation. Within the enterprise sector, R&D expenditure is concentrated therefore, on
technology sectors outside the narrow high-tech sectors. The major part of R&D takes place
(more than 50 % of all R&D activities) in sectors which are technology-driven but not in
exclusively high-tech sectors. The weight of furniture (NACE 36), textile and leather (NACE
17-19) is quite high in Italy which leads to the high share of these sectors in the category of
manufacturing sectors.

Table B.6.3: R&D Expenditures in the Italian Enterprise Sector by Sectors 1995

Sector Share in R&D  R&D Expen-
Expenditures  ditures in % of
(in %) GDP
High-Tech Sectors (NACE 24.4, 30, 32.1, 32.2, 33, 35.2) 34 0.19
Other Technology Sectors (NACE 23, 24, 29 to 35 excl. high-tech sectors) 41 0.22
Other Manufacturing (NACE 01 to 45, excl. technology/high-tech sectors) 12 0.07
IT-Services (NACE 64, 72, 73) 9 0.05
Other Services (NACE 50 to 99, excl. IT-Services) 4 0.02

Source: OECD (2000), calculations by the authors

SMEs represent a huge proportion of Italian enterprises - enterprises with less than 50
employees represent 99 % of the total. Thus, the Italian system is characterised by a twofold
system. On the one hand, there is a small number of big industries operating in the small
scale intensive sector with high intensity of R&D, and on the other, there is the SME system,
operating in traditional sectors as subcontractor to big enterprises. From a structural point of
view, R&D carried out by business enterprises is, therefore, mainly concentrated in the
segment of large firms where approximately 80 % of the expenditure for R&D is in fact,
supported by companies with at least 500 employees, while business enterprise with less than
100 employees, contribute to R&D expenditure for only 4 % of the total. The R&D
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expenditure is therefore, quite concentrated in a handful of enterprises in Italy: the first 30
business enterprises absorb 53 % of the R&D expenditure, the first 50 enterprises 63 %, and
the first 100 enterprises, 75 % of the total.

Table B.6.4: R&D Expenditures in the Italian Enterprise Sector by Size Classes of Enterprises 1997

Sector Share in %
Small Enterprises (< 100 employees) 4
Medium-sized Enterprises (100 to 499 employees) 16
Medium-sized to Large Enterprises (500 to 999 employees) 15
Large Enterprises (1,000 to 9,999 employees) ~15
Very Large Enterprises (10,000 employees and more) ~50

Source: OECD (2000), own calculations

This high concentration of R&D performers in Italy is reflected in the results of the recent
CIS 11 innovation survey. According to an input measure such as innovation expenditure or
share of innovative enterprises, it can be seen in the following table that the share of small and
innovative enterprises in Italy, is above the European average, whereas the share of small
enterprises measured with R&D related items, lies below the average. This exhibits a very
clear-cut picture in Italy. Industrial innovative processes consists of the purchase and use of
embodied technologies (machinery etc.) while the other components, such as R&D activity,
play a relatively minor role within the small and medium enterprise sector. Small enterprises
have a high propensity to innovate by acquiring machinery and plants against the greater
propensity of large firms to internally generate new technologies. This is hardly surprising
since R&D is an innovative source which requires a minimum threshold and does not capture
the innovative effort typical of small firms. But when a much more comprehensive indicator,
such as total innovation expenditure, is considered, it emerges that innovative small firms are
not substantially disadvantaged.

Table B.6.5: Relative Innovation and R&D Performance of SMEs in Italy

Manufacturing Services
Very small Small Very small Small
enterprises  enterprises enterprises enterprises
(< 50 em- (50-249 (<50 em- (50-249
ployees)  employees)  ployees)  employees)

Share of Innovative Enterprises* 1.07 1.04 n.a. n.a.
Innovation Expenditures as a Share of Turnover* 1.32 1.31 n.a. n.a.
Share of Turnover due to Innovative Products* 1.15 1.12 n.a. n.a.
Share of Enterprises with High R&D Intensity** 0.29 0.37 n.a. n.a.
Share of Enterprises with Medium R&D Intensity** 0.88 0.66 n.a. n.a.
Share of Enterprises Engaged Continuously in R&D** 0.71 0.91 n.a. n.a.
Share of Enterprises Having Applied for a Patent** 0.96 0.96 n.a. n.a.

* Figures show the relation of Italian SMEs' performance to the performance of SMEs in the EU average, normalised by the
respective relation of all Italian enterprises to all EU enterprises: (*™®x,r/*"®xg;)/(Xj/Xg;), X being the variable considered, IT
being Italy, j being the sector considered (i.e. manufacturing and services), and SME indicating that the variable is measured
for SMEs only. The EU average is the mean weighted by the number of enterprises of all EU countries (except Greece):

Values above 1 show that SMEs are more innovative than in the EU average.

** Figures show the relation of SMEs in Italy to SMEs in the weighted mean of all EU countries (except Greece):
SMEX 1i/*MExg;, X being the variable considered, IT being Italy, j being the sector considered (i.e. manufacturing and services),
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and SME indicating that the variable is measured for SMEs only. Values above 1 show that SMEs are more R&D and
patenting oriented than in the EU average.

Source: Eurostat-CIS2, own calculations

Currently, there are 71 universities in Italy employing about 57,000 personnel. 57 universities
are public and 14 are private. In addition, 3 polytechnics, 3 post graduate courses and 10
ISEF exist, which results in a total of 87 institutions. Out of the R&D personnel in the
university sector, 25 % are ordinary and extraordinary professors, 28 % are associated
professors, 35 % are researchers and assistants, and 12 % can be subsumed under the category
of 'Others'.

After years of neglect, university research, both fundamental and applied, has undergone a
complete renewal in Italy:

- New procedures have been introduced to evaluate and select research projects of national
significance which are wholly computerised and will be the responsibility of a Committee
of Guarantors, appointed by the Ministry, with the direct involvement of the national and
international scientific community (anonymous referees and objective assessments and
financing criteria);

- Progressive increase in the funds made available by the State for research projects.

The vast majority of Italian scientific universities are of public nature. The private ones are
mainly involved in socio-economic issues, such as Bocconi and Cattolica universities in
Milan (the former is focused on economic and business administration degrees, the latter on
human sciences, economic and management topics). In the few cases where private
universities deal with scientific topics, they behave very similarly to the public ones and they
operate within the framework of co-operation agreements with the public system. This is the
reason why it is not really relevant to distinguish between public and private universities -
each university regulates their relations with industries, as each is free to define their internal
norms and procedures.

Taking into account the distribution of research personnel in science in Italy, the majority are
strongly oriented towards social sciences and humanities. Nearly 40 % of R&D personnel are
employed in these fields which is rather high within this context compared to other countries.
Only 18 % and 16 % of R&D personnel are employed in the fields of natural science and
engineering, respectively. With regard to ISR, the public research sector does not exhibit a
strong orientation towards these sectors, which is especially relevant to R&D and innovation
activities at enterprises. Compared with the HEIs, the PSREs are more strongly oriented
towards industry-relevant fields of science.

Table B.6.6: R&D Personnel in the Italian Public Science Sector (HEIs, PSRESs) by Fields of Science (in %)

Sector HEIs (1995/96) PSREs (1994) Total
Natural Sciences 18 ~70 ~64
Engineering 16

Medical Sciences 22
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Agricultural Sciences 5
Social Sciences 18
Humanities 21 30 36

Source: Isrds-CNR, own calculations

The distribution of R&D expenditure among the different research activities is quite stable. In
1997, basic research absorbed 22.2 % of the total, 43.7 % was destined for applied research,
while experimental development absorbed the remaining 34.1 %. Basic research is mainly
concentrated in the Public agencies of research (CNR, INFN, etc.) and in universities. In
business enterprises, such activity is much more limited, not exceeding 3 % of their R&D
expenditure. Experimental development is, on the contrary, strongly evident (with a quota of
55.1 % of their R&D expenditure). Business enterprises invested approximately 2.9 billion €
in experimental development in 1997, and 3.3 billion € in 1999 (estimate).

Related to the R&D quota, the Italian expenditure for basic research was equal to 0.24 % of
GDP in 1997 (in 1993, the value was 0.26 % of GDP) with an incidence of enterprises equal
to 0.01 %. Compared with France, USA or Japan, basic research in Italy shows worrying
structural weaknesses. Basic research in Italy is undersized and practically non-existent in the
enterprise sector.

In Italy, a large number of organisations are spread all over the country and act as
intermediaries between the industrial and the science sector. However, the majority of them
have a spread-out regional dimension and collaborate with firms on a local scale and with
non-homogeneous approaches.

On a national level, institutions with this role are indeed, very few. Amongst them, there are
two main public centres working in the field of research and technology transfer, namely:

- National Research Council (CNR)
- National Body for Energy, Environment and New Technologies (ENEA)

For CNR, its main role is to carry out - through its own different branch offices and
institutions - advanced, fundamental and applied research and to implement and promote
research activities in collaboration with university research and with other public and private
actors. Nearly 7,500 researchers are employed in CNR. The recent reform of the Italian
public research system has included CNR and the Decree n. 015446 regulates the setting and
functioning of CNR's institutes, which defines the new autonomy in defining contents and
objectives of research activity.

The institutes are entitled to carry out research, technology transfer and training activity,
namely basic and applied research carried out with reference to the institutes specific
interests, and in collaboration with other public or private research centres.

The new organisation of CNR foresees the realisation of plans on a three-year-basis, with an
annual update, defining the directions, the objectives, the priorities and resources on the basis
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of the new National Research Programme and the European Union Programmes. The plan
and the updates will have then to be approved by the Italian Ministry of University and
Scientific and Technological Research.

It is also interesting to note that the reformation also includes new legislation for the
employment and training of new researchers and technologists, foreseeing the possibility of
having 3-year-contracts renewable only once, and after a positive evaluation based on
international parameters. Indefinite employment contracts are possible but only thorough
open tenders and for candidates with a research post-graduate diploma or having already
worked for CNR with a 3-year-contract.

Table B.6.7: Main Characteristics of Major Institutions in the Italian Public Science Sector (HEIs &

PSREs)
Institution Share in Structure Main mission Research Level of Firm
Total Orientation Interaction
Public
R&D
Universities ~53 57 public and 14 education and mainly basic low
private universities research research
Polytechnic ~1 6 polytechnics and education applied research low
s and other post-graduate
HEIs courses
CNR ~14 several advanced, basic and applied  medium to high,
independent fundamental research, technical highly varying
research institutes  research; research, and scientific among institutes
training; support to public
management of administration
national research
programmes
ENEA ~8 large research applied research  support innovation links with
centre with 11 processes; industries,
branch offices technology transfer  associations and
service centres
INFM ~4 40 research Units  applied research on  applied research links with
and laboratories the physical industries and
properties of universities
atomic, molecular
and condensed
matter systems
others ~20 several research, R&D divergent divergent, rather
government related public low
agencies and services
departmental
institutes

Source: Isrds-CNR, compiled by the authors

ENEA is one of the largest Italian scientific and technological state-owned institutions (with
about 4,000 employees) with a specific mission of technology transfer and dissemination of
information to companies. It is a wide-spread organisation at national level thanks to its 11
branch offices and several specialised laboratories and service centres, which are mostly
oriented towards specific industrial areas such as ceramic, textile, new materials, chemical,
environment, etc. However, started in the 1980's, ENEA has been working in the field of
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technology transfer and innovation promotion for many years. It has been directly engaged in
technology transfer to industrial systems and the territory, as a reaction to the need to change
objectives after the national referendum which endorsed the end of nuclear research and
nuclear energy production.

ENEA has strong links with a large number of institutions, active both at local and sector
levels such as industries, associations, Chambers of Commerce and services centres. Along
with other organisations in NorthEast Italy, it is also has a leading role as a member of the
Innovation Relay Centre IRENE, which is connected with 52 European centres and is the
National Focal Point and National Awareness Partner of the EC Impact programme. Thus,
the involvement of this institution in technology transfer activity and ISR promotion is
evident.

The huge variety and number of organisations and actors, acting as intermediaries between
industry and science, represents a valuable resource in the national system. This is true even
if there is a risk that efforts and results may be kept within individual relationships but would
be better exploited if systematised and spread to a wider audience.

For this reason, a major effort is actually carried out by some Italian regions to create regional
technology transfer and research networks involving all interested actors (companies,
technology centres, public administrations, universities, etc.). The aim is to build a common
methodology and system and to create common tools which allow the exchange and sharing
of information (a strong example is Emilia Romagna).

B.6.2 The Level of ISR in Italy

Contract research between science institutions and industry is very low and quite below the
European average. Thus, the overwhelming share of the university funding is public. The
predominance of the public sector in the funding of higher education R&D is correlated with a
modest involvement with the business enterprise sector. Only 3.8 % of HERD is financed by
industry. Thus, according to OECD data, the level of interaction between science and the
business sector is very low and enterprise funded R&D in universities is of minor relevance.
However, the results of the CIS-11 show an even worse result. According to this survey, only
2.5 % of innovative enterprises in the manufacturing sector co-operate with universities, and
1.3 % of innovative manufacturing enterprises co-operate with PSREs. It can be concluded
that the links between science and the industry sector in terms of contract research, as well as
co-operation within the innovation process, have a low intensity.

Concerning the different information sources, Italy is below the EU average as well. At the
EU level, 5 % of innovative manufacturing firm use the university sector as an important
information source, whilst the share is 1.7 % in Italy. Survey research by ISTAT and CNR
shed some light on the sources of innovation within the industry sector. The results confirm
that innovation is primarily based on influences from inside the firm or group driven by
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feedback from clients, conferences and trade fairs, while information from universities and
research and consulting centres plays a very marginal role.

Research mobility from science to industry is, according to general assessments, very low in
Italy although some rationalisation of laws in 1999 have tried to increase the effectiveness of
co-operation and stimulate the recruitment of graduates by SMEs. This is a fiscal incentive
for the employment of graduates in the industry sector. Italian SMEs employ quite
unqualified personnel and they do not typically employ people with university degrees or
doctoral degrees. They face difficulties in acquiring and using new technologies, in moving
into technologically more advanced sectors, in participating in R&D projects or investing in
R&D themselves.

The Law no 196 focuses on the employment of professionals with Laurea or doctoral degrees,
in research activities by SMEs. It allows for a contribution of 20,000 Euro per year for a
maximum of two years, for each new employee with a doctoral degree obtained in Italy or
abroad, and a contribution of about 8,000 Euro per year for a maximum of two years, for each
new employee with a Laurea degree. The maximum contribution granted to each firm cannot
exceed about 30,000 Euro. The new employees must be employed on full time contracts
lasting for at least two years, and their salary should not be lower than the average salary of
people with the same professional qualification. The funds made available in 1998 amounted
to about 2.84 million Euro. In the first year of enforcement of Law 196, MURST has
received 137 requests for doctoral degree holders and 246 for Laurea graduates.

Law N.449/97 has the same objective as Law no. 196. It aims to encourage the employment
of people with Laurea or doctoral degrees by SMEs but the incentive takes the form of a tax
credit of 7,750 Euro per each new employee, up to a total of 60 million Lire (31,000 Euro) for
each beneficiary firm. In the first year of enforcement of Law 449, firms have made 368
requests to MURST for employees with a doctoral or Laurea degree. Altogether, Laws 196
and 449 can allow Italian SMEs to employ more than 600 highly qualified personnel with a
modest financial effort.

Law N. 449 introduced an additional measure which allows firms to apply to universities or
other public research institutions to second researchers as technical personnel to the firm for a
period that cannot exceed four years. The individual keeps his/her employment relationship
with the university or research institution, while the firm is asked to provide additional
compensation as an incentive.

The above law allows firms to use the fiscal incentive to pay for R&D projects carried out on
their behalf by public research laboratories. This scheme has the objective of fostering co-
operation between industry and public research institutions in a more effective way than the
one envisaged by Law 46/1982, which established a directory of public laboratories available
to provide R&D services, but which is rather unsuccessful.

190



Benchmarking Industry-Science Relations: The Role of Framework Conditions

Up until now, some obstacles have affected the application of this mechanism, such as: the
difficulties in identifying individual competencies within public research agencies and
universities to be made available to firms; the appropriate regulatory framework to be
adopted; only a modest part of the research carried out in public research institutions may
have direct industrial application; and scarce interest in many 'public' researchers and
industrial business initiatives.

Table B.6.8: Indicators and Assessments of ISR in Italy at the End of the 1990s

Type of ISR Indicator Value
Contract and Collaborative Research R&D financing by industry for HEIs in % of HERD 3.8
(Source: OECD-BSTS) R&D financing by industry for PSREs in % of GOVERD 3.0
R&D financing by industry for HEI/PSREs in % of BERD 3.2
Faculty Consulting with Industry Significance of R&D consulting with firms by HEI research. low
Significance of R&D consulting with firms by PSRE resear. low
Co-operation in Innovation Projects Innovative manuf. enterprises co-operating with HEIs in % 25
(Source: CIS2) Innovative manuf. enterprises co-operating with PSRESs in % 13
Innovative service enterprises co-operating with HEIs in % n.a.
Innovative service enterprises co-operating with PSRES in % n.a.
Science as an Information Source for HEIs used as inform. source by innov. manuf. enterpr. in % 1.7

PSREs used as inform. source by innov. manuf. enterpr. in

Industrial Innovation % 1.6
(Source: CIS2) HEIs used as inform. source by innov. service enterpr. in % n.a.
;SRES used as inform. source by innov. service enterpr. in na
0
Mobility of Researchers Share of researchers in HEIs moving to industry p.a. in % low
(Source: national statistics, assessments) Share of researchers at PSREs moving to industry p.a. in % low
Share of HE graduates at industry moving to HEIS/PSREs
p.a.in % low
Vocational Training Income from vocational training in HEIs in % of R&D exp. low
(Source: national statistics, assessments) Number of vocational training participants in HEIs per 1,000 low
R&D employees at HEI
Patent Applications at Science Patent Applications by HEIs per 1,000 employees in NSEM low
e _ Patent Applications by PSREs per 1,000 employees in
(Source: national statistics, assessments) NSEM low
Royalty Income by Science Royalties in % of total R&D expenditures in HEIs low
(Source: national statistics, assessments) Royalties in % of total R&D expenditures at PSREs low
Start-ups from Science Number of technology-based start-ups in HEIs per 1,000 low
(Source: national statistics, assessments) R&D personnel
Number of technology-based start-ups at PSREs per 1,000 -
R&D personnel & P P medium
Informal contacts and personal networks significance of networks between industry and HEIs low
(Source: national statistics, assessments) significance of networks between industry and PSRE low

Sources: Eurostat, OECD, own surveys

The role of vocational training is minor in Italy as well. According to expert interviews,
teaching by firm employees at universities, and vocational training programmes for industry
measured as income as a percentage of R&D expenditure, do not play significant roles.

Patent application by Italian firms is extremely low and patent application in science is even
lower. A study carried out by the EU underlining the relationship between high-tech patents
and the number of inhabitants per million, exhibited a quota of 4.2 in Italy, which is
"definitely inferior" to that of most EU countries. For Finland the quota is 69.9 and for

191



Benchmarking Industry-Science Relations: The Role of Framework Conditions

Germany 23.9%%. Universities are hardly engaged in any patent activities, while there is some
patenting at technically oriented PSREs.

During the last few years, Italy has been showing an increasing awareness regarding the need
to increase the knowledge and information available on resources, competencies and
technical-scientific organisations operating at the national and regional level. Following
successful EU experiences (such as CORDIS and more recently ERGO), the efforts 'to map'
the technical and scientific competencies and to diffuse information have multiplied also at
national and regional level.

As far as the specific field of information provision is concerned, at national level the Institute
for Research and Scientific Documentation (ISRDS), was the result of a strategic project
developed by CNR (the National Research Council), aimed to support collaboration between
the scientific research and the industrial worlds. Under this project, the creation of the
Technology Transfer DataBase (BDTT) was developed and includes about 9,000 informative
forms on scientific research projects. This activity has involved the whole national scientific
community by sending a questionnaire to about 15,000 researchers working for universities
and research bodies, requesting to make public the results obtained, the eventual possible
future developments, the licences achieved, and the companies or economic sectors to be
involved. In order to optimise the practical use of BDTT, all collected forms have been
classified under the scientific and economic codes (application sectors). At the moment, the
database is available online at the address http://bdtt.ipzs.it/bdtt/bdtt.

As far as the regional level is concerned, one of the most successful experiences is Emilia-
Romagna VERNE Network, which represents a unique experience in the national context.
VERNE (the Virtual Emilia Romagna Network for the European Research) was born by the
joint efforts of the Universities of Bologna, Ferrara and Modena, the Emilia Romagna
Regional Government, the Industrial Association of Bologna Province, ASTER, Irene
Innovation Centre (ENEA-CNR) and the Regional Entrepreneurial Forum. VERNE has the
objective of providing to the industrial world, a better visibility of the research competencies
available within the universities, favouring the development of joint research projects, in
particular, promoting the participation of regional enterprises, labs and universities, to the
European Union Framework Programme for Research and Technological Development.

With this aim in mind, VERNE created a database - following the CORDIS example - by
collecting information on research projects carried out by the three universities belonging to
its network, as well as on research and technology transfer projects implemented by public
and private bodies and funded by the Emilia Romagna Regional Government. By the end of
1999, 1,000 research projects were present on the database www.aster.it/verne.

Internet diffusion at all levels has allows the discovery on the web, of a huge amount of
information on research activities and on competencies and tools available in the different

22 Linee Guida del Piano Nazionale della Ricerca, March 2000.
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organisations. On the web sites of universities, CNR institutes, ENEA centres and private
labs, more and more information is available, despite, very often, in an unstructured way and
with some updating problems.

Within this framework, the objective of creating a single database or a single information
system which houses information on the different organisations, is a difficult goal to achieve.
The direction pursued is to develop some interfaces for the search of information allowing
simultaneously access to the different information sources through "knowledge management”
systems.

B.6.3 The Policy-related Framework Conditions for ISR in Italy

A debate on the regulations related to intellectual property rights is currently going on in Italy
in the framework of the attention dedicated to research and development and specifically, ISR
related issues. At the highest level, there is also the intention by the national Government to
set up a specific Patent Agency in the forthcoming period. As for intellectual property rights
protection related to research results coming from universities and public research bodies, no
specific regulation exists at the national level, and general national and international norms
must be applied. As such, each university and research body is free to regulate the attribution
of the intellectual property right and other details related to this issue, by an internal
regulation. Therefore, each body carries out its own ‘patent policy' and decides autonomously
if and when to register a new patent and how to exploit it. These regulations refer to
inventions or any other innovation that can become a potential patent, and when a researcher
or professor uses the equipment and financial resources belonging to the University in order
to carry out their research. They usually contain details on principles relating to scope and
procedures, role of the researcher, composition, competencies and functioning of the internal
Patent Commission, patent related expenses, economic exploitation, sharing of profits
between subject(s) owing the paternity of the patent object, and the university patent fund.

Concerning regulations related to joint R&D projects and contract research, no specific
regulations govern relations between research organisations and enterprises but ad hoc
contracts and agreements exist which are set-up according to the situation (subjects involved,
type of activity, etc.). In other words, each research organisation (university, research centre,
etc.) has developed its own set of 'contract forms' and the current reform of universities and
public research centres is confirming this autonomy. In general terms, the reform process that
interested the national research system, assigning more autonomy to research organisations,
has also created the legal framework for the elaboration of specific contractual forms.

The year 1999 witnessed the approval of Law no. 297 whose main aim is to promote ISR by
supporting scientific and technological research, by diffusing technologies and by
encouraging the mobility of researchers. The activities financed by the this law range from
the creation of spin-offs to employment of graduates, post graduates or research students, in
firms of various dimensions. An important role is also given to mobility with regard to
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researchers. Through this law, research centres, universities and enterprises are encouraged to
work together to promote and apply the country's technological development.

The Official Journal n. 201 dated 27" August 1999, publishes the Legislative Decree no. 297
of the 27" July 1999 called: "Reorganisation of the Discipline and simplification of
Procedures for the support of Scientific and Technological Research, for the diffusion of
Technologies and for the mobility of Researchers”. With such a measure, the Ministry of
University and of Scientific and Technological Research has concluded the reform of the
National system of Research.

In fact, the reorganisation and simplification of the instruments of intervention in support of
Industrial Research (Law no. 46/82, no. 488/92, and others) was one of the main aims of the
proxy process. The final objective of this proxy was to allow the System of National
Research to give a more efficient response to the needs of development and modernisation of
the national industrial reality and, as a consequence, of the Country.

In effect, the complex and stratified regulations concerning support to Scientific and
Technological Research which began in 1968 with Law no. 1089, and proceeded with
subsequent Laws, (no. 46/82 and no. 488/92 in particular), often led to duplications and
useless overlapping. The time had come for a profound re-organisation which also addressed
the need for simplification.

The approved legislative decree includes in its objectives the creation of a more favourable
context for investments in research. This would involve industrial subjects of any dimension,
though the processes of research and development should involve in particular, and more than
before, the world of SMEs, their being the heart of the Production System.

Among the activities which are able to receive funding according to the new law are the well-
known forms of intervention (independent projects, and projects submitted on the base of
calls for proposals), including those which support employment and mobility in the field of
research, which saw an experimental start in 1998 and proved to be, in general terms, very
successful. New and important forms of funding are also included and, for instance, specific
interventions with the aim of building new technology-based enterprises (business start up,
spin off, etc.). This could also include funding for risk capital.

The subjects who can have access to these interventions are identified in a clear and simple
way and efforts have been also made to facilitate the concrete possibility for University and
Public Research Organisations to work and co-operate with enterprises in presenting research
projects. In fact, the restraints, which previously forced enterprises and public research
bodies to create complex consortia, have been eliminated - it will now be possible to present
projects jointly without having to create any particular association. The law makes it possible
for enterprises and university/research bodies to present joint projects, as long as the
enterprise is prepared to give a financial contribution of 51 % (30 % for activities to be carried
out in regions lagging behind).
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The rationalisation of procedures enabling easier access to funds is also related to the fact that
all interventions refer to the same fund and are subject to the same forms of management.
Moreover, in order to avoid the repetition of interventions with the inevitable dissipation of
resources, a new concrete activity carried out jointly with the Ministry of Industry is in the
pipeline, and aims to provide users with a service similar to a unique help desk.

This Decree has been effective since the beginning of year 2001. Its adoption determines the

final abolition of the previous laws, and provisions that are now still in force and effective.

Table B.6.9: Major Public Promotion Programmes in the Field of ISR in Italy

Name of Programme Public Fun- Main Approach Type(s) of ISR Mainly
(responsible authorities) ding p.a. Addressed
(million €)
Special applied research fund . . i vocational training,
(MURST) na. grants for |'n_dustr|al research and_/or pre R&D co-operation.
competitive development projects
technology transfer

Employment in the field of support for temporary placement of
research graduates in research projects, temporary ersonnel mobilit
(MURST) secondment of public science researchers P . Y

18.6 recruitment of

and technicians, contribution to the social
charges of graduates who replace the
personnel seconded

graduates

Support for the promotion of

support for activities which aim to promote

scientific culture n.a. scientific and technological culture awareness building
("cultural week on science and technology")
Autonomous research grants for industrial research and/or pre-
projects in the regions 154.9 competitive development projects in collaborative Research
lagging behind Objective 1, 2 and 5b areas (94-99)
Research centres in the support for the establishment of new
. . . ) contract research,
regions lagging behind research centres and the restructuring, :
187 o s strengthening the
enlargement, de-localisation of existing research base
centres in underdeveloped areas
Measures aimed at sustaining . . . . contract research,
. . tax incentives for industrial research and . .
innovation 122 development absorption capacities
P of SMEs
Rese_arch assignments to encouraging SMEs to employ graduates and
public research laboratories. . contract research,
n.a. to give contract research to PSRES through L
Employment of researchers tax credits personnel mobility
by SMEs (MURST)
The reorganisation of the reorganisation of the regulation and
regulation and the simplification of the procedures in the field
simplification of the na of scientific and technological research, personnel mobility,
procedures: the Fund for - technology diffusion, mobility of start-ups, legislation
Research Support researchers (institutional, organisational,
financial, fiscal, budgetary)
Reorganisation and new decrees that provide the public research institutional setting for
establishment of PSREs n.a. bodies with new rules, establishing of new ISR, expansion of
(MURST) PSREs research base
Large research projects 5.16 (total ~ grants for large industrial research and/or  expanding the research
budget) pre-competitive development projects base at industry
Reordering of the promotion Sviluppo Italia is the national development
bodies and establishment of agency, created in 1999 in order to enable
Sviluppo Italia SpA Italy to promote its activities and to ensure
n.a. that the states full potential is known to the awareness

international marketplace. Its mission
focuses on three areas: regional promation,
investment attraction, development of
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sectors with a high degree of technology

Community Support stimulating enterprises to present a single
Framework Objective 2000- multi-annual programme of development to
2006 (PI1A) obtain grants from different sources; new

programme management model (single

point of reference), enterprises can get
grants for a number of purposes through a

n.a. single application (acquisition of networking, consulting
equipment, setting-up of networks,
purchase of services and consulting, joint
infrastructures), PIA represents a priority
tool for the improvement of the
environment for entrepreneurial activities
and simplifies bureaucracy

Agreement Sviluppo Italia support to professors, researchers, students

(MURST) who are interested in developing and

marketing the results of their own research

activities (free consulting services for the

project and start-up phase), experimental
programme involving the universities

Federico 11 (Napoli), Sannio (Benevento),

Lecce and Catania

n.a. start-ups

Source: Trend Chart project, own surveys and calculations by the authors

As a result of the little significance of ISR in Italy at the end of the 1990s, major innovation
actors are now showing an increasing awareness regarding the fundamental importance of the
relations between industry and the research world. Given the low level of R&D, Italy has
recognised that particular effort would be necessary in order to prepare the economy for the
knowledge based economy, i.e. the growing importance of generating new knowledge and
transferring it rapidly into new products, services and processes. In order to increase its
resources, competencies and technical-scientific potential on the national and regional level, a
seven-year National Programme of Research was announced in May 2000. This programme
foresees major increases in expenditure on R&D in the period 2000-2006, both by
government and industry. Table B.6.10 reports the main quantitative objectives of the
programme with respect to R&D financing by the state and industry.

Table B.6.10: The Italian National Programme of Research: Main Quantitative Objectives on R&D

Investment

Year Public (in bio. €) Private (in bio. €) Total Financing Share in Total

amount increase to| amount increase to| amountin increase in in% of | publicin private in

previous previous | million € % GDP % %
year year

2000 6.71 0.00 5.16 0.00 11.88 0.0 1.03 0.57 0.44
2001 8.78 2.07 5.42 0.26 14.20 19.6 1.23 0.62 0.39
2002 9.81 1.03 5.80 0.38 15.62 315 1.35 0.63 0.37
2003 10.85 1.03 6.38 0.58 17.23 45.0 1.49 0.63 0.37
2004 11.36 0.52 7.28 0.89 18.64 56.9 1.62 0.61 0.39
2005 11.36 0.00 8.66 1.38 20.02 68.5 1.74 0.57 0.43
2006 10.85 -0.52 10.74 2.08 21.58 81.7 1.87 0.50 0.50

Source: Guidelines of the National Programme of Research, May 2000
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R&D expenditure as a percentage of GDP should continually increase until 2006 to 1.87 %,
i.e. the EU average. In this year, the state and the private enterprise sector should contribute
the same share to total R&D financing. In 2001 to 2003, the government plans to enlarge
their R&D appropriations by rather enormous amounts, while industry is expected to increase
R&D investment dramatically from 2004 onwards. If Italy meets these ambitious goals, it
would show a similar take-off as that of Finland in the 1980s and Ireland in the 1990s. In this
case, framework conditions for ISR in knowledge production structures will change
significantly and will then provide a much more favourable knowledge market environment
for co-operation and knowledge interaction between enterprises and public science
institutions, than is the case today.

In the coming years, there will be further major changes to policy-related framework
conditions in Italy due to a regionalisation process that has been going on for some years now.
The process implies, amongst others, the delegation of functions and administrative tasks
regarding interventions in favour of industry, from central government to regional
governments and local bodies, including innovation and technology transfer programmes.

B.6.4 ISR in Italy: A Summary Assessment

In Italy, the debate concerning ISR is strictly linked to the ongoing change of the national
research system and is presented in the "Guidelines of the National Research Programme".
The discussion lead to the identification of the clear need for a guiding role, specialising in
systematic monitoring of national development conditions within the Human, Technology and
Organisation areas.

As for universities, in common with almost all other countries, both public and private
universities exist in Italy, but they differ greatly in terms of autonomy, funding mechanisms,
etc. However, the most important thing to be underlined for public universities is the fact that
they are now in the middle of evolution determined by the recent overall reorganisation of the
national education and training system. Within this framework, between 1996-1999, a
consistent and general innovation process of the Italian university system has been activated.

Where public research centres - CNR and ENEA - are concerned, these two, together with
others, belong to the national science research system (including, amongst others, another
major body, namely ASI Agenzia Spaziale Italiana - Italian Spatial Agency) and are
undergoing a reform process too. On the basis of the Legislative Decree n. 204 of 5 June
1998, ad hoc legislative decrees were issued at the end of January 1999 for CNR and ENEA,
including provisions to increase their operational and financial autonomy.

This situation greatly affects all ISR related issues. The various reforms are all directed
towards strengthening ISR, putting in place new simplified procedures, new important
financial and non-financial supporting measures, and more focus on this issue being
considered as a central one for enhancing social and economic growth and the modernisation
of the country. At the same time however, this very moment is a 'bridging' one, between the
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old and new situation, and therefore, it is still premature to elaborate data and make
assessment on the efficacy of the new tools.

In the past, Italian State support for innovation in firms has mainly been financial, in the form
of incentives and facilitation, and to a minor extent, towards network oriented policy. This
policy has not always been effective however, due to the overlapping of a number of
initiatives which have been applied without any overall strategic plan. These shortcomings
have been compounded by irregularity of the financing.

An important review and rationalisation activity of the complex and stratified legislation
supporting the scientific and technological research has been carried out with the Legislative
Decree no. 297 of 27" July 1999.

Scientific and technological research support started in 1968 with law n. 1089 and continued
with further laws, in particular laws 46/82 and 488/92. The new law no. 297 overcomes the
duplication and overlaps which, although difficult to understand, do occur, particularly by
those actors less equipped from an organisational point of view, such as SMEs. Law no. 297
can be considered as a true, unified, single reference foreseeing a wide and organic panorama
of activities to be financed and providing a clear and simplified identification, both of the
beneficiaries and of the possible facilitating tools. For the latter, interventions also aimed at
setting up new economic initiatives with a high technological content are now foreseen, both
supporting the spin-offs of the research public network and favouring the commitment of
venture capital.

Furthermore, an idea, which is not exclusively formal, with the Italian Ministry of Industry,
Trade and Small Enterprises is foreseen with the aim of providing final users with a 'one stop
shop' presenting their needs and requests, enabling them also to avoid overlaps of activities
and dispersion of resources.

Finally, regarding the evaluation of interventions, the Ministry is now obliged to activate
overall evaluation procedures - besides the daily monitoring - on the real impact of
investments, with the support of the Guidance Committee for Research Appraisal (CIVR)
also.

B.6.5 Good Practice in Framework Conditions for ISR in Italy

The Italian government attempts to promote ISR through different mechanisms. One major
approach is to foster regional networks and ISR on a regional base. In the following, three
recent examples of such initiatives are presented:

The promotion of ISR by the regional government of Emilia Romagna via the
establishment of ASTER as an intermediary agency aiming to foster regional co-operation.
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The STARTECH programme, aiming towards fostering structural changes in high-
technology areas in the Mezzogiorno, laying special emphasis on industry-science
collaboration as a means of technology development and industrial modernisation.

The new SPINNER programme in the region of Emilia Romagna, having its main focus on
training of new high-tech entrepreneurship and towards promoting the technology transfer
from university laboratories and research centres to the entrepreneurial system and local
bodies.
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ISR Promotion by Regional Government: Emilia Romagna Region and ASTER

A good practice at regional level is represented by the experience of Emilia Romagna region with the Technological
Development Agency ASTER. A specific commitment of the regional government to support and promote ISR in Emilia
Romagna region has been recently confirmed, following the new competencies acquired in the framework of the
decentralisation process which recently occurred in Italy.

Law no. 59 of 1997, followed by Legislative Decree no. 112 of 1998, delegated to regions, all functions regarding
interventions in favour of industry, including innovation and technology transfer programmes. The Regional Law no. 3 of
1999 foresees the promotion of the development of research and innovation initiatives, a technology transfer network, joint
initiatives involving public research bodies and single or associated companies, the commitment of local firms in the field of
research and innovation, and the involvement of human resources of universities and research bodies.

Emilia Romagna research and productive system in numbers

The following scientific and technical resources operate within Emilia Romagna region:
6000 researchers and professors
CNR National Council for Science and Research (800 Researchers and Technicians)
ENEA National Body for Energy and the Environment (400 Employees)
5 Universities with 130,000 students (Bologna University being the oldest in Europe)

The regional entrepreneurial tissue is thus composed:
Over 400.000 enterprises
over 130,000 micro enterprises
3,000 co-operatives
97 % with less than 20 employees (average. 5.2 per enterprise)

Within this legal framework, the regional government focuses its attention on the fact that the regional economy must be
based on knowledge and technological innovation, and thus, on initiatives directed towards the co-operation of universities,
research centres, enterprises, financial markets, considering them strategic elements and drivers of regional
competitiveness. The organisation entitled to promote and facilitate the above mentioned co-operation and the support of
joint initiatives is ASTER, which must be seen as the agency stimulating industrial research, innovation and technology
transfer in Emilia Romagna region.

ASTER shareholders

ERVET (Policies for enterprises) 41%
C.N.R. (National Research Council) 20%
ENEA (National Body for Energy and the Environment) 10%
Bologna University 10%
Modena & Reggio Emilia University 5%
Ferrara University 5%
Unioncamere Emilia Romagna 5%
Entrepreneurial associations 3%
Other service centres of the ERVET System 1%

A specific agreement has been signed by ASTER shareholders in order to formalise the main aims and related actions which
ASTER will undertake:

1. Creation and animation of a regional technology transfer network by carrying out the following

Monitoring research and innovation in the region, and those developed in the region, through the creation and
management of research databases which support already existing databases on national and international levels.

Supporting universities and research centres in activities of analysis and project management concerning scientific,
technological and industrial issues, for the development and promotion of a culture of innovation.

Diffusion of information concerning research and technology. Co-ordination between the system of regional research
and enterprises.
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Services of information and technical assistance for the exploitation of research and the protection of industrial property.

Activities supporting the application of new technologies through the creation of valuation sites in enterprises, the
constitution of task forces and the realisation of specific projects.

Information, specific services and support concerning the participation in projects, programmes and funding
opportunities, technological transfer and innovation, promoted by regional, national, European and international
authorities.

Promotion, diffusion and technical assistance regarding opportunities to receive private venture capital or funding in co-
operation with others working in the field.

Promotion of projects which concentrate on training human resources for technology transfer and support to the mobility
of researchers, in particular, towards enterprises.

Study and experimentation of methods and systems of rating for enterprises which invest on innovation.
2. Promotion of research and technology transfer projects and of contracts of strategic interest for Emilia Romagna Region,

support to universities and research bodies working on European and national projects, co-operation on both management
procedures and the realisation of technology transfer.

3. Undertaking actions to exploit research results. This also through the creation of enterprises and of autonomous high- tech
activities, with particular reference to research spin off and to new technology based firms.
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STARTECH

STARTECH is a programme promoted by Sviluppo Italia (the public Agency recently created after the reform and
restructuring of some public agencies devoted mainly to the promotion of southern Italy) aimed at:

new high-tech enterprises and
improving industrial research,
creating developing territorial systems of high-innovative enterprises.

Another important objective of the programme is to sustain the spreading of innovation tools in the South of Italy (more well
known as "Mezzogiorno").

The programme focuses on the following aspects:

Scaling down the distance between industry and research system

Supporting the development of high knowledge and technology based firms

Improving the quality of some areas in order to attract new high-tech investment at both national and international level
In terms of actions, the STARTECH programme aims to:

promote research initiatives towards the production of new technologies (patents), spin off and knowledge based firms.

support new entrepreneurial project in the most developed scientific-technological areas as indicated in the National
Programme for Research (ITC, robotics, macro-systems, energy, bio-technologies, new technologies).

All activities are implemented through collaboration between universities, big enterprises, research centres and venture
capitalist. Moreover, the territorial system of Sviluppo Italia will be engaged (BIC, CISl, regional associations).

LA RICERCA CREA IMPRESA ("Research creates enterprise")

"LA RICERCA CREA IMPRESA" is a pilot action promoted by IG (the public agency devoted to the creation of new
enterprises mainly in the South of Italy now included in Sviluppo Italia) and INFM, in order to sustain the creation of high-tech
enterprises in the Mezzogiorno regions through the creation of research spin-offs.

These enterprises will be able to compete on the market exploiting the competitive advantage rising from the link with the
research centre of origin.

This action is co-financed by EU and Italian funds, namely: Support Community Framework Italy Objective 1 - 1994-1999,
Operative Programme "Industry, craft and services to enterprises” - European Social Fund Measure 1.4 "Training for new
youth entrepreneurship” Operative Programme of the Ministry of University, Scientific and Technological Research -
Research Development and high Training - EFRD/ESF.

Beneficiaries of this programme are: young researchers, scholarship holders, graduated and post-graduate interested in
developing products and application-oriented services for INFM, exploiting knowledge and skills learnt at University or
obtained in the field of scientific and technological research.

This action can be an opportunity also for the realisation of research spin-off even in the complementary fields of physics.

Some services are offered free of charge, in fact during the conceiving and the planning of the new initiative beneficiaries are
supported through:

Stimulation and guidance activities towards entrepreneurship

Information about possible entrepreneurial opportunities

Information about laws and facilities for the creation of new enterprises

Support to the development of entrepreneurial ideas

Evaluation of the proposed idea

Training on business planning: the product and the market, financial plan, public relations capabilities
Individual assistance for the definition of the new enterprise project.

LA TUA RICERCA PER LA TUA IMPRESA ("YOUR RESEARCH FOR YOUR ENTERPRISE")

The Ministry of the University and Scientific Research and Sviluppo Italia in collaboration with four Universities situated in the
Southern Italy are promoting an experimental activity for the creation of high-tech enterprises through research spin-off.
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Beneficiaries are professors, researchers, scholarship holders, graduated and post-graduate interested in developing
products and applied services for the improvement of the research.

In order to sustain the planning and the inception phase of each initiative, this action foresees the opportunity to get free
services such as:

Information about facilities for the creation of new enterprises
Support to the development of entrepreneurial ideas
Assistance in the definition of the new enterprise project
Scientific tutorship and continuous assistance

Free entry to laboratories and equipment use.
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SPINNER Programme - Emilia Romagna Region

The SPINNER Programme is an initiative promoted by the Emilia Romagna Regional Government in the framework of the
Global Grant of the European Social Fund, Objective 3, Operative Regional Programme Emilia Romagna, aimed towards
implementing two specific actions:

D3 - Development and strengthening of entrepreneurship with a specific focus on new employment clusters;
D4 - Enhancement of human resources in the research and technological fields.

The programme is managed by the SPINNER Consortium (Services for the Promotion of Innovation and Research), created
by ASTER, Sviluppo ltalia and Fondazione ALMA MATER through which the Region contributes in the development of
strongly innovation-oriented local systems.

In particular, SPINNER aims to support the training of new high-tech entrepreneurship and to promote the technology
transfer from university laboratories and research centres to the entrepreneurial system and local bodies.

Thus the SPINNER Programme is particularly addressed to those operating in specific and technological research fields who
will have access to free consulting, training services and financial contribution through grants and scholarship. The aim is to
develop their entrepreneurial abilities and to enhance their know-how in the innovation dissemination processes.

Finally, SPINNER will test the following two pilot intervention models:

1. First, to face the problem of the generational change in regional firms through the creation of an integrated system of
specialised services and competencies;

2. Second, to define a methodology which favours the emergence of Northern and Central Italian SMEs from the black
economy.
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B.7 Sweden®

B.7.1 Knowledge Production Structures in Sweden

Sweden showed a R&D ratio (R&D as a percentage of GDP) of 3.7 % in 1997, which is the
highest amongst all OECD countries. While the R&D ratio has declined in the early 1990s
due to a serious recession, R&D expenditure has strongly increased again since 1993.
Compared to the pre-recession stage at the end of the 1980s, the R&D ratio grew by about 1
percentage point until the end of the 1990s. This increase was largely the result of a
significant expansion of R&D expenditure in the private business enterprise sector. This
sector is by far the dominant group with respect to financing and performing R&D in Sweden.
The Swedish business enterprise sector performs 75 % (or 2.77 % of GDP) of all R&D
expenditure (see Table B.7.1). Given this exceptionally strong R&D orientation and potential
of the enterprise sector, the share of HEIs (universities) of total R&D expenditure, is only 22
%, although the level of R&D spending in relation to GDP (0.80 %) is amongst the highest in
the world.

Table B.7.1: R&D Expenditures in Sweden 1997 by Financing and Performing Sectors (in million €)

Performing Sector Financed by Total

Enterprises State* Abroad million € % % of GDP
Enterprise Sector 4,936 423 184 5,543 75 2.77
PSREs* 9 251 7 267 4 0.13
HEIs 72 1,460 63 1,595 22 0.80
Total (million €) 5,017 2,134 254 7,270
Total (%) 68 29 3 100 3.70

* Including the very small private non-profit institutions sector.
Source: OECD (2000), calculations by the authors

R&D in the business enterprise sector is mostly financed by internal sources (90 %). The
state finances about 8 % of enterprise R&D expenditure. This public funding comes solely
from military agency funds and goes to defence enterprises, in particular, sectors such as
transport equipment, precision instruments and machinery. Only a mere 2.5 % of BERD is
financed from sources abroad. At the same time, Swedish enterprises, primarily about 20
large multinationals, finance a significant amount of R&D from their foreign branches,
amounting to 36 % of their total R&D budget in 1997. A large fraction of the foreign share of
R&D expenditure by Swedish multinationals is financed by their own sources in the foreign
affiliates however.

The main financing source of the HEIs is public funding, which accounts for about 75 % of
the total budget of HEIs. The remaining 25 % come from enterprises, non-profit
organisations, research foundations, the EU, and other public and private actors. The public
funds may be divided into two major categories. The first one (GUF), is basic financing and

23 This chapter is based on the national report on ISRs in Sweden (Norgren 2001).
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accounts for 51 % of total research expenditure in HEIs. The second one is mainly project
orientated funding on a competition basis, and accounts for 49 %. In the case of the small
PSRE sector, the pattern is quite different. Basic funding is about 25 %, a much lower rate,
while project oriented financing accounts for 75 %. The main financing source is the national
government.

Table B.7.2: Financing Structure of R&D in HEIs and PSRESs in Sweden 1997/98 (in %, estimates)

Public Financing Source HEIs PSREs
Basic Financing (GUF) 51 ~25
Project Financing and other financing sources 49 ~75
National Government 74 94
Other Sources (enterprises, internal financing, abroad) 26 6

Source: OECD (2000), statistics Sweden, calculations by the authors

As mentioned above, the business enterprise sector is the major player in the Swedish
innovation system with respect to R&D expenditure. Within the business sector, the
distribution of R&D expenditure is very uneven. As in other countries too, the overwhelming
bulk of R&D (over 80 %) expenditure is concentrated in the manufacturing sector. A more
detailed dis-aggregation (see table B.7.3) shows that the narrower high-tech-sector®* accounts
for 37 % of total R&D expenditure. Somewhat more conventional but also strong,
technology-driven sectors (for example chemistry, and machinery) account for 37 % of R&D
expenditure too. Low-tech sectors have only a tiny share of R&D (8 %). R&D in the service
sector is concentrated, to an overwhelmingly extent, in IT-services.

Table B.7.3: R&D Expenditures in the Swedish Enterprise Sector by Sectors 1997

Sector Share in R&D  R&D Expen-
Expenditures  ditures in % of
(in %) GDP
High-Tech Sectors (NACE 24.4, 30, 32.1, 32.2, 33, 35.3) 37 1.02
Other Technology Sectors (NACE 23, 24, 29 to 35 excl. high-tech sectors) 37 1.03
Other Manufacturing (NACE 01 to 45, excl. technology/high-tech sectors) 8 0.23
IT-Services (NACE 64, 72, 73) 15 0.40
Other Services (NACE 50 to 99, excl. IT-Services) 3 0.08

Source: OECD (2000), calculations by the authors

R&D in manufacturing is concentrated in very large enterprises (10,000 employees and
more). Their share is about 60 % (see table B.7.4). In fact, the ten largest manufacturing
groups alone account for more than 50 %. These are multinational conglomerates with
headquarters and home base in Sweden, but with an international, if not global, focus on
production facilities, in a huge range of countries. In the main, they are in high-tech sectors
such as information technologies, pharmaceuticals, transport and engineering. As recent

24 High-tech sectors are (NACE-codes in parentheses): pharmaceuticals (24.4), office and computer machinery (30),
electronic components (32.1), telecommunication equipment (32.2), instruments (33) and aerospace (35.3). Other technology
sectors are refined petroleum products (23), chemicals (24) excl. pharmaceuticals, machinery (29), electrical machinery (31),
radio and television equipment (32.3), motor vehicles (34) and other transport equipment (35) excl. aerospace.
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studies show, their R&D performance is increasing abroad. However, the major part of their
R&D activities are still conducted in Sweden (about 60 %), at least up to the end of the 1990s.

Table B.7.4: R&D Expenditures in the Swedish Enterprise Sector by Size Classes of Enterprises 1997

Sector Share in %
Small Enterprises (< 100 employees) 3
Medium-sized Enterprises (100 to 499 employees) 13
Medium-sized to Large Enterprises (500 to 999 employees) 11
Large Enterprises (1,000 to 9,999 employees) ~13
Very Large Enterprises (10,000 employees and more) ~60

Source: OECD (2000), calculations by the authors

Small enterprises have only a tiny share (3 %) of R&D expenditures. The other three size
classes given in table B.7.4 (medium-sized enterprises, medium sized large and large
enterprises) account for very similar shares (13, 11 and 13 %).

Despite the small significance of SMEs (and especially small firms) for the R&D statistics in
Sweden, they may be of great importance for ISR and the overall strength of the innovation
system. Since they represent the vast majority of all firms, their absorption capacity for new
knowledge generated in the HEIs and PSREs sector strongly influences the level of ISR.

Table B.7.5: Relative Innovation and R&D Performance of SMEs in Sweden

Manufacturing Services
Very small Small Very small Small
enterprises  enterprises enterprises enterprises
(< 50 em- (50-249 (<50 em- (50-249
ployees)  employees)  ployees)  employees)

Share of Innovative Enterprises* 0.93 1.01 0.98 1.24
Innovation Expenditures as a Share of Turnover* 0.55 0.61 0.27 1.91
Share of Turnover due to Innovative Products* 0.79 1.07 n.a. n.a.
Share of Enterprises with High R&D Intensity** 1.22 1.78 0.60 1.83
Share of Enterprises with Medium R&D Intensity** 1.62 1.22 0.44 2.51
Share of Enterprises Engaged Continuously in R&D** 1.43 1.24 1.16 1.73
Share of Enterprises Having Applied for a Patent** 1.43 1.34 1.40 0.43

* Figures show the relation of Swedish SMEs' performance to the performance of SMEs in the EU average, normalised by
the respective relation of all Swedish enterprises to all EU enterprises: (*®xs/*"Fxg;)/(Xsi/Xej), X being the variable
considered, S being Sweden, j being the sector consider