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Innovation Policy and Performance



This publication examines the relationship between innovation policy and performance in six OECD countries – Austria, Finland, Japan, the Netherlands, Sweden and the United Kingdom. In-depth analyses highlight countries’ strengths and weaknesses in innovation, as well as the effectiveness of their innovation policies in driving economic performance. Taken together, the country studies constitute a rich evidence base which will be of considerable interest to innovation policy makers in all OECD countries. They indicate that countries share a need to adapt – or even profoundly change – their innovation policies in order to deal with opportunities and threats posed by new technological and economic developments.
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How can OECD countries improve their innovative capabilities? Which policies best enable innovation to contribute to economic growth?
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The OECD is a unique forum where the governments of 30 democracies work together to address the economic, social and environmental challenges of globalisation. The OECD is also at the forefront of efforts to understand and to help governments respond to new developments and concerns, such as corporate governance, the information economy and the challenges of an ageing population. The Organisation provides a setting where governments can compare policy experiences, seek answers to common problems, identify good practice and work to co-ordinate domestic and international policies.
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The OECD member countries are: Australia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Korea, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal, the Slovak Republic, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United States. The Commission of the European Communities takes part in the work of the OECD. OECD Publishing disseminates widely the results of the Organisation’s statistics gathering and research on economic, social and environmental issues, as well as the conventions, guidelines and standards agreed by its members.
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© OECD 2005 No reproduction, copy, transmission or translation of this publication may be made without written permission. Applications should be sent to OECD Publishing: [email protected] or by fax (33 1) 45 24 13 91. Permission to photocopy a portion of this work should be addressed to the Centre français d'exploitation du droit de copie, 20, rue des Grands-Augustins, 75006 Paris, France ([email protected]).



_it E d it e io s



nl y



w



ea



d



u le



O



Foreword



EC



e



R



se



The OECD Growth Study highlighted the relation between innovation and economic performance and outlined broad recommendations for innovation policy. This report belongs to a broader effort launched by the OECD Committee for Scientific and Technological Policy (CSTP) to develop more refined policy conclusions through thematically focused work on key areas such as industry-science relations; public/private partnerships for innovation, and the management of intellectual property rights; studies of a sectoral dimension; and cross-country comparisons of innovation policy and performance that take into account national economic and institutional specificities.
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Taking a national innovation systems (NIS) perspective, this report examines innovation policy and performance in six OECD countries – Austria, Finland, Japan, the Netherlands, Sweden and the United Kingdom. In-depth analyses, based on a common framework using both quantitative indicators and qualitative information, highlight countries’ strengths and weaknesses in innovation, as well as the effectiveness of their innovation systems and innovation policies in driving economic performance. They indicate that countries share a need to adapt – or even profoundly change – their innovation policies in order to deal with opportunities and threats posed by new technological and economic developments. The report was prepared under the aegis of the CSTP, with the support of its Working Party on Innovation and Technology Policy. It draws on original contributions produced by the six countries examined in the report, in collaboration with the OECD Secretariat. Chapter 1 was prepared by John Barber, former chairman of the CSTP. Pentti Vuorinen, Alpo Kuparinen, Petri Honkanen, Seppo Kangaspunta and Tero Kuitunen from the Finnish Ministry of Trade and Industry and Kai Husso from the Finnish Science and Technology Policy Council wrote the Finnish report; the Swedish and UK studies derive from larger innovation studies that had recently been completed in those countries. From the OECD Secretariat, Gernot Hutschenreiter prepared the country study on Austria and the Netherlands, and Shuji Tamura wrote the Japan country study. Sandrine KergroachConnan provided statistical support. Gernot Hutschenreiter and Jerry Sheehan managed the project and co-ordinated the preparation of the publication.
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Chapitre 1. Les politiques et performances en matière d’innovation : Introduction et synthèse Innovation Policy and Performance: Case Studies
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In advanced industrial countries, innovation and exploitation of scientific discoveries and new technology have been the principle source of long-run economic growth and increasing social well-being. In the future, the innovation performance of a country is likely to be even more crucial to its economic and social progress. Countries whose firms fail to innovate will increasingly find themselves in direct competition with newly industrialising countries with lower labour costs and an increasing mastery of existing technologies and business methods. The development and exploitation of novel products, processes, services and systems, and the constant upgrading of those which a country already produces, is the only way in which OECD countries can maintain and increase their relative high levels of economic and social well-being.
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The research effort summarised here is devoted to the twofold task of assessing both countries’ innovation performance, highlighting their specific strengths and weaknesses, and the effectiveness of their innovation policies in the specific economic and institutional context in which they operate. The underlying hypothesis is that the benefits of countries’ science, technology and innovation policies, including specific policy instruments, cannot be adequately assessed outside the specific context of the national innovation system (NIS) for which they are designed. To accomplish this task, a new approach based on NIS concepts has been applied drawing on both quantitative and qualitative information (Annex 1). National experts from selected countries – Austria, Finland, Japan, the Netherlands, Sweden, and the United Kingdom – provided short country studies containing an overall assessment of the relative strengths and weaknesses of the country’s NIS and of the relationship between its innovation performance and innovation policies. The economies and innovation systems of participating countries vary widely with respect to their structural features and governance mechanisms, providing scope for deriving sufficiently general conclusions. This chapter reviews and synthesises the main findings of the study in an effort to identify key policy messages that could inform policy developments in other OECD countries. Taken together the individual country contributions, it constitutes a rich evidence base which will be of considerable interest to innovation policy makers in all OECD member countries.
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Investments in technology and innovation (and to an increasing extent funding of scientific research as well) are not made for their own sake but to advance economic performance and living standards generally. A key test of a successful innovation performance will therefore be how well a country performs against such economic and social indicators as GDP and productivity growth, morbidity rates for major diseases, etc. The direct impact of innovation on such variables will not depend primarily on the introduction of new products, processes, services and systems, but on their subsequent diffusion throughout the economy and social system, which often extends over a period of decades. However, experience suggests that while industrialising countries may achieve rapid growth rates by merely exploiting innovations developed abroad, this is not sufficient to sustain and increase the high standards of economic well-being currently enjoyed by many OECD countries.
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Assessing national innovation performance – what do we need to measure and how?
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Assessment of innovation performance must therefore cover a country’s ability not only to develop new products, processes, services and systems, but also to diffuse such innovations throughout the economy – both those originating in the country concerned and those developed abroad. For all but the largest OECD countries, the great majority of novel innovations will come from abroad. However all OECD countries must be effective in exploiting new science and technology appropriate to their needs from wherever it is to be found in the world. Initial innovation and diffusion are really parts of the same process. Subsequent diffusion of novel innovations will typically involve considerable further development which may change the product, etc., concerned almost beyond recognition and greatly enhance its economic and social utility. It will normally involve large reductions in the price paid for a given performance and quality. Moreover, one innovation frequently leads to others either in complementary technologies/activities, whether those with which the first innovation is in competition or in unrelated activities. Even the adoption of a well established technology by an additional firm will typically involve some element of adaptation or enhancement. Put another way, successful innovation can occur at the level of the country, the sector or the individual firm, and all contribute to economic performance. Innovation is very diverse and covers a spectrum running from simple incremental improvements to novel technologies which can disrupt the pattern of competitive advantage in whole industries. The nature of innovation varies significantly across sectors and differences between countries in the sectoral composition of output and the position of domestic firms in international supply chains can lead to significant differences in national patterns of innovation. In some sectors the time lapse from initial invention/discovery has shortened but in others it has lengthened. Both pose challenges for innovation performance and policy. In the first scenario, firms must innovate more speedily and may need help to access new science and technology quickly. In the second case, long gaps may be created between the completion of academic research and a technology reaching the stage where subsequent development can expect to attract private sector funding. Such gaps may require the creation of new kinds of funding including new forms of public private partnerships.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s One aspect of innovation performance is the move towards the “knowledge-based economy”. Of course we have always lived in anw economy based on knowledge –
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Identifying future opportunities and threats Assessment of innovation performance will reveal the pattern of current strengths and weaknesses and perhaps give some idea of how this pattern may change in the future. However, policy making also needs to take account of how the world may be changing and how it may continue to change in the future. One source of change will be developments in science and technology. The main procedures for examining possible future changes in S&T and their possible economic and social impact are foresight processes and technology assessment. Particular emphasis will need to be placed on where changes in S&T create new markets and opportunities for the country concerned and where they may threaten existing areas of commercial and economic strength. The scope for new S&T to address human, environmental, social and security problems should also receive close examination. The underlying behaviour of firms and other actors closely involved in the innovation process may also change. For example changes are occurring in the organisation and motivation of corporate research which may require changes in the rationale and orientation of governments support for this activity.1 Changes in the life cycle of sectors and technologies and in other areas of government policy need to be taken into account as do changes in the nature of the global economic system. Analysis of wider economic, political and social change may require the use of some kind of scenario analysis.



Formulating innovation policy: top-down and bottom-up approaches An analysis of the strengths, weaknesses, opportunities and threats (SWOT) within the framework provided by the national innovation system (NIS) approach provides a basis on which a strategic innovation policy can be formulated. Policy makers need to address the following questions in each case:



1. See, for example, Chapter 3 of the OECD Science, Technology and Industry Outlook 2002.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



u le



O



d



ea



R



O



nl y



primitive tribes typically possess little else. Instead, the concept of a knowledge-based economy reflects fundamental shifts in the nature and sources of knowledge relevant to both commercial and social activities and how knowledge is organised, analysed and transmitted. Innovation both reflects these changes and acts as a vector to bring them about. They involve a movement away from businesses based on heavy investments in fixed assets and craft skills to those based on investment in intangible assets such as R&D and software and the employment of staff with formal qualifications in science, technology and engineering. Such changes pose much greater challenges to firms, and to innovation policy makers, than mere accumulation of existing types of knowledge and incremental improvements in existing products and processes. Knowledge is not identical with technology which combines both codified and tacit knowledge with skills, artefacts, designs, routines, software and forms of organisation to carry out practical tasks. Also the kinds of knowledge involved in market driven activities and public services go much wider than those incorporated in technology.
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• What can be achieved by the country building on its existing strengths in innovation performance? What resources need to be committed and what returns will result?
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• What opportunities do future developments in S&T offer? Can these be exploited cost-effectively?
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• How much of the country’s GDP is at risk from future developments in S&T and economic and social change generally? What the potential costs and benefits of trying to counteract these threats?
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• What can be gained from eliminating existing weaknesses in performance and does this outweigh the cost and effort involved?
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In each case the policy maker needs to assess what if anything the government needs to do to bring about an economically and/or socially beneficial outcome and whether there are expected net benefits from intervention. Given the uncertainty attached to each individual episode of support, a portfolio approach is desirable.
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In an ideal world, policy makers would deploy their budget so as to maximize the effect of the gain to national welfare from improving innovation performance. In practice this may not be feasible. This is because: • The uncertainty surrounding the net benefits from a given episode of intervention or support suggests that policy makers might be sensible to hedge their bets by supporting a range of technologies or innovation activities. • Given the interaction between one aspect of the innovation process and another concentrating policy resources on one aspect of innovation and ignoring weaknesses in another complementary aspect of innovation may yield little net gain to national welfare. This suggests an adaptive approach to policy making where changes in policy only partly reflect changes in circumstances and in the assessment of national performance. The uncertain lags which exist between policy actions and their outcomes also suggest an element of stability in the mix of innovation support as does the need to avoid confusing business by too frequent changes. A widespread rationale for government innovation support stems from market, institutional or systemic failures. Such failures, because they stem from the nature of innovation itself, tend to affect all OECD countries. As a result a number of innovation activities tend to be supported in all member countries. However, in some cases such failures interact with institutional and culture features unique to the country concerned to produce problems with innovation performance which are peculiar to that country and perhaps a few others. The main role of market failure in the formulation of innovation policy should occur as part of the bottom up approach. Policy proposals are best conceived within a systems-based SWOT approach but the identification of relevant market failures plays an important role in testing whether proposals are likely to prove cost-effective. The existence of market failure is not in itself a sufficient justification for policy action. Analytical techniques have their limits in the context of top-down approaches to innovation policy. Consultation with those at whom the policy is aimed, principally but not entirely business, can inform policy makers about issues which cannot easily be encompassed within the available techniques of analysis. Moreover, an innovation policy which is understood by, and has commitment from, the other main actors in the innoINNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s vation system is likely to be more effective. On the other hand, the risk of “agency w capture” by a particular group in the innovation community must always be guarded



INNOVATION POLICY AND PERFORMANCE: INTRODUCTION AND SYNTHESIS –



O



d



se



ea



R



O



EC



In the top-down approach to policy making, evaluation is often seen as means of informing the policy maker of what works and what does not. In practice this is a complex task. Programmes which are shown to have been successful in the past may not work in the future. Programmes which were not successful in the past may have failed because of some rectifiable flaw in programme design. It is often the details of evaluations not the headline conclusions which are most valuable to designing policies and programmes for the future.
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Top-down policy making offers a means of allocating public resources to those areas where they can have the greatest impact and is the most appropriate means of responding to a rapidly changing world. However the effectiveness of individual policies and programmes depends crucially on the details of their design. Thus it is vital that new policies and programmes be subject to rigorous ex ante appraisal of their potential effectiveness. This may sometimes show that a policy option which looked very promising at the strategic level cannot be implemented cost-effectively after all. Effective policy making requires a combination of top-down and bottom-up approaches.
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Policy learning via country studies Taking into account the above considerations, it was decided to examine innovation performance and policy in a set of countries that offers a diverse set of innovative capabilities and national contexts. Examinations of such countries would attempt to relate policy to broad measures of innovation and economic performance and highlight how the effectiveness of policy instruments is affected by the context in which they are implemented. The purpose of this exercise would be to inform innovation policy making both in the countries concerned and in other member countries, to refine the methodology, and to overcome some of the shortcomings of a simple quantitative indicator approach. Six countries were selected for this study: Austria, Finland, Japan, the Netherlands, Sweden and the United Kingdom. These countries can each claim strengths in innovative performance, vary considerably in the size of their economies and the structure of their national innovation systems, are actively developing policies to address perceived weaknesses in their innovation systems, and a priori can be seen as spanning a range of relationships among innovative inputs as measured by factors such as R&D spending and economic performance as measured by indicators such as GDP per capita and GDP growth (Annex 2). On this last factor, the countries can be classified into four general categories: • Countries that have derived high levels of economic and innovative performance from high levels of innovative inputs (e.g. R&D spending). Finland is a country that by any of a number of measures has seen significant increases in innovative inputs (business R&D spending, human resources for S&T, etc.) in the past decade and has made great improvements in economic performance, whether measured in terms of GDP per capita, multi-factor productivity (MFP) growth or other indicators. • Countries in which the linkage between strong innovative input and innovative/ economic performance are weaker. Japan, for example, has experienced an extended period of relative economic stagnation (though there are now signs of recovery) INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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• Countries whose economic and innovation performance exceeds that expected from their innovative inputs. Austria, for example, has been lagging behind in terms of total R&D investment as a share of GDP, largely due to low levels of industry-financed R&D. Nevertheless, it has achieved relatively high levels of GDP per capita (approximately USD 28 900 PPP in 2002) and has successfully leveraged strengths in niche markets, including through non-R&D based innovation efforts. However, there is growing awareness that a transition to a more knowledge-driven growth path is required which may be already on its way.
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despite continued high levels of business R&D expenditures and strong performance in many high-technology manufacturing industries. Sweden has the highest R&D intensity in the OECD and has achieved high levels of economic performance (e.g. GDP per capita and MFP), but growth rates slowed during the 1990s though they have recovered during the last few years. Questions remain as to whether the country is capturing the full economic and social benefit of its innovative activities.
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• Countries with good economic and innovative performance but with growing concerns about future innovative and economic performance. Both the Netherlands and the United Kingdom have achieved high levels of GDP per capita and have relatively good performance on many indicators of innovative inputs and outputs. Yet, taking into account their specific conditions, both remain concerned about better harnessing the capabilities of their strong science systems to fuel future economic growth and improving the innovation capabilities of firms. In reality, the situations of the individual countries are more complex than these characterisations; nevertheless these selection criteria ensure the production of a rich and diverse set of experiences on which to draw. Quantitative indicators alone highlight the heterogeneity of the countries selected for study (Annex 2). Austria showed average levels of R&D activity, scientific output and innovation output, below average levels of human resources and weak science-industry linkages and venture capital. Finland scored high on virtually all indicators, but showed weak international linkages and low levels of technological entrepreneurship. Japan, despite high levels of R&D spending, human resources and innovative output, showed low levels of scientific output, science-industry linkages, international linkages and entrepreneurship. The Netherlands shows average levels of R&D and human resource inputs, but high levels of scientific output, innovative output, general availability of venture capital and business-financed R&D performed by public research organisations (PROs). Sweden is well above average on R&D activity, human resources, scientific output and patents, but its levels of international linkage and entrepreneurial activity, like its GDP growth, were only average. The UK scored well on human resources in S&T and scientific output but was not far from average on nearly all of the remaining indicators.



Findings of the study All of the country contributions provided a holistic view of national innovation performance using a mixture of quantitative and qualitative evidence and indicators and demonstrating how this relates either to the current policy mix or likely policy changes in the immediate future. While many of the issues and problems were common to all the particular circumstances, institutions of individual countries are also shown to be very important. Because of the latter, comparisons across countries using the standard S&T indicators is a more complex task than it appears on the surface.
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• Finland. In the case of Finland major changes in the governance and institutions of S&T and innovation policy were made in the early 1980s in response to the need to avoid resistance to the introduction of new technologies and produce national consensus. In the 1990s, in response to a deep recession caused by the collapse of trade with the former Soviet Union and stagnation of the global economy, these changes in the machinery were developed and refined. The economy was made much more open to international trade and competition with a strong focus on market liberalisation and regulatory change which paved the way to rapid growth in the ICT sectors. Innovation policy was re-focused on creating a national innovation system conducive to the exploitation of the new technologies. The Finns see the success of the changes as rooted in national culture and institutions and the adoption of a long term perspective and systemic approach to policy making.
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• Japan. From the 1960s through the early 1990s Japan enjoyed a period of sustained and rapid economic growth based on an impressive record of process innovation and associated product development by large Japanese companies. The latter took place within a “closed product architecture” in which major companies either developed components in-house or obtained them from suppliers with which they had very close relations. The onset in the early 1990s of the prolonged macro-economic crisis, from which Japan is only now beginning to emerge, occurred at a time when the emphasis was switching from innovation in industrial process technologies to product innovation resulting from advances in science-based technologies. This was accompanied by a switch to an open product architecture where the individual products are divided into a number of modules requiring less need for the sophisticated technology integration skills at which many large Japanese companies excel. The upshot is that the Japanese Innovation System has to be adapted to an innovation process/ technological paradigm which is very different from the one which it had evolved so successfully to support. Among other things, this is requiring radical change in institutions and in the way the companies are organised and interact with their environment. Much greater competition from other East Asian countries creates an additional challenge. • Sweden scores very highly on a number of key innovation indicators such as overall R&D expenditure, scientific publications and patenting in the United States, but its international ranking of GDP per capita has slipped due to periods of negative growth and its growth of productivity is relatively disappointing. Innovation surveys show that Swedish firms do relatively well in terms of the share of turnover consisting of products introduced in the last three years but less well in terms of turnover consisting of products new to the market. Swedish R&D activity is dominated on the one hand by ten multinational groups and on the other hand by the seven largest and oldest universities. Large MNEs similarly account for a very high proportion of patenting in the US. To date, Sweden has been an attractive place for companies to undertake R&D though there are fears that some of the R&D undertaken by large firms may not be exploited in Sweden. However, there were signs in 2002 and 2003 that some large groups are radically reducing their R&D expenditure in Sweden. R&D performance, patenting and interaction with public sector R&D are less impressive amongst small
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and innovation required a radical departure in related policies. A short summary of how each of the countries saw this need for change is set out below.
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and medium-sized firms and relatively few R&D-intensive start-ups have grown into larger firms. The service sector, other than community and personal services, is relatively small by international standards though in the last five or six years it has grown quite rapidly. The present configuration of the Swedish innovation system owes much to public/private partnerships between state-owned monopolistic or semimonopolistic companies and agencies and large multinational businesses. It was geared towards encouraging innovation in large companies but much less geared towards stimulating R&D activities and innovation by SMEs and the growth of knowledge based services. Deregulation, changes in the direction of technological change and innovation, increased outsourcing and internationalisation of R&D are making this model obsolete and require a new system which can meet the challenges of the future and sustain Sweden’s technological and economic competitiveness.



• Austria too is currently in “need of a new growth paradigm” which places much more emphasis on innovation based on advances in science-based technologies. Austria’s long period of high economic performance was accompanied by relative low investment in R&D and other intangible assets. In part this was because Austria was in the process of catching up, but also because its industry was dominated by firms operating in sectors where advanced engineering skills leading to process improvements was the dominant mode of innovation. Such investments in new technology are not included in the Frascati2 definition of R&D with the result that sectors of this kind are classified as low or medium technology despite the fact that many firms in those sectors are technologically very sophisticated. Helped by a strong skill base, Austrian industry was very successful in exploiting the opportunities afforded by the regional innovation system which straddles it and some neighbouring countries. Austria is now among the OECD countries with the highest GDP per capita and a very successful high productivity manufacturing sector. However, more recently the Austrian economy has lost some momentum and is now growing more slowly than a number of other smaller OECD countries. It needs to enhance its ability to exploit advances in science and science-based technologies. This requires an integrated approach to a wide range of policies including competition policy, public support for R&D and innovation and intellectual property rights. Innovation policy needs to be much more “centre stage” within overall economic policy, interactions between Higher Education Institutions (HEIs)/Public Sector Research Establishments (PSREs) and business need to be enhanced, and R&D expenditure as well as other investment in knowledge further increased.
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• The Netherlands has a GDP per capita which ranks it 8th in the OECD and during the 1990s enjoyed a GDP growth rate above the EU and OECD average. However, this good performance has been mainly driven by the growth of employment facilitated by the “Dutch Model” characterized by low costs and wage restraint. The limits of this factor driven growth have been reached. Sustainable future growth will depend largely on fostering productivity growth through innovation and the strengthening of human capital. To accomplish this, a number of structural problems need to be addressed. The Netherlands ranks relatively high on a range of quantitative innovation indicators, but its position is being eroded and depends heavily on the efforts of several multinational companies, such as Philips and Unilever, and a small base of innovative companies. New investment in R&D by MNEs has been partly 2. OECD (2002), Frascati Manual: Proposed Standard Practice for Surveys on Experimental Research and Development.
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• United Kingdom. Since the end of the recession of the early 1990s, the United Kingdom has enjoyed a faster growth rate than the other larger EU countries. However, quantitative indicators show a long-term decline in its relative innovation performance and UK productivity is low relative to that of the United States, Germany and France. By contrast, the UK science base is relatively successful. The United Kingdom is successful in a number of science-based sectors, particularly those based on life sciences and chemistry, but much less so in sectors based on physics. Apart from a few notable exceptions such as Aerospace, the United Kingdom has a poor record in industries based on design-driven/engineering-based technologies. A key reason for this is a long-term deficiency in the training of craftsmen and technicians, but macro-economic instability, trade union militancy, poor management and a failure to focus on fast-growing European markets in the 1950s and 1960s were contributory factors. A recent report by Michael Porter argues that the UK has put in place many of the framework conditions required for rapid long-term economic growth, but UK firms need to switch from a strategy of competing via cost-cutting and efficiency to one based on investment in innovation and generation of high valueadded products. Future innovation policy will need to focus on increasing innovation by firms, raising the country’s relatively low expenditure on business enterprise R&D, as well as enhancing the exploitation of UK science. Improvements in education and training are one part of realising such a strategy.3
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The policy issue with which the six contributions are mainly concerned is the switch in the predominant technology paradigm from one in which innovation mainly occurs in processes based on integrative technologies developed in established large companies or supply chains to one where innovation mainly occurs in products incorporating science based modular technologies developed by new and/or small firms. This not of course a complete switch from one mode of innovation to another: sectors based on technologies developed from the results of scientific research became increasingly important during the second half of the 20th century and developments in integrative/process technologies will continue to be important in the future. Nevertheless, there has been a fundamental shift in the direction of technological change and the nature of innovation and innovation policy needs to respond.



3. The UK published an Innovation Report entitled “Competing in the Global Economy: The Innovation Challenge” in December 2003: www.dti.gov.uk/innovationreport/. There is also a companion economic analysis paper: www.dti.gov.uk/economics/economics_paper7.pdf. See also the Lambert Review of Business-University Collaboration at www.lambertreview.org.uk, also published in December 2003, and “21st Century Skills: Realising our Potential” at www.dfes.gov.uk/skillsstrategy/, published in June 2003.
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a relatively large service sector which needs to increase its innovative efforts (e.g. through higher spending on innovation) and specialises in low and medium technology industrial sectors. There is a need to stimulate the creation and growth of high-technology firms and improve links between HEIs and PSREs and the majority of business firms. This last factor is one of the main challenges facing the Netherlands. Increasing the incentives and improving the institutional framework for co-operation between innovating organisations in the public and private sectors is crucial. Moreover, the Netherlands is facing the threat of a shortage of human resources for S&T unless appropriate measures are taken.
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• Enhancing industry-science linkages. There is a much greater need than in the past for strong links between firms and universities/public research organisations (PROs). Research suggests that such links depend much more on the in-house capabilities and orientation of these two groups of organisations than on the creation of the linkages themselves. Technologically sophisticated firms will usually know how to access knowledge from the public sector research base but firms in more traditional sectors who may have had little need for interaction with the science base in the past will find it much more difficult.
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This shift has been accompanied by a number of related changes which are reflected at various points in the six assessments:
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• Strengthening public sector engagement with industry. Encouraging universities/ PSREs to engage with business, removing legal impediments, and increasing their inhouse to interface with firms is a key objective of policy. Encouraging mobility of researchers is a concern of all six countries as this is seen as the most effective means of knowledge transfer.
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• Promoting collaboration among firms. While firms tend if anything to focus on fewer products the number of technologies incorporated in any one product is increasing. This includes the increasing relevance of science based technologies to more traditional sectors whose technology has hitherto been largely engineering based. Thus firms need to have an in-house capability in or access to an increasing range of technologies. Outsourcing of technologies has increased though even if a firm acquires a technology from elsewhere it will still require some degree of understanding of the nature of that technology and what it can do. One consequence is that government support for collaborative research and similar public/private partnerships becomes ever more important. • Fostering small and medium-sized enterprises (SMEs) and new technologybased firms (NTBFs). Outsourcing of the design and development of key components, the modulisation of technology, and the difficulties which large established firms have in adapting to the different business models/innovation modes required by new sectors create a much greater role for SMEs with advanced capabilities in science-based technologies. However, the framework conditions, financial institutions, other institutions, and management needed to foster the creation, development and growth of such SMEs are very different from those required in the past either by large companies or SMEs closely integrated in supply chains. This is perhaps particularly difficult for those countries such as Japan, whose NIS was particularly well adapted for success in the period up to about 1990. • Rationalising innovation policy. Several of the countries, e.g. the United Kingdom, the Netherlands and Austria, are concerned about the proliferation of innovation support measures over time and the need for rationalisation and simplification. Both countries have taken steps to improve the situation. Austria, for example, is implementing a structural reform of its system of public funding of R&D. The Netherlands, in particular, taking a systems approach emphasizes the need to optimize the mix of innovation policies. Austria too could benefit from a discussion of its policy mix which is presently characterised by an almost exclusive prevalence of non-targeted measures based on bottom-up principles.
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being replaced by a distributed applied research base which includes universities, PROs and high-technology SMEs. Together with increasing globalisation of business in general, this means that large national companies are tending to undertake more of their R&D abroad. This was particularly of concern to Sweden and the Netherlands, whose business enterprise R&D is dominated by a few large MNEs of national origin. However, this phenomenon is by no means confined to those two countries. All OECD countries should try and create domestic conditions so that they can gain as much as they lose from international mobility of R&D and innovative activities.
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• Innovation in services. An increasing proportion of GDP is accounted for by service sectors and technology/knowledge-based services have being growing rapidly. Encouraging innovation within services is therefore of increasing importance to policy makers.
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The following specific policy issues are discussed in more detail below. A discussion of industry-science relations is followed by public/private partnerships, which are a mechanism used to further a number of different policy objectives. Next there is a discussion of policies to promote the creation and early stage development of hightechnology SMEs. This is followed by a discussion of the barriers to subsequent growth of such firms together with a discussion of the problems of existing middle market firms. Next there is an examination of the appropriate mix of innovation policies, the need for effective governance and the concerns which several countries about the need to rationalise their present portfolio of policy instruments. Finally there is a discussion of globalisation of R&D and a brief digression on a relatively less understood area of growing importance, innovation in services.



Industry-science relations (ISR) Improving the ability of business to exploit the outputs of universities and PROs is at or near the top of the innovation policy maker’s agenda in most OECD countries. All six countries with the exception of Finland expressed concern about contacts between their firms and the research base. The outputs of the research base include in roughly descending order of importance trained researchers and qualified scientists and engineers, knowledge, some discrete technologies, problem solving and research methods and equipment prototypes. Vectors include people movement, networks and other contacts, publications, joint or contract research and spin-off companies. Three main factors govern the effectiveness of ISR: • The orientation of universities and PROs to the needs of business. • The links between universities/PROs and business firms. • The need of business firms for the outputs of the research base and their ability to absorb and exploit them. It has been argued that policy makers should focus on improving the first and third and that the linkages will follow naturally. Certainly, fostering links between universities whose legal framework and internal incentives make researchers uninterested in working with business and firms who have little need for the outputs of the research base and lack the ability to access and exploit them will achieve little. For example, innovation surveys tend to show that universities and PROs are low down on the sources of technological INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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In both the Netherlands and Sweden, interactions between universities and industry tend to be dominated by a relatively few large MNEs; the smaller firms making up the industrial supply chains have relatively such few contacts. Traditionally, Austrian industrial firms – many of which are suppliers to large German manufacturers – also lacked close contacts with a research base ill adapted to co-operate with industry. In Japan, large companies have traditionally relied on in-house capabilities and those of their dedicated suppliers for new technological knowledge. In the United Kingdom many small and medium-sized firms lack the highly educated personnel to deal effectively with universities. Only in Finland are ISR regarded as broadly satisfactory.
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knowledge used by firms. However, analysis of the results of the UK returns to the EU Innovation Survey shows that firms that undertake R&D, employ qualified scientists and engineers, and innovate, rate universities and similar organisations carrying out research much more highly. Given the pressures to improve innovation performance policy makers will want to act on all three factors simultaneously.
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MNEs employing large numbers of researchers tend to have relatively little difficulty in accessing and exploiting the outputs of the research base providing the latter is reasonably well disposed towards businesses able and willing to fund their research. On the other hand, SMEs using mainly engineering-based technologies to operate as part of supply chains neither possess the need or the ability to do so. Their needs for new technological knowledge are primarily met by their large customers and suppliers. However the need to adopt science-based technologies is spreading to all sectors and large companies are looking to their suppliers to play a much greater role in developing new products and processes. Many companies which previously did not need to interact with universities and PROs must now do so if they are to survive and prosper. Two main types of ISR receive considerable attention: • The first is between university departments and PROs doing first-rate research on the one hand and large companies and high-technology SMEs on the other. • The second is the use of universities as sources of technological help and advice to small and medium-sized businesses. These are often promoted by means of regional clusters, e.g. in Finland around the University of Oulu. In the United Kingdom the new Regional Development Agencies (RDAs) are setting up locally based ScienceIndustry Councils. The six countries have introduced a wide variety of recent policy measures to improve ISR. These measures tend to i) provide funding collaborative research, ii) remove obstacles to or create stronger incentives for public research organisations to respond to industry needs, iii) strengthen intermediary organisations, such as technology transfer offices; and iv) encourage the mobility of researchers between the public and private sectors. Specific examples include: • In Austria the identified weaknesses in industry-science relations were explicitly addressed by initiating the “centre of competence” programmes. The Kplus programme funds collaborative research facilities jointly run by enterprises and public research institutions. The design of the Kplus programme meets international best practices. Research performed in Kplus centres consists of long-term, pre-competitive research involving several partners. The more industry-driven Kind programme supports the establishment of R&D centres jointly run by enterprises and research institutions while Knet supports the co-operation of geographically dispersed competence nodes along common themes. According to the 2002 University Act, INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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• In Finland, the 1998 University Act gives universities more freedom to undertake activities including research which supports the need of business and to access external funding. In allocating research funding the National Technology AgencyTEKES fosters university-firm networking.
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• In Japan, the government has removed restrictions impeding public research institutions and national universities (as well as individual researchers) to engage in commercial activities and collaborative partnerships with industry. National research institutes will no longer suffer offsetting cuts in government funding when they accept funds from industry. They have been given independent status and the same is being done for national universities. The government now supports technology licensing offices to encourage the licensing of technology from universities and research institutes to business. The recent reform of the public institutions IPR regimes giving a share of rights ownership to the institutions themselves whereas these rights previously belonged to professors facilitate licensing and technology transfer activities and put them on a more efficient commercial basis. This comes at a time where Japanese firms show an increased interest in outsourcing fundamental research activities and engaging in jointly funded collaborative research.
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• In the Netherlands, the Innovation-Orientated Research Programmes (IOP) were introduced two decades ago, together with the STW scheme to stimulate fundamental research in response to industry needs. In 1996 co-funding of the TNO and GTI (Large Technology Institutes) in order to make them more responsive to private sector demand. Four TTI (Leading Technology Institutes) focusing on business relevant fundamental and strategic research have been established. The TTI are institutional partnerships between the public research sector and business. A number of additional programmes have been started in recent years, such as the Netherlands Genomics Initiative and the Platform ACTS, aimed at catalysis research. Both are aimed at fostering ISR. Currently, several new initiatives which will have an impact on ISR are on the way. • In Sweden, links between science and business tend to be dominated by relations between a small number of MNEs and the seven oldest and largest universities. SMEs have contacts with the research base if at all via contacts with research institutes. About 40% of government spending on R&D is devoted to funding of research by universities, 20% to defence with other mission orientated and strategic research accounting for the remaining 40%. • The United Kingdom has introduced a number of schemes designed to make universities more “user friendly” towards business. The Higher Education Innovation Fund (HEIF) funds industrial liaison offices, expertise in IPR, provision of business advice, and mentoring and enhanced dialogue with business and business support organisations. HEIF also funds the identification and commercialisation of research results and teaching enterprise to students. The Teaching Company Scheme (now the Knowledge Transfer Partnerships) supports the appointment of graduates to companies in order to undertake innovation projects which are advised by a university (or contract research company). The Faraday Institutes are public/private partnerships which translate the results of university research into working industrial technology.
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also modifies the rules regarding the assignment of intellectual property.
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These are just a selection of the wide range of schemes and measures introduced by OECD member countries to improve ISR. With a few exceptions, such as support for collaborative research, most of these interventions are fairly new and have yet to be evaluated; so while they represent a rich source of policy ideas it is too soon to talk of proven best practice. In any case the objectives and designs of these schemes owes a good deal to the particular situation within the country concerned.
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The longstanding LINK scheme funds long term collaborative research carried out jointly by universities and firms.
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Nevertheless, a few comments are in order. First, all countries aim to encourage spinout firms from universities and use the number of such firms as a key indicator. There is, however, an increasing body of opinion which argues that most university spin-outs are of little economic significance as their technology base is too narrow and too far from commercialization for them to develop and grow. Many are simply a vehicle for further research into proof of concept which could be undertaken by other means. Secondly, it is far from clear whether the results of publicly research should be made freely available to all or licensed to the highest bidder. In addition there is anecdotal evidence both from the United Kingdom and the United States that attempts by universities to secure too high a price for their IPR have acted as a barrier to exploitation as firms have preferred to walk away or even not to negotiate with universities at all.
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Public/private partnerships Public/private partnerships (P/PPs) take a variety of forms and can be used to address a number of different policy issues. Their role in fostering ISR is described above but they also play an important role in the following areas: • Developing and integrating the long-term technological competences of the country concerned and funding early stage technology development. Fostering collaboration between firms. • Providing a means by which universities, PROs and private research contractors can be funded to help small and medium-sized companies to upgrade their technological competences and receive expert advice. • Enabling innovation in goods and services purchased by public sector bodies and promoting the development of technologies to meet the needs of the public sector and social needs more generally. Mission-orientated research commissioned by ministries and publicly agencies plays an important role in building the national technological base of a number of OECD countries. Where innovation in the products and services used by public bodies require significant user input public/private co-operation has a key role to play. • Fostering the development of technical standards and developing the technologies needed for innovation friendly regulation. • Enhancing the capacity for innovation and economic competitiveness of individual regions or local areas and the development of high-technology clusters. A particular P/PP may contribute towards several of these objectives at the same time. Partners may contribute research or other technological capabilities, contribute their expertise as customers, or provide finance. Examples vary from cases where a government department or agency is organising and/or co-ordinating research carried out by a
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Collaborative research programmes involving firms, universities and PROs are a long-established mechanism for supporting long-term commercially relevant research. These programmes can combine the competences of the isolated pockets of expertise which often arise at the early stages of development of a new technology, improve networking between them, and realise economies of scale and scope in carrying out research. They provide a neutral environment within which it is easier for firms to collaborate. In particular small firms may be more willing to collaborate with large firms if some neutral third party is setting the rules and ensuring fair and equal resolution of any disputes.
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All six countries deployed a range collaborative research programmes. The main concern in the submissions was to improve and update existing programmes and create new ones to deal with new circumstances. Issues include the need to create programmes suited to today’s promising technologies such as genomics, increase participation particularly of SMEs, improve knowledge transfer within programmes and technology transfer to non-participants, and to enhance networking more generally. With individual products embodying a wider mix of technologies, firms are outsourcing more and more of their research needs and relying more on external sources of technology. In these circumstances, networking between firms and between the public sector research infrastructure and business becomes very important. For example, the redesign of innovation policy in the Netherlands will include the introduction of a new generic instrument for supporting project-based R&D collaboration between the public research infrastructure and industry with more focus than before on fundamental research but addressing the needs of the users of that research. The Netherlands will also introduce a set of “third generation” instruments for supporting public/ private partnerships on breakthrough technologies such as genomics. The Netherlands Genomics Initiative (NROG) has established national centres focusing on social research, bio/IT linkages and proteomics. A number of new demand-driven research consortia consisting of companies, research institutes and social interest groups were planned to start work in 2004 in fields such as infectious diseases, soil detection systems and nutrigenomics. The UK Department of Trade and Industry is designing a new instrument for supporting collaborative research together with a generic instrument for encouraging networking. These two instruments will be used to support a new technology strategy which is designed to meet the future technology needs of the United Kingdom. In Austria, an important recent development in the area of direct support for R&D has been the development of P/PPs for research and innovation. These P/PPs are mainly concentrated in the area of co-operative schemes between industry and science. These new arrangements have introduced an additional element in funding R&D covering new types of co-operation and have added to the flexibility of the system of public of support for R&D. At the core of these developments is the introduction of funding for “centres of competence” (see above). Although their primary purpose is the improvement of ISR they serve several other purposes such as increasing the efficiency of the production and INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



u le



O



nl y



necessary in-house capability. Cases where one of two “partners” is acting either purely as a purchasing customer or as a supplier with no commercial or other interest in the subsequent use of the goods, services or technology supplied do not really constitute partnerships.
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The basis of much science-based economic development in Sweden in the decades after World War II was public/private ‘development blocks’. These were mainly constructed around a government company or authority and a private industrial group which developed and delivered technological solutions. These ‘development blocks’ were driven by public needs of various kinds and generated high long-term investments in industrial R&D. This was possible because of the long-term perspective of the monopolistic public customer. Because this customer was very demanding in terms of technical and functional requirements, the R&D concerned and the systems it supported were of high quality. This system played a key role in the development of large Swedish multinationals. However, deregulation plus EU procurement rules means that there are no longer any state owned monopolies which can play the role of the dominant customer and in any case globalisation means that the Swedish market can no longer play the same leading role.
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distribution of knowledge, creating clusters of competence and critical mass in research, improving co-operation and technology transfer, and promoting development of human resources, as well as enhancing opportunities to participate in international R&D programmes.
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UK experience demonstrates some of the dangers of this model. Up to the 1980s UK nationalised industries played a similar major role in driving R&D investment in energy, telecommunications and transport, and the Ministry of Defence was the principal customer for a range of electronic and other technologies. However, in the United Kingdom, the customers often undertook much of the R&D themselves. Unlike in Sweden, the effect was not to create companies able to compete on world markets but to generate solutions suited mainly to the domestic market. Following privatisation R&D in these sectors fell sharply. However, in some sectors such as health, partnerships between public sector customers and private sector suppliers remains important in driving innovation and the creation of new technical solutions. The Finnish contribution points out that in health, innovations are often complex, involving a variety of institutions, organisations, occupational groups and other users with different professional traditions and occasionally inconsistent abilities to cope with technology. Public/private partnerships have played a key role in Finland’s long term development with clearly defined roles for both sectors. In Japan, an important aim of policy is to establish “centres of excellence” in promising areas of new technology which can not only carry out leading-edge research but also foster technology transfer and mobility of highly qualified manpower. Examples include the Kazusa DNA Institute and the Kobe Institute of Biomedical Research and Innovation. Both aim to transfer their research achievements to locally based firms but are also open to collaboration with foreign firms and universities. Collaborative R&D involving private companies, universities and PROs have been a mainstay of Japanese technology policy since the 1960s but have certainly gained momentum following the increased autonomy given recently to PROs and universities.
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Perhaps the greatest challenge facing innovation policy is to foster the development and exploitation of new technologies outside of established firms. This is for the following reasons, all of which are mentioned in one or more of the country contributions:
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• Large firms are increasingly looking for external sourcing of new technologies and high-technology SMEs are one of the external sources which they aim to exploit. Countries without such innovative SMEs will be less attractive to large innovative internationally mobile businesses.
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• Some countries such as the Netherlands and Sweden rely heavily on a limited number of large MNEs for business R&D and more fundamental innovation. The risk that these MNEs will undertake more of their R&D overseas creates a need for new locally based innovative businesses that can help sustain the country’s overall innovation effort.
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• Given the difficulties which large established companies have in creating new businesses and adopting new business models high-technology SMEs will have a key role in developing and exploiting the new science-based technologies which will play a major role in future innovation and the generation of new sectors. • Many economically disadvantaged regions are looking to technology-based SMEs to secure their economic regeneration. Encouraging the effective combination of entrepreneurship and technology capability needed to create such firms, fostering appropriate sources of finance, and enabling the market access and business transformations needed for their subsequent development and rapid growth would seem to present innovation policy makers with their biggest challenge. Austria already has a significant number of innovative SMEs though their R&D expenditure tends to be modest perhaps because many are in sectors mainly dependent on engineering-based technologies. A special incentive for incremental R&D expenditure implicitly gives preferential treatment to firms who are new to performing R&D, although there have been criticisms that the extra incentive is rather small and the set of fiscal incentives is rather complex. The newly created “research bonus” benefits companies which are not currently profitable (such as many start-up companies). Austria’s hightechnology sector is rather small which – together with some specific features of the traditionally bank-based system of corporate finance – helps to explain why venture capital and private equity are relatively modest in size. Austria has a long-standing network of business angels. In Finland the number of high-technology companies increased by 5% per annum during the latter part of the 1990s. The number of “upper middle level” technology companies also increased and the number of public sector high-technology spin-offs has also grown rapidly. This “may be due to the wealth of schemes and programmes promoting new high-tech research firms, which have been launched by almost every imaginable institution within the innovation system.” The position regarding spin-offs from large companies is much less satisfactory. The growth in the population of hightechnology SMEs must owe much to the success of the ICT sector as well as a business
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Policies to promote the creation and early stage development of high-technology SMEs
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Japan has long provided support for newly established SMEs and during the last six years has introduced tax breaks for venture capital. Support is also provided for SMEs at the local level including the establishment of advanced institutes of applied research, incubators and science parks. Japan faces a difficult task in creating a large and vibrant high-technology SME sector in an innovation system which has been dominated by highly integrated and technological self-sufficient large firms and supply chains.
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climate favourable to innovation. The Finns report that only the fittest firms survived recession of the early 1990s, and it will be interesting to see how many of the more recent new firm creations survive future economic fluctuations.
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In the Netherlands, the Ministry of Economic Affairs acknowledges the problems faced by high-tech start-ups and will address their problems with a new and integrated programme called “TechnoPartner” which will provide improved access to capital and specific information and coaching. In recent years, the Dutch Ministry of Economic Affairs has also experimented with integrated policy approaches in the fields of ICT (Twinning) and the life sciences (BioPartner).
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Sweden’s record in generating R&D based start-ups has been unsatisfactory particularly in the case of spin-outs from universities. The growth of the latter has also, on average, been lower than in the case of other new R&D and knowledge-based firms. One reason is the unfavourable climate for starting and growing new businesses in Sweden. Another is the dominant role of the large industrial groups. A third reason is the fairly weak and fragmented support structure, nationally and regionally, for stimulating commercialisation of R&D through the creation and growth of high-tech SMEs including lack of seed capital. A fourth reason is the lack of incentives within Swedish universities for promoting spin-offs of research based firms. The case for further policy action seems clear. The United Kingdom has put in place a number of support measures aimed at the creation and growth of new high-tech firms. HEIF supports the creation of spin-outs from universities. The Small Business Service provides a range of business advice and assistance. The SMART scheme provides R&D grants for small firms including start-ups and there is a volume-based R&D tax credit for SMEs which also provides support for R&D intensive firms who are yet to make a profit. Tax breaks are available to encourage venture capital and business angels. The RDAs will wish to encourage the creation of high-technology SMEs in their region. The biggest barrier appears to be the lack of entrepreneurs and managers combining an S&T background with suitable business experience and a lack of venture capitalists with the ability to lend effectively to technology-based companies and provide subsequent advice which is well founded. There has been a debate about whether the policy emphasis should switch from promoting startups to overcoming barriers to their subsequent growth. The policy mix required to support the creation and growth of high-technology SMEs goes well beyond innovation policy proper. Easing of the regulations governing business creation, fostering an entrepreneurial spirit amongst the population, policy on bankruptcy, tax policy, reform of capital markets, employment regulation, governance of universities and public research institutes, employment terms of public sector researchers, etc., all have a role to play as well. This is an area which makes great demands on effective policy co-ordination.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s Barriers to growth in SMEs and the problems of the “middle market” w



INNOVATION POLICY AND PERFORMANCE: INTRODUCTION AND SYNTHESIS –



25



D Br o



n



d



se



ea



e



R



O



EC



• The NTBF may license its technology to larger firms. In some cases the firm may go on to make a long-term business out of developing and licensing new technology. ARM in the United Kingdom – with technological expertise in processor core design, cache design and software – is a good example of this. Even if the firm moves on the product design it may still outsource production which is a readily available option in many sectors.
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• The NTBF may be taken over by a larger company. Two recent studies indicate that in Sweden large firms have been very active in acquiring SMEs with growth potential and that high-tech start-ups which were acquired by large firms grew faster than those which remain independent.



Le



c tu



An



• Some NTBFs will move into small niche markets where they may enjoy close symbiotic relationships with one or more larger customers. • The NTBF may be broken up with some research teams/technological capabilities being acquired by other firms while others may become the basis of new firms. One of the founders of the former Acorn Computers in the United Kingdom estimates that the technological capabilities developed by that firm are now distributed across 40 existing companies of which ARM is much the most prominent. • The NTBF may grow and develop into a medium sized enterprise or even in some cases into a large firm. Only a very small proportion will achieve the latter status though their economic impact may be very much greater than the rest put together. The proportion of NTBFs which fall into each of these categories will partly depend on national conditions. For example, if suitable forms of finance are readily available for growing innovative small firms, experienced executives are prepared to move to small businesses and there is free and fair access to rapidly growing markets for new products, then a higher proportion of NTBFs will grow to medium or large size. How important this is will depend on how enterprising are existing medium or large firms and whether they are able and willing to grasp the opportunities presented by new science and technology. However, given the difficulties which large firms often experience when faced with radical new or disruptive technologies, it is important for all advanced industrial economies to create conditions in which NTBFs can grow and prosper over the longer term. A range of policies are relevant to this objective, for example: • Finance. This includes finance for the initial R&D project, which often launches a NTBF, the encouragement of business angels and venture capital and the existence of a stock market where a small firm can make an initial public offering (IPO) of its shares. Post-IPO the rapidly growing high-technology firm may experience difficulties raising second and subsequent tranches of finance, particularly when it needs to make a significant quantum increase in the size of its business. NTBFs who wish to grow to large size will sometimes have to ‘bet the company’ in order to
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New Technology-Based Firms (NTBFs) play an invaluable role in the early stage development of new technologies. However the subsequent exploitation and development of a new technology by a country will depend on what happens to the technological and commercial capabilities which these firms create. There are several possibilities:
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• Support for the diffusion of business best practice. The growing NTBF must survive a number of difficult organisational and managerial transitions. Additional business functions must be established sales, production, finance, etc., and a team of executives must replace the original founder or founders. Formal organisation and procedures must replace the informal approach used by the entrepreneur. While these problems are primarily for the firm and its business executives to solve public support can help by, for example, making entrepreneurs more aware of the problems they will face in growing the company, and directing them to sources of help and advice. The business challenges faced by NTBFs are one reason why spin-outs from existing firms appear to fare better than spin-outs from universities.
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exploit the opportunities afforded by the rapid early growth demand which is a feature of markets for new technology based products and services.
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• Public procurement. NBTFs should be given full and far opportunities to bid for public R&D contracts or contracts to buy technology based products, The US Small Business Innovation Research Programme (SBIR) is one way of achieving this objective.
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• Intellectual property protection. It is usually not very expensive for a small firm to take out a patent, but having that patent properly searched costs much more. Defending a patent in the courts is usually an expensive and protracted business. Making the IPR system user friendly for small businesses is important as is making them aware of how the IPR system can help them grow and develop. Effective IPR protection is often essential to enable a firm to raise finance, to access new markets and to protect existing market positions. • Tax policy. NTBFs usually cannot afford to pay market salaries to experienced executives and can only attract them by giving them a share in the equity or profits of the growing business. Appropriate tax treatment of share options or profit related bonuses if such firms are to attract the business expertise they vitally need. Favourable tax treatment of R&D can help finance growth particularly where payment of tax credits are made even when the firm is not making sufficient profits to offset the value of the credits against its potential tax bill. Inability to capitalise R&D means that rapidly growing R&D-based businesses may appear loss making when they are making profits from production and sales of its current products. All of the participating countries already had or were contemplating appropriate policies of these kinds as well as other policies conducive to the growth and development of high-technology SMEs, but while the various country reports were keen to stress the importance of creation of new high-technology small firms, there was relatively little sign of a coherent strategy towards their subsequent development (and the development and exploitation of the technological and commercial capabilities which they create) and how they might be helped to grow to medium and large firm status. In the United Kingdom this issue has been under discussion since 1986 when the former Advisory Council for Applied Research and Development (ACARD) initiated a study. Some experts believe that the independent medium-sized firm, i.e. with a few hundred to 1 000 employees, is an inherently unsustainable business entity. However, firms of this size range seem to survive and prosper in many sectors and in some smaller OECD countries might be considered to be quite large. Many successful medium-sized firms are to be found in more traditional manufacturing sectors such as engineering and chemicals. Although most would not be considered “high technology” as defined by the ratio of INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s R&D to sales or value added, their competitive advantage often rests on sophisticated w or product design skills. Such technology based on in-house production engineering
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• Many are first-tier contractors in international supply chains. The major international companies which head these supply chains are now requiring their suppliers to take more responsibility for innovation in components in the final product or system forcing them to assume a new role. Companies which cannot rise to this challenge will lose the business concerned.
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• These companies have traditionally relied on in-house engineering, design and craft skills. However they must increasingly master horizontal research based technologies such as information and communication technologies (e.g. CADCAM) and new materials and to generally adopt a more scientific approach to product innovation and problem solving. This involves employing different kinds of people, graduates rather than employees who have worked their way up through the industrial apprenticeship system, and different forms of organisation and ways of doing things.



Le



c tu



r



An



Both of these challenges will require them to engage in more R&D, but it is the accompanying changes in business model and human capital which probably pose the most difficulty. Also financing these changes may require access to external sources of finance when these companies have traditionally relied on retained profits. Where the company is still run by the original founder some difficult management transitions may need to be faced. Again, all of the participating countries had introduced policies which addressed these problems one way or another. For example, the UK Faraday Institutes are designed to translate the results of university research into applied industrial technology. The Dutch GTIs, or “Big Technology Institutes” and the Austrian “Centres of Competence” appear to have a similar role. The introduction or refinement of fiscal incentives for R&D helps with financing. Nevertheless there would again seem to be a need in many countries for a coherent strategy aimed at the particular needs of this group of firms.



Rationalisation and governance of innovation policy All the contributing countries make explicit reference to the need for more effective co-ordination and governance of innovation policy. Austria has a proliferation of both fiscal and direct instruments for supporting R&D which makes the system of support increasingly complex and hard for business to understand, and also imposes extra administrative costs on government and business. This is therefore likely to be less cost effective in achieving its objectives. The current reform involving a consolidation of major R&D funding organisations may help improve the situation. The distribution of responsibilities across three ministries is seen as a problem which was only partially solved with the creation in 2000 of the Austrian Council for Research and Technology Development (RFT). Finland’s system for co-ordinating science, technology and innovation policies is impressive, but this has not prevented proliferation of measures for promoting new high-technology SMEs. The Finnish contribution makes clear the importance of close policy co-ordination, of a clear national consensus, of a central role for innovation policy, of a long term perspective and of policies that fit the country’s current state of development and of flexibility in the face of changing circumstances.
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companies are currently facing several challenges:
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In the Netherlands an interdepartmental review has concluded that the high number of instruments directed towards stimulating expenditure on R&D and innovation by firms causes, inter alia, inefficiency in policy delivery because of overlaps between instruments and limited transparency for entrepreneurs. As a consequence, the support system will be streamlined into a limited number of instruments clustered in six groups. The UK Department of Trade and Industry Business Support Review came to very similar conclusions and recommendations for action. The Netherlands’ contribution also calls for improved policy co-ordination along Finnish lines. Recently, the Netherlands established an “Innovation Platform”, which is chaired by the Prime Minister and includes leaders from large and small businesses, researchers and independent experts. Japan also established the Council for Science and Technology Policy in order to avoid unnecessary duplication among policy measures of related ministries with national overview of science and technology. The Council is chaired by the Prime Minister and consists of related ministers and experts from academia and industry. Recently, 198 major policy measures were evaluated by the Council and were ranked in four groups. The Swedish contribution argues the need for an explicit innovation policy strategy which is endorsed by the whole government. Given the wide range of factors which affect a country’s rate of innovation and the major role which innovation plays in economic growth, there seems to be a good case for this. The Swedish paper also observes that more elaborate system thinking has seldom been the basis of Swedish R&D and innovation policy. Following the UK review of innovation policy, a ministerial team has been established, chaired by the Secretary of State for Trade and Industry, to lead the innovation agenda across government and drive forward the implementation of the recommendations of the review.
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This generates a rich agenda for discussion, one to which other member countries will have much to add. One particular issue is the different role played by direct and fiscal measures for R&D. Another is the role of public procurement which has been elevated to greater prominence by discussion of the EU 3% R&D target and which necessarily requires a co-ordinated approach across a number of different government departments.



Globalisation of R&D Many countries are concerned that globalisation of RTD and innovation would undermine their national R&D effort as the latter was heavily dependent on a few large MNEs. However, globalisation of S&T offers both threats and opportunities to all OECD member countries. As a phenomenon it is comparatively recent. Less than ten years ago it was still possible to argue on the basis of available data that MNEs mostly innovated in their home countries but by the time of the 1999 report4 of The European Technology Assessment Network (ETAN) on the Internationalisation of research and technology it was clear that the situation was changing rapidly. Although data in this area are incomplete, not fully comparable and often available only with a significant lag, it is clear that the internationalisation of RTD continues to gather momentum. For example, R&D performed by majority owned affiliates in the United States rose from USD 17.2 billion in 1997 to USD 26.1 billion in 2000 - an increase of 52%; some USD 9 billion of the latter figure was accounted for by three of the countries taking part in this study – the United Kingdom, Japan and the Netherlands. In 2002 some 38% of UK BERD was accounted for by affiliates of foreign-owned companies. In this respect, the United Kingdom has hitherto been considered exceptional among OECD countries of its size, but Germany



4. www.cordis.lu/etan/src/topic-1.htm#reports
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• Technology generated in one country will be exploited more and more internationally by foreign-owned as well as domestically owned enterprises.
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• International techno-scientific collaboration between partners from different countries has been increasing rapidly and will continue to do so.
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• Companies and not just MNEs will incorporate appropriate science and technology in their products processes and services from wherever these can be found from around the world. Larger firms and many high-technology SMEs will locate their innovation activities wherever in the world it is most advantageous.
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• Particular areas of technological activity may become concentrated in a relatively few locations across the world. These clusters will enjoy agglomeration economies including proximity to the innovative activities of leading edge customers and to centres of scientific excellence and in some cases will straddle national frontiers. In these circumstances OECD member countries will need to make sure that their national innovation systems make the country an attractive place for a sufficient range of RTD and innovation activities to support their economic and social well-being. The strength of the national science base and of the stock of highly qualified manpower will be of vital importance as will the technological competence of small and medium-sized firms. Presence of leading-edge customers either domestically or in neighbouring countries will also be vitally important. Public procurement of technology-based products and services must be forward-looking and supportive of innovation efforts of locally based firms. The development and maintenance of international linkages will be essential for firms, universities and other public sector research organizations. Both internationalisation and regionalisation of RTD policies will have important roles to play. International co-operation in the promotion of research can yield economies of scale and scope particularly for smaller countries and different regions of a country may have different patterns of technological and commercial strengths. Innovation-friendly regulation, e.g. the approval procedures for health products, may be important in some areas. As can be seen from the foregoing sections, many of the policies required to cope with internationalisation of RTD have been introduced or are in the process of development by the six participating countries. However, in most cases they have not yet been collated into a systematic response. A shift in emphasis from supporting the RTD activities of “our” firms to making “our” country the best place for firms from around the world to innovate and undertake RTD is a significant political and psychological shift. Countries also need to recognise that in a world where there is international division of labour in RTD they cannot all specialise in the same activities. Countries must play to their particular strengths and not always try to follow the herd.
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Given the fast-moving but imperfectly understood situation, the participating countries were aware of the challenge it posed but had not yet had time to formulate a full systematic policy response. This response must deal with a move towards a situation where:
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Box 1.1. Innovation in services
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Innovation in services, like globalisation of R&D, is seen as an important policy challenge but is perhaps even less well understood. In the case of innovation in services we do not have anything approaching the stock of academic work and the body of official data which supports policies towards industrial innovation. A recent book concluded that “work on services innovation still remains weak in capturing what service innovation is all about” (Andersen et al., 2000).
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Knowledge-intensive business services (KIBS) such as computer services, design and engineering services, and R&D Services were most likely to be mentioned in the country contributions. They underpin and are frequently involved in innovation by industrial firms and many companies in this sector were originally spinouts from industry or grew as a result of outsourcing. They play an important role in the diffusion of technology. Such firms are often supported directly or indirectly by current innovation policy measures and including them on a regular basis would not be a major departure.
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This is therefore an area where both countries’ policies and the underpinning analysis are in need of considerable development. The main issues to be tackled include the following:
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KIBS and telecommunication services are the major performers of R&D amongst the service sectors. Many other service sectors are primarily users of bought-in technology and software. However some are very sophisticated users and have advanced system integration skills which can be the basis of significant technological innovation. Changes in associated business processes are usually required if the productivity and other benefits of new equipment and software are to be obtained. Describing the process and measuring the benefits of innovation in technology using services is difficult making it difficult to design and evaluate appropriate policies.
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Web and associated computer, telecommunication and network services are capable in the long run of transforming many other areas of business activity. Government involvement mainly takes the form of regulation to secure access, security, fair treatment of consumers etc. There is a need to ensure that this does not get in the way of desirable innovation.



•



Services tend to rely on forms of intellectual property protection such as copyright and registration of design rather than patents. The patent system was originally designed to encourage innovation but the others may be less innovation friendly. In some areas e.g. online databases technology and business methods appear to be changing too quickly for the IPR system to keep up. Allowing patents to be taken on business models poses particular problems.



•



The competitive advantage of many service firms depends heavily on distinctive intangible assets. Progress in finding generally accepted accounting definitions and measures of intangible assets is even more important than in the case of manufacturing.



•



The distinction between manufacturing and services is becoming more blurred as manufacturers (e.g. Aero-engine manufacturers, component suppliers) increasingly sell a service based on their product rather than the product as such. In many instances manufacturing and service firms are partners in co-ordinated delivery of goods and services to final customers. Innovation in such distributed processes will involve contributions from both



•



Innovation in services happens in a much greater variety of ways than innovation in industrial sectors and it appears to be harder to distinguish innovation from routine changes in equipment or business processes.



This list is not exhaustive but makes clear that the extension of innovation policy to cover services will require solutions to a rich and varied set of problems.
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If countries are to learn from each other’s innovation policies then it is important to know which of the features of a given policy in a particular country reflect factors peculiar to that country and which reflect aspects of the innovation process or system which are common to some or all other countries. The effective application of one countries policy by another will require its adaptation to a new set of local conditions.
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Advanced industrial countries share a number of characteristics in respect of innovation. In a globalised world they face similar opportunities and threats. They also suffer from the same underlying market failures. Some of these market failures may interact differently with local institutions and culture leading to different effects (rather like different solutions of pathological games such as the prisoner’s dilemma) but others such as the externalities attached to research or the existence of public goods reflect the fundamental nature of technology and innovation and are pretty much the same in all advanced industrial countries. For these reasons many of the policies pursued by the six participating countries were deployed by all of them though the way that these policy mechanisms were implemented tended to differ from country to country.
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Support for applied research generally takes one of two overlapping forms: • Support for research carried out by public research organisations (PROs). • Support for collaborative research. The balance between them depends on the relative size of the PRO sector. All countries seem to be concerned about the quality and relevance of the applied research carried out by PROs and by the resulting technology transfer to business. In general the larger the PRO sector, the longer individual PROs have been established and the more politically entrenched their missions the more problematic will be these aspects of its performance. A key issue is the balance between core funding and project funding for which a PRO must compete; there is a wide spread tendency to place more reliance on the latter. There is also tendency to favour PROs attached to universities since they will be subject to the rigours of academic peer review. Related issues include the number of public sector sources of funding, the nature of the ultimate potential users, the governance structures and the employment status of the staff. Selective support for applied research undertaken by companies alone is very rare if not nonexistent. The economic rationale for such support favours collaborative research involving both companies on the one hand and PROs and/or HEIs on the other. The institutional arrangements for the design and implementation and management of collaborative research programmes differ from country and include for example: • Countries such as Sweden (Vinnova) and Finland (TEKES) have innovation agencies which design and implement innovation support programmes and policies. • Other countries such as the Netherlands (TNO) use national research and technology agencies to manage programmes and assist in their design. • In the United Kingdom, the DTI designs and appraises new programmes and contracts out their management to individuals or organisations.
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Taking into account the national context
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Financial support for high-tech SMEs/new technology-based firms (NTBFs), include R&D tax credits, selective grants, loans and support for or in conjunction with venture capital. Discretionary grants or loans from government will require appraisal of the technological, commercial and economic aspects of individual cases. Where the necessary capabilities exist within the apparatus of government these appraisals may be done in house but otherwise they will be contracted out to independent bodies or network of peers. Even tax relieves may require expert appraisal to deal with difficult or marginal cases. The extent and nature of support for VC will depend on the state of the VC industry/business angels in the country concerned as well as on the existence of ‘new’ or secondary stock markets able to handle IPOs etc. by NTBFs and the nature of the corporate and personal tax systems. Similarly the need for government to provide or guarantee loans will depend on the nature of the country’s banking system.
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Applied research programmes usually have as one of their main objectives to build up the national centres of excellence in particular technology fields. These may vary from the virtual or distributed to real centres of excellence on one particular site.
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Policy towards industry-science relations tends to concentrate where there are weaknesses in the set of factors listed in paragraph 36 but with an explicit tendency to focus on the first two. Other policies, particularly, support for BERD, implicitly deal with the third. The legal position of universities (and PROs), the terms of employment of their staff and their culture are a much greater problem in some countries compared with others. Countries also differ in the importance of PROs in the research base and in the existence of intermediary organisations – private, public and P/PPs – which can act as translators of scientific outputs into industrially useful technology. The role of corporate laboratories also varies from country to country; in Japan they do research which in other countries would be done by universities. Co-ordination and governance of RTD and innovation policies is an important issue in all countries. The structure of government particularly the allocation of responsibilities for S&T and innovation across departments and the political and constitutional set-up will set the context for this. The customary arrangements for consulting social partners will also exert an influence. This is very much an area where the approach will be country specific. One country may observe what another country does, see that it works, notes that the exact approach will not be possible at home and ask “how could we do that”. Thus, for example, Finland has very effective arrangements for consulting and coordinating decision making among all the organs of government and all significant external stakeholders, while in the United Kingdom the prerogatives of Ministers and Parliament and political convention mean that such processes can never be more than consultative. Stakeholder involvement will make policy more stable and probably more effective in the direction chosen but less flexible and adaptable. Policies to encourage technology transfer need to be tailored towards the needs of specific firms or at least specific sub-sectors. The design of policies/programmes will therefore depend on conditions in the industry concerned and on the nature and variety of the intermediaries which can implement programmes on the government’s behalf. The design of R&D tax incentives will depend on the nature of the corporate tax system and relations between the fiscal authorities and the corporate sector.
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• Countries update their policy mix at different speeds and some differences will result even if countries are moving towards a common configuration. Where each country is starting from will clearly matter in this connection.



se



R



O



• Differing political orientations and differences in the other objectives of government will also lead to differences in policy mix.
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• Differences in the process by which policy is decided, in the objectives and approach of the various actors involved and the interactions between them.
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• The economic and industrial inheritance of the country concerned. Countries with a long history of industrialization will need policies to help firms in older industries to adapt. Countries like Finland which depended until fairly recently mainly on the exploitation of indigenous natural resources will have much less need of such programmes.
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Conclusion The synthesized country studies provide a clear picture of the strengths and weaknesses of participating countries’ national innovation systems and innovation policies, and succeed in identifying broad relationships between countries’ innovation performance and policies. Combining quantitative information with informed judgment and interpretation contributed significantly to this. The country studies provide evidence that the specific economic and institutional conditions need to be taken into account in order to be able to assess countries’ innovation policy and make their experience applicable to others. Even amongst the OECD member countries participating in this study – which are relatively homogenous in terms of income per capita – NIS vary greatly in their structural features and modes of governance. Accordingly there is no single “optimal” policy in terms of the design of either individual instruments or the mix of policies readily transferable to different contexts. Nevertheless, there is common ground. A common feature of all countries is that at some point of time national economic circumstances combined with global changes in science, technology and innovation have induced or are currently inducing fundamental changes in related policies. The country studies addressed a number of policy issues. While some of these policy themes are more prominent in one country than in others, others are shared by countries with similar features. Certain key policy issues emerged in most or all of them, primarily related to the current transition to a knowledge-based economy. The following specific policy issues emerging from the country notes have been discussed in detail: industry-science relations, public/private partnerships, high-technology SMEs, barriers to growth in SMEs and problems of existing middle market firms, rationalisation and governance of innovation policy, globalisation of R&D and, tentatively, innovation in services. Experiences both in terms of success and failure, discussed in their proper context, provide valuable information for policy learning, in particular about how countries manage to adapt their policies in a dynamic environment.
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threats that it faces as well as well as how these are perceived. A common diagnosis will point towards a common policy mix as the results of this exercise tend to show.
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LES POLITIQUES ET PERFORMANCES EN MATIÈRE D’INNOVATION : INTRODUCTION ET SYNTHÈSE
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LES POLITIQUES ET PERFORMANCES EN MATIÈRE D’INNOVATION : INTRODUCTION ET SYNTHÈSE –



r u t Dans les pays industriels avancés, l’innovation et l’exploitation desc L e découvertes scientifiques et des technologies nouvelles constituent la principale source de croissance



An



économique sur le long terme et d’amélioration du bien-être social. A l’avenir, les performances d’un pays en matière d’innovation risquent d’être plus vitales encore pour son progrès économique et social. De plus en plus, les pays dont les entreprises n’innovent pas vont se trouver en concurrence directe avec des pays en voie d’industrialisation dont les coûts de main-d’œuvre sont inférieurs et qui maîtrisent de mieux en mieux les technologies et les méthodes commerciales existantes. La mise au point et l’exploitation de produits, de procédés, de services et de systèmes nouveaux et la mise à niveau constante de ceux qu’un pays produit déjà est la seule manière, pour les pays de l’OCDE, de maintenir et d’améliorer leurs niveaux relatifs élevés de bien-être économique et social. Les recherches dont la synthèse est présentée ci-après visent un double objectif : évaluer les performances des pays en matière d’innovation, en soulignant leurs forces et leurs faiblesses spécifiques, et apprécier l’efficacité des politiques nationales de l’innovation dans le contexte économique et institutionnel spécifique dans lequel elles sont appliquées. Ces recherches posent en principe que les retombées positives des politiques nationales de la science, de la technologie et de l’innovation, y compris les instruments d’action spécifiques, ne peuvent être évaluées correctement en dehors du contexte spécifique du système national d’innovation pour lequel ces politiques ont été conçues. Pour effectuer une telle évaluation, une nouvelle approche reposant sur le concept de système national d’innovation a été suivie, qui s’appuie sur des informations aussi bien quantitatives que qualitatives (Annexe 1). Des experts nationaux de certains pays, dont l’Autriche, la Finlande, le Japon, les Pays-Bas, la Suède et le Royaume-Uni, ont remis de brèves études concernant leur pays, qui contenaient une évaluation globale des forces et des faiblesses relatives de leur système national d’innovation et du lien entre les performances en matière d’innovation et les politiques dans ce domaine. Les économies et les systèmes d’innovation des pays participants varient fortement en fonction de leurs caractéristiques structurelles et de leurs mécanismes de gouvernance, fournissant une latitude suffisante pour tirer des conclusions générales.
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Les investissements en technologie et en innovation (et aussi, de plus en plus, le financement de la recherche scientifique) sont consentis pour faire progresser non seulement ces domaines eux-mêmes, mais aussi, plus globalement, les performances économiques et les niveaux de vie. Le véritable critère de vérification de la qualité des performances en matière d’innovation consistera dès lors à examiner les performances d’un pays au regard d’indicateurs économiques et sociaux tels que le PIB et la croissance de la productivité, les taux de morbidité pour les grandes maladies, etc. L’incidence directe de l’innovation sur ces variables ne dépendra pas principalement de l’introduction de produits, de procédés, de services et de systèmes nouveaux, mais bien de leur diffusion ultérieure dans l’ensemble de l’économie et de la société, processus qui s’étend souvent sur des décennies. L’expérience indique toutefois que les pays en voie d’industrialisation peuvent certes atteindre des taux de croissance rapide en se bornant à exploiter des innovations mises au point à l’étranger, mais que cela ne suffit pas pour soutenir et améliorer les niveaux élevés de bien-être économique dont jouissent actuellement de nombreux pays de l’OCDE.
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Évaluation des performances nationales en matière d’innovation : Que faut-il mesurer et par quels moyens ?



Le



c tu



r



An



L’évaluation des performances en matière d’innovation doit dès lors porter sur la capacité d’un pays non seulement à créer des produits, des procédés, des services et des systèmes nouveaux mais aussi à diffuser ces innovations dans toute l’économie, tant celles qui ont vu le jour sur le territoire national, que celles mises au point à l’étranger. Pour tous les pays de l’OCDE, à l’exception des plus grands, la majorité des innovations proviendra de l’étranger. Il faut toutefois que tous exploitent efficacement la science et la technologie nouvelles à même de répondre à leurs besoins, qu’elle qu’en soit l’origine dans le monde. L’innovation initiale et sa diffusion relèvent en fait d’un même processus. La diffusion qui suit l’innovation comportera souvent un développement supplémentaire important qui peut modifier le produit au point de le rendre presque méconnaissable et qui améliore fortement son utilité économique et sociale. Ce développement s’accompagnera en règle générale de baisses sensibles du prix payé pour des performances et une qualité déterminées. En outre, une innovation en entraîne fréquemment d’autres dans des technologies ou des activités apparentées, concurrentes de la première innovation, ou d’un tout autre domaine. Même l’adoption par une nouvelle entreprise d’une technologie déjà éprouvée comportera le plus souvent un élément d’adaptation ou d’amélioration. Autrement dit, une innovation couronnée de succès peut se produire au niveau d’un pays, d’un secteur ou d’une entreprise et contribuer, dans tous les cas, aux performances économiques. L’innovation revêt des formes très diverses qui peuvent aller d’améliorations minimes à la mise au point de technologies nouvelles capables de bouleverser le paysage concurrentiel d’industries entières. La nature de l’innovation varie considérablement entre les secteurs, et les différences qu’affichent les pays dans la composition sectorielle de la production et dans la position qu’occupent leurs entreprises dans les chaînes d’approvisionnement internationales peuvent entraîner des variations majeures dans les schémas nationaux d’innovation. Selon les secteurs, la période qui s’écoule après l’invention/la découverte initiale s’est soit allongée, soit raccourcie. Ces deux situations représentent un défi pour les performances et les politiques en matière d’innovation. Dans le premier cas, les entreprises INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005



_it E d it e io s doivent accélérer leur rythme d’innovation et peuvent avoir besoin d’aide pour accéder rapidement aux nouvelles sciences et technologies. w Dans le deuxième cas, des délais
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L’évolution vers une « économie du savoir » constitue l’un des aspects des performances en matière d’innovation. Si notre économie a de tout temps reposé sur le savoir, qui était généralement l’unique possession des tribus humaines primitives, la différence réside dans le fait que le concept d’économie du savoir témoigne d’évolutions importantes de la nature et des sources du savoir utile à l’économie et à la société, de leur structure, leur analyse et leur transmission. Face à ces changements, qui sont caractérisés par le déclin des entreprises qui investissent massivement dans les actifs fixes et les compétences en un savoir-faire précis, et par l’avènement de celles qui misent davantage sur les actifs incorporels, tels que la R-D et les logiciels, et le recrutement d’employés possédant des compétences formelles en science, en technologie et en technique, l’innovation fait à la fois office de miroir et de déclic. Cette évolution place les entreprises et les responsables des politiques de l’innovation face à des enjeux qui n’ont plus rien de comparable avec la simple accumulation des savoirs existants ou l’amélioration progressive des produits et des procédés courants. Le savoir ne saurait être assimilé à la technologie, qui associe des connaissances codifiées et tacites à des compétences, des interventions humaines, des modèles, des marches à suivre, des logiciels et des formes d’organisation, en vue de mener à bien des tâches concrètes. Enfin, les connaissances utilisées dans les activités marchandes et les services publics sont bien plus variées que celles dont se nourrit la technologie.
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Identification des opportunités et des menaces futures L’évaluation des performances en matière d’innovation mettra en évidence les forces et les faiblesses actuelles et donnera peut-être une idée de la manière dont elles pourraient évoluer à l’avenir. Cela étant, l’élaboration des politiques doit aussi tenir compte de la manière dont le monde peut évoluer et continuera d’évoluer à l’avenir. Les progrès de la science et des techniques font partie des sources de changement. La prospective et l’évaluation des technologies constituent les principales méthodes pour examiner l’évolution future possible des activités scientifiques et technologiques ainsi que ses éventuelles incidences économiques et sociales. Il faudra mettre l’accent, en particulier, sur les situations où le développement des activités scientifiques et technologiques crée de nouveaux marchés et de nouvelles ouvertures pour le pays concerné, et où il peut menacer les points forts existant dans le domaine commercial et économique. Par ailleurs, il convient d’examiner de près les possibilités qu’offrent la science et la technologie pour remédier aux problèmes humains, environnementaux, sociaux et sécuritaires. Le comportement structurel des entreprises et des autres acteurs concernés de près par le processus d’innovation peut évoluer lui aussi. Par exemple, dans l’organisation et la motivation de la recherche des entreprises, des changements sont en train de se produire qui peuvent nécessiter des modifications de la justification et de l’orientation de l’aide publique à cette activité1. Les changements du cycle de vie des secteurs et des techno1. Voir notamment le chapitre 3 de la publication Perspectives de l’OCDE de la science, de la technologie et de l'industrie 2002.
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importants peuvent s’écouler entre la fin des recherches universitaires et le moment où, à la suite de développements majeurs, l’on peut attendre d’une technologie qu’elle attire des fonds du secteur privé. Ces délais peuvent nécessiter la création de nouveaux types de financement, notamment des partenariats public-privé.
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Élaboration des politiques de l’innovation : approches descendantes et ascendantes
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L’élaboration d’une politique stratégique de l’innovation doit se fonder sur une analyse des forces, des faiblesses, des opportunités et des menaces, dans le cadre fourni par la perspective du système national d’innovation. Les responsables de cette élaboration doivent répondre, dans chaque cas, aux questions suivantes :
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logies ainsi que d’autres domaines de la politique publique doivent être pris en compte, tout comme les changements de la nature du système économique mondial. L’analyse de l’évolution économique, politique et sociale au sens large peut également nécessiter le recours à l’un ou l’autre type d’analyse par scénario.
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• Que peut réaliser le pays en s’appuyant sur les points forts de ses performances en matière d’innovation ? Quelles sont les ressources à engager et quels bénéfices peuton en attendre ?
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• Qu’y a-t-il à gagner en éliminant les faiblesses existantes en matière de performances, et ces gains l’emportent-t-ils sur le coût et les efforts qu’ils imposent ? • Quelles sont les opportunités qu’offre l’évolution future de la science et de la technologie ? Est-il possible de les exploiter de manière rentable ? • Quelle est la part du PIB menacée par l’évolution future de la science et de la technologie et, plus généralement, par l’évolution économique et sociale ? Quels sont les coûts et les avantages potentiels liés aux efforts visant à contrecarrer ces menaces ? Dans chaque cas, les responsables de l’élaboration des politiques doivent évaluer si les pouvoirs publics doivent agir, et dans quel sens, pour aboutir à un résultat favorable sur le plan économique et/ou social, et si l’on peut escompter que cette intervention produira des avantages nets. Vu l’incertitude liée à chaque action de soutien, une approche par portefeuille est souhaitable. L’idéal serait que les décideurs utilisent leurs ressources budgétaires de manière à maximiser l’effet de gain de bien-être national résultant de l’amélioration des performances d’innovation. En pratique, cela peut s’avérer impossible. En effet : • L’incertitude qui entoure les avantages nets résultant d’une action d’intervention ou de soutien donnée laisse penser que les responsables de l’élaboration des politiques pourraient avoir la sagesse d’assurer leurs arrières en soutenant une série de technologies ou d’activités d’innovation. • Compte tenu de l’interaction entre les différents aspects du processus d’innovation, le fait de concentrer les ressources d’intervention sur tel aspect de l’innovation et d’ignorer les faiblesses de tel autre, complémentaire, pourrait ne produire qu’un gain net modeste en termes de bien-être national. Cela plaiderait en faveur d’une approche adaptative de l’élaboration des politiques, dans laquelle les changements de politique ne reflètent qu’en partie les changements intervenus dans les conditions et dans l’évaluation des performances nationales. Les décalages dus à l’incertitude, qui existent entre les initiatives d’intervention et leurs résultats, semblent également aller dans le sens d’une certaine stabilité dans la combinaison des mesures de soutien à l’innovation, permettant aussi d’éviter de perturber l’activité économique par des changements trop fréquents.
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Les approches descendantes en matière de politique de l’innovation ne devraient pas reposer uniquement sur l’analyse. La consultation de ceux qui sont visés par la politique, principalement mais non exclusivement les entreprises, peut éclairer les responsables de son élaboration sur des questions qui ne peuvent être facilement prises en compte dans les techniques d’analyse existantes. En outre, une politique de l’innovation qui est comprise et approuvée par les autres acteurs principaux du système d’innovation a plus de chances d’être efficace. Par contre, il faut toujours se prémunir contre le risque de voir tel ou tel groupe de la communauté de l’innovation exercer une emprise exclusive sur les organismes de gestion.
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Dans l’approche descendante de l’élaboration des politiques, l’évaluation est souvent considérée comme un moyen d’éclairer le décideur sur ce qui est efficace ou non. En pratique, les choses ne sont pas aussi simples. Les programmes qui se sont avérés une réussite dans le passé peuvent ne pas être efficaces à l’avenir, et ceux qui n’ont pas réussi dans le passé peuvent avoir échoué en raison d’un défaut de conception du programme qu’il est possible de corriger. Ce sont souvent les détails des évaluations et non les grandes conclusions qui présentent le plus de valeur pour la définition des mesures et des programmes d’avenir. L’élaboration descendante des politiques permet d’affecter les ressources publiques aux domaines où elles peuvent avoir le plus d’impact, et constitue le moyen le plus approprié de réagir à un monde en mutation rapide. Cela dit, l’efficacité des différentes politiques et des différents programmes dépend de manière décisive des détails de leur conception. Il est donc capital que les mesures et les programmes nouveaux soient soumis à une appréciation préalable de leur efficacité potentielle. Cette analyse pourra parfois montrer qu’une option de politique qui semblait très prometteuse au niveau stratégique ne peut, en fin de compte, être mise en œuvre de façon rentable. L’élaboration efficace des politiques nécessite une combinaison d’approches descendantes et ascendantes.



Les études par pays comme outils d’apprentissage pour les décideurs publics Compte tenu des considérations qui précèdent, il a été décidé d’examiner les performances et les politiques en matière d’innovation dans une série de pays qui offrent un ensemble diversifié de capacités d’innovation et de contextes nationaux. Ces examens tenteront d’établir le lien entre les politiques et les mesures globales des performances économiques et d’innovation et de mettre en évidence la manière dont l’efficacité des instruments d’action est affectée par le contexte dans lequel ils sont mis en œuvre. Le but de cet exercice est d’apporter des éléments d’information aux décideurs des pays INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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l’innovation, ces défaillances affectent généralement tous les pays de l’OCDE. Il s’ensuit que ce sont souvent les mêmes activités d’innovation qui bénéficient d’un soutien dans tous les pays membres. Dans certains cas, cependant, ces défaillances interagissent avec des caractéristiques institutionnelles et culturelles spécifiques au pays concerné, voire à quelques autres. Dans l’élaboration des politiques de l’innovation, la défaillance du marché a principalement un rôle à jouer dans le cadre de l’approche ascendante. Si la méthode consistant à analyser les forces, les faiblesses, les opportunités et les menaces est la plus bénéfique à l’élaboration des politiques, la mise en évidence des défaillances du marché dans les domaines pertinents est essentielle pour évaluer les perspectives de rentabilité des propositions de mesures. L’existence d’une défaillance du marché n’est à elle seule pas suffisante pour justifier une intervention des pouvoirs publics.
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Six pays ont été sélectionnés pour cette étude : l’Autriche, la Finlande, le Japon, les Pays-Bas, la Suède et le Royaume-Uni. Ces pays présentent tous des points forts en matière de performances d’innovation, sont très différents par la taille de leur économie et la structure de leur système national d’innovation, élaborent activement des politiques visant à s’attaquer aux faiblesses constatées dans leur système d’innovation et semblent, a priori, couvrir un large éventail de relations entre les intrants d’innovation mesurés par des facteurs comme les dépenses de R-D et les performances économiques mesurées par des indicateurs tels que le PIB par habitant et la croissance du PIB (Annex 2). S’agissant de ce dernier facteur, les pays peuvent être répartis en quatre grandes catégories :
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participants comme des autres pays membres, pour les guider dans l’élaboration des politiques de l’innovation, d’affiner les méthodes exposées dans le présent document et de surmonter certaines des déficiences d’une approche basée sur un simple indicateur quantitatif.
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• Les pays qui ont atteint des degrés élevés de performances dans les domaines de l’économie et de l’innovation (dépenses de R-D, par exemple). La Finlande est un pays qui, quel que soit le critère de mesure retenu, a considérablement augmenté ses intrants de l’innovation (dépenses des entreprises en R-D, en ressources humaines en science et en technologie, etc.) au cours des dix dernières années et qui a fortement amélioré ses performances économiques tant en termes de PIB par habitant que de productivité multifactorielle ou d’autres indicateurs.
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• Les pays dans lesquels les liens entre les niveaux élevés d’intrants de l’innovation et les performances dans les domaines économique et de l’innovation sont plus lâches. Le Japon, par exemple, a connu une longue période de stagnation économique relative (même si des signes semblent désormais annoncer la reprise) malgré des niveaux constamment élevés de dépenses de R-D des entreprises et des performances fortes dans un grand nombre d’industries manufacturières de haute technologie. La Suède présente la plus forte intensité de R-D des pays de l’OCDE et a atteint des niveaux élevés de performances économiques (en termes de PIB par habitant et de productivité multifactorielle, notamment), mais il apparaît que les rythmes de croissance se sont ralentis au cours des années 90, avant de se rétablir ces dernières années. On peut se demander si le pays a tiré pleinement parti de l’avantage économique et social résultant de ses activités d’innovation. • Les pays dont les performances dans les domaines économique et de l’innovation dépassent ce que l’on pouvait attendre au vu de leurs intrants de l’innovation. L’Autriche, par exemple, affiche un certain retard en termes de niveaux d’investissement en R-D rapportés au PIB, imputable en grande partie aux faibles niveaux de R-D financée par l’industrie. Néanmoins, elle a enregistré des niveaux relativement élevés de PIB par habitant (environ USD 28 900 en PPA en 2002) et elle semble avoir exploité avec succès ses points forts sur des créneaux spécialisés, notamment grâce à des efforts d’innovation non liée à la R-D. Les pouvoirs publics semblent toutefois prendre de plus en plus conscience qu’il est nécessaire de s’orienter vers une croissance qui utilise davantage le savoir comme moteur, orientation qui est peut-être déjà en cours. • Les pays dont les performances économiques et d’innovation sont bonnes mais suscitent des préoccupations grandissantes quant à leur évolution dans l’avenir. Les Pays-Bas et le Royaume-Uni affichent tous deux des niveaux élevés de PIB par habitant et des performances relativement bonnes pour nombre d’indicateurs relatifs
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Dans la réalité, cette classification ne reflète pas entièrement la complexité du contexte de chaque pays. Les critères sur lesquels elle repose ont néanmoins l’avantage de produire un ensemble riche et varié d’expériences à partir desquelles tirer des enseignements. Les indicateurs quantitatifs à eux seuls font apparaître l’hétérogénéité des pays retenus pour l’étude (Annexe 2). L’Autriche affiche des niveaux moyens d’activités de R-D, de production scientifique et d’extrants de l’innovation, mais des niveaux faibles de ressources humaines et de relations entre la science et l’industrie ainsi que de capitalrisque. La Finlande enregistre des résultats élevés pour la quasi-totalité des indicateurs, mais révèle des faiblesses dans les liens internationaux et dans l’entreprenariat technologique. Le Japon, malgré des niveaux élevés de dépenses de R-D, de ressources humaines et d’extrants de l’innovation, accuse de bas niveaux en matière de production scientifique, de relations industrie-science, de liens internationaux et d’entreprenariat. Les Pays-Bas affichent des niveaux moyens d’intrants sous forme de R-D et de ressources humaines, mais des niveaux élevés de production scientifique, d’extrants de l’innovation, une offre suffisante de capital-risque et un niveau satisfaisant de R-D des organismes publics de recherche (OPR) financée par les entreprises. La Suède se situe nettement au dessus de la moyenne en ce qui concerne l’activité de R-D, les ressources humaines, la production scientifique et les brevets, mais ses niveaux de liens internationaux et d’entreprenariat, tout comme la croissance de son PIB, sont médiocres. Les performances du Royaume-Uni sont satisfaisantes en ce qui concerne les ressources humaines de la S-T et la production scientifique, et s’établissaient non loin de la moyenne pour la quasitotalité des autres indicateurs.
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Conclusions de l’étude Les contributions de tous les pays offrent une perspective globale des performances nationales en matière d’innovation, en associant des données et indicateurs quantitatifs et qualitatifs et en faisant apparaître le lien entre les performances et l’éventail de mesures actuellement en vigueur ou appelées à être modifiées très prochainement. Si nombre des questions et problèmes sont communs à tous les pays, les institutions nationales pèsent cependant d’un poids non négligeable. De ce fait, les comparaisons entre pays au moyen des indicateurs normalisés de la S-T constituent une tâche plus difficile qu’il n’y paraît au premier abord. Un trait commun important de toutes ces contributions réside dans le fait que la situation économique nationale, conjuguée aux changements intervenus dans toute la zone OCDE dans les domaines de la science, de la technologie et de l’innovation, a rendu nécessaire un changement d’orientation radical dans les politiques y afférentes. On trouvera ci-dessous un résumé succinct de la façon dont chaque pays a perçu ce besoin de changement. • Finlande. Au début des années 80, la Finlande a procédé à des changements majeurs dans la gouvernance de ses activités scientifiques et technologiques (S-T) et dans ses institutions correspondantes ainsi que dans sa politique de l’innovation, afin de contrecarrer la résistance à l’introduction de nouvelles technologies et d’obtenir un consensus au sein de la collectivité nationale. Dans les années 90, ces changements ont été approfondis et affinés pour faire face à la profonde récession provoquée par INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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qu’offrent leurs solides systèmes scientifiques de façon à alimenter la croissance économique future et à améliorer les capacités d’innovation des entreprises.
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l’effondrement des échanges commerciaux avec l’ancienne Union soviétique et par la stagnation de l’économie mondiale. L’ouverture de l’économie au commerce international et à la concurrence mondiale a été considérablement accentuée, en privilégiant la libéralisation du marché et les changements réglementaires, ce qui a ouvert la voie à une croissance rapide des secteurs des TIC. La politique de l’innovation a été recentrée sur la création d’un système national d’innovation propre à assurer l’exploitation des nouvelles technologies. Les Finlandais considèrent que le succès des changements opérés tient à la culture et aux institutions nationales ainsi qu’à l’adoption d’une perspective à long terme et d’une approche systémique de l’élaboration des politiques.
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• Japon. Des années 60 jusqu’au début des années 90, le Japon a connu une période de croissance économique rapide et soutenue, reposant sur un bilan impressionnant au plan de l’innovation dans le domaine des procédés et du développement connexe de produits par les grandes entreprises japonaises. Celui-ci s’opérait dans une architecture fermée au sein de laquelle les grandes entreprises mettaient au point leurs composants en interne, ou bien se les procuraient auprès de fournisseurs avec lesquels elles entretenaient des relations très étroites. Au début des années 90, une crise macroéconomique durable, dont le Japon commence tout juste à sortir aujourd’hui, s’est déclenchée à un moment où le pays s’employait à passer d’un type d’innovation axé sur les technologies de procédés industriels à une innovation axée sur les produits découlant des avancées réalisées dans les technologies issues de la science. Cette transformation s’est accompagnée d’un passage à une architecture ouverte de développement des produits où ceux-ci sont répartis en divers modules qui exigent moins de compétences dans le domaine de l’intégration des technologies de pointe à laquelle excellent les grandes entreprises japonaises. Il en résulte que le système d’innovation japonais a besoin d’être adapté à un processus d’innovation/paradigme technologique très différent de celui sur lequel il s’est appuyé jusqu’ici avec succès. Pour ce faire, il doit opérer un changement radical au niveau des institutions et dans la façon dont les entreprises sont organisées et interagissent avec leur environnement. L’intensification sensible de la concurrence des pays d’Asie de l’Est constitue un défi supplémentaire pour ce pays.
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• La Suède affiche de très bons résultats pour plusieurs indicateurs clés de l’innovation tels que les dépenses globales de R-D, les publications scientifiques et les dépôts de brevets aux États-Unis, mais son PIB par habitant a reculé dans le classement international en raison de périodes de croissance négative, et la progression de sa productivité est relativement décevante. Les enquêtes sur l’innovation montrent que le chiffre d’affaires dégagé par les entreprises suédoises relatif à des produits lancés ces trois dernières années est relativement satisfaisant, contrairement à celui qui concerne les produits nouveaux sur le marché. Les activités de R-D sont menées pour l’essentiel, d’une part, par dix grandes entreprises multinationales et, d’autre part, par les sept plus grandes et plus anciennes universités du pays. Les grandes entreprises multinationales représentent aussi une part très importante des dépôts de brevets aux États-Unis. Jusqu’à présent, la Suède constituait un espace attrayant pour les entreprises désireuses de se livrer à des activités de R-D, mais aujourd’hui d’aucuns s’inquiètent de ce que certains résultats de la R-D réalisée par ces grandes entreprises risquent de ne pas être exploités en Suède. De plus, pour 2002 et 2003, on observe des signes indiquant que certains grands groupes procèdent à une réduction massive de leurs dépenses de R-D en Suède. Les performances de R-D, les dépôts de brevets et l’interaction avec la R-D du secteur public sont moins notables dans les petites et INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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• L’Autriche a elle aussi besoin actuellement d’un « nouveau paradigme de croissance » qui mette davantage l’accent sur l’innovation reposant sur les avancées réalisées dans les technologies issues de la science. La longue période de fortes performances économiques qu’a connue l’Autriche s’est accompagnée d’un niveau relativement bas d’investissement dans la R-D et dans d’autres actifs incorporels. Cela s’explique en partie par le processus de rattrapage auquel a dû se livrer l’Autriche, mais aussi par la prépondérance dans son industrie d’entreprises œuvrant dans des secteurs où les compétences en matière d’ingénierie de pointe axée sur l’amélioration des procédés constituaient le mode dominant d’innovation. Cette forme d’investissement dans les nouvelles technologies ne figure pas dans la définition de la R-D que donne le Manuel de Frascati2, de sorte que ce type de secteurs est classé comme étant à faible ou moyenne intensité technologique, alors que nombre d’entreprises de ces secteurs sont très pointues au plan technologique. S’appuyant sur une solide base de compétences, l’industrie autrichienne a parfaitement réussi à exploiter les opportunités offertes par le système régional d’innovation qui, en plus de l’Autriche, regroupe quelques pays voisins. L’Autriche compte désormais parmi les pays de l’OCDE dont le PIB par habitant est le plus élevé et dont le secteur manufacturier est très prospère et affiche une forte productivité. Toutefois, l’économie autrichienne a récemment perdu un peu de sa dynamique et connaît actuellement une croissance plus lente qu’un certain nombre d’autres petits pays membres. Elle a besoin d’améliorer sa capacité à exploiter les avancées réalisées dans le domaine de la science et des technologies issues de celle-ci. Pour ce faire, une approche intégrée devra être mise en œuvre dans un large éventail de politiques dont la politique de la concurrence, le soutien public à la R-D et à l’innovation, ainsi que les droits de propriété intellectuelle. Il lui faudra aussi accorder à la politique de l’innovation une place beaucoup plus centrale au sein de sa politique économique globale, renforcer les interactions entre les établissements d’enseignement supérieur/établissements publics de recherche et les entreprises, et accroître les dépenses de R-D, de même que d’autres formes d’investissements dans le savoir.



2. OCDE (2002), Manuel de Frascati : Méthode type proposée pour les enquêtes sur la recherche et le développement expérimental
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lectifs et personnels, est relativement restreint par rapport aux autres pays, même si son développement s’est relativement accéléré ces cinq ou six dernières années. La configuration actuelle du système national d’innovation suédois doit beaucoup aux partenariats public-privé entre, d’une part, les monopoles ou quasi-monopoles publics et les organismes publics et, d’autre part, les grandes entreprises multinationales. Le système national d’innovation s’est surtout attaché à encourager l’innovation dans les grandes entreprises mais beaucoup moins à stimuler les activités de R-D et l’innovation dans les PME, ainsi que la croissance des services à forte intensité de savoir. La déréglementation, les changements d’orientation de l’évolution technologique et de l’innovation, le développement de l’externalisation et de la mondialisation de la R-D ont rendu ce modèle obsolète, ce qui nécessite la mise en place d’un nouveau système capable de relever les défis de demain et de pérenniser la compétitivité technologique et économique de la Suède.
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• Les Pays-Bas affichent un PIB par habitant qui les classe au 8e rang des pays de l’OCDE et, au cours des années 90, ils ont enregistré un taux de croissance du PIB supérieur à la moyenne de l’UE et de l’OCDE. Toutefois, ces bons résultats ont été surtout tirés par la croissance de l’emploi favorisée par ce que l’on a appelé le « modèle néerlandais », qui se caractérise par la faiblesse des coûts et la modération des salaires. Ce type de croissance a désormais atteint ses limites et dans l’avenir, la croissance devra tabler fortement sur des mesures visant à promouvoir la croissance de la productivité par l’innovation et le renforcement du capital humain. Le pays devra pour ce faire s’attaquer à un certain nombre de problèmes structurels. Les PaysBas se classent à un niveau relativement élevé pour plusieurs indicateurs quantitatifs de l’innovation, mais leurs performances sont en recul et elles sont fortement tributaires des efforts de plusieurs entreprises multinationales comme Philips et Unilever, et d’un petit groupe d’entreprises innovantes. Les investissements de R-D consentis récemment par les entreprises multinationales ont été partiellement réalisés en dehors des Pays-Bas et le risque existe qu’une partie de la R-D des entreprises actuellement exécutée aux Pays-Bas ne soit délocalisée à l’étranger. Le pays possède un secteur des services relativement vaste qui a besoin d’augmenter ses efforts en matière d’innovation (et notamment les budgets qu’il lui consacre), et il est spécialisé dans les secteurs industriels à faible et moyenne intensité technologique. Il est indispensable de stimuler la création et la croissance d’entreprises de haute technologie et d’améliorer les relations entre, d’une part, les établissements d’enseignement supérieur et les établissements publics de recherche et, d’autre part, la majorité des entreprises. Ce dernier facteur représente l’un des principaux enjeux auxquels sont confrontés les Pays-Bas, qui doivent impérativement renforcer les incitations et améliorer le cadre institutionnel de coopération entre les organismes d’innovation des secteurs public et privé. Par ailleurs, les Pays-Bas font face à un risque de pénurie dans les ressources humaines de la S-T, à moins que des mesures appropriées ne soient prises.
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• Royaume-Uni. Depuis la fin de la récession du début des années 90, le Royaume-Uni connaît un taux de croissance plus rapide que les autres grands pays de l’UE. Or, les indicateurs quantitatifs font apparaître un déclin durable de ses performances d’innovation relatives, et sa productivité est faible par rapport à celle des États-Unis, de l’Allemagne et de la France. En revanche, l’assise scientifique britannique est relativement performante. Le Royaume-Uni enregistre de bons résultats dans plusieurs secteurs fondés sur la science, notamment les sciences de la vie et la chimie, mais ses performances sont nettement moins bonnes dans les secteurs reposant sur la physique. A quelques exceptions notables près, comme Aerospace, ce pays affiche un bilan médiocre pour ce qui est des industries faisant appel à des technologies axées sur la conception/issues de l’ingénierie. Si cette situation est grandement imputable aux carences de longue date constatées dans la formation des ouvriers qualifiés et des techniciens, l’instabilité macroéconomique, le militantisme des syndicats, une mauvaise gestion et l’incapacité à se concentrer sur les marchés européens en croissance rapide au cours des années 50 et 60 ont également joué un rôle. Dans un rapport récent, le professeur Michael Porter estime que le Royaume-Uni a mis en place un grand nombre des conditions-cadres nécessaires à un croissance économique rapide et durable, mais que les entreprises britanniques doivent passer d’une stratégie de concurrence, fondée sur la réduction des coûts et l’efficacité, à une stratégie reposant sur l’investissement dans l’innovation et sur la création de produits à forte valeur ajoutée. Dans l’avenir, la politique de l’innovation devra s’attacher à
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La question de fond la plus largement évoquée dans les six contributions concerne le passage du paradigme technologique prédominant, où l’innovation se situe essentiellement au niveau de procédés fondés sur des technologies intégratives mises au point dans de grandes entreprises bien établies ou au niveau des chaînes d’approvisionnement, à un paradigme où l’innovation intervient principalement au niveau des produits qui intègrent des technologies modulaires issues de la science et mises au point par de nouvelles et/ou petites entreprises. Cette évolution ne constitue évidemment pas un changement radical dans le mode d’innovation : les secteurs faisant appel à des technologies issues des résultats de la recherche scientifique ont acquis une importance grandissante dès la seconde moitié du XXe siècle et le perfectionnement des technologies intégratives/de procédés restera important dans l’avenir. Néanmoins, une mutation profonde s’est opérée dans l’orientation du changement technologique et dans la nature des innovations, mutation que la politique de l’innovation se doit de prendre en compte.
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Cette mutation s’est accompagnée de plusieurs changements connexes qui sont mis en exergue à des degrés divers dans les six évaluations : • Intensification des relations entre la science et l’industrie. Il apparaît beaucoup plus nécessaire qu’auparavant d’établir des relations étroites entre les entreprises et les universités/OPR. Les analyses laissent penser cet objectif tient davantage aux capacités internes et à l’orientation de ces deux types d’organisations qu’à la mise en place de relations elles-mêmes. En effet, les entreprises technologiquement avancées savent en règle générale comment accéder aux connaissances issues de la base de recherche du secteur public, mais celles appartenant à des secteurs plus traditionnels, qui n’ont probablement guère eu besoin auparavant d’interagir avec la base scientifique, ont beaucoup plus de difficultés pour y accéder. • Renforcement de l’engagement du secteur public dans des activités avec l’industrie. Un objectif clé de l’action publique est d’encourager les universités/ établissements publics de recherche à s’engager dans des activités avec les entreprises, en levant les obstacles juridiques et en développant leurs activités menées au plan interne dans la perspective de collaborer avec les entreprises. Encourager la mobilité des chercheurs est une préoccupation de l’ensemble des six pays qui y voient le mode le plus efficace de transfert des connaissances. • Promotion de la collaboration entre les entreprises. Si les entreprises ont plutôt tendance à concentrer leurs efforts sur un nombre plus restreint de produits, en revanche le nombre de technologies intégrées à chaque produit est en augmentation. Cela va de pair notamment avec l’intérêt grandissant que les technologies issues de la science revêtent pour les secteurs plus traditionnels qui, jusqu’à présent, mettaient en œuvre des technologies issues de l’ingénierie. Les entreprises ont donc besoin de 3. Le Royaume-Uni a publié en décembre 2003 un rapport sur l’innovation intitulé « Competing in the Global Economy: The Innovation Challenge », disponible à www.dti.gov.uk/innovationreport/. Ce rapport est accompagné par une analyse économique : www.dti.gov.uk/economics/economics_paper7.pdf. Consulter également la Lambert Review of Business-University Collaboration à l’adresse suivante : www.lambertreview.org.uk, également publiée en décembre 2003, et « 21st Century Skills: Realising Our Potential », publié en juin 2003 et disponible sur www.dfes.gov.uk/skillsstrategy/.
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de la science britannique. L’amélioration de l’enseignement et de la formation constitue l’un des éléments de cette stratégie3.
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• Mesures en faveur des PME et des jeunes entreprises technologiques (JET). L’externalisation de la conception et du développement des principaux composants, la modularisation des technologies, et les difficultés que les grandes entreprises bien établies rencontrent pour s’adapter aux différents modèles d’entreprise/modes d’innovation requis par les nouveaux secteurs confèrent un rôle plus important aux PME dotées de capacités avancées dans le domaine des technologies issues de la science. Toutefois, les conditions-cadres, les institutions financières ou autres, et la gestion qui sont nécessaires pour stimuler la création, le développement et la croissance de ce type de PME sont très différentes de celles associées, dans le passé, aux grandes entreprises ou aux PME qui étaient solidement ancrées dans les chaînes d’approvisionnement. Ce problème est peut-être particulièrement difficile à résoudre pour des pays comme le Japon dont le SNI s’est révélé parfaitement efficace jusque vers 1990.
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disposer en interne d’un éventail de plus en plus large de technologies ou d’y avoir accès. L’externalisation des technologies s’est développée ; toutefois, une entreprise qui acquiert une technologie à l’extérieur aura besoin de posséder une certaine connaissance de ses caractéristiques et de ses utilisations possibles. Il en résulte, entre autres choses, que le soutien public à la recherche en collaboration et aux partenariats public-privé revêt une importance sans cesse croissante.
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• Rationalisation de la politique de l’innovation. Plusieurs pays, dont le RoyaumeUni, les Pays-Bas et l’Autriche s’inquiètent de la prolifération au fil du temps des mesures de soutien à l’innovation et estiment nécessaire de procéder à leur rationalisation et à leur simplification. Deux de ces pays ont pris des mesures pour améliorer la situation. L’Autriche, par exemple, met en œuvre une réforme structurelle de son système de financement public de la R-D. Les Pays-Bas ont quant à eux adopté une approche systémique qui souligne la nécessité d’optimiser l’éventail des politiques de l’innovation. L’Autriche pourrait elle aussi tirer profit d’un examen de ses instruments d’action qui sont pour l’heure très largement dominés par des mesures non ciblées reposant sur des principes ascendants. • Mondialisation de la R-D. Les grandes entreprises cherchent à acquérir les technologies adaptées à leurs besoins auprès des meilleures sources, quelle qu’en soit la localisation, et les laboratoires centraux de recherche internes aux entreprises se voient remplacés dans leur fonction par une base de recherche appliquée décentralisée qui regroupe notamment des universités, des OPR et des PME de haute technologie. Cette évolution, conjuguée à la mondialisation croissante de l’économie en général, a pour effet que les grandes entreprises nationales ont tendance à effectuer une part plus importante de leur R-D à l’étranger. Cet aspect préoccupe particulièrement la Suède et les Pays-Bas dont la R-D des entreprises est dominée par quelques grandes multinationales d’origine nationale. Toutefois, ce phénomène ne se limite nullement à ces deux pays. Tous les pays de l’OCDE doivent s’efforcer d’instaurer, sur le territoire national, des conditions telles qu’elles leur permettent d’équilibrer les avantages et les inconvénients qu’ils tirent de la mobilité internationale de la R-D et des activités d’innovation. • Innovation dans les services. Les secteurs des services représentent une part croissante du PIB, et les services fondés sur les technologies/le savoir connaissent une croissance rapide. Il est donc d’une importance grandissante pour les responsables de l’action publique d’encourager l’innovation dans ces secteurs.
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de l’élaboration de la politique de l’innovation dans la plupart des pays de l’OCDE. Les six pays, à l’exception de la Finlande, ont tous fait part de leurs préoccupations concernant les relations entre leurs entreprises et la base de recherche. Dans la production de la base de recherche on classe, par ordre d’importance décroissante, les chercheurs formés et les scientifiques et ingénieurs qualifiés, les connaissances, certaines technologies discrètes, les méthodes de résolution de problèmes et de recherche et les prototypes d’équipements. Au nombre des vecteurs figurent la mobilité des personnes, les réseaux et autres contacts, les publications, la recherche conjointe ou contractuelle, et les entreprises issues de la recherche universitaire. Trois grands facteurs influent sur l’efficacité des relations entre la science et l’industrie : • L’orientation des universités et des OPR vers les besoins des entreprises. • Les liens entre universités/OPR et entreprises. • Le besoin qu’ont les entreprises des produits de base de la recherche, et leur capacité à les absorber et les exploiter. Certains considèrent que les responsables des politiques doivent s’employer prioritairement à améliorer le premier et le troisième facteurs, les liens étant censés se mettre en place ensuite tout naturellement. Assurément, il ne saurait être guère fructueux de chercher à stimuler des liens entre, d’une part, des universités dont le cadre juridique et les incitations internes ne suscitent pas l’intérêt des chercheurs quant à des collaborations avec l’industrie et, d’autre part, des entreprises qui n’ont guère besoin des produits de base de la recherche et ne disposent pas de la capacité d’y accéder et de les exploiter. Ainsi les enquêtes sur l’innovation montrent en général que les universités et les OPR viennent en dernier parmi les sources de connaissances technologiques utilisées par les entreprises. Toutefois, l’analyse des données fournies par le Royaume-Uni dans l’enquête communautaire sur l’innovation montre que les entreprises qui effectuent de la R-D, emploient des scientifiques et ingénieurs qualifiés, et innovent, classent à un niveau nettement plus élevé les universités et établissements connexes faisant de la recherche. Compte tenu des pressions en faveur d’une amélioration des performances d’innovation, les responsables des politiques auront à agir sur les trois facteurs simultanément.
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utilisé pour poursuivre un certain nombre d’objectifs concrets. Ensuite sont analysées les politiques visant à promouvoir la création et le développement initial des PME de haute technologie. Cette analyse est suivie d’un examen des obstacles à la poursuite de la croissance de cette catégorie d’entreprises, et d’une étude des problèmes que rencontrent les entreprises de taille moyenne. Puis, sont étudiés le dosage adéquat de politiques de l’innovation, la nécessité d’une gouvernance efficace et les préoccupations exprimées par plusieurs pays concernant la nécessité de rationaliser leur panoplie actuelle d’instruments d’action. Enfin, la mondialisation de la R-D est examinée, et débouche sur une brève digression concernant un domaine relativement moins bien connu mais qui ne cesse de gagner en importance : l’innovation dans les services.
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Aux Pays-Bas et en Suède, un nombre relativement restreint de grandes multinationales occupent une place prédominante dans les interactions entre universités et industrie ; les entreprises de plus petite taille qui composent les chaînes d’approvisionnement industrielles n’ont relativement que peu de contacts avec les universités. En Autriche, les entreprises industrielles, dont beaucoup sont les fournisseurs de grands fabricants allemands, n’ont, elles non plus, jamais beaucoup entretenu de contacts étroits avec la base de recherche, qui n’est pas adaptée à une collaboration avec l’industrie. Au Japon, les grandes entreprises se sont appuyées jusqu’à présent sur leurs capacités internes et sur celles de leurs fournisseurs spécialisés pour acquérir de nouvelles connaissances technologiques. Au Royaume-Uni, nombre de petites et moyennes entreprises ne possèdent pas le personnel hautement qualifié qui leur permettrait de travailler efficacement avec les universités. Seule la Finlande est globalement satisfaite de ses relations industrie-science.
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Les entreprises multinationales qui emploient un grand nombre de chercheurs n’ont en général guère de difficulté pour accéder aux produits de la base de recherche et pour les exploiter, à condition que celle-ci soit relativement bien disposée envers les entreprises capables et désireuses de financer ses travaux. En revanche, les PME qui utilisent surtout des technologies issues de l’ingénierie dans leurs activités au sein des chaînes d’approvisionnement n’éprouveront pas le besoin ni ne seront en mesure de faire de même. Ce sont principalement leurs grands clients et fournisseurs qui répondront à leurs besoins de nouvelles connaissances technologiques. Toutefois, l’adoption de technologies issues de la science devient actuellement une nécessité dans tous les secteurs, et les grandes entreprises attendent désormais de leurs fournisseurs qu’ils jouent un rôle beaucoup plus important dans la mise au point de produits et procédés nouveaux. Nombre d’entreprises, qui auparavant n’avaient pas besoin d’interagir avec les universités et les OPR, sont à présent tenues de le faire si elles veulent survivre et prospérer.
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Deux formes principales de relations entre la science et l’industrie retiennent particulièrement l’attention : • La première concerne les relations entre, d’une part, les départements d’universités et les OPR menant des recherches de très haut niveau et, d’autre part, les grandes entreprises et les PME de haute technologie. • La deuxième a trait à l’utilisation des universités comme sources de conseil et d’assistance technologiques aux PME. Cette forme de relations est souvent favorisée par la mise en place de grappes régionales comme, par exemple, en Finlande, autour de l’Université d’Oulu. Au Royaume-Uni, les nouvelles Agences de développement régional (RDA) mettent actuellement en place des Conseils science-industrie au niveau local. Les six pays ont instauré récemment une pluralité de mesures visant à améliorer les relations entre la science et l’industrie. Globalement, ces mesures ont pour objectifs i) de financer la recherche en collaboration, ii) de supprimer les obstacles qui empêchent les organismes publics de recherche de répondre aux besoins de l’industrie, ou de concevoir des mesures d’incitation à cet effet, iii) de renforcer le rôle des organismes intermédiaires, tels que les offices de transfert de technologie ; et iv) de promouvoir la mobilité des chercheurs entre les secteurs public et privé. Les exemples spécifiques suivants peuvent être cités comme illustrations :
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science et l’industrie. Le programme Kplus finance des structures de recherche en collaboration, gérées conjointement par des entreprises et des instituts publics de recherche. La conception du programme Kplus est conforme aux meilleures pratiques internationales. La recherche menée dans les centres Kplus consiste en des projets préconcurrentiels de long terme, impliquant plusieurs partenaires. Le programme Kind, plus orienté sur l’industrie, finance la mise en place de centres de R-D gérés conjointement par des entreprises et des institutions de recherche, alors que Knet finance la coopération sur des axes communs entre centres de recherche dispersés géographiquement. Conformément à la loi de 2002 relative aux universités, les ressources seront attribuées à chaque université sur la base d’un contrat de performances dont le contenu pourrait entraîner des répercussions importantes sur les relations entre la science et l’industrie. Cette loi modifie aussi les règles régissant l’attribution de la propriété intellectuelle.
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• En Finlande, la loi de 1998 sur les universités leur confère davantage de liberté pour mener des activités, notamment de recherche, qui répondent aux besoins des entreprises et pour se procurer des financements externes. Dans l’attribution des crédits de recherche, TEKES, l’agence nationale de la technologie, favorise les réseaux universités-entreprises. • Au Japon, le gouvernement a supprimé les restrictions qui empêchaient les instituts publics de recherche et les universités nationales (ainsi que les chercheurs individuels) de se lancer dans des activités commerciales et de nouer des activités de collaboration avec l’industrie. Les instituts nationaux de recherche ne subiront plus de réductions de leurs crédits publics quand ils bénéficieront de financements de l’industrie. Ces instituts ont été dotés d’un statut indépendant, et il en est actuellement de même pour les universités nationales. L’État aide désormais les bureaux d’octroi de licences technologiques pour que ceux-ci encouragent la concession aux entreprises de licences sur des technologies issues des universités et des instituts de recherche. La réforme récente des régimes de DPI des instituts publics, en vertu de laquelle une part de ces droits pourra être conférée aux instituts eux-mêmes, alors qu’ils étaient auparavant réservés aux professeurs, facilite la concession de licences et les activités de transfert de technologie et donne à ces instituts une assise commerciale plus efficace. Cette réforme intervient à un moment où les entreprises japonaises ont de plus en plus recours à l’externalisation des activités de recherche fondamentale et à la participation à des projets de recherche en collaboration financés conjointement avec l’industrie. • Les Pays-Bas ont lancé il y a vingt ans des programmes de recherche orientés vers l’innovation (IOP), en même temps que le programme de la Fondation pour les sciences et techniques STW afin de stimuler la recherche fondamentale pour répondre aux besoins de l’industrie. Depuis 1996, le TNO (organisme néerlandais de recherche appliquée) et les GTI (grands instituts de technologie) fonctionnent sur une base de co-financement, afin d’accroître leur réactivité face à la demande du secteur privé. Quatre LTI (Instituts de recherche technologique d’excellence) ont été créés, qui privilégient la recherche stratégique et fondamentale qui présente un intérêt pour les entreprises. Ces LTI sont des partenariats institutionnels entre le secteur de la recherche publique et les entreprises. Un certain nombre d’autres programmes ont été mis en place au cours de ces dernières années, dont la Netherlands Genomics
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• En Suède, les liens entre la science et l’industrie sont dominés par les relations existant entre un petit nombre d’entreprises multinationales et les sept plus anciennes et plus grandes universités. Les relations entre les PME et la base de recherche, quand elles existent, s’inscrivent dans le cadre de relations avec les instituts de recherche. Environ 40 % des dépenses publiques de R-D sont consacrés au financement de la recherche universitaire, 20 % à la défense, les 40 % restants étant attribués à d’autres types de recherche finalisée et stratégique.
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Initiative et la plate-forme ACTS pour la recherche sur la catalyse. Ces deux programmes ont pour objectif de promouvoir les relations entre la science et l’industrie, sur lesquelles plusieurs autres initiatives, actuellement en cours, auront des incidences.
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• Le Royaume-Uni a mis en place plusieurs programmes visant à rapprocher les universités des entreprises. Le Higher Education Innovation Fund (Fonds d’innovation de l’enseignement supérieur – HEIF) finance les bureaux de liaison industrielle, l’expertise en DPI, la fourniture de services de conseil aux entreprises et de mentorat, et l’intensification du dialogue avec les entreprises et les organismes de soutien aux entreprises. Par ailleurs, le HEIF finance l’identification et la commercialisation des résultats de la recherche et encouragent l’entreprenariat chez les étudiants. Le programme Teaching Company (désormais appelé Knowledge Transfer Partnerships) soutient l’affectation d’étudiants diplômés dans des entreprises en vue de mener des projets d’innovation conseillés par une université (ou une société de recherche contractuelle). Les Faraday Institutes sont des partenariats public-privé qui transforment les résultats de la recherche universitaire en technologies industrielles opérationnelles. Le programme LINK, mis sur pied il y a longtemps, finance des recherches en collaboration à long terme, effectuées conjointement par des universités et des entreprises.



Le



c tu



r



An



Il ne s’agit là que de quelques programmes et mesures sélectionnés parmi le large éventail de moyens mis en place par les pays membres de l’OCDE pour améliorer les relations entre la science et l’industrie. A quelques exceptions près, comme le soutien à la recherche en collaboration, la plupart de ces interventions sont relativement récentes et elles restent à évaluer ; si elles constituent donc une source précieuse d’idées d’actions envisageables, il est cependant trop tôt pour les considérer comme des bonnes pratiques éprouvées. En tout état de cause, les objectifs et la conception de ces programmes doivent beaucoup au contexte propre au pays concerné. Quelques commentaires s’imposent toutefois. Tout d’abord, tous les pays désirent encourager la création d’entreprises issues de la recherche universitaire et utilisent le nombre d’entreprises ainsi créées comme indicateur clé. Toutefois, de plus en plus nombreux sont ceux qui estiment que la plupart de ces entreprises sont de peu de poids économique car leur base technologique est trop étroite et trop éloignée des possibilités de commercialisation pour leur permettre de véritablement se développer. Nombre d’entre elles ne sont qu’un moyen d’approfondir des recherches visant à mettre à l’épreuve un concept, ce qui pourrait être réalisé par d’autres voies. Ensuite, il n’est pas du tout certain que les résultats de la recherche publique doivent être mis gratuitement à la disposition de tous ou faire l’objet d’un octroi de licence au plus offrant. De surcroît, selon des données empiriques émanant du Royaume-Uni et des États-Unis, le prix trop élevé que les universités cherchent à obtenir pour leurs DPI constitue un obstacle à l’exploitation des résultats issus de leurs travaux, les entreprises préférant y renoncer, voire ne plus négocier avec les universités. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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• Le développement et l’intégration des compétences technologiques à long terme du pays concerné et le financement des premiers stades du développement technologique. La promotion de la collaboration entre les entreprises.
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• Le financement des universités, des OPR et des entreprises de recherche privée afin d’aider les petites et moyennes entreprises à renforcer leurs compétences technologiques et à bénéficier de conseils autorisés.
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• La promotion de l’innovation dans les biens et les services consommés par les organismes publics et du développement de technologies, dans le but de répondre aux besoins du secteur public, et, plus généralement, de la société. Les activités de recherche finalisée demandées par les ministères et les agences publiques jouent un rôle important dans la constitution de la base technologique nationale dans un certain nombre de pays de l’OCDE. La coopération entre les secteurs public et privé est fondamentale dans les situations où l’innovation dans les produits et les services utilisés par les organismes publics nécessite une participation importante des utilisateurs.
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• La promotion de l’élaboration de normes techniques et le développement des technologies nécessaires à une réglementation favorable à l’innovation. • L’amélioration des capacités d’innovation et de la compétitivité économique au niveau régional et local, et le développement de grappes de haute technologie. Un partenariat public-privé peut concourir à plusieurs de ces objectifs en même temps. La contribution des partenaires prend la forme de capacités de recherche ou de ressources technologiques, d’expertise ou de financement. Dans certains cas, un établissement ou un organisme public est responsable de l’organisation et/ou de la coordination de recherches menées par diverses entités publiques et privées, alors que dans d’autres, un organisme public (OPR) ou une entreprise privée de recherche réalise des activités de RD pour le compte de plusieurs entreprises qui ne disposent pas, en interne, des capacités suffisantes. On ne peut considérer comme un partenariat une relation dans laquelle l’un des deux « partenaires » fait uniquement office de client acheteur, ou de fournisseur non impliqué, tant sur le plan commercial qu’à tout autre niveau, dans l’utilisation future des biens, des services ou de la technologie produits. Les programmes de recherche en collaboration qui regroupent des entreprises, des universités et des OPR sont utilisés depuis longtemps pour soutenir une recherche sur le long terme, commercialement utile. Ces programmes peuvent associer les compétences de poches d’expertise isolées, particulièrement fréquentes lors des premiers stades de développement d’une nouvelle technologie, renforcer leurs interconnexions, et permettre de réaliser des économies d’échelle et de gamme dans la conduite de la recherche. Ils fournissent un environnement neutre au sein duquel la collaboration entre entreprises est facilitée. En particulier, les petites entreprises seront peut-être davantage disposées à collaborer avec les grandes si les modalités de la coopération sont fixées par une tierce partie neutre qui se porte également garante d’une résolution équitable de tout différend potentiel. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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Les partenariats public-privé prennent des formes diverses et peuvent être utilisés pour résoudre différents problèmes de fond. Leur rôle dans la promotion des relations entre la science et l’industrie a été décrit ci-dessus ; toutefois, ils sont aussi essentiels dans les domaines suivants :
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Les six pays ont tous mis sur pied des programmes de recherche en collaboration. Lors du processus de sélection des propositions, une importance particulière a été accordée à l’amélioration et au renforcement des programmes déjà en place, et à la création de nouveaux programmes adaptés au contexte actuel. Il s’agissait notamment de concevoir des programmes consacrés à des technologies prometteuses d’aujourd’hui, d’où la création du programme Genomics, d’accroître en particulier la participation des PME, d’améliorer le transfert de connaissances au sein des programmes et le transfert de technologie en direction des non participants, et, plus globalement, de renforcer les interconnexions. Du fait que chaque produit intègre un nombre plus élevé de technologies, les entreprises externalisent de plus en plus leurs besoins de recherche et dépendent davantage de sources externes de technologie. Dans ce contexte, les interconnexions entre les entreprises, et entre les infrastructures de recherche du secteur public et les entreprises deviennent essentielles.
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De fait, les pouvoirs publics des Pays-Bas ont prévu, dans le cadre de la réforme de leur politique de l’innovation, de mettre en place un nouveau dispositif générique destiné à soutenir la collaboration, sur des projets spécifiques de R-D, entre l’infrastructure de recherche publique et l’industrie, d’accorder une attention plus soutenue à la recherche fondamentale, et de répondre aux besoins des utilisateurs de cette recherche. Les PaysBas s’apprêtent par ailleurs à introduire un éventail d’instruments de « troisième génération » destinés à encourager les partenariats public-privé dans des technologies d’innovation telles que la génomique. La Netherlands Genomics Initiative (NROG) a créé des centres nationaux spécialisés dans la recherche sociale, les liens entre les biotechnologies et les TI et la protéomique. Pour s’adapter à la demande, de nouveaux consortiums de recherche, rassemblant des entreprises, des instituts de recherche et des groupes de défense des intérêts du public devraient entrer en activité en 2004, dans des domaines tels que les maladies infectieuses, les systèmes d’analyse des sols et la nutrigénomique.
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Le ministère britannique du Commerce et de l’Industrie peaufine actuellement un nouveau dispositif visant à soutenir la recherche en collaboration, ainsi qu’un instrument générique d’amélioration des interconnexions. Ces deux initiatives viendront en appui d’une nouvelle « Technology strategy » dont l’objectif est de répondre aux besoins futurs du Royaume-Uni en technologie. En Autriche, le développement de partenariats public-privé pour la recherche et l’innovation constitue une évolution importante dans le domaine du financement direct de la R-D. Ces partenariats concernent principalement des programmes de coopération entre l’industrie et la science. Ils ont fait intervenir, avec des formes inédites de coopération, un élément nouveau dans le financement de la R-D et amélioré la flexibilité du système de financement public de la R-D. La possibilité pour les « centres de compétences » (voir plus haut) de bénéficier d’un financement constitue un élément essentiel de cette évolution. Même si leur première finalité est l’amélioration des relations entre la science et l’industrie, ils poursuivent plusieurs autres objectifs tels que l’accroissement de l’efficience de la production et de la diffusion du savoir, la création de grappes de compétences et d’une masse critique dans la recherche, l’amélioration de la coopération et du transfert de technologie, le développement des ressources humaines et la multiplication des opportunités de participation à des programmes internationaux de R-D.
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rôle similaire et étaient le moteur des investissements de R-D dans l’énergie, les télécommunications et les transports. Le ministère de la Défense était par ailleurs le principal client d’un ensemble de technologies électroniques et d’autres domaines. Contrairement à ce qui se passait en Suède, les clients entreprenaient souvent une grande partie de la R-D eux-mêmes et cette situation n’a pas abouti à la création d’entreprises compétitives sur les marchés internationaux, mais à la conception de solutions principalement adaptées au marché national. Les privatisations ont entraîné une chute sévère de la R-D dans ces secteurs. Dans certains secteurs, tels que celui de la santé, les partenariats entre les clients du secteur public et les fournisseurs du secteur privé continuent cependant d’être efficaces en tant que moteurs de l’innovation et créateurs de nouvelles solutions techniques. Dans sa note, la Finlande souligne que les innovations du domaine de la santé sont souvent complexes et font participer un éventail d’institutions, d’organisations, de catégories professionnelles et d’autres utilisateurs qui possèdent une culture professionnelle spécifique et dont les capacités d’adaptation à la technologie diffèrent. Les partenariats public-privé, au sein desquels les secteurs public et privé remplissent des missions bien définies, jouent un rôle primordial dans la croissance à long terme de la Finlande. Au Japon, l’un des objectifs principaux de l’action publique est de créer des « centres d’excellence » dans des domaines prometteurs de nouvelles technologies, capables non seulement d’effectuer des recherches de pointe mais également de promouvoir les transferts de technologie et la mobilité d’une main-d’œuvre hautement qualifiée. Le Kazusa DNA Institute et le Kobe Institute of Biomedical Research and Innovation illustrent cette tendance. Tous deux s’attachent à transférer les résultats de leur recherche dans des entreprises locales mais sont également ouverts à une collaboration avec des entreprises et des universités étrangères. Les activités de R-D en collaboration, rassemblant des entreprises privées, des universités et des OPR, sont une caractéristique fondamentale de la politique technologique menée par le Japon depuis les années 60, et connaissent même un regain certain depuis que les OPR et les universités jouissent d’une plus grande autonomie.
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concept de « blocs de développement » public-privé. Ces blocs comprenaient généralement une entreprise ou un organisme public et un groupe industriel privé qui étaient chargés du développement et de la mise à disposition de solutions technologiques. Ils répondaient à divers besoins de la société et généraient des investissements élevés et de long terme dans la R-D industrielle. Ce système a pu fonctionner grâce à la longueur de vue du client, à la tête d’un monopole public, et dont les exigences aussi bien techniques que fonctionnelles étaient garantes de la qualité élevée de la R-D et des systèmes qu’il finançait. Il jouait un rôle déterminant dans le développement des grandes multinationales suédoises. Toutefois, la déréglementation et les directives européennes en matière d’achats publics ont mis fin aux monopoles d’État, qui peuvent être assimilés à des situations de clients dominants. Par ailleurs, la mondialisation a relégué au second plan le rôle du marché intérieur.
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Le plus grand défi auquel est confrontée la politique de l’innovation réside peut-être dans la promotion du développement et de l’exploitation de nouvelles technologies en dehors des entreprises solidement établies, et ce, pour les raisons suivantes, qui sont toute mentionnées par un ou plusieurs des six pays :
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• Les grandes entreprises recherchent de plus en plus des sources externes de nouvelles technologies et les PME de haute technologie constituent l’une de ces sources qu’elles visent à exploiter. Les pays qui ne comptent pas ce type de PME innovantes seront moins attractifs pour les grandes entreprises délocalisées à l’échelle internationale qui sont à la recherche d’innovations.
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Politiques visant à promouvoir la création et les premiers stades de développement des PME de haute technologie
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• Dans certains pays comme les Pays-Bas et la Suède, la R-D des entreprises et les innovations les plus fondamentales dépendent fortement d’un nombre restreint de grandes entreprises multinationales. Le risque de voir ces multinationales effectuer une part accrue de leur R-D à l’étranger fait naître le besoin de nouvelles entreprises innovantes locales, capables d’appuyer l’effort national d’innovation.
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• Compte tenu des difficultés rencontrées par les grandes entreprises bien établies pour créer de nouvelles activités et adopter de nouveaux modèles d’entreprise, les PME de haute technologie auront un rôle clé à jouer dans le développement et l’exploitation de nouvelles technologies issues de la science qui sont appelées à être l’un des moteurs de l’innovation de demain et de la création de nouveaux secteurs. • Nombre de régions désavantagées sur le plan économique recherchent des PME technologiques pour assurer le redressement de leur économie. Le plus grand défi pour les responsables de l’élaboration des politiques de l’innovation semble donc être d’encourager une synergie efficace entre l’entreprenariat et les capacités technologiques nécessaires à la création de ces PME, de mobiliser les sources de financement appropriées et de leur permettre l’accès au marché et les transformations dont elles ont besoin pour leur développement ultérieur et leur croissance rapide. L’Autriche possède déjà un nombre important de PME innovantes, même si leurs dépenses en R-D sont généralement faibles, peut-être parce qu’un grand nombre d’entre elles appartiennent à des secteurs tributaires essentiellement de technologies issues de l’ingénierie. Une incitation spéciale mise en place par ce pays pour accroître les dépenses de R-D consiste à octroyer un traitement préférentiel aux entreprises qui débutent des activités de R-D, mais la faiblesse relative de la prime et la complexité des incitations fiscales suscitent des critiques. Récemment créée, la « prime à la recherche » est avantageuse pour les entreprises qui ne dégagent pas encore de bénéfices (telles que de nombreuses jeunes entreprises). Le secteur national de la haute technologie est de taille relativement restreinte, ce qui, combiné à certaines caractéristiques spécifiques d’un système de financement des entreprises depuis longtemps basé sur les banques, contribue à expliquer pourquoi le capital-risque et les financements privés en fonds propres y sont relativement peu développés. L’Autriche est dotée depuis longtemps d’un réseau d’investisseurs providentiels (« business angels »).
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est également accordé aux PME au niveau local, notamment par la création d’instituts avancés de recherche appliquée, d’incubateurs et de parcs scientifiques. Le Japon rencontre des difficultés pour créer un grand secteur dynamique des PME de haute technologie dans un système d’innovation longtemps dominé par des chaînes d’approvisionnement et des grandes entreprises fortement intégrées et autonomes sur le plan technologique. Aux Pays-Bas, le ministère des Affaires économiques, conscient des problèmes auxquels sont confrontées les start-ups de haute technologie, se propose de s’y attaquer à l’aide d’un nouveau programme intégré baptisé « TechnoPartner » visant à améliorer leur accès au capital et à leur fournir un accompagnement et des informations spécifiques. Récemment, le ministère des Affaires économiques a également expérimenté, dans le cadre de son action, des approches intégrées dans les domaines des TIC (Twinning) et des sciences de la vie (BioPartner). Le bilan de la Suède en matière de création de start-ups issues de la R-D n’est pas satisfaisant, surtout pour ce qui est des start-ups issues de la recherche universitaire. En moyenne, la croissance de ces dernières est inférieure à celle des autres jeunes entreprises issues de la R-D et fondées sur le savoir. Une des raisons en est l’environnement défavorable qui prévaut en Suède pour la création et le développement des jeunes entreprises. Une autre est le rôle dominant des grands groupes industriels. Une troisième raison est la relative faiblesse et le caractère fragmenté, au niveau national et régional, de la structure de soutien destinée à stimuler la commercialisation de la R-D par la création et la croissance des PME de haute technologie, notamment le manque de capital d’amorçage. Une quatrième raison est le manque d’incitations dans les universités suédoises à la création d’entreprises issues de la recherche. A l’évidence, il semble donc y avoir matière à une action publique plus poussée. Le Royaume-Uni a mis en place plusieurs mesures de soutien en faveur de la création et du développement des entreprises basées sur les nouvelles technologies. Le HEIF finance la création d’entreprises issues de la recherche universitaire. Le Small Business Service offre un éventail de services de conseil et d’assistance aux entreprises. Le programme SMART attribue des aides à la R-D aux petites entreprises, notamment aux start-ups, et un crédit d’impôt à la R-D est accordé aux PME (en fonction d’un certain montant de dépenses) ainsi qu’aux entreprises à forte intensité de R-D qui ne dégagent INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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technologie a également progressé et celui des entreprises de haute technologie créées par essaimage dans le secteur public a lui aussi enregistré une croissance rapide. Cette hausse globale est peut-être due à la profusion des dispositifs et des programmes de promotion des nouvelles entreprises de recherche en haute technologie, qui ont été lancés par la quasi-totalité des institutions du système d’innovation. Pour ce qui est des sociétés créées par essaimage à partir de grandes entreprises, la situation est nettement moins satisfaisante. L’augmentation de la population des PME de haute technologie doit sans doute beaucoup au succès du secteur des TIC ainsi qu’à un climat des affaires favorable à l’innovation. Les Finlandais signalent que seules les entreprises en très bonne santé ont survécu à la récession du début des années 90, et qu’il sera intéressant de voir combien d’entreprises, parmi celles nouvellement créées, survivront aux fluctuations économiques à venir.
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pas encore de bénéfices. Des allègements fiscaux visent à encourager le capital-risque et les investisseurs providentiels. Les Agences de développement régional (RDA) souhaiteront encourager la création de PME de haute technologie dans leur région. Le plus gros obstacle semble être le manque d’entrepreneurs et de cadres associant une formation en S-T et une expérience appropriée de la gestion des entreprises, ainsi que le manque d’investisseurs de capital-risque capables de consentir utilement des prêts aux entreprises technologiques et de donner ultérieurement des conseils avisés. En outre, la question a été soulevée de savoir si les pouvoirs publics ne devraient pas cesser de privilégier la promotion des start-ups et s’attacher plutôt à rechercher les moyens de lever les obstacles à leur croissance ultérieure.
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La panoplie de mesures nécessaires à la création et à la croissance des PME de haute technologie dépasse largement le cadre de la politique de l’innovation à proprement parler. Interviennent aussi, entre autres, l’assouplissement de la réglementation régissant la création d’entreprises, le développement de l’esprit d’entreprise, la politique relative à la faillite, la politique fiscale, la réforme des marchés des capitaux, la réglementation sur l’emploi, la gouvernance des universités et des instituts publics de recherche, et les conditions d’emploi des chercheurs du secteur public. Une coordination efficace des politiques est donc indispensable dans ce domaine.
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Les obstacles à la croissance des PME et les problèmes spécifiques aux entreprises de taille moyenne Si les entreprises de nouvelles technologies jouent un rôle essentiel dans le premier stade de développement des nouvelles technologies, les phases ultérieures de développement, ainsi que l’exploitation de la technologie à l’échelle d’un pays, seront tributaires des capacités technologiques et commerciales qu’auront créées ces entreprises. Plusieurs cas de figure existent : • L’entreprise axée sur les nouvelles technologies peut concéder une licence portant sur sa technologie à des entreprises de plus grande taille. Dans certains cas, une entreprise peut, sur le long terme, se spécialiser dans le développement de nouvelles technologies et la concession des licences y afférentes. La société ARM au Royaume-Uni, qui dispose d’une expertise technologique dans la conception de processeurs centraux, de « cache » et de logiciels, est un exemple pertinent en la matière. Même si l’entreprise prend en charge la conception du produit, elle a toujours la possibilité d’externaliser sa production, ce qui est une option facilement réalisable dans de nombreux secteurs. • Une entreprise axée sur les nouvelles technologies peut être reprise par une entreprise plus grande. En Suède, deux études récentes indiquent que les rachats par de grandes entreprises de PME dotées d’un potentiel de croissance sont fréquents et que les startups de haute technologie qui ont été rachetées par de grandes entreprises se développent plus rapidement que celles qui sont restées indépendantes. • Certaines entreprises axées sur les nouvelles technologies se positionneront sur des marchés spécialisés dans lesquels elles pourront bénéficier de relations symbiotiques étroites avec un ou plusieurs clients d’une taille plus importante. • Si certaines entreprises axées sur les nouvelles technologies peuvent être amenées à se défaire d’équipes de recherche ou de capacités technologiques, suite à leur acquisition par d’autres entreprises, d’autres peuvent être le point de départ de nouvelles organisations. Selon l’un des fondateurs de entreprise britannique Acorn Computers, INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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• L’entreprise axée sur les nouvelles technologies peut croître et devenir une entreprise de taille moyenne, voire, dans certains cas, une grande entreprise. Seule une infime proportion parviendra à ce stade, même si leur poids économique est parfois beaucoup plus important que celui de l’ensemble des autres entreprises réunies.
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La répartition des entreprises axée sur les nouvelles technologies dans ces cinq catégories dépendra en partie du contexte national. A titre d’exemple, la présence de financements adaptés aux petites entreprises innovantes en pleine expansion incitera les cadres expérimentés à venir travailler dans ces petites entreprises, de même que la possibilité pour les nouveaux produits d’avoir un accès libre et équitable aux marchés en croissance rapide permettra à une proportion plus élevée d’entreprises de nouvelles technologies d’atteindre une taille moyenne ou grande. L’importance de ces facteurs dépendra du dynamisme des moyens en place et des grandes entreprises existantes et de leur capacité et leur volonté à tirer profit des perspectives offertes par les nouvelles sciences et technologies. Toutefois, compte tenu des difficultés auxquelles se heurtent fréquemment les grandes entreprises lorsqu’elles sont confrontées à des technologies radicalement nouvelles ou perturbatrices, il est important que les pays industriels avancés instaurent des conditions favorables à la croissance et à la prospérité à long terme des entreprises axée sur les nouvelles technologies.
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A cette fin, diverses mesures peuvent être employées à bon escient : • Financement. Ces mesures concernent le financement du projet initial de R-D qui aboutit souvent à la création d’une entreprise de nouvelles technologies, la promotion des investisseurs providentiels et du capital-risque et l’existence d’un marché boursier sur lequel une petite entreprise peut émettre ses actions. A l’issue de ce premier stade de développement, les entreprises de haute technologie en croissance rapide peuvent rencontrer des difficultés pour lever une seconde vague de financements, d’une ampleur plus importante, à un moment où il est impératif qu’elles accroissent très rapidement leur volume d’activités. Les entreprises axée sur les nouvelles technologies qui souhaitent atteindre une taille importante devront parfois « risquer le tout pour le tout » pour exploiter les opportunités offertes par la croissance rapide de la demande, caractéristique des marchés des produits et des services basés sur les nouvelles technologies. • Mesures en faveur de la diffusion des pratiques exemplaires. Lors de leur croissance, les entreprises axées sur les nouvelles technologies doivent survivre à une succession de métamorphoses au niveau de leur organisation et de leur gestion. Elles doivent mettre en place de nouvelles fonctions comme les ventes, la production, les services financiers ; le ou les fondateur(s) doivent s’effacer devant une nouvelle équipe de cadres. Le mode d’action par tâtonnement adopté par l’entrepreneur doit céder la place à une organisation et à des procédures structurées. S’il en incombe avant tout à l’entreprise elle-même et à ses cadres dirigeants de résoudre ces problèmes, un soutien des pouvoirs publics peut se révéler d’une certaine utilité et, par exemple, aider les entrepreneurs à mieux prendre conscience des difficultés auxquelles ils seront confrontés lors de la croissance de leur entreprise, et les orienter vers des points d’assistance et de conseil. Les défis que doivent relever les entreprises de nouvelles technologies expliquent notamment pourquoi, en matière d’essaimage,
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• Marchés publics. Les pouvoirs publics doivent donner aux entreprises axées sur les nouvelles technologies tous les moyens nécessaires pour soumissionner dans le cadre de marchés publics de R-D ou de contrats d’acquisition de produits issus de la technologie. Aux États-Unis, le programme Small Business Innovation Research (SBIR) est l’une des initiatives mises en œuvre pour atteindre cet objectif.
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• Protection de la propriété intellectuelle. Si le coût d’un dépôt de brevet n’est généralement pas excessif pour une petite entreprise, les recherches préalables sont bien plus onéreuses. Intenter une action légale afin de défendre un brevet s’avère généralement une entreprise longue et coûteuse. Il est important de faciliter l’utilisation du système des DPI par les petites entreprises, et de les sensibiliser aux effets bénéfiques que peut avoir ce système sur leur croissance et leur développement. Une protection efficace des DPI est bien souvent fondamentale pour permettre aux entreprises de lever des financements, d’accéder à de nouveaux débouchés et de sauvegarder les positions qu’elles occupent sur les marchés.
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les entreprises issues du privé se comportent généralement mieux que celles émanant des universités.
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• Politique fiscale. En règle générale, les entreprises axées sur les nouvelles technologies n’ont pas les moyens d’offrir à leurs cadres expérimentés un niveau de salaire équivalent à celui du marché et elles doivent les attirer en leur cédant une part de leur capital ou de leurs bénéfices. Un traitement fiscal adéquat des options d’achat d’actions ou des primes liées aux bénéfices s’impose, si l’on veut permettre aux entreprises d’attirer l’expertise professionnelle qui leur est indispensable. Un traitement fiscal favorable de la R-D peut aider à financer la croissance, particulièrement lorsque les entreprises qui ne dégagent pas suffisamment de bénéfices pour pouvoir déduire le crédit d’impôts de leur dette fiscale, se voient verser le montant correspondant. Du fait que les dépenses de R-D sont comptabilisées en charges, certaines entreprises, même en pleine croissance, semblent déficitaires alors qu’elles réalisent des bénéfices sur la production et la vente de leurs produits. Tous les pays participants ont déjà mis, ou envisagent de mettre en œuvre de telles mesures, ou de prendre des initiatives en faveur de la croissance et du développement des PME de haute technologie (voir la section précédente du présent document). Toutefois, si tous les pays s’accordent pour reconnaître l’importance des petites entreprises de nouvelles technologies, leurs notes ne font apparaître que peu d’éléments relatifs à la mise en place d’une stratégie cohérente en faveur de leur développement ultérieur (et du développement et de l’exploitation des capacités technologiques et commerciales qu’elles génèrent) et ne s’étendent qu’avec parcimonie sur les moyens d’aider ces entreprises à atteindre le statut de moyenne ou de grande entreprise. Au Royaume-Uni, cette question est d’actualité depuis 1986, date à laquelle l’ancien Advisory Council for Applied Research and Development (ACARD) lui a consacré une étude. Certains experts estiment que pour une entreprise indépendante, une taille moyenne et un nombre d’employés allant de quelques centaines à un millier n’est pas compatible avec une certaine durée. Pourtant, des entreprises de cette taille survivent et prospèrent dans de nombreux secteurs et passent parfois, dans les plus petits pays de l’OCDE, pour des structures relativement grandes. Ce sont les secteurs manufacturiers plus traditionnels, tels que l’ingénierie et la chimie, qui comptent le plus d’entreprises florissantes de taille moyenne. Si la plupart ne sauraient entrer dans la catégorie d’entreprises de haute technologie, telle que définie par le ratio R-D-ventes ou valeur ajoutée, leur avantage
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• Nombre d’entre elles sont des fournisseurs qui représentent les premiers maillons des chaînes d’approvisionnement internationales. Les grands groupes internationaux qui occupent la tête de ces chaînes d’approvisionnement exigent désormais de leurs fournisseurs qu’ils assument davantage de responsabilités dans l’innovation des composants intégrés dans le produit ou le système final, les obligeant ainsi à endosser un nouveau rôle. Les entreprises qui ne peuvent consentir à cette exigence perdront des marchés.
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• Ces entreprises misent depuis toujours sur des compétences en ingénierie, en conception et sur un certain artisanat « maison ». Or, elles sont de plus en plus amenées à maîtriser des technologies horizontales basées sur la recherche, telles que les technologies de l’information et de la communication (notamment la CAO/PAO) et de nouveaux équipements, et doivent, de manière générale, adopter une approche plus scientifique en matière d’innovation produit et de résolution des problèmes. Cette évolution passe par le recrutement d’une catégorie différente d’employés, par exemple des diplômés, et non des individus dont les compétences reposent sur un système d’apprentissage en entreprise, et par la mise en place de formes nouvelles d’organisation et le recours à des procédés différents.
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Pour relever ces deux défis, les entreprises devront certes augmenter leur volume de R-D, mais leurs efforts devront avant tout porter sur les changements en matière d’organisation et de capital humain, qui nécessiteront peut-être de faire appel à des sources extérieures de financement, alors que leur stratégie consistait plutôt jusqu’à présent à puiser dans les bénéfices non distribués. Les entreprises, qui sont toujours dirigées par leur fondateur, risquent d’être confrontées à des transitions difficiles en matière de gestion. Là encore, tous les pays participants ont mis en œuvre des politiques visant à résoudre ces difficultés d’une façon ou d’une autre. A titre d’exemple, les Faraday Institutes au Royaume-Uni ont pour finalité de transformer les résultats de la recherche universitaire en technologie industrielle appliquée. Les GTI, ou « grands instituts technologiques » aux Pays-Bas, et les Centres de compétences en Autriche semblent avoir été créés à cette même fin. L’introduction ou l’approfondissement de mesures d’incitation fiscale en faveur de la R-D facilite les aspects liés au financement. Malgré cela, de nombreux pays auraient besoin de mettre en place une stratégie cohérente tenant compte des besoins spécifiques de cette catégorie d’entreprises.



Rationalisation et gouvernance de la politique de l’innovation Tous les pays participants font explicitement référence au besoin d’une coordination et d’une gouvernance plus efficaces de la politique de l’innovation. L’Autriche s’est dotée d’une profusion d’instruments fiscaux et directs pour soutenir la R-D, ce qui rend le dispositif de soutien de plus en plus complexe et difficile à comprendre pour les entreprises, impose des coûts administratifs supplémentaires aux pouvoirs publics et aux entreprises, et risque donc d’être moins rentable dans la réalisation des objectifs fixés. La réforme en cours, qui prévoit une consolidation des principaux organismes de financement de la R-D, pourrait contribuer à améliorer cette situation. La répartition des responsabilités entre trois ministères différents est considérée comme un problème qui
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n’est que partiellement résolu par la création en 2000 du Conseil autrichien pour la recherche et le développement technologique (RFT). En Finlande, le système de coordination des politiques scientifique, technologique et de l’innovation est remarquable, mais il n’a pas empêché la prolifération des mesures de promotion des PME de haute technologie. La note de ce pays met clairement en exergue l’importance d’une étroite coordination des politiques, d’un véritable consensus national, du rôle central joué par la politique de l’innovation, de l’adoption d’une perspective à long terme et de mesures adaptées au stade actuel de développement du pays, ainsi que d’une flexibilité face à l’évolution des conditions.
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Aux Pays-Bas, il ressort d’une étude interministérielle que la pluralité des instruments visant à stimuler les dépenses de R-D et d’innovation dans les entreprises est à l’origine, entre autres, d’une inefficacité dans la mise en œuvre des mesures, en raison d’un chevauchement des instruments et d’un manque de transparence pour les entrepreneurs. En conséquence, le dispositif de soutien sera allégé afin qu’il ne comporte plus qu’un nombre limité d’instruments regroupés en six catégories. Au Royaume-Uni, le Business Support Review du ministère du Commerce et de l’Industrie est parvenu à des conclusions et à des recommandations pratiques très analogues. Dans leur note, les Pays-Bas préconisent aussi une meilleure coordination des politiques, sur le modèle finlandais. Il y a peu, les Pays-Bas ont créé une « Plate-forme pour l’innovation », présidée par le Premier Ministre, qui rassemble des dirigeants de grandes et de petites entreprises, des chercheurs et des experts indépendants. Le Japon a lui aussi instauré un Conseil de la politique scientifique et technologique, afin d’éviter les chevauchements entre les mesures prises par tous les ministères qui interviennent sur le plan de la politique scientifique et technologique. Ce Conseil est présidé par le Premier Ministre et est constitué des ministres concernés et d’experts du milieu universitaire et de l’industrie. Récemment, le Conseil a évalué 198 mesures capitales et les a classées en quatre catégories. Les Suédois insistent sur la nécessité d’une stratégie explicite en matière de politique de l’innovation, qui doit être approuvée par l’ensemble du gouvernement. Un tel plaidoyer semble pleinement justifié compte tenu du large éventail de facteurs ayant une incidence sur le taux d’innovation d’un pays et du rôle décisif de l’innovation dans la croissance économique. Dans leur note, les Suédois déplorent aussi que la politique de leur pays en matière de R-D et d’innovation se soit rarement appuyée sur une réflexion systémique plus approfondie. Suite à l’étude réalisée par le Royaume-Uni sur sa politique de l’innovation, une équipe ministérielle a été constituée, présidée par le secrétaire d’État au Commerce et à l’Industrie, dans le but de faire avancer la stratégie en matière d’innovation dans l’ensemble du gouvernement et de faire progresser la mise en œuvre des recommandations de l’Étude.
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Ces commentaires contribuent à établir un programme très dense de questions à examiner, que d’autres pays membres ne manqueront pas d’étoffer à leur tour. Une de ces questions concernent le rôle différent joué par les mesures directes et par les mesures fiscales en faveur de la R-D. Une autre porte sur le rôle des marchés publics, qui ont acquis une plus grande importance compte tenu de l’objectif fixé par l’UE de 3 % du PIB consacrés aux dépenses de R-D, et qui exigent nécessairement une approche coordonnée entre les différents ministères.



Mondialisation de la R-D De nombreux pays redoutent que la mondialisation de la recherche et du développement technologique ne porte préjudice à leur effort national de R-D étant donné que celui-ci est fortement tributaire d’un petit nombre de grandes entreprises multinationales. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD/OCDE 2005
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Face à l’évolution rapide de la situation, dont les experts n’ont par ailleurs qu’une compréhension partielle, les pays participants se sont déclarés conscients de l’enjeu qui se présentent à eux mais n’ont pas encore eu le temps d’élaborer un plan d’action systématique. Leur réponse doit tenir compte des facteurs suivants : • Toute technologie nationale sera de plus en plus exploitée à l’échelle mondiale par des entreprises étrangères aussi bien que nationales. • L’intensification de la collaboration internationale pour la science et la technologie entre partenaires de différents pays va se poursuivre. • Les multinationales et les autres catégories d’entreprises intégreront à l’avenir à leurs produits, leurs procédés et leurs services une science et une technologie appropriées, qu’elles se procureront dans le monde entier. Les grandes entreprises et les PME de haute technologie implanteront leurs activités d’innovation dans les pays du monde qui offriront les conditions les plus avantageuses. • Des activités technologiques particulières pourront être concentrées en un nombre relativement restreint d’endroits du monde. Ces grappes bénéficieront d’économies d’agglomération, de la proximité des activités d’innovation de clients de premier rang et des centres d’excellence, et pourront même, dans certains cas, s’étendre au-delà des frontières nationales. Dans ce contexte, les pays membres de l’OCDE devront veiller à ce que leur système national d’innovation rende le territoire national attrayant, afin que le bien-être économique et social puisse être soutenue par une gamme suffisamment étendue d’activités d’innovation, de recherche et de développement technologique. La puissance de l’assise scientifique nationale et du réservoir de main-d’œuvre hautement qualifiée sera d’une importance vitale, au même titre que les capacités technologiques des petites et moyennes entreprises, et la présence de clients de premier plan sur le territoire national ou dans les 4. www.cordis.lu/etan/src/topic-1.htm#reports
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d’un phénomène relativement récent. Il y a moins de dix ans, il était encore possible, données à l’appui, d’affirmer que les entreprises multinationales innovaient principalement dans leur pays d’origine ; en 1999, date de parution du rapport du Réseau européen d’évaluation technologique4 (ETAN) sur l’internationalisation de la recherche et de la technologie, il ne faisait aucun doute que la situation était en train d’évoluer rapidement. Bien que dans ce domaine, les données soient incomplètes, comparables seulement partiellement et disponibles la plupart du temps avec un retard certain, on ne peut nier que le rythme de la mondialisation de la recherche et du développement technologique continue de progresser. Ainsi les activités de R-D menées par les filiales à participation majoritaire aux États-Unis sont passées de USD 17.2 milliards en 1997 à USD 26.1 milliards en 2000, ce qui représente une augmentation de 52 % ; le Royaume-Uni, le Japon et les Pays-Bas, trois pays qui ont participé à cette étude, représentaient environ 9 milliards USD du chiffre de 2000. En 2002, environ 38 % de la DIRD au Royaume-Uni émanaient de filiales d’entreprises étrangères, pourcentage qui a hissé, dans ce domaine, le pays à la tête des économies de l’OCDE de taille comparable. Il convient aujourd’hui de préciser que l’Allemagne est peut-être en passe d’évoluer vers la même situation (des fusions et acquisitions internationales de grande ampleur peuvent entraîner une augmentation spectaculaire de ce ratio).
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pays avoisinants. Les achats publics de produits et de services basés sur la technologie doivent être tournés vers l’avenir et soutenir les efforts d’innovation d’entreprises locales. Le développement et l’entretien des liens internationaux seront essentiels pour les entreprises, les universités et les autres organismes publics de recherche. La mondialisation et la régionalisation des politiques de recherche et de développement technologique auront toutes deux des rôles majeurs à jouer. La coopération internationale dans la promotion de la recherche peut entraîner des économies d’échelle et de gamme, particulièrement pour les petits pays, et les différentes régions d’un même pays peuvent afficher des structures différentes d’atouts technologiques et commerciaux. Une réglementation favorable à l’innovation, telle que les procédures d’approbation des produits de la santé, peut être importante dans certains cas.
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Ainsi que le démontrent les premières sections du présent document, les six pays participants ont mis en œuvre ou sont sur le point de mettre en œuvre nombre des mesures nécessaires pour faire face à la mondialisation de la recherche et du développement technologique. Dans la plupart des cas, ces mesures ne s’intègrent cependant pas dans le cadre d’une réponse systématique. Une évolution suffisante doit se produire dans les pays, tant sur le plan psychologique que sur celui de l’action des pouvoirs publics, pour renoncer aux mesures de financement des entreprises nationales et mettre en place des initiatives visant à faire du territoire national le meilleur emplacement pour les entreprises du monde entier qui souhaitent innover et se livrer à des activités de recherche et de développement technologique. Dans un monde où les activités de recherche et de développement technologique sont divisées au niveau international, les pays doivent admettre qu’ils ne peuvent tous se spécialiser dans les mêmes activités et qu’il est nécessaire qu’ils tirent parti de leurs atouts spécifiques, sans systématiquement suivre la tendance générale.
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Prise en compte du contexte national Afin d’aider les pays à tirer des enseignements des politiques de l’innovation mises en œuvre par chacun d’entre eux, il importe au préalable de distinguer les éléments qui, dans une politique nationale, reflètent des facteurs spécifiques à un pays, de ceux qui procèdent du processus ou du système d’innovation à proprement parler et qui sont communs à plusieurs pays voire à tous. Pour être réussie, la transposition d’une politique nationale dans un autre pays nécessite l’adaptation à un nouvel ensemble de conditions locales. Les pays industriels avancés partagent un certain nombre de caractéristiques dans le domaine de l’innovation. Évoluant dans un univers mondialisé, ils sont confrontés aux mêmes opportunités et aux mêmes menaces. Ils souffrent également des mêmes défaillances sous-jacentes des marchés. Certaines de ces défaillances peuvent avoir des interactions différentes en fonction des institutions et de la culture locales et par conséquent entraîner des répercussions différentes (un peu comme différentes solutions produisent des effets différents, dans le cas du jeu du dilemme du prisonnier) alors que d’autres, telles que les externalités liées à la recherche ou l’existence de biens publics reflètent la nature fondamentale de la technologie et de l’innovation et se retrouvent pratiquement inchangées dans tous les pays industrialisés avancés. C’est pour ces raisons que nombre des mesures appliquées par les six pays participants ont été déployées par la totalité d’entre eux, même si les moyens utilisés pour les mettre en œuvre différaient généralement d’un pays à l’autre.
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A l’instar de la mondialisation de la R-D, l’innovation dans les services est perçue comme un enjeu important de l’action publique, mais souffre peut-être d’une méconnaissance encore plus grande. Le volume des travaux universitaires et des recueils de données officielles relatifs à l’innovation dans les services n’est en rien comparable à celui qui étaye les politiques dans le domaine de l’innovation dans l’industrie. Un ouvrage récent concluait que « les travaux sur l’innovation dans les services sont encore trop insuffisants pour fournir une description de l’innovation dans ce secteur » (Andersen et al., 2000). Il s’agit par conséquent d’un domaine dans lequel il est nécessaire de développer considérablement les politiques nationales et les analyses qui les sous-tendent. Parmi les principaux enjeux, il est possible de citer : • Les services aux entreprises à forte intensité de savoir, tels que les services informatiques, les services de conception et d’ingénierie, et les services à la R-D, qui étaient les plus susceptibles d’être mentionnés dans les notes des pays. Ils soutiennent l’innovation des entreprises industrielles, dans la composition de laquelle ils entrent fréquemment, et de nombreuses entreprises de ce secteur étaient au départ le résultat d’essaimages de l’industrie ou ont découlé de l’externalisation. Ils jouent un rôle important dans la diffusion de la technologie. Les entreprises qui les proposent bénéficient souvent d’un soutien direct ou indirect de la politique de l’innovation en vigueur et les prendre en compte de façon régulière ne constituerait pas un changement d’orientation majeur. • Les services aux entreprises à forte intensité de savoir et les services de télécommunications sont la source la plus fertile de R-D dans les secteurs des services. Nombre d’autres secteurs des services sont majoritairement des utilisateurs de technologies et de logiciels achetés à l’extérieur. Toutefois, certains sont des utilisateurs très avancés et possèdent des compétences approfondies en intégration des systèmes, qui peuvent être la base d’une innovation technologique non négligeable. Des modifications des processus qui interviennent dans l’innovation sont généralement nécessaires si l’entreprise veut tirer profit de la productivité et des autres avantages induits par du matériel et des logiciels nouveaux. Décrire la marche et évaluer les bénéfices de l’innovation en technologie dans les services est difficile, ce qui rend plus complexe l’élaboration et l’évaluation de politiques appropriées. • L’Internet et les services informatiques, les services de télécommunication et les services de réseaux qui lui sont associés peuvent transformer, sur le long terme, nombre d’autres domaines d’activité des entreprises. La participation des pouvoirs publics prend généralement la forme d’une réglementation qui régit l’accès, la sécurité, le traitement équitable des consommateurs, etc. Il est nécessaire de veiller à ce que cette réglementation ne soit pas un obstacle à l’innovation. • En matière de protection de la propriété intellectuelle, les secteurs des services tablent généralement plus sur le copyright ou l’enregistrement des dessins que sur les brevets. Si le système de brevets a été initialement créé pour promouvoir l’innovation, les autres systèmes lui sont peut être moins favorables. Dans certains domaines, tels que celui des bases de données en ligne, la technologie et les méthodes de travail semblent évoluer trop rapidement pour permettre au système de DPI de suivre le rythme. En particulier, la possibilité de déposer des brevets pour des modèles d’entreprise semble problématique. • L’avantage concurrentiel de nombreuses entreprises de services repose largement sur des actifs incorporels distinctifs. Faire progresser la recherche de définitions et d’évaluations comptables des actifs incorporels, et les faire accepter par une vaste proportion des acteurs, est encore plus fondamental que dans le cas du secteur manufacturier. • La distinction entre les secteurs des services et de la production est de plus en plus floue, du fait que les fabricants (tels que les équipementiers aéronautiques ou les fournisseurs de composants) vendent de plus en plus un service basé sur un produit, plutôt que le produit en tant que tel. Très fréquemment, les entreprises de production et de services s’associent pour coordonner la livraison des produits et des services au client final. Dans les processus diffusés de la sorte, l’innovation fera appel à des contributions des deux parties • L’innovation dans les services prend des formes beaucoup plus diverses que dans les secteurs industriels et il est difficile de la distinguer des changements ordinaires de matériels ou de méthodes de travail. Cette liste n’est pas exhaustive mais indique clairement que pour prendre en compte le secteur des services, la politique de l’innovation devra trouver des solutions à des problèmes nombreux et variés.
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Encadré 1.1. L’innovation dans les services
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Le soutien de la recherche appliquée prend généralement l’une des deux formes qui peuvent se chevaucher :
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• Le financement de la recherche en collaboration.
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La répartition entre ces deux catégories dépend de la taille relative du secteur des OPR. Les pouvoirs publics de l’ensemble des pays s’intéressent à la qualité et à la pertinence de la recherche appliquée menée par les OPR et au transfert subséquent de technologie aux entreprises. D’une manière générale, plus le secteur des OPR est important, plus les OPR sont anciens et plus leur mission est profondément ancrée dans le paysage politique, et plus ces objectifs seront problématiques. Une question clé est l’équilibre entre les dotations de base et les financements par projet pour lesquels les OPR doivent entrer en concurrence et auxquels il est de plus en plus fait appel à l’heure actuelle. Par ailleurs, les OPR rattachés à une université sont en général plébiscités car ils sont soumis aux examens par les pairs rigoureux qui ont cours dans le milieu universitaire. Parmi les sujets connexes figurent le nombre des sources de financement du secteur public, la nature des utilisateurs finaux potentiels, les structures de gouvernance et le statut professionnel du personnel.
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• Le financement de la recherche menée par les organismes publics de recherche (OPR).
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Le financement porte très rarement, voire jamais, sur une recherche appliquée menée uniquement par des entreprises. D’un point de vue économique, la raison en est que l’on préfère financer des recherches qui impliquent d’un côté des entreprises et de l’autre des OPR et/ou des établissements d’enseignement supérieur. Au niveau institutionnel, les dispositifs en matière de conception, de mise en œuvre et de gestion des programmes de recherche en collaboration varient d’un pays à l’autre et prennent notamment les formes suivantes : • Des pays tels que la Suède (Vinnova) et la Finlande (TEKES) sont dotés d’agences pour l’innovation qui conçoivent et mettent en œuvre les programmes et les politiques de financement de l’innovation. • D’autres pays comme les Pays-Bas (TNO) font appel à des agences nationales de recherche et de technologie pour gérer les programmes et orienter leur conception. • Au Royaume-Uni, le DTI élabore et évalue les nouveaux programmes et sous-traite leur gestion à des individus ou des organisations. En règle générale, l’un des principaux objectifs des programmes de recherche appliquée est l’instauration de centres nationaux d’excellence dans des domaines technologiques particuliers. Ces centres peuvent être virtuels, répartis en plusieurs endroits ou rassemblés sur un site particulier. Le soutien financier apporté aux PME de haute technologie et aux entreprises de nouvelles technologies inclue les crédits d’impôts en faveur de la R-D, les aides sélectives, les prêts et le financement dans le domaine du capital-risque. Les subventions ou les prêts discrétionnaires de l’État nécessiteront une évaluation au cas par cas des aspects technologiques, commerciaux et économiques des projets. Dans les cas où les capacités nécessaires existent au sein de l’appareil d’État, ces évaluations peuvent être réalisées en interne ; dans les cas contraires, elles seront sous-traitées auprès d’organismes indépendants ou de réseaux de pairs. Même les allègements fiscaux peuvent nécessiter une évaluation d’experts lorsqu’il s’agit de traiter des cas difficiles ou
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Les politiques en faveur des relations entre la science et l’industrie portent principalement sur les faiblesses des facteurs répertoriés au paragraphe 36, et en particulier sur celles des deux premiers. Les autres mesures, particulièrement l’aide à la DIRD, sont implicitement dirigées sur le troisième facteur. Le statut juridique des universités (et des OPR), les conditions d’emploi de leur personnel et leur culture présentent beaucoup plus de difficultés dans certains pays que dans d’autres. Des différences sont également à noter entre les pays concernant l’importance des OPR dans la base nationale de recherche, et l’existence d’organismes intermédiaires – privés, publics ou partenariats public-privé – qui peuvent se charger de transformer les résultats de la science en technologies utiles pour l’industrie. Le rôle des laboratoires d’entreprises varie lui aussi entre les pays ; au Japon, ces laboratoires mènent des recherches qui seraient effectuées par les universités dans d’autres pays.
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La coordination et la gouvernance des politiques de la science, du développement technologique et de l’innovation sont des questions importantes dans tous les pays. L’organisation des pouvoirs, et en particulier la répartition des responsabilités en matière de S-T et d’innovation entre les ministères, de même que les institutions politiques et constitutionnelles, en déterminant le contexte. Les dispositifs traditionnels de consultation des partenaires sociaux exerceront également une influence. Il s’agit véritablement d’un domaine dans lequel l’approche suivie est spécifique à chaque pays. Un pays peut observer les approches suivies à l’étranger, constater qu’elles fonctionnent, prendre conscience que ces approches ne sont pas implantables dans son contexte et chercher à les adapter. Ainsi, à titre d’exemple, la Finlande a mis en place des dispositifs très efficaces en matière de consultation et de coordination décisionnelle entre tous les organes gouvernementaux et les principaux intervenants extérieurs, tandis qu’au Royaume-Uni ces processus resteront purement consultatifs du fait des prérogatives des ministres et du Parlement, ainsi que des conventions politiques. L’implication de tous les acteurs donnera à la politique choisie une dimension plus stable et probablement plus efficace, mais moins flexible et moins adaptative. Les politiques visant à encourager le transfert de technologie doivent être adaptées aux besoins d’entreprises ou, au moins, de sous-secteurs spécifiques. La conception des politiques/programmes dépendra par conséquent des conditions qui prévalent dans l’industrie concernée et de la nature et de la diversité des intermédiaires qui peuvent mettre en application les programmes pour le compte du gouvernement. La conception des incitations fiscales en faveur de la R-D sera tributaire de la fiscalité des entreprises et des relations entre les autorités fiscales et le secteur des entreprises. La panoplie de politiques de l’innovation dans un pays donné dépendra des facteurs suivants : • Les atouts et les faiblesses spécifiques à ce pays et les opportunités et les menaces auxquelles il fait face, de même que la façon dont celles-ci sont perçues. Un diagnostique commun laissera présager une panoplie commune de politiques, ainsi que les résultats de cet exercice semblent le démontrer.
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que de l’existence de marchés boursiers secondaires capables de prendre en charge les émissions en souscription publique des entreprises de haute technologie, et de la fiscalité des personnes physiques et des sociétés. De même, la nécessité pour les pouvoirs publics de fournir ou de garantir des prêts dépendra de la nature du système bancaire du pays.
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• Les pays modifient leur panoplie de politiques selon des rythmes différents et des écarts surviendront même si les pays évoluent vers une configuration commune. A cet égard, c’est la situation de départ de chaque pays qui importe réellement.
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• Les différences au niveau des processus décisionnaires donnant naissance aux politiques, des objectifs et des approches suivies par les divers acteurs impliqués, et des interactions entre eux.
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• Les différences d’orientation politique et des autres objectifs du gouvernement, qui induiront également des différences dans la panoplie des politiques.
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• L’héritage économique et industriel du pays concerné. Les pays dotés d’une longue histoire d’industrialisation auront besoin de politiques visant à aider les entreprises actives dans les industries anciennes à s’adapter. Des pays tels que la Finlande, qui dépendaient principalement jusqu’à il y a peu de l’exploitation des ressources naturelles indigènes auront un besoin bien moins important de tels programmes.



Le



c tu



r



La synthèse des notes des pays brosse un tableau détaillé des forces et des faiblesses des systèmes nationaux d’innovation et des politiques de l’innovation des pays participants, et réussit à mettre en évidence les relations globales entre les performances des pays en matière d’innovation et leurs politiques. L’examen d’informations quantitatives à la lumière d’un jugement et d’une interprétation éclairés a constitué la majeure partie de cet exercice. Les notes des pays montrent que les contextes économiques et institutionnels nationaux doivent être pris en compte si l’on veut pouvoir évaluer chaque politique de l’innovation et faire partager aux autres l’expérience de chacun. Même parmi les pays membres de l’OCDE – qui sont relativement homogènes en termes de revenu par habitant – qui ont participé à cette étude, les caractéristiques structurelles et les modes de gouvernance des systèmes nationaux d’innovation varient fortement. En conséquence, il n’existe pas une approche unique en termes de conception de chaque instrument, ou de choix de la panoplie de mesures, qui soit directement transférable à d’autres contextes. Il existe néanmoins une base commune. Tous les pays ont connu, à un moment donné, des circonstances économiques qui, combinées à l’évolution mondiale de la science, de la technologie et de l’innovation, ont entraîné ou entraînent à l’heure actuelle des changements profonds des politiques dans ces domaines. Les notes des pays traitent d’un certain nombre d’enjeux auxquels font face les pouvoirs publics. Si certains de ces thèmes sont plus prépondérants dans un pays que dans les autres, d’autres se retrouvent dans des pays qui présentent les mêmes caractéristiques. Certains enjeux fondamentaux de l’action publique apparaissent dans la quasi-totalité ou la totalité d’entre eux ; ils ont trait avant tout à la transition actuelle vers une économie du savoir. Les questions spécifiques suivantes liées à l’action des pouvoirs publics et qui ont émergé des notes des pays ont été examinées en détail : les relations entre la science et l’industrie, les partenariats public-privé, les PME de haute technologie, les obstacles à la croissances des PME et les problèmes des entreprises de taille moyenne, la rationalisation et la gouvernance des politiques de l’innovation, la mondialisation de la R-D et, brièvement, l’innovation dans les services. Les enseignements tirés à la fois des réussites et des échecs, examinés dans leur contexte d’origine, fournissent des renseignements précieux en matière d’élaboration des politiques, en particulier sur les moyens mis en œuvre par les pays pour adapter leurs politiques dans un environnement dynamique.
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Introduction



69



n



D Br o
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e



Austria looks back at an extended period of high economic performance, and is today among the OECD countries with the highest level of GDP per capita. The growth paradigm formed during the period of moving upstream towards the group of high-income countries was based on high and stable rates of investment and reliance on technology imports complemented by “absorptive capacities”. Diffusion of new technologies was facilitated by a stable macro-economic environment conducive to a high rate of capital formation and by the availability of a well-trained labour force.
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For a long period of time, high macro-economic performance went along with low levels of investment in R&D and other intangibles and – later on – despite apparent shortcomings in the structure of production and foreign trade. This particular combination of high performance and structural deficiencies has been termed the Austrian “performance paradox”. At least at the macro-economic level much of the “performance paradox” seems to have disappeared. Recently, both economic performance and investment in R&D and innovation – along with other indicators – has moved towards the European or OECD average. Predictably, the growth differential characterising the period of catching up has vanished over time. Since catching up is a self-defeating process this is not a matter of concern. However, in recent years Austria’s economic performance has been weaker than that of comparable small open economies in Europe. A salient feature of several of these top performers is that they have been investing heavily and persistently in drivers of growth such as information technology and innovation. Austria’s level of income per capita is not yet matched by its investment in drivers of growth. The structure of investment characteristic of the “old growth paradigm” is to some extent still visible in the current pattern of capital formation. Overall, Austria’s rate of investment remains high by international standards. The difference is mainly due to a high share of GDP invested in construction, i.e. in “bricks and mortar”. Overall, the structure of investment is still biased towards physical capital while investment in knowledge (including R&D and other intangibles such as software) is comparatively low. While continuing to maintain its strengths, Austria is in need of a new growth paradigm shifting the focus on drivers of growth, recognizing the increased role of innovation and technical change. As a general trend, economic activity is becoming more science-based and new opportunities – especially based on information and communication technology (ICT) and the life sciences – have been emerging. In order to capture spillovers from emerging areas, the management of the transition to a new growth paradigm is a major task for Austria’s science, technology and innovation policy and beyond.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



70 – INNOVATION POLICY AND PERFORMANCE IN AUSTRIA



_it E d it e i s



o



se



u le



nl y



O



ea



d



e



O



R



D Br o



EC



w



n



As regards investment in R&D, the Austrian government has set the goal to boost Austria’s research intensity (ratio of gross expenditure for R&D to GDP) to 2.5% by 2006, in addition to endorsing the European Union’s target to achieve an overall research intensity of 3% by 2010. Although significant progress has been made, the process of laying the foundations for a new growth trajectory is not yet complete and requires sustained efforts in order to be consistent with the goals proclaimed. In order to improve innovative performance in the medium and long term as well as to reach the targets set it is necessary to strengthen incentives to invest in knowledge. However, boosting investment in drivers of growth is not an end in itself. Policies need to be appropriately designed and co-ordinated in order to realise sufficiently high rates of return on investment in innovation. In particular, this requires addressing the weaknesses identified in the innovation system, streamlining and co-ordinating the use of policy instruments such as different instruments of public support to R&D and open new opportunities for industry and science.



r u Austria appears to be moving in the right direction. As a general result, cthetfirst EU L e benchmarking cycle completed in 2002 has shown that over the past years, Austria has



An



moved from a lagging position with respect to many of the indicators applied towards their respective EU15 average (European Commission, 2002). Recent information, in particular revised data on R&D expenditure suggests that Austria has moved beyond the EU15 average in some respects. In any case it can be argued that the EU15 average is not the relevant benchmark. It appears more appropriate to measure Austria against other small European countries with high income per capita. This note makes use of a multitude of sources. In several parts it draws on the Federal Government’s “Austrian Science and Technology Report 2003”1 (Bundesministerium, 2003), the 2004 Report (Bundesministerium, 2004) is used for updates on some recent developments.



Macro-economic performance In a long-term perspective, Austria’s economic development has been highly successful (Maddison, 1995). Starting from an unfavourable position after World War II, Austria today occupies rank 9th among 30 OECD countries in terms of GDP per capita based on current purchasing power parities (2002) which at USD 28 900 is considerably above the OECD and EU15 average (USD 25 000 and 26 000, respectively). During the later part of the 20th century, “Austria has established a reputation as a well performing economy within the OECD. Living standards, as measured by GDP per capita, are in the upper quintile amongst European countries. In the same vein, unemployment has been consistently at the lower end within both the EU and the OECD” (OECD, 2003a). Still over the period 1990-2002, growth of GDP per capita (2.3% per annum) has been above the EU15 average (2.0%). Labour productivity growth remained high, in particular in the manufacturing sector (4.2% per annum) while it has been weaker in some service sectors. Unemployment is still comparatively low, but has gone up considerably.



1. This report was drafted within the framework of the Austrian tip Programme (www.tip.ac.at) by the following team of authors: Gernot Hutschenreiter (Co-ordinator), Norbert Knoll, Hannes Leo, Michael Peneder, Gabriela Booth (WIFO); Helmut Gassler, Nikolaus Gretzmacher, Wolfgang Polt, Andreas Schibany, Helene Schiffbänker, Gerhard Streicher (Joanneum Research); Bernhard Dachs, Katy Whitelegg (ARC Seibersdorf Research GmbH); Jörg Mahlich (Technopolis Austria).
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In Austria, as in other countries, science, technology and innovation policy has often been on the sidelines in the past, somewhat removed from the core of economic policy. A concentration of economic policy on fiscal stabilisation may, to some degree, have contributed to this, despite efforts to maintain public expenditure for R&D and innovation. At least in the longer term, boosting investment in drivers of growth and fiscal stabilisation need not be conflicting, however. On the contrary, international evidence supports the hypothesis that, in general, sustained budget consolidation has been achieved by countries with sufficiently high growth while discretionary efforts in a low-growth environment appear less likely to produce the desired fiscal results. Various developments – including initiatives at the European and OECD level – tend to bring science, technology and innovation policy closer to the core of economic policy making. However, there remains scope for further integration and better co-ordination, preferably integrated in an overall strategy for growth.
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Figure 2.1. Annual growth rates of GDP GDP at constant price using 2000 PPPs OECD
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Source: OECD Economic Outlook, No. 75, June 2003.
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2004 (OECD, 2004b). Figure 2.1 shows Austria’s GDP growth relative to the OECD and EU average. Austria’s economic growth has not just slowed down over time but has also fallen behind that of fast growing smaller European economies that have been investing heavily and persistently in drivers of growth. While in the 1980s Austria’s growth of GDP per capita was in line with that of other small European high-income countries, it has performed less favourably since the second half of the 1990s. This observation does not just hold true for per capita GDP growth but can be demonstrated also with a broader set of macro-economic performance indicators (Aiginger, 2002, Aiginger and Landesmann, 2002).
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A key to the assessment of long-term performance is the pattern of capital formation. Capital formation in Austria exhibits some peculiarities (Marterbauer, 2001, Scarpetta et al., 2000). First of all, the share of gross fixed investment in GDP has been comparatively high. In the last three decades of the 20th century, it has been consistently above the EU15 average by a significant margin (23.8% as compared to 20.8% in 2000). This difference is mainly due to investment in construction, while investment in machinery and equipment has been broadly in line with the EU15 average, in particular in the second half of the 1990s (Marterbauer, 2001). The growth rate of Austria’s capital stock in the 1990s has been one of the highest among OECD countries (4.3% per annum between 1990 and 1998, following 3.9% in the 1980s). Capital intensity increased significantly as compared to other advanced economies. Capital productivity in the business sector has been declining continuously since the 1970s. In fact it fell to half its initial value by the late 1990s.
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Growth of multifactor productivity (MFP) in the business sector in the 1990s was slightly lower (1.6%) than in the 1980s (1.8%), but still higher than in most OECD countries (OECD, 2003b). Ireland and Finland were leading in MFP growth in the 1980s and succeeded in increasing their lead in the 1990s (to 4.4% and 3.2%, respectively). In the past, Austria has relied to a significant extent on technology imports complemented by own “absorptive capacities”. This is to some extent still reflected in the pattern of capital formation. As noted, one characteristic feature of the Austrian economy has been a comparatively high share of gross fixed investment in GDP. In contrast, Austria ranks just 11th amongst 17 OECD countries (2000) in terms of “investment in knowledge” (OECD, 2003c), including expenditures for R&D, software and expenditures on higher education, though moving towards the EU or OECD average (Figure 2.2). Using the recently revised official data on R&D expenditure (see the following paragraph) moves Austria up the scale but the main conclusion still remains valid. Austria lags far behind both the level of investment in leading countries and the OECD average. As regards R&D expenditure, Austria is among those countries having succeeded to steadily increase their overall research intensity (ratio of gross expenditure for research and development to GDP). Evidence has shown that, starting from a lagging position, Austria has greatly improved its position relative to the total EU15. In 2003, Statistik Austria has published new official data revising R&D intensity (the ratio of Gross Expenditure on Research and Development to GDP) in 2003 from 1.96% to 2.19%. A further increase to 2.27% is expected for 2004. This implies that Austria’s R&D intensity is significantly above that of the EU15 (1.93 in 2002). However, even with this rather drastic upward revision, which will be referred to below, Austria’s research intensity still falls short of that realised in a number of comparable small European high-income countries. Apart from “investment in knowledge” as defined above, investment in ICT is also comparatively low. The share of ICT investment in aggregate non-residential fixed capital formation (2001) is the second lowest among 17 OECD countries. Bearing in mind that Austria has a high rate of capital formation it fares better in a comparison in terms of the share of ICT investment in total GDP but still remains in the lower range amongst OECD countries (OECD 2003b, OECD, 2003c).
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Source: OECD, OECD Science, Technology and Industry Scoreboard: 2003 edition, 2003.



High and stable investment rates may have exerted a major stimulus for economic growth in Austria in the short and medium run. However, the structure of investment expenditures indicates considerable problems regarding the efficiency of investment and long-term growth prospects (Marterbauer, 2001). In summary, capital formation in Austria is still biased towards physical capital. Incentives need to be restructured in such a way as to encourage various forms of investment in knowledge, including R&D and Higher Education, as well as in ICT. Up to now, incentives were evidently not sufficiently geared to bringing about the warranted shift from “bricks and mortar” to investment in knowledge.



Industrial structure For a long period of time – the reports on the structure of the Austrian economy published in the 1980s by the Austrian Institute of Economic Research being a prominent example – economists have been warning that, unlike other industrialised countries, the structure of Austria’s production and exports is dominated by traditional, low- or medium-tech industries or products and that structural change is relatively slow. A more recent comparison of different types of industries – based on three taxonomies developed at WIFO (Peneder, 2001) – in total value added of the manufacturing sector in Austria and in the EU (1999) once more points at an apparently unfavourable structure of production (Peneder, 2003). The share of technology-driven
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The evolution of the Austrian share in total EU manufacturing sector value added indicates that Austria’s technology-driven industries have a low share which is increasing slowly. The development is similar with respect to high-skill industries. However, the share of low-skill industries has decreased significantly since the first half of the 1990s while the share of medium-skill industries has gone up rapidly since the mid-1990s. The same pattern is observable for the share of industries with high demand for knowledgebased services. The acceleration of structural change in Austria’s manufacturing sector coincides with Austria’s progressive integration into the European Union leading to its accession 1995.
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industries in value added (15.4%) falls short of the corresponding share in the EU as a whole (23.4%). Their share in Austria’s exports of manufactured goods is 25.7% as compared to 36.2% for the EU. The share of industries with a high share of highly skilled labour (12.9%) in value added is also lower than for the total EU (17.1%). Using a third taxonomy based on the level of demand for certain types of external service inputs, it turns out that in Austria the share of manufacturing industries characterised by high demand for transport services is particularly high (33.4% as compared to 23.2% in the EU).
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Analyses of the structure of Austria’s foreign trade lead to qualitatively similar results characterised by an apparent “technology gap” in foreign trade (Hutschenreiter and Peneder, 1997). The share of high and medium-high-technology industries in manufacturing exports is 56.5% (2002). This share is below the mean of OECD countries and rather low for a non-resource-based high-income country (rank 17 out of 29). Despite these apparent structural deficiencies, the Austrian manufacturing sector succeeded to raise its share in EU15 manufacturing value added from 2.0% to 2.6% between 1988 and 1999. In addition, it needs to be recalled that labour productivity growth in manufacturing is persistently high by international standards. A recent analysis of the structure of Austria’s foreign trade (Wolfmayr, 2004) still finds below-average shares in technologically sophisticated, human capital intensive and innovation- and quality-oriented manufactures but at the same time observes a process of catching up and gains in market shares in these segments. This analysis emphasises assigns a core role to the opening of Central and Eastern Europe. Summarizing this evidence it seems that while at the macro-economic level, at least for the time being, the Austrian “performance paradox” has largely disappeared, it is still present if structural information is taken into account. The evidence is rather robust with respect to the particular taxonomy applied. Given the fact that Austria’s manufacturing sector keeps on performing very well, it can be concluded that the usual structural indicators do not adequately capture important features or specific capabilities of Austrian firms that are relevant for their actual performance. This may also serve as a warning as regards taking benchmarking indicators uncritically at their face value. Several factors have been stressed in attempts to reconcile the contradictory evidence. First, the variance within industries occasionally exceeds differences across industries (Tichy, 2000). A considerable number of Austrian firms, many of them SMEs, are operating in niches of advanced products but do not necessarily belong to high-tech or technology-driven industries. In these niches they often have built and maintain specific capabilities securing them high market shares, in some cases even as world market leaders. The hypothesis that the lack of high-tech industries is compensated by firms specialising in high-quality segments of traditional industries is supported by empirical evidence on export unit values which can be used as a proxy for quality (Aiginger, 2000). INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Austrian firms have built a profound knowledge base in a number of areas of medium technology (Tichy, 2000) and high productivity growth gives evidence that new production processes and methods of work organization are implemented swiftly and successfully. A number of empirical studies as well as results obtained from the Community Innovation Survey (CIS) support the view that innovative behaviour of Austrian firms is dominated by incremental innovation, i.e. on gradual innovation and quality improvements within given structures, close to their traditional areas of competence. In addition it has to be noted that innovations even in low- or medium-tech industries are often of a high-tech nature (Tichy, 2000).
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Another factor of importance in the present context is that many firms are integrated into international supplier-user networks (in particular as suppliers to German manufacturers, e.g. in the automotive industry). According to CIS3 results, suppliers and customers are amongst the most frequently cited sources of information in the innovation process. These relations are highly significant in the process of maintaining high quality.
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In the 1990s there has been a considerable shift in the structure of investment in R&D as shown in official statistics. While in 1993 industries outside the high-tech sector2 accounted for about two thirds of business R&D expenditure, the high-tech sector has gained in importance (Polt et al., 2001). In 1998 the high-tech sector has about the same share as the “other technology” sector (36% and 35%, respectively). The service sector accounted for about 15% (in line with the OECD average). The rest was due to other manufacturing industries. This shift in R&D expenditure by industries may be an indication that the mode of innovation is shifting from the traditional, incremental type to a more science-based mode. Austria’s historically low investment in R&D has been to a considerable degree a reflection of its industrial structure, in particular of the comparatively low share of R&Dintensive industries, rather than being due to within-industry differences. In a dynamic perspective, increasing investment in R&D and innovation can be seen as a factor facilitating structural change. There is scope for economic policy to facilitate structural change by fostering competition and rejuvenating the economy by supporting the formation of new firms, and foreign direct investment. In addition, there is scope to enhance the knowledge base of firms to realise their full potential.



Framework conditions There are well-known links between the intensity of competition and economic performance (Ahn, 2002). In general, increased competition tends to raise productivity growth through increased innovation. Competition policy has not been among the strengths of economic policy in Austria. In recent years, major changes were brought about in the wake Austria’s accession to the European Union. This is due, among others, to the removal of non-tariff barriers to trade, the – rather late – liberalisation and regulatory reform in various sectors such as telecommunications and more rigorous rules on government aid. As a result, recent years have seen an increasing role of the market 2. Here, the high-tech sector comprises the following industries (NACE code): 24.4, 30, 32.1, 32.2, 33 and 35.5. The “other technology” sector includes NACE 23, 24, 29 to 35, excluding high-tech industries.
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In the past, Austrian competition policy failed to prevent extreme market concentration in various industries such as the media sector or food retailing (Böheim, 2002). Challenged by growing external as well as internal pressure to reform, the Austrian Cartel Act was amended in 2002. This reform has changed both the legal and institutional framework. However, as the most recent OECD Economic Survey of Austria observes that even after the recent reform of competition law “the framework in place now does not compare well with average, let alone best practices and enforcement remains inadequate” (OECD, 2003a, p.96).
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and openness to international competition. As mentioned above, the manufacturing sector whish is highly exposed to international competitive pressure was realised high productivity growth. As in other OECD countries, the overall regulatory stance has become more favourable between 1978 and 1998 (Nicoletti et al., 2001, Nicoletti, 2003).
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At the same time, the overall regulatory regime is not yet sufficiently geared to the requirements of an innovation-driven economy. The impact of regulations on innovative performance needs to be fully recognised, in some cases regulation may even serve as an instrument of innovation policy.3 One area where regulation appears to have had a positive impact on innovative performance in Austria is environment-related technologies (Köppl, 2000). Another aspect is that the regulatory regime in some areas is overly complex due to the fact that many regulations are state-specific, i.e. implemented at the level of the nine states (Bundesländer). This complexity effectively hampers business activities and innovation. All in all there is still scope for competition policy and regulatory reform to contribute to an economic system more conducive to innovation than is presently the case in Austria.
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R&D expenditure, innovation output and ability of firms to innovate As stated above, Statistik Austria has recently published new official data revising R&D intensity from it last estimate of 1.96% to 2.19% (2003). A further increase to 2.27% is expected to take place in 2004. This implies that in terms of R&D intensity Austria has overtaken the EU15 (1.93% in 2002) by a significant margin and has reached the level of total OECD R&D intensity (2.26% in 2002). The revision is based on results of the R&D survey for 2002, the first of its kind since 1998. Massive upward revisions of R&D financed by the business enterprise sector and R&D funded from abroad account for the lion’s share of the difference between old and revised figures. At the moment, publicly available information is largely restricted to R&D by source of funding (Scholtze, 2004). Based on this information it is difficult to provide a detailed assessment. However, the magnitude of the revision raises questions regarding the reliability of estimates for years between R&D surveys, in particular in a situation where policy targets are explicitly set in terms of R&D intensity figures. This suggests that the methods of forecasting R&D expenditure, in particular the components financed by the business enterprise sector as well as from abroad need to be scrutinised. The accuracy of estimates is likely to be improved by an increased frequency of R&D surveys.



3. This issue was first addressed in the framework of the Austrian tip Programme focussing on telecommunications (Knoll, 1998) and electricity supply (Knoll, 1997). A recent study addressed innovation and regulation in the Austrian telecommunications sector (Leo, Pfaffermayr and Schwarz, 2001).
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In the OECD area, Austria has the highest share of GERD funded from abroad (19.7% in 2001 according to revised data) among OECD countries after Greece (21.4%). Only the UK (18.4%) and Iceland (18.3%) have similar shares of their R&D expenditure funded from abroad. Moreover, most of the funds from abroad originate with foreign business enterprises and are used to finance R&D performed in the Austrian business enterprise sector (primarily in subsidiaries of multinational firms). According to provisional data of Statistik Austria (Scholtze, 2004, p. 506) foreign sources account for 30.2% of total business enterprise R&D (2001). This would be by far the highest share among OECD countries, followed by Iceland (25.3%), the UK (24.4%) and Canada (21.0%).
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Direct business R&D expenditure may be seen as an incomplete measure since it does not account for the diffusion of technology. There are several reasons why a broader measure of R&D content – complementing direct business sector R&D expenditure by “indirect R&D” comprised of the R&D content of intermediate and capital goods, both domestic and imported – is of interest in the Austrian context. On the one hand, the international dimension of knowledge and technology diffusion is of particular importance for small countries. Analogous to foreign trade, the relative importance of trans-border “knowledge” or “technology” transactions can be expected to be a decreasing function of country size. Moreover, one suggested explanation of the “Austrian performance paradox” refers to a high “total” R&D intensity, in particular due to imports of investment goods (given Austria’s high share of capital formation in GDP). An empirical study (Hutschenreiter and Kaniovski, 1999) – based on a methodology developed at the OECD (Papaconstantinou et al., 1996) – attempted to measure total R&D content of output in Austria between 1976 and 1994. It was found that direct business sector expenditure on R&D accounts for just nearly half of the total R&D content of output. The most important components of “indirect R&D” are imported and domestic intermediate goods. In the longer run, the share of imported technology in total R&D content has been increasing. Although Austria was able to catch up, total R&D intensity was still low by international standards in 1994. With a ratio of “indirect R&D” to direct R&D expenditure close to 1:1, Austria holds a middle position in the international community. In large, advanced economies, this ratio is significantly lower. As expected, the ratio of R&D embodied in imported intermediate and investment goods to direct R&D expenditure is relatively high – the same holds true for other small open economies, however. Thus, there is no evidence that Austria is exceptional in terms of above-average embodied imports of technology. Consequently, analyses based on total R&D content cannot be expected to contribute much to explain the “performance paradox”. Germany plays an outstanding role as a supplier of imported technology to Austria, dominating technology imports – particularly through capital goods – to an even higher degree than Austria’s imports of manufactured goods. More INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



u le



se



ea



d



O



nl y



BERD/GDP ratio slightly declined both in the EU15 and the OECD to 1.14 and 1.49, respectively. Thus Austria’s BERD/GDP ratio met the EU15 average by 1998 but remained considerably below that in other small European countries such as Sweden (2.81), Switzerland (1.93), and Finland (1.90). The revised R&D data recently published by Statistik Austria are likely to imply that the ratio of BERD to GDP has increased substantially since 1998. A complete set of revised data on R&D by sector of performance is not available at present.
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The change in the pattern of technology flows over the two decades examined illustrates the evolution of Austria towards a knowledge-based economy. On the one hand, the service sector has gained significantly in importance as a destination of technology flows, catching up with manufacturing by 1994. On the other hand, the weight of the information technology cluster increased rapidly: Already in 1994, the information technology cluster was by far the most important source of technology, outweighing the materials cluster. Thus, the relations prevailing in 1976 were almost completely reversed. Indirect research and development originating in the information technology cluster and absorbed by the service sector constitutes the most important flow of technology. Even in manufacturing, the information technology cluster was the most important source of technology by 1994, thus outperforming the materials cluster. Here, too, the relations have undergone a fundamental change since 1976.
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surprisingly, given its low share in Austria’s imports, the United States is the second single most important partner country in this respect.
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As regards the number of patents in the “triadic” patent families per million population, the constellation is very similar to that found for Business Enterprise R&D. In 2000 Austria held rank 12 among 30 OECD countries (34.2 patents). Countries such as Switzerland (104.5), Finland (94.5), Japan (92.6) and Sweden (91.4) have a far higher number of patents per capita, while Belgium (31.5) is moderately ahead of Austria. Austria’s technological specialisation in terms of patent applications at the European Patent Office was rather stable over the period 1992-2000 (Bundesministerium, 2003). Applying an indicator of Revealed Comparative Advantage shows that Austria has, in general, an above-average specialisation in a number of “traditional” areas of technology such as construction, lighting and heating and human necessities. This is corresponds to a below-average specialisation in areas of high technology such as instruments and electronics and communications. Innovation surveys – first introduced in Austria in the 1980s and later on conducted in the framework of the Community Innovation Survey – provide an additional source of information about the Austrian innovation system. Innovation survey results typically gave rise to a different – and often more favourable – picture of Austria’s innovative performance than analyses based on R&D or patent statistics. According to the latest Community Innovation Survey (CIS3, covering the period 1998-2000), the share of innovative firms (53%) together with Denmark ranks 4th among 13 European countries (Bundesministerium, 2004), following Germany (67%), Belgium (59%) and the Netherlands (55%). It is particularly high among firms between 50 and 249 employees where Austria shares the leading position with Germany (72%). Austria’s position is less favourable in some other sectors, e.g. transport and communication (23% or rank 8). With respect to innovation output in terms of the share of new and improved products Austria (21%) ranks 3rd among 11 European countries, after Germany (37%) and Finland (27%).



Financing R&D and innovation The Austrian federal government has set a goal of raising aggregate research intensity to 2.5% by 2006 and endorses the European Union’s R&D target of 3% (by 2010). Until recently, official data on R&D expenditure implied the upward trend in R&D expenditure has been continuing but at a far too slow pace to reach the targets set. On the basis of recently revised R&D data the achievement of these goals has become realistic but nevertheless requires strong and sustained efforts to further increase investment in R&D.
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Over the past three years a remarkable shift in the composition of government support to R&D has taken place in Austria. The most important change in terms of the amount of funds involved is the extension of fiscal incentives to R&D. This shift in government support for R&D induced by a significant increase in the generosity of fiscal incentives for R&D has received surprisingly little attention so far. Another important development is the increasing use of public/private partnerships for innovation.
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In Austria, 5.6% (1998) of business enterprise R&D (BERD) is financed by government (in absolute terms: EUR 119 million). This is a relatively small proportion by international standards. Provisional data published by Statistik Austria (Scholtze, 2004, p. 506) imply an even lower share of government funding of business R&D (at most 3.5% for 2001). The share of BERD financed by government has substantially declined since 1993. At the same time – not least due to EU rules on state aid – the share of government support for R&D in total subsidies for the business enterprise sector has increased significantly in the 1990s. The percentage point difference between the share of R&D aid in total aid between 1998-2000 and 2000-200 was 4.7% for Austria, the strongest increase in the EU15 after the UK and Italy (European Commission, 2004). According to the same source, the share of R&D aid in GDP was 0.07%of GDP, second only to France (0.08%). According to a survey of direct support measures for science, technology and innovation at the federal level (Bundesministerium, 2003) the aggregate present value of these measures (not all of them aimed at the business enterprise sector) was EUR 279 million in 2000 and EUR 339 million in 2001. For 2003 an aggregate present value of EUR 460 million was expected. These figures, tentative as they are, indicate an increasing activity in this area of public support. Up to the recent institutional reform of public funding of R&D in Austria, which will be referred to in more detail below, more than half of these funds were channelled through two major R&D support institutions, FWF (Fonds zur Förderung der Wissenschaftlichen Forschung), focused on funding academic research and FFF (Forschungsförderungsfonds der Gewerblichen Wirtschaft), specialising on funding applied industrial research. Both FFF and FWF typically engaged in non-targeted, project-based funding. Before being merged with the recently created FFG, TIG (Technologie Impulse Gesellschaft) – another important institution in the area – operated as a specialised funding agency organised as a limited liability company associated with the Federal Ministry of Transport, Innovation and Technology. Its flagship programme, Kplus, promotes “centres of competence”, a major innovation in the Austrian innovation system. AWS (Austria Wirtschaftsservice) is an umbrella organisation bundling public support activities of the Federal Ministry of Economic Affairs and Labour and of the Federal Ministry of Finance. In the area of innovation policy AWS is mainly active in support programmes for SMEs.
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behaviour itself. In the most recent Community Innovation Survey (CIS3) nearly 20% of Austrian firms report a “lack of financial sources” as a barrier to innovation. Only “high costs of innovation” and a “high economic risks” – both of them related to innovation funding in a broader sense – are cited more frequently.



Direct public support for R&D
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In addition to the programmes administered by these institutions, a large set of other support programmes has been in place at the federal level. In total, the survey referred to above covered 105 direct support programmes for science, technology and innovation operated by federal ministries or associated funding agencies4. These programmes operated at the federal level are complemented by numerous programmes implemented at the regional level. As a general trend, the state (Bundesländer) governments are becoming increasingly active in science, technology and innovation policy. This creates an additional need for co-ordination with activities at the federal level, in particular in a small country such as Austria.
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An advanced economy with its varied needs certainly requires a differentiated set of support instruments for R&D and innovation. However, in Austria there is a proliferation of programmes, many of them rather small with potentially high cost of administration, some of them overlapping, etc. Partly, this proliferation of support programmes bas been a reflection of the institutional set-up of science, technology and innovation policy in Austria. There are three major ministries in charge of science, technology and innovation policy plus the Ministry of Finance which has taken an active role in the allocation of funds. In addition, existing funding agencies with a vested interest to stay in business and possibly expand their level of activity had an incentive to enter the area of supporting science, technology and innovation, one of the areas of government aid given relatively wide scope under EU competition rules.
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In recent years the Austrian Council for Research and Technological Development (RFT), an advisory body created in 2000, has taken a coordinating role by giving recommendations to the Minister of Finance on the use of the “special funds” of about EUR 509 million earmarked for financing initiatives in the area R&D and innovation over the period 2001-2003. For the period 2004-2006 an additional EUR 600 million has been allocated for such purposes. In practice this meant that any initiative developed by the federal ministries and their agencies and to some extent also the continuation of existing programmes had to be reviewed by the RFT. Allocation of funds by the Ministry of Finance was made conditional to a recommendation of the RFT. This procedural arrangement resulted in a higher level of coordination. Within the prevailing distribution of responsibilities this may have constituted a second best solution. However, the consolidation of competences distributed across three ministries still remains an issue (Austrian Council, 2002) although its urgency may be somewhat reduced by the present merger of funding institutions. An important recent development in the area of direct support for R&D has been the development of public/private partnerships (P/PPs) for innovation. These P/PPs are mainly concentrated in the area of co-operative schemes between industry and science (see below). These arrangements introduced an additional element in funding R&D covering new types of co-operations and added to the flexibility of the system of public of support for R&D (OECD, 2004a). As outlined in more detail below, a far-reaching reform of the system of public funding of R&D was adopted in 2004.



4. It has to be mentioned that these activities include many small-scale programmes as well as grant schemes for students and researchers.
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Austria’s fiscal incentives for R&D are generous by international standards. Even before the latest extensions took effect, Austria was listed among the “generous incentive providers” (Warda, 2002). This favourable ranking with respect to incentives for R&D is an important argument in favour of Austria as a good business location and contributes to maintain and strengthen Austria as a location of research activities.
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Only rough estimates are available as regards the loss of tax revenue induced by the present system of tax incentives for R&D. The official annual report on subsidies (Förderungsbericht 2002) puts forgone tax revenue at about EUR 140 million in 2002. In a comment on the instruments introduced in 2002 the Ministry of Finance estimated the additional loss of tax revenue at EUR 73 million. No explanation is given with respect to how this estimate is derived. Despite these uncertainties fiscal incentives today have reached a significant magnitude even compared to that of aggregate direct public support to BERD.
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By far the most important instrument of fiscal support to R&D has been the R&D allowance. For a detailed exposition of the evolution and present state of tax incentives for R&D, see Schneider, 2004. Since its establishment in the early 1980s, the R&D tax allowance has undergone various adaptations. In particular, it was redesigned in the Tax Reform Act 2000 and complemented by additional incentive instruments in spring 2002. Both these reforms explicitly referred to the Austrian federal government’s goal to raise Austria’s R&D expenditure to a level of 2.5% of GDP by 2006 (initially 2005). Since the year 2000 tax reform the Austrian R&D allowance scheme comprises of the following elements: • The R&D tax allowance amounts to (a maximum of) 25% of qualified R&D expenditures, in general. • “Incremental” R&D expenditures (exceeding a baseline computed as moving average of the past three years) qualify for an R&D allowance of (up to) 35%. The definition of both qualified expenditure and the allowance rates are stated in the Income Tax Act according to which, in addition to their immediate deduction as operating expenditure, expenditures for the development or improvement of “inventions valuable to the economy” (“volkswirtschaftlich wertvolle Erfindungen”) qualify for the R&D allowance. Administration and distribution costs as well as expenditure for capital assets are excluded. Furthermore, the Income Tax Act states that the economic “value” of the intended or completed invention has to be testified by a certificate by the Federal Minister of Economic Affairs and Labour. Such a certificate is not required if the invention is protected under patent law. While prior to the tax reform 2000, the Austrian R&D allowance was entirely “volume-based”, it now represents a combination of a “volume-based” and an “incremental” incentive. An appraisal of the effectiveness of this rather particular design against international good practice ought to be the subject of a design evaluation.
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In March 2002, a reform of fiscal support for R&D was approved comprising of the following key elements:
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• As an alternative to this “traditional” R&D allowance, the entrepreneur may claim a “new” R&D allowance of 10% for all further R&D expenditure conforming to a definition based on the OECD’s Frascati Manual5.
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• As an alternative to the “traditional” as well as the “new” R&D allowance, a research bonus (Forschungsprämie) of 3% for R&D expenditure conforming to the “Frascati” definition is granted. This instrument is accessible to firms that are not currently profitable.
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• The existing R&D allowance for expenditure for “inventions valuable to the economy” (25% or 35%, respectively) is fully maintained.
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In September 2002, the statutory rates of the newly introduced instruments were raised from 10% to 15% for the “new” R&D allowance, and from 3% to 5% for the research bonus. Moreover, expenditure eligible for the new instruments is much more broadly defined than that for the old R&D tax allowance.
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In autumn 2003 (as part of the Wachstums- und Standortgesetz 2003), the statutory rates of the newly introduced instruments were raised once more from 15% to 25% for the “new” R&D allowance, and from 5% to 8% for the research bonus. In addition, the definition for expenditure eligible for the new instruments has been extended so that it is now much more broadly defined than that applying for the “old” R&D tax allowance. In some conceptual and procedural aspects the formulation of the “traditional” R&D allowance evidences considerable inertia. In fact the concept of “innovations valuable to the economy” dates back to the 1950s. However, a meaningful definition of the value of an invention in terms of welfare economics (“social returns”) is inapplicable in administrative practice. The implied equivalence of “economic value” and protection under patent law is debatable since the economic value of patents varies enormously and propensities to patent vary across industries. The introduction of a special incentive for incremental R&D expenditure indicates the intention to give preferential treatment to newly R&D-performing firms including research-intensive start-up companies. The chosen design (in particular the application of a moving average of the last three years), however, implies that the effective additional stimulus for incremental R&D expenditure is very small - much less than the difference of 10 percentage points between the two allowance rates might suggest (Hutschenreiter, 2002). The differentiation of allowance rates (25% and 35%, respectively) in the “traditional” R&D allowance thus adds unnecessary complexity to the system. The transition to a definition of R&D expenditure according to international standards for both the “new” R&D allowance and the newly introduced research bonus is a positive step. However, due to the perpetuation of the traditional R&D allowance two definitions of R&D expenditure (expenditures for “inventions valuable to the economy”, R&D expenditure according to the “Frascati” definition) are in use now. This again adds to the complexity of the system. In general, complexity in design of incentives may cause benefits to be biased towards large firms and thus undermine the key advantage of fiscal support to R&D (as compared to direct support). 5. OECD (2002), Frascati Manual: Proposed Standard Practice for Surveys on Experimental Research and Development.
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equity (Peneder and Wieser, 2001). The main reasons for this are, on the supply side, a traditionally bank-based system of finance and, on the demand side, a comparatively small high-tech sector. The structure of capital supply is that of a young but evolving market. It is still dominated by banks as the major source of finance, although their share is declining. The importance of business angel networks was recognised comparatively early in Austria (Bundesministerium, 2003). The so-called i2 network established in 1997 is one of the oldest networks in continental Europe. It is financed primarily by the Federal Ministry of Economic Affairs and Labour, but increasingly also by membership fees and donations. An evaluation of i2 however concluded that the number of transactions has not yet reached a “critical mass”.



The policy mix and the role of evaluations Fiscal incentives are often seen in isolation and not as part of the overall system of public support to R&D, despite of the fact that the effectiveness of its components does – quite plausibly – not appear to be independent of each other (Guellec and van Pottelsberghe, 2002). In practice, fiscal incentives and direct public support for R&D often appear to be negotiated in different “bargaining arenas” with different actors. There is a need and ample scope to coordinate direct support for R&D and fiscal incentives (European Commission, 2003a). This need arises from the fact that a large part of direct public support to R&D in Austria consists of unspecific, non-targeted support. Under the conditions prevailing in Austria – given the patterns of industrial specialisation, the presence of a significant number of SMEs performing innovative activities but modest formal R&D – unspecific or non-targeted policy measures using a self-selection approach such as fiscal incentives to R&D or unspecific measures of direct support to R&D (the bulk so far of FFF and FWF funding) have the advantage that they tend to foster given strengths and incremental innovation. On the other hand they may be less effective than targeted measures in supporting rapid structural change and opening new avenues for innovative activity. Given the presence of generous incentives for R&D, a streamlining of the existing system of public support – as being implemented at present – could also be used as an opportunity to give more scope for more specific programmes addressing weaknesses in the innovation system or focussing on new areas with INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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“new” R&D allowance and research bonus). Thus, no firm was left worse off than prior to the reform. However, a proliferation of new instruments without streamlining the overall system comes at a cost: The system becomes increasingly complex. Increased complexity tends to drive up administration costs and compliance costs for business enterprises. In addition, it becomes increasingly difficult to make best use of advantages of fiscal instruments and communicate the benefits of the system to foreign investors, and SMEs (Hutschenreiter, 2002). The system of fiscal instruments may be streamlined by phasing out the “traditional” R&D allowance, retaining the positive features of the “new” set of instruments which also cover firms currently out of profit (such as many star-up companies) and are based on a modern definition of eligible R&D.



Venture capital, business angels
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Policy learning involves both learning from own past experience and learning from international good practices. One prerequisite of learning is transparency (including monitoring and evaluation). Evaluation plays an important role both in increasing the effectiveness and efficiency of individual programmes and in deriving an efficient policy mix. Recently, the two largest R&D funding institutions, FWF and FFF, have undergone an external evaluation for the first time in their history. This constituted a significant step in Austrian science and technology policy. After that the most important remaining “white spot” on the map is tax incentives for R&D, which – contrary to international best practice (European Commission, 2003b) – have never been subject to any kind of evaluation, either ex ante or ex post. Given its importance in the overall system as indicated by the volume of tax revenue foregone, a state-of-the-art evaluation is called for.
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potentially high spillovers. Given Austria’s limited resources, “mission-oriented” R&D may be best conducted in the framework or in close coordination with research programmes at the European level.
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Access to science and technology Overall, the Austrian science system has gained in international competitiveness in recent years. This was shown by a number of recent studies, including the “Austrian Science and Technology Report 2003” (Bundesministerium, 2003). Between 1981 and 2001, the output of publications has increased from 45 000 to 135 000.6 The share in total publications of EU member states increased from about 1.75 (for much of the 1980s) to 2.33 in 2001. This implies an increase by more than 60% as compared to 1984 (the year of the lowest share). Similarly, but somewhat less rapidly, Austria’s share in publications of OECD countries increased to 0.96%. The impact factor, defined as the ratio of quotations to publications, is often used as an indicator of the “quality” of publications. The weighted impact factor of Austrian publications has risen considerably, especially in the 1980s and is now close to the EU15 average or 87% of the OECD average. In 2001 Austria produced 564 scientific and engineering articles per million of the population. Once more we meet the now familiar pattern that Austria is close to the mean of OECD countries (rank 14 out of 29) but considerably behind Sweden (1159), Switzerland (1117), Finland (983) and Denmark (931). In the case of Austria, life sciences account for a large share of total science and engineering articles. The share of scientific publications with a foreign co-author (28%) is relatively high, indicating close international ties in science. In Austria, the role of the Higher Education sector, universities in particular, has been primarily seen in turning out qualified human resources. Until recently, other functions such as providing a research base used co-operatively with industry or as a breeding ground for start-up companies played a negligible role. As regards the first-mentioned function, the PhD graduation rate in science and engineering was 0.48 in 2001. Thus, Austria is in the upper quintile (rank 5 out of 26) amongst OECD countries but is behind the leading countries Sweden (0.87), Switzerland (0.73), Germany (0.61) and Finland (0.55).



6. These data are based on “National Science Indicators” of the Institute for Scientific Information.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s Industry-science relations (ISR) have been traditionally weak in Austria. In fact, they w innovation system (Polt et were identified as one of the major weaknesses of Austria’s



INNOVATION POLICY AND PERFORMANCE IN AUSTRIA –



D Br o



n



e



R



O



The funding of Higher Education R&D by the business enterprise sector is one indicator reflecting the extent of interaction between industry and academia. In Austria this share was just 1.8% (1998) as compared to an OECD average of 6.1 (1998) and 6.3 (2000). This indicates a rather low level of interaction via research contracts. Public sector research establishments (PRSE) – including public research labs, government research institutes, the Academy of Science and other publicly funded research organisations – differ from Higher Education in their sources of finance. Austrian PRSE source about two thirds of their funding via contract research. However, just about 10% of total funding (including both basic funding and revenues from contract research) comes from the business enterprise sector or from abroad (Polt et al., 2001). Businessfinanced R&D performed by government or Higher Education as a percentage of GDP is very low by international standards. This means that at least in terms of flows of funds industry-PSRE relations are still rather weak.
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According to CIS3 results, universities (and polytechnic colleges) do not play a pervasive role as source of information for innovative firms. About one third of innovative companies make use of this source of information. However, universities play a more prominent role as partners in co-operative innovation projects. About 45% of cooperating firms (or 10% of innovative firms) cited universities or polytechnic colleges as partners. Thus, co-operation with the Higher Education sector was about as frequent as co-operation with competitors and customers. Co-operation with suppliers occurs most frequently (55%). This result is in contrast with results of innovation surveys earlier in the 1990s when industry-university co-operation still played a minor role (Bundesministerium, 2003). This is a further indication that over time the industrial innovation process is becoming more science-based. However, as noted above, the flow of funds associated with ISR is still small. “Science linkage” is an indicator defined by the average number of citations of scientific publications per patent. Observing this indicator for patents granted at the USPTO over the 1990s shows that the science linkage has increased rapidly during the 1990s (Bundesministerium, 2003). This indicator peaked in 1998 placing Austria between the EU15 average and the United States. Since then the value of this indicator has declined. The comparatively small amount of US patents granted to Austrian inventors (670 in 2001) causes marked fluctuations due to outliers, i.e. patents with an unusually high number of citations. All in all, Austria’s science and technology system has improved its performance and has gained in international competitiveness during the 1990s. In addition, the innovation process has become more science-based as witnessed by the development of the science linkage and other evidence such as an increasing role of universities in co-operative activities of innovating firms. This is in line with Austria’s movement towards a more innovation-driven economy. However, there still remain weaknesses, in particular as INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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al., 2001, see also Annex 2, Figure A.2.1). Weak ISR are partly a reflection of the fact that Austria’s industry has been specialising in moderately technology-intensive products characterised by a lower degree of science linkages than high-tech industries. On the other hand this is also due to framework conditions and incentives resulting in a culture in academia that is in many respects not conducive to deepening ISR. Thus, weak industryscience linkages can be seen as a result of factors operating on both the demand and the supply side.
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In recent years there have been a number of policy responses to weaknesses identified in Austria’s innovation system. Specifically, by establishing programmes for “centres of competence” one acknowledged weakness – weak industry-science linkages – was targeted explicitly. The funding of “centres of competence” set up as public/private partnerships constitutes an important recent development in the area of direct support for R&D. The Kplus and the Kind/Knet programmes (see Table 2.1) are the most representative examples of this innovation in Austrian science and technology policy. Both launched in the late 1990s and funded with fresh money, they encourage and support the collaboration between enterprises and research institutions (universities, government research labs, etc.) in pre-competitive research with a high potential for commercial application. These programmes were recently chosen for assessment in the framework course of the OECD peer reviews on public/private partnerships for research and innovation (OECD, 2004a).
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concerns ISR. Beyond the share of industry in funding Higher Education R&D, recent studies have provided additional – quantitative and qualitative – indicators on ISR, which allow for an in-depth assessment of national strengths and weaknesses in this area. As regards ISR in Austria, e.g. mobility of researchers between Higher Education Institutions (HEI) and PSRE, the level of vocational training in HEI, patent applications by HEI and PSER and their royalty was assessed as being rather low (Polt et al., 2001).
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In general, centres or networks of competence may serve a variety of purposes such as increasing the efficiency of the production and distribution of knowledge, the creation of clusters of competence and critical masses, improving co-operation and technology transfer as well as the opportunities to participate in international R&D programmes and developing human resources. Despite apparent similarities – as well as some overlaps in practice – the Kplus and Kind /Knet programmes serve different purposes. For a basic description see Table 1, a more detailed analysis was provided by the OECD peer review process (OECD, 2004a). Table 2.1. Competence centre/networks programmes in Austria Instrument



Description



Period



Kplus Programme



The Kplus competence centre programme aims to build long-term cooperative research initiatives between public institutions and private companies. Kplus competence centres are selected in a competitive process according to specific quality criteria and established for a specified timespan (4+3 years).



Since 1998



Kind/Knet Programme



The Kind/Knet programme serves the development and strengthening of internationally competitive technology clusters by supporting competence centres and networks with the purpose to advance, develop and transfer application-oriented technological knowledge, jointly run by business enterprises and universities/public science and research enterprises on a longterm basis (4+3 years).



Since 1999



Source: OECD, 2004a.
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The Kplus programme pioneered competitive procedures in the selection process which constitutes a major innovation in the Austrian system of public support to R&D. Each call for tender involves a competitive process involving proposals of a number of consortia. There is no pre-selection as regards the area of technology or research. Consortia bidding for a grant are formed by self-organisation of partners from business and academia. Proposals are evaluated on the basis of a) their scientific and technological quality, b) their ability to “cluster” existing scientific and economic competence into “critical masses”, c) their expected economic benefit for Austrian companies and d) the quality of their business plan. The main instrument of evaluation is peer review. TIG has made competitive calls its trademark. In addition to Kplus it manages several other programmes such as AplusB (promotion of spin-offs from universities), REGplus (stimuli for regional innovation systems), or FHplus (promoting research in the successful polytechnic college sector first established in the 1990s).
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The more industry-driven Kind programme of the Federal Ministry of Economic Affairs and Labour has the goal to lay the ground for cluster formation by providing a durable framework for co-operation envisaged to lead to the “building of trust and a shared knowledge base”. The Kind programme does not have an active role in organising the network but sets some minimum formal requirements. It supports the establishment of R&D centres jointly run by enterprises and research institutions, while Knet supports the co-operation of geographically dispersed research facilities along common themes. The centre/network should have a technology transfer component. The implementation of the University Act 2002 has the potential to have considerable impact on ISR in the long run. This reform of the legal framework can be expected to affect among others the orientation of research, incentives and mobility of personnel. The new system of university funding is based on three-year global budgets. Under the new scheme, the Ministry of Education, Science and Culture negotiates performance agreements (“Leistungsvereinbarungen”) with all Austrian universities covering a number of fields (strategic objectives, academic priorities, and university and human resources development; research, advancement of art and music; study programmes, and continuing education; social goals, internationalisation, mobility and inter-university cooperation). Each university is required to submit an annual performance report as well as an “intellectual capital report”. 79% of the total university budget is distributed among universities on the basis of performance agreements. 20% of the budget is allocated by indicators covering research output as well as teaching and social goals. The impact on ISR depends on how the new provisions will be implemented in practice. Performance indicators and the method of calculation will be agreed upon in 2005. The University Act 2002 also modifies the rules concerning the assignment of intellectual property rights. According to the new legal provisions inventions by persons in the course of their work or studies at a university have to be notified immediately. If the university wants to take (at least partly) advantage of this invention it has to communicate this decision to the inventor within three months. Otherwise, intellectual INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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scientific institutions and industry and to conduct top quality strategic research. Kplus funds collaborative research facilities jointly set-up by enterprises and research institutions (universities, government research laboratories etc.). Research performed in Kplus centres is expected to be pre-competitive, individual projects carried out by the centre are required to involve several partners.
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Between 1995 and 1998 around 80 start-up companies were founded by university researchers (excluding graduates). In relation to R&D personnel this rate is above the EU15 average (Polt et al., 2001). About three quarters of these start-ups are in production-related services and an additional 12% in other services. The number of technology-based start-ups is rather small. In general, start-up activity in Austria, in particular in the high-tech sector is not particularly dynamic. The AplusB programme started in 2002 and managed by TIG is aimed to bring about a sustainable increase in the number of innovative, technology-oriented spin-offs from the academic sector (see Box 2.1).
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property rights belong to the inventor. Much will depend on how these rules will be specified and implemented in practice (Austrian Council, 2002).
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Box 2.1. The AplusB programme



is implemented by supporting “AplusB Centres”, i.e. jointly sponsored partnerships of one or more academic institutions and partners with verifiable know-how in supporting and monitoring research-intensive company start-ups. These centres develop integrated bundles of measures targeted at young scientists, including awareness raising, mobilization and stimulation of start-up activity, providing counseling, know-how and support as well as favorable start-up conditions. Public funding for AplusB centres is granted for a period of ten years. For the first five years up to 45% of costs are covered by federal funds, and a minimum of 20% and 35%, respectively, by the centre’s own resources and the federal state where the centre is located. In the following five years a maximum of 25% is to come from federal sources, and a minimum of 50% and 25% from the centre itself and from the federal state, respectively. Grants are allocated through a competitive process, evaluation guidelines were prepared for both the individual centers and the programme itself. At present there are five centers in operation. Over the period 2002-2006 the existing centers intend to bring about 200 spin-offs and will receive up to about EUR 12 million in federal grants.



The international dimension For a small open economy such as Austria, the capacity to absorb scientific and technical knowledge generated abroad will always be an important factor for its economic performance. In an attempt to quantify international R&D spillovers, Coe and Helpman (1995) – based on panel data for 21 OECD countries plus Israel (1970-1990) – regress total factor productivity (TFP) on the aggregate domestic R&D capital stock of the business enterprise sector and a “spillover variable”. The latter is defined as the product of the “foreign” R&D capital stocks and the import share of the respective country (as a measure of openness). The foreign R&D capital stock is constructed as the import-shareweighted sum of the domestic R&D capital stocks of trade partners. Coe and Helpman find a significant impact of both the domestic and the foreign R&D capital stock on productivity. The impact of the foreign capital stock tends to be higher the more open the country is. These results support the hypothesis that a country’s TFP does not just depend on its own R&D efforts but also on the R&D performed by trade partners, i.e. on international technology diffusion. Concerning Austria, the results of Coe and Helpman indicate a very high elasticity of TFP with respect to the R&D capital stock of Germany. Higher elasticities were found for just a few other countries (Canada, Israel, Ireland, Belgium, Netherlands and Norway with respect to the R&D capital stock of the United States, and Belgium with respect to INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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An in-depth study of the co-operative behaviour of innovative firms in Austria (Schibany, 1998) revealed that information flows from foreign firms are significant. 42% of co-operating firms indicated co-operation with foreign suppliers of materials and 35% relations with foreign customers. It was shown that a rather tight network often is often complemented by a high intensity of co-operation with foreign partners. As regards science it was noted above, the share of scientific publications with a foreign co-author (28%) is relatively high in Austria, indicating close international ties in science.
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The major task for policy in this context is to built and maintain a high level of absorptive capacities (Cohen and Levinthal, 1989, Narula, 2004) based on own R&D and a highly qualified human resources and a high degree of openness to trans-border knowledge flows. Participation in European programmes for research and technological development plays a major role in this context.



Networks, collaboration and clusters The co-operative behaviour of innovating Austrian firms was subject to an in-depth empirical inquiry (Schibany, 1998). According to this study, firms rarely innovate alone, but tend to interact with other organisations or firms. Moreover they typically co-operate with a multitude of partners. It was noted above that foreign partners play an important role in co-operative activities in the area of innovation. The motives for co-operating in product innovation in Austria are primarily and straightforwardly market-related as opposed to motives focussed more generally on learning. Trust and confidentiality appeared to be a very important ex-ante condition for co-operation. Over 70% of responding firms agreed to that statement. A high share of firms reported that co-operation led to knowledge of a kind not easily transferable (44%). Overall, the results of this study indicate that co-operation intensity has been increasing. In particular, and to a higher extent, this result holds true for co-operation with partners from abroad. Recently, policy instruments supporting the integration of firms in international networks have been surveyed (Huber and Kletzan, 2000). Cluster-oriented policies were taken up in Austria during the 1990s and have been rather widely adopted. Economic policy in Styria has in various ways pioneered clusteroriented policies in Austria. A well-known example is the Styrian Automotive Cluster (Rammer and Gassler, 1999). In a sense, policy reinforced and supported a regional development that had been under way for years already. The capital of Styria, Graz, looks back to a tradition of one hundred years of manufacturing automobiles. Today, Steyr Fahrzeugtechnik is the largest production site in the Austrian automotive industry. Another important member of the automotive cluster in the Graz region is AVL List, founded in 1948 by a professor of the Technical University of Graz. It is specialising in the development and construction of prototypes of combustion engines and related for technical measurement instruments. The knowledge base is INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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various recent studies confirm the existence of significant international R&D spillovers. Empirical evidence shows that international R&D spillovers are important even for large countries operating at the technological frontier (Eaton and Kortum, 1996 and 1999). One of the more robust results of empirical studies investigating international R&D spillovers is that the latter tend to be more important for the growth performance of small economies such as Austria (Gong and Keller, 2003).
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In 1996, the Styrian government established a “cluster organisation” and took supportive measures such as establishing a polytechnic college specializing in automotive technology. In 1999 a separate company (ACstyria Autocluster GmbH) was established with the aim to support dynamic development and co-operation between firms belonging to the automotive cluster, to attract additional firms to the region and to integrate firms from outside the cluster. Moreover, it is trying to strengthen P/PPs and to provide an information and communication platform.
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reinforced by several specialised institutes at the Technical University of Graz. Since the 1970s and 1980s, a considerable number of suppliers have come into existence. This process was supported, among others, by government aid for new investment. In the late 1980s Chrysler took the decision to locate an assembling plant in Graz.



e



In the meantime other states (Bundesländer) have emulated the example of Styria, some of them successfully. Already in 1999 about 75 “clusters” were formed or were expected to come into existence in the next two years (Rammer and Gassler, 1999). It has to be noted however, that many of these “clusters” do not correspond to what economic theory sees as a basic feature of clusters, i.e. the internalisation of externalities. In many cases “clusters” consist of just a few firms with or no few linkages between them. Often, their aim is restricted to increase sales opportunities of associated firms, e.g. by coordinating and supporting marketing activities to make their presence more visible on potential markets.
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Recent reform initiatives The evaluation of FFF and FWF (Arnold et al., 2004) found that the proliferation of R&D funding institutions already referred to above had “the advantage of encouraging a high degree of experimentation, policy competition and the application of instruments such as competence centres, which are among the most modern internationally”. But, at the same time, this fragmentation clearly has its downside as it “limits the opportunities to build scale, to learn across the R&D funding system, to develop the concentrations of ‘strategic intelligence’ needed for agencies and ministries to develop good strategies” (Arnold et al., 2004, p. 102f). Recently, a structural reform of the system of public support for R&D has been adopted and is being implemented in the course of 2004 (Bundesministerium, 2004). This reform comprises the following major elements: • Creation of a new agency for the public support for R&D (Forschungsförderungsgesellschaft) merging hitherto separate organisations including the FFF, TIG, the Austrian Space Agency (ASA and the Bureau for International Research and Technology Cooperation (BIT). The new agency will be relocated to a new building to be constructed for that purpose. • The Austrian Science Fund (FWF) will not be integrated in the new agency – this conforms to the conclusions drawn by the recent evaluation – but is subject to a reform concerning, among others, its organisational and governance structures. • Legal independence of the Austrian Council for Research and Technology Development, emphasising its independent position, and implementation of an organisational reform.
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funding by allocating funds to selected R&D funding institutions. This new pillar of R&D funding is oriented towards medium- and long-term goals of Austria’s science, technology and innovation policy and aims at achieving high quality and excellence. Approximately EUR 125 million, sourced by revenues from the Austrian National Bank and the ERP Funds, will be allocated annually starting in 2004. The Austrian Council for Research and Technology Development is requested to provide recommendations concerning the distribution of these funds.
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After the reforms implemented in 2004, the issue of an authoritative, binding strategy for Austria’s science, technology and innovation policy will remain a matter of discussion. The authors of the recent evaluation of the two large R&D promotion funds, for example, state: “Despite the efforts of the new Austrian Council, Austria lacks a convincing national research and innovation strategy. Unlike the powerful Science and Technology Policy Council in Finland does not have the political ‘clout’ to function as a referee in the system” (Arnold et al., 2004, p.108). “In particular, it is not clear how binding the strategy of the Austrian Council is” (Arnold et al., 2004, p.104). In contrast, the Netherlands in their effort to boost innovation have recently chosen a model akin to the Finnish example.
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Furthermore, the past practices (including those of FFF and FWF) have led to what can be characterised as a particular kind of bias towards a bottom-up approach in R&D funding. What the R&D promotion funds have been doing “is to strengthen ‘business as usual’ within the research and innovation system. What they do not is to offer mechanisms for increasing the rate of change beyond that which is already experienced” (Arnold at al., 2004, p.103). The bias towards bottom-up is exacerbated by the presence of a highly generous system of tax incentives for R&D. Given this rather unique structure it may be worth while to engage into a debate about the desirability and feasibility of a more balanced policy mix adapted to the challenges ahead. While it can be expected that the current reforms will have a significant impact on the governance of the Austrian innovation system, and, in the longer term, on its performance, it is too early to provide a definite assessment at this stage. Indeed much will depend on how the reform will be implemented in practice, if the merger can be managed in such a way as to create synergies without eroding the specific capabilities and intelligence built by the formerly separate specialised agencies, e.g. TIG. As the FFF/FWF evaluation report states, successful reform implies that the “division of labour between ministries and agencies needs to be transparent and modern”, which includes “establishing clear performance contracts between the ministries and agencies in terms of objectives and how and when they are measured”, and correspondingly means “absolutely forbidding interference from the policy or political level in operational matters” (Arnold et al., 2004, p. 155).



Summary: managing the transition to a new growth paradigm • Austria looks back at a long period of high macro-economic performance. The growth paradigm formed in the period of catching up was characterised by a stable macroeconomic environment and institutional framework, and a set of policies contributing to a high level of physical capital formation. While investment in R&D was low, the import of technology supported by absorptive capacities including a well-trained labour force helped to take advantage of technology spillovers. The particular INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



u le



•



91



92 – INNOVATION POLICY AND PERFORMANCE IN AUSTRIA



_it E d it e i s



o



nl y



O



d



ea



EC



• In recent years macro-economic performance has been weaker than in other small European high-income countries which have invested heavily in information technology, R&D and education. Austria’s pattern of capital formation remains biased towards physical capital formation. While – according to recently revised data – R&D expenditure has risen to the total OECD level “investment in knowledge” including investment in ICT and various intangibles, remains comparatively low.
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• The patterns of technology spillovers have changed substantially in recent years, not only in terms of becoming increasingly global but also with respect to the areas of technology and economic activity promising high social returns such as ICT and the life sciences. In order to capture these new opportunities a major task of Austria’s science, technology and innovation policy is to manage the transition from the old growth paradigm to a strategy of growth based on investment in knowledge. This transition to a new growth paradigm requires an integrated approach involving a wide range of policies including competition policy, public support to R&D and innovation and intellectual property rights.
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combination – high macro-economic performance and low investment in R&D and apparent structural deficiencies – was termed the Austrian “performance paradox”.
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• Policy has addressed some of the weaknesses identified in the Austrian innovation system. This concerns, among others, industry-science relations. New public/private partnership initiatives in this area such as the creation of “centres of competence” conform to good international practice and introduced new elements into the Austrian system of funding R&D. In a similar way spin-offs from universities are addressed by an innovative programme. The University Act 2002 has the potential to improve industry-science relations depending on the specific way it is implemented, e.g. in the area of university funding and IPRs. Regional governments are taking a more active part in science, technology and innovation policy as exemplified by cluster-oriented policies. • Policy has responded to the need to increase investment in knowledge by setting a goal to reach an overall research intensity of 2.5% by 2006. Starting from a lagging position, many indicators used in benchmarking innovative performance (R&D inputs, scientific output etc.) moved towards the EU15 average or beyond in recent years. Up to now investment in knowledge still lags behind that in comparable small European high-income countries which constitute a more appropriate benchmark than the EU15 average. • In order to speed up investment in knowledge and to facilitate structural change, incentives need to be restructured. Policy has taken a number of steps in this direction, e.g. tax incentives for R&D were extended substantially, rendering Austria one of the most generous providers of fiscal incentives in the OECD area. While this is a step forward, the set of fiscal incentives in place needs to be streamlined in order to render their potential advantages fully effective. • The recent evaluation of the two most important institutions specialised in funding R&D (FFF and FWF) was a significant step providing a basis for co-ordinating policies. This leaves tax incentives as the only remaining instrument of high importance that has never been subject to any kind of evaluation. • Important changes have taken place in the organisation and governance of Austria’s science, technology and innovation policy including a reform of the system of public INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s support to R&D (creation of a new funding agency, FFG, merging FFF, TIG, ASA wThe future will show how this and BIT, reform of the Science Fund FWF etc.).



INNOVATION POLICY AND PERFORMANCE IN AUSTRIA –



D Br o



n se



e



R



O



ea



• Even after the current reforms some issues concerning the organisation and governance of science, technology and innovation policy are likely to remain a matter of discussion. It may be argued that there is still scope to make the system more simple and transparent. An unequivocally binding strategy for Austria’s policy in this area may help the various actors in the field to co-operate and act coherently in the system. As regards governance the Netherlands, for example, has recently followed the Finnish example of a high-ranking science and technology policy council presided by the prime minister and thus signalling high commitment and ensuring high visibility. Austria has not chosen this path but may well observe experiences with this kind of institutional arrangement.
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• One of Austria’s strengths is its flexible and high-performing manufacturing sector. The lack of high-tech industries is mitigated by a specialisation in niches of highquality products, and a continuous introduction of new processes and methods of organisation. Industrial production has become more science-based, but innovation remains typically incremental. While maintaining these strengths flexibility needs to be added by supporting firms in engaging in more radical innovation. The need to speed up structural change and to rejuvenate the economy may require an adaptation of the policy mix. More specific programmes, possibly beyond the pure bottom-up variety favoured by the large funding institutions in the past, may be financed by a redirection of funds freed by an improved coordination of support instruments. • For a small open economy such as Austria it is crucial to maintain high absorptive capacities based on a sound science base, highly qualified human resources and openness to international information flows. Evidence on international linkages indicates that Austria is well integrated in the international generation and distribution of knowledge. Still, there is much scope for improvement. An intensive participation in European initiatives and programmes for research and technological development plays an important role in this respect.
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restructuring is implemented and how the new arrangements will work in practice. There is still a significant need to co-ordinate policies. In particular this applies to tax incentives on the one hand and direct public support to R&D on the other. This issue has become increasingly urgent since so far a large part of direct support for R&D the business enterprise sector takes the form of unspecified project grants.
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Since the mid-1990s, Finnish science, technology and innovation (STI) policies have received wide attention across the world. The country’s national innovation system is seen as highly efficient in numerous recent international evaluations, and the “Finnish model” has been taken as a benchmark in many countries. One might ask how it was possible for Finland, while being limited in its human and capital resources, to become a high-tech economy with world-class STI policies so suddenly. However, looking at the evolution of the STI regime in Finland it becomes obvious that the success story did not evolve that quickly. One could argue that the case is actually the opposite.
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This paper is above all a qualitative description and assessment of Finland’s innovation environment, policies and performance. The main focus is on long-term developments, with the aim to identify the specific characteristics of the structure and dynamics of the Finnish innovation system and the process of policy making, as well as to explore some of the underlying, more cultural and social features. Understanding the history and dependency on the paths chosen is crucial for comprehending the present situation and the challenges ahead. The first section provides an overview over Finland’s macro-economic performance. The second describes the “coming” of the Finnish innovation system and its key features. In the third section, some aspects such as the structure and institutional set-up of the economy, the role of market demand in innovation, human resources and R&D funding are discussed in more detail. The fourth section summarises the main issues and discusses some present and future challenges.



Macro-economic performance During the post-World War II period, economic growth was exceptionally high and relatively stable in Finland. Annual GDP growth rates above 5% were common for decades, and negative growth never occurred before the recession of the early 1990s. Industrial production itself decreased only once, in 1975, the worst year of the oil crisis. The growth rates for the last ten years have usually been above both the OECD and EU15 averages (Figure 3.1).
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Figure 3.1. Annual growth rates of GDP
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The thorough transformation of the production structure will be discussed in more detail in the context of technological development. The change is well reflected in the shift of export structures. While pulp and paper still accounted for almost one-third of all exports in 1980, their share is now down to one-fifth. In the same period, the share of electronic and electrical industries grew from less than 5% to over a third (Figure 3.2). In 1995, the export of high-tech exports for the first time exceeded imports (Figure 3.3). Figure 3.2. Finnish exports by industry, 1960-2003 Chemicals
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Source: National Customs Board of Finland, August 2004.



Post-recession productivity growth has been astounding, and in a number of sectors – e.g. forest industries, basic metal industries and electronics – the productivity level is world-class. This, of course, also reflects rapid technological change. However, some industrial sectors, and especially services, still clearly lag behind the EU15 average (Bank of Finland, 2004).
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Figure 3.3. Finnish foreign trade in high-tech products, 1990-2003
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Evolution of the Finnish innovation system Before World War II, Finland was predominantly a raw material exporting country. In the 1950s, Finnish society was still distinctively rural with a large agrarian population. Industrialisation started late and focused on natural resources, mainly forest-based and other heavy industries. Since the 1960s, the process of structural change of the economy and society has been fast and continuous, comparable to very few countries in the world. As a result, the generation now retiring in a wealthy country – one of the leading knowledge-based societies – was born into a backward, rural, peripheral and poor country. The rapid growth of the information sector and a modern society was embedded in the traditional economic and social structure. Already in the mid-19th century, although Finland was a generally backward country with very limited resources devoted to higher education and technological development, it was surprisingly fast in adopting advanced technologies and foreign inventions. For instance, electric light and telephone systems were installed in Finland within a couple of years after their introduction to the market. In general terms, modern communal infrastructure and services were adopted comparatively quickly in the latter part of the 19th century (see e.g. Hietala, 1987; Myllyntaus, 1991). The development of modern industries was deeply rooted in the pre-existing clusters. The core, the production chain of the forest industry, was expanded from pulp and paper to the construction of paper mills, production of control devices, new chemical and biotechnological by-products, electricity systems for large scale manufacturing, etc.
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8.1%, which is 0.1% points lower than a year earlier. The annual averages for 2001-2003 have persistently remained around the level of 9%. This, of course, represents a substantial decline from about 16% in the peak years of recession in 1993 and 1994. (www.tilastokeskus.fi).
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The breeding ground for rapid change was an industrial structure dominated by a few large corporations, with public and private sectors working in close co-operation. During the post-World War II decades, the role of large state-owned corporations was central. Also, foreign trade – especially bilateral trade with the Soviet Union – played an important role, contributing to favourable industrial growth. Later on, the same large corporations responsible for industrialisation in the 1950s and 1960s were the key actors even in giving birth to the new industries and the early information economy in the late 1980s and early 1990s.
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Factors behind the rapid change can be perceived in cultural and social traditions and policy-related issues. Cultural homogeneity, egalitarian values and comparatively small socio-economic differences between the different groups of the population as well as low barriers to social mobility are often mentioned among the factors that paved the way to Finland’s rapid modernisation. In addition, two features somewhat inherent in traditional values seem to back this up. The first is strong trust in technological solutions to overcome the challenges of an austere nature. The second is a steady belief in culture and education as generators of social and economic benefits. Both features are present already in the national epic Kalevala, unique in ridiculing soldierly heroism and praising cultural and technical abilities.
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Politics and policies also played a crucial role in Finland’s modernisation. The political actors of the 1950s were able to establish a long-term national restoration and growth programme based on strong public-private partnership. At the same time, the creation of the welfare state model was well on its way. Including communists as an inherent part of the parliamentary system and building up a fluent, negotiation-based contract system in the labour market (between employers’ and employees’ organisations) in the 1960s and 1970s also promoted the favourable political and social infrastructure of the emerging innovation system. Many practical political decisions during the post-war decades brought new building blocks to the early foundations of the innovation system. One of these was the expansion of the national science base and research resources. This was done by establishing regional universities, expanding vocational education and implementing determined structural policies over the decades. In addition to this, due to the large-scale movement of young people and families from the countryside into urban centres, the capital city region and industrialised provincial centres with a sufficient supply of skilled workers experienced a phase of rapid growth. Against this backdrop, explicit technology policy was introduced in Finland at the end of the 1970s.



Building up the system In the late 1970s, the “microchip revolution” was the hype of the day. European labour markets were largely paralysed by trade union strikes against increasing automatisation of production systems and adoption of new technologies. The Finnish political decision makers reacted by setting up one of the largest state committees ever. The “Technology Committee”, as it was called, aimed at drafting the national view for the technological future of the country. The committee was comprised of representatives from all interest groups and social partners, and was supported by all national research resources that could be mobilised.
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All key players in the field accepted the main lines of the committee’s programme. As a result, for instance, no “microchip strikes” or any form of “new Luddite” action took place in Finland. The most important result, however, was that from the early 1980s onwards, technology policy in Finland was less political than a practical question of administration and building up an effective system to raise the technological capability of the country. In order to support such development, a government resolution on technology policy was passed in 1982.
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Changes in the institutional set-up were on the agenda throughout the 1980s. In 1983, Tekes (The National Technology Agency) was established to govern and expand the technology programme mechanism originally launched by the Technology Committee. The committee effort was repeated in the late 1980s (Technology Programme Committee 1989-1990) with much less public debate, a far lower profile, fewer political and more practical aims focused on building up, expanding and supervising the technology policy mechanism. At the same time, the government accepted a continuous increase in R&D financing as a high-priority political target. Political commitment to the development of science and technology policies was strongly supported by all stakeholders. In addition, in the mid1980s, the development of the STI environment received a further boost from the OECD Review of National Science and Technology Policy (OECD, 1987). The study underlined that planning and co-ordination of science and technology policies should be enhanced in order to ensure the efficient exploitation of the existing R&D-based knowledge and know-how and technological potential in the country. Some of the problems mentioned in the report were associated with traditional sectoral policy domains. For instance, cooperation and links between science and technology policies were seen as weak and insufficient. Recommendations of the review were thoroughly discussed within the STI regime, leading to new measures aiming at enhancing collaborative activities within the innovation system and between the major stakeholders. A key institution in the Finnish innovation system is the Science and Technology Policy Council (STPC), established in 1987 on the basis of the former State Science Policy Council. Although formally an advisory body only, it has high political status as it is headed by the Prime Minister. The members represent key players in the innovation system: cabinet ministers of science, technology and finance and up to four other ministers appointed by the government, top management from universities, public research and technology institutes, the enterprise sector and trade unions. Generally speaking, the STPC is responsible for the strategic development and co-ordination of national STI policies. It plays a major role in setting the national innovation strategy and in the follow-up and assessment of STI policies.
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especially among the political left and labour unions, as well as the leaders of these entities’ high-profile participation in the committee. In less than two years, the committee introduced a consensus-based long-term programme to introduce new technology in the Finnish economy and raise the overall technological level of the country in general. The key idea was to continuously increase resources for research and development and to catch up with other advanced countries. The main focus was on three fields of technology: (micro)electronics, biotechnology and material technologies.
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Currently, the Finnish innovation system is based on an elaborate public innovation support system in close co-operation with networked and clustered R&D-oriented firms. The innovation policy system is quite streamlined, with clearly defined tasks for each component. A characteristic feature is the easy and informal communication over all hierarchical and vertical institutional borders. This allows for fluent public-private cooperation on all levels and facilitates co-operation across administrative domains. It is also indicative of non-hierarchical governance of policy domains. For example, while Tekes is the principal source of public funding for applied research and industrial R&D and operates under the Ministry of Trade and Industry, the management and steering system gives Tekes broad freedoms to also operate on the level of strategic policy.
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In addition to its formal role, the STPC is also important for other reasons. First, it serves as a platform for a political and social consensus-seeking process. For example, the government R&D budget continued to rise through the deep recession of the early 1990s, with no political or public reaction against such spending. Second, it is a central body in regulating the inter-ministerial disputes over power and division of tasks. Third, it is a direct communication link between private partners and the highest level of governmental decision making. Fourth, as a flexible and open institution, it serves as an example to the other operators in the innovation system.
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In a nutshell, in the 1990s, the technology machinery was improved, expanded and refined in many respects – in most cases with the help of international evaluations – and the concepts of “network”, “cluster” and “national innovation system” were adopted and made operational in everyday policy making. It was assumed that these concepts would illustrate the essence of the system and its functional characteristics. This new rhetoric, stressing the emergence of a knowledge-based economy and highlighting the importance of knowledge, know-how and high technology as major factors of international competitiveness, was adopted in Finland earlier than in any other nation.



Perspectives on the Finnish innovation environment Remarks on infrastructure, energy and regions In general, physical infrastructures have not been a major obstacle to the Finnish economy in the past few decades. Basic infrastructure and the main networks function quite faultlessly. In terms of industrial raw materials and intermediate supply, the overall policy has of course changed. While in the 1980s the aim was still to strengthen national self-sufficiency, the goal is now to create a well-clustered economy with decentralised and global networks with multiple sources for critical inputs. The need for foreign-made inputs naturally varies by sector, but the Finnish situation is quite similar to most other developed, internationalized and relatively small countries. Specific Finnish features include decentralized energy production with multiple sources.1 On a European scale, the energy production system is very effective and electricity prices for industry are rather low, thus supporting energy-intensive export production (paper, pulp and metal). This is also one reason behind the 2002 parliament decision to construct a fifth nuclear power plant.



1.



Share of each source on total consumption in 2002: oil 26% (all imported); nuclear power 17%; coal 13%; natural gas 11%; black liquor and other liquors 10%; peat 6%; industrial wood residuals and byproducts 6%; other sources 11%).



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s Regional equality has been a central policy goal over the past decades. Up to recent wmaintained traffic infrastructure, years, there has been a well functioning and sufficiently



INNOVATION POLICY AND PERFORMANCE IN FINLAND –



D Br o



n se



ea



e



R



O



d



One unavoidable element in the process of technological change and capital accumulation is spatially uneven development. R&D and innovation play an increasingly important role in these processes. Today, it is widely agreed that R&D-intensive innovations and their numerous spin-off effects have a major favourable impact on the regional economy. In order to balance regional development, to enhance the economywide adoption and application of new technologies, and to create a dense national network of knowledge-intensive and R&D-intensive regional centres each with specific fields of competence, in the mid-1990s the government launched the National Centre of Expertise Programme. The first phase of the programme (1994-98) and the mid-term evaluation of the second phase showed positive results (for example, see Ministry of Interior, 2003). The second phase – including 14 regional centres, two regionally dispersed national networks and involving universities, polytechnics, research institutes, business companies and public authorities – is running until 2006. Since education, S&T and innovation are seen today as critical factors for competitiveness in regions throughout the country, knowledge-related aspects of regional policy have moved closer to the STI policy regime and even partially assimilated with it.
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Economic performance and market effectiveness As mentioned above, the structural changes in the Finnish economy over the past 40 years have been remarkable. As late as at the early 1980s, Finland was a relatively closed economy with several monopolies and cartels, heavy price regulation and weighty bilateral trade with the Soviet Union (before the 1990s, the long-term average of the share on Finnish exports was 15–17% a year). By the mid-1990s, the economy had undergone a dramatic regulatory and industrial change, especially in terms of opening up the economy and strengthening competition. The post-World War II growth strategy relied mainly on extensive use of raw materials and accumulation of industrial capital. The high rate of investment led to low investment productivity. The latent inefficiencies throughout the economy became evident during the process of liberalisation of financial markets in the latter part of the 1980s. At that time, increasing rates of return on investments were sought. As a result, the rate of physical investments decreased, while that of R&D investments increased. It was believed that the new possibilities for increasing returns could be found in the R&D regime. Change in the market environment started in the late 1980s with the abolition of price controls. The liberalisation of capital markets and accession to the European Union followed. The process of liberalisation of the telecommunications sector that had already started in the early 1980s meant that Finland was well ahead of most other industrialised countries (Steinbock, 2002). The electricity sector soon followed and by the late 1990s all consumers could choose their energy supplier.
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even in the peripheral regions. Despite this, in a sparsely inhabited country the costs of transportation have remained and will remain high. In Finland, the share of transportation of goods per GDP unit is the highest in Europe and the share of transportation in employment is the highest of the OECD.
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In the early 1990s rapid economic growth turned into a deep recession, mainly due to stagnation in the global economy, liquidity problems, the inefficiency of the banking sector, national debt, debts of the enterprise sector and the collapse of Soviet trade. During the worst years of the recession in 1991-93, GDP fell by 12%, and unemployment reached unprecedented levels at some 20%. Recovery started in 1994 and continued throughout the decade. EU membership in 1995 brought more stability to the economy, and opened new competitive surroundings for enterprises. The firms that survived the recession were rather well equipped for the new environment. Increasing international demand for the new product areas, supported by national policies of further deregulation, reorganising and streamlining the public sector and increasing R&D funding opened the path to new development.
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Opening the economy to competition strengthened and diversified international trade. The impact of deregulation was strongest in the telecommunication network industries, which in turn paved the way to the development of the ICT sector. The rise of ICT is clearly the most distinctive characteristic of the Finnish economy in recent years. From virtually nowhere, Finland has become the world leader in the production of mobile phones and systems. Here Nokia is in a key position, although the Finnish ICT cluster comprises thousands of business enterprises. However, there are indications that Finland may not be as exceptional a user of ICT as it is a producer (OECD, 2004a). Obviously, this is an issue for public policy to address in the years to come.



Le



c tu



r



An



A more detailed picture of the development of the Finnish ICT cluster includes other elements as well. In the early phases, public procurement in ICT technology was significant. Nordic co-operation was of key importance in developing the NMT network standard. Liberalisation and growth of capital markets during the 1990s allowed for the influx of foreign capital into Finnish firms. The Finnish economy has experienced a great leap in productivity since the late 1980s (OECD, 2001c). The structural change of the economy in the 1990s has been largely supported by policies promoting the knowledge-based economy. Recently, in terms of general competitiveness, Finland has been ranked high in several international comparisons, e.g. by the World Economic Forum and the International Institute of Management Development. International comparisons have also provided further proof that past Finnish STI policies have been successful.



Demand Finnish consumers are quite open-minded and accept new products and services relatively easily. The rapid diffusion of CDs, DVDs, mobile phones, electronic banking services, electronic tickets, etc., are recent examples (see, for example, Statistics Finland, 1997, 2004). The “technological modernism” of the Finnish consumer may have something to do with deeper cultural issues such as a thin market-based consumer culture, rapid social change and the newness of urban culture altogether. As regards labour markets, Finnish trade unions have not only accepted new technologies, but have also been active in introducing and applying it in the work place. This is partly due to the developments in the labour market system in the 1970s as well as to developments in the workplace, especially during the 1980s when much emphasis was put on the ways of launching technological renewal and introducing more flexibility in production processes (for example, see Ranta et al., 1988).
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In public services as well, opportunities and willingness to apply new technology have been high (medical equipment in central hospitals, telematic solutions serving local health care, etc.). However, this has not always met with success. For example, health care innovations are often complex and systemic involving a variety of institutions, organisations, occupational groups and other users with differing professional traditions and occasionally inconsistent abilities to cope with technical appliances.
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All in all, the role of competent users has been quite critical in developing special innovations in Finland. Again, we are dealing here with issues such as organised markets, functioning of networks, trust, smoothness of co-operation and business-related traditions, rather than issues concerning general issues of market demand. If we look at the overall quantitative demand, it is self-evident that the real breakthrough of consumer market innovations, e.g. mobile phones, has been possible only with the boost of competitive success in the international markets.
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Human resources Education and knowledge are highly valued in Finnish society. The all-embracing network of free public libraries, free education at all levels and extensive financial support systems for students are good examples of this. In a rapidly changing society with a thin and open elite, education has been the main road to social advances. The past three decades have been a time of continuous change for the education system. A new comprehensive school model was introduced in the 1970s, vocational training renewed twice since the 1980s, and polytechnics introduced and the graduate school system established in the mid-1990s. Simultaneously, the old centralised system has been transformed into a decentralised and flexible one in which schools have remarkable freedom to design the curricula and training programmes by themselves. Consequently, co-operation between educational institutes and industry has increased in many ways. Universities and polytechnics of today actively provide research and training services for companies. A large, national level joint public/private training programme to increase the supply of human resources in the ICT field (by some 30%) introduced in 1990 exemplifies the new flexibility of the system. Finland scores well in international comparisons. In the OECD’s PISA (Programme for International Student Assessment) studies, Finnish youngsters are placed at the top of the rankings. Furthermore, Finnish companies rank among the most active in training their employees, and the share of researchers in the overall population is higher in Finland than any other country. The majority of researchers work in the business enterprise sector. The foreign-born population is increasing rapidly. However, the initial level was particularly low. Until the early 1980s, Finland was almost a closed country with a very small share of foreign population. The share of non-natives is still the second lowest in total population and the fourth lowest in S&T occupations in the European Union (European Commission 2003a). To change this situation, Finland has, for example, employed tax incentives to ease the immigration of foreign experts to Finland. Other INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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mills were among the first important areas to use domestic micro-electronics applications. Many innovations in industrial automation, production control, robotics and other fields of electronics have their origins here (for example, see Lovio, 1993).
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International mobility of students in Finnish universities and polytechnics has increased considerably since the late 1990s. Finland is attracting increasingly more foreign students. This is the case especially in technical universities, where the balance between outward and inward exchange is clearly positive for Finland. Overall domestic human mobility in S&T has been relatively high, with the exception of low figures in mobility from the private sector to public R&D.
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factors, such as the supply of services, the general conditions of everyday life and the natural environment may, however, be even more important in attracting top foreign skills to the country.
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Various programmes to promote the international mobility of Finnish students, doctorates and researchers have been launched by the Ministry of Education, universities, the Academy of Finland (financer of basic research), Tekes (financer of applied technical research) and VTT (technical research institute), with varying degrees of success.
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R&D funding, innovation capacity and the innovation support system



In general, Finnish firms have suffered from an evident capital shortage. As late as the 1980s, banks definitely dominated the Finnish financial system. The stock market played a rather marginal role, the share of firms’ own capital was extremely low and the share of bank loans very high. In reality, banks, the state and the major institutional owners were the real players in Finnish industry. The situation has changed radically over the past two decades. Modernisation and the process of deregulation began in the 1980s. Financial markets were liberalised in a very short period of time. This led first to a lending boom later in the decade, and then quite quickly to a massive banking crisis with the collapse of lending and securities, and finally the failure of many banks in the early 1990s. The banking system was saved with a government support package of roughly EUR 10 billion. Since the late 1990s, the Finnish economy has clearly become a stock market-centred financial system. This was enabled by a remarkable change in overall income distribution. The amount and share of capital income increased considerably after the recession of the early 1990s, which in turn led to a notable increase in capital owners’ investments in the stock market. This radical change is illustrated by the striking increase in companies’ capital adequacy. For example, the capital adequacy of SMEs has multiplied in less than ten years from a rough 10% to over 40%. Their main funds come from the principal owner’s equity while venture capital still plays a marginal role. As a result, Finnish firms do not face a significant shortage of finance as they did in the past decades. This is especially true for older technology-oriented companies. However, current challenges relate more to the unfavourable developments in (public and private) venture capital investments in seed, early stage and early growth stage firms (Georghiou et al, 2003). Hence, greater emphasis should be placed on the innovation support system in order to boost a positive attitude towards entrepreneurship and address the problems of potential and new entrepreneurs in the R&D-oriented and innovation-intensive fields. Public R&D funding has increased continuously since the 1980s and even during the recession of the early 1990s. Public funding counteracted the economic difficulties and unfavourable developments in private R&D. Simultaneously, the structure of public funding of business firms clearly changed in favour of R&D funding. Currently, the overall share of public funding of business sector R&D is relatively low in Finland. This INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s is due to the rapid increase in business-financed R&D since the mid-1990s. Key figures on R&D and innovation financing are summarised inw Box 3.1 (see also Figure A2.2 in
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● Gross domestic expenditure for R&D reached nearly 3.5% of GDP in 2002. All sectors of R&D performance experienced some increase in R&D funding.
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● In December 2002, the STPC made a recommendation that public R&D funding should be increased by EUR 300 million by 2007. In 2004, the volume of public funding was projected to increase by over EUR 120 million (8.5% increase relative to 2003).
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● Traditionally, the growth of R&D expenditure has been based mainly on manufacturing sector activities. However, the number of firms with R&D has increased, especially in data processing services. In 2001-02, most of the growth in business enterprise R&D took place in services. Although the share of services on total R&D increased, it still is only just above the EU average.
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● The share of funding from abroad in private sector R&D is the second lowest in the OECD. ● The electronics sector accounts for over half of all private sector R&D. Nokia’s share in electronics sector R&D is almost 90%, and over 45% of the total private sector R&D spending. ● In 2000, more than 2 500 companies (excluding firms with 10 or less employees) carried out R&D in Finland. The number of companies engaged in R&D has increased favourably since the mid-1990s. ● In 2002, large companies accounted for some 66% of total R&D expenditure. In recent years, the share of large companies on R&D has decreased by more than 5 percentage points. ● Along with the growth of R&D in electronics, the concentration of private sector R&D has increased. ● In many traditional industries the growth of R&D expenditure has been relatively modest or even negative in the past few years. ● SMEs receive over 50% of all public R&D funding for the business enterprise sector. This by far exceeds the EU15 average of roughly 15%. In addition, the volume of public funding to SMEs has grown by 18% since the late 1990s. At least a third of all SMEs have received some type of government funding. ● In 2002, the share of external funding of total higher education R&D was almost 57%, and some 44% of public sector R&D. In the higher education sector, the major source of external funding is the public sector, especially Tekes and the Academy of Finland. ● In 2002, business enterprises (domestic and foreign) accounted for 14% of the financing of public sector R&D and 6% of higher education R&D. Foreign companies account for 1.5% of the financing of public sector R&D and 1.4% of higher education R&D. Some 8% of the private sector R&D spending is financed from external sources, mainly by the public sector. ● In Finland, the average annual growth rate of EPO patent applications (1994-2000), the number of triadic patent families per capita (1999), and the share of ICT patents on total national applications (2000) were among the highest of the OECD. ● In 2001, the export/import ratio of foreign trade in high-tech goods in Finland (1.57) was the second highest in the OECD group. Source: (OECD 2001b, 2003, 2004b; Ali-Yrkkö and Hermans, 2002; European Commission, 2002, 2003a, 2003b; Frinking et al., 2002; Statistics Finland, 2003).
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Box 3.1. Facts about Finnish business enterprise sector R&D and innovation
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During the latter part of the 1990s, the number of high-technology companies increased by more than 5% annually. The number of upper-middle level technology companies also increased. The number of public high-technology spin-offs has also grown rapidly. This may well be due to the wealth of schemes and programmes promoting new high-tech and research-based firms, which have been launched by almost every thinkable institution within the innovation system. The situation is much worse with regard to spin-offs from large enterprises.
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Innovation surveys show varying figures for the innovativeness of Finnish firms. One evident outcome is that there are fewer non-R&D innovators in Finland than in most other EU countries. In the late 1990s, almost half of manufacturing firms and 38% of firms from other sectors had some innovative activities.



e



Patents are one indicator of innovation. In terms of patenting activity, Finland seems to be doing comparatively well. In proportion to population, Finland ranks among the top countries, e.g. in the share of Triad patents and share of high-tech patent applications in the United States and Europe. As a share of European, US and Triad patents, Finland’s growth rates in the 1990s were among the highest of OECD countries, although starting from a rather low level. In addition to electricity/electronics, Finland also shows good results in chemistry and process patents.
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The attractiveness of Finland as a destination for foreign direct investment seems to have grown in the eyes of innovative foreign firms. In recent years, foreign firms have increasingly taken over Finnish units. This is illustrated, for example, by the volume of manufacturing sector R&D conducted by foreign affiliates, which grew faster in Finland than in any EU country, the United States or Japan during the latter half of the 1990s. With regard to the infrastructure and institutions supporting innovative firms, at least the number and variety of public services offered seems to be sufficient. Overlaps in services offered by the major public players in the field are not striking, and the roles of the different organisations are fairly well defined (Georghiou et al., 2003). However, more transparency is needed in order to advise customers on the complex set of services available and the criteria for grants. The division of tasks between the public and private sectors seems to be relatively clear. For example, Finnish companies assess, on the one hand, that private organisations cover well their needs in protection of innovation, as well as in commercialisation, marketing, export promotion and internationalisation. On the other hand, public services cover well their needs for R&D and technology services, but poorly those for commercialisation and marketing services (Georghiou et al., 2003). There are still areas to be developed, however. These include promotion of inter-firm networking, knowledge transmission and IPR-related support activities. Policy emphasis has generally moved towards early-stage financing of both the innovation process and firm development. In the future, more selective and more focused instruments may be required. Policies should even look beyond the pre-seed and start-up phases, i.e. to the preconditions of entrepreneurship. Generally, there is a need to shift the innovation support system from technology towards innovation, with more emphasis on the integration of innovation processes from the user perspective. Other general areas that require more attention include demand-side innovation policy, including strategic use of public procurement, the conditions for private procurement of R&D, the development of technology platforms, etc.
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The Finnish economy is highly clustered. Foodstuffs, ICT, metals, construction and forestry clusters together account for three-quarters of total value added. The clusters are relatively dependant on their domestic suppliers, with an average of 63% of the factors of production coming from domestic sources. The clusters are also quite concentrated. The role of knowledge-intensive business services (KIBS) is growing in all clusters.
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Part of the government additional appropriation for research was targeted to eight special cluster programmes between 1998 and 2000. They aimed at creating new permanent networking between industry and science. The EUR 100 million was used by over 3 000 projects with 400 participating organisations. The Environmental Cluster Program has continued even after the ending of the initial program.
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A key element in networking and clustering is the co-operation between firms, universities and research institutes. This is also a feature of the public innovation support system. For example, about half of Tekes R&D funding (EUR 200 million annually) is distributed through national technology programmes that are planned and carried out jointly by firms, research institutes, universities, Tekes and the Academy of Finland. This kind of wide co-operative coalition is a precondition for starting a national technology programme. Furthermore, networking with smaller firms is a key criterion for Tekes R&D funding appropriated to large companies. Thus, Tekes supports knowledge spillovers and development of competitive networks in many ways.
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Interaction between basic and applied science, promotion of multidisciplinary research and international scientific co-operation and co-operation between Tekes and the Academy of Finland is supported, for example, by the Academy’s “Centre of Excellence” Programme. Finnish industry-science links have been praised in many international comparisons. Co-operation between research institutions and firms has been intensified especially in recent years. Universities are well involved in the research needs of the main clusters. Private business financing of university research has also increased, but has not yet reached the EU15 or US level. With the 1998 University Act, individual universities gained more decision-making authority and flexibility to respond the demands of the changing environment. As a rule, universities are now better equipped to draw external funding. As a consequence, the university research profile is changing more towards application-oriented research. Networking between universities and business firms is also supported by innovation policies in many ways. For example, Tekes favours tripartite research (Tekes, firm, research institution). University legislation is currently being amended not only to encourage universities to actively develop education, training of researchers and research, but also to promote the diffusion and utilisation of research findings widely throughout the economy, and the business enterprise sector in particular. New legislation concerning the intellectual property rights of university personnel is also in preparation. Developments in IPR issues are expected to clarify the rules on profit sharing and to intensify and facilitate cooperation and transfer of knowledge between universities and business enterprises. A more recent measure aiming at increased collaboration, wider dissemination and better exploitation of the results of technology research within the national innovation system is the ProACT Programme (Research Programme for Advanced Technology Policy, 2001-2005). The goal of the programme is to increase understanding and knowledge of the impacts of STI policies on the society and the economy, and of the role INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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In principle, the Finnish case is relatively straightforward. The innovation system was redirected onto a new course of development in the 1980s, and when the new technological paradigm started to emerge in the early 1990s and really broke through soon thereafter, the system was completely in place as were the basic structures for the take-off of technological development. Finnish firms were among the early adopters and appliers of new knowledge and first developers of new technologies. Tightly linked to the innovation support networks, they were ready to produce the right products at the right time. They conquered an important share of the rapidly expanding market. All this was pretty well in line with other success stories of economic history.
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of customers and the effects of society on technological development. The results of the programme will be used in the development of policy-making and research co-operation. The programme is jointly funded by the Ministry of Trade and Industry and Tekes, and with a total funding of EUR 10 million for 40 projects in all, making it one of the world’s largest single national research programmes in its field.
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But it all did not happen quickly. It took a couple of decades to make the necessary changes and to stabilise the structures and functioning of the system. Of course, many times this was not without difficulty. The main points, however, are as follows: • Building up a policy consensus about the main direction and development path of the economy. • Remaining firmly on the chosen development path in spite of economic and political fluctuations. • Building up and enhancing the systems to follow the consensus. • Choosing the right path at the right time. However, the Finnish success in consensus creation, keeping to it and completing the work is still a largely unstudied phenomenon. This seems to have something to do with overall political experience and tradition, as well as other cultural factors. Choosing the right path at the right time was partly sheer luck and partly clever politics. The microelectronics revolution was just around the corner, and something had to be done to avoid the unrest that was common around Europe. The political atmosphere was co-operative. Choosing skills development, R&D with a focus on (micro)electronics, biotechnology and new materials seems now quite far-sighted. Although the reasoning behind it did not lean on mobile network technologies, but rather on the needs of industrial automation, material development of traditional products and expanding chemical and pharmaceutical industries. A parallel story can be told about firms in the Finnish production system. The large, often multi-sectoral and mainly forest industry corporations were flexible enough to restructure themselves totally within the same two decades. This was not always altogether voluntary, but rather a necessary reaction to the changing business and market environment. Nokia is really not the only successful, totally restructured old Finnish corporation, although it is evidently the most successful, undoubtedly the luckiest, and also among the cleverest. The firms’ ability to adopt new business concepts has been by far better than some studies done in the 1980s often suggested.
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However, a large number of both smaller and larger firms did not survive the recession of the early 1990s - especially the new ones that were the most enthusiastic about the new information economy in the late 1980s yet which were dealt a heavy blow. Only the fittest survived, and as a result, the Finnish manufacturing companies of the mid-1990s were among the most competitive in the world. At the same time, the structure of the economy was strengthened and diversified, and an increasing number of companies from various fields of industry and services became internationally competitive.
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Of course, innovation and unusually high rates of growth since the mid-1990s have significantly increased employment in high-tech occupations. On the other hand, the price of rapid growth and structural change was high in many parts of society. This is the weakest point of the Finnish innovation system. The economy has only been able to reduce overall unemployment to the level of the EU15 average. Furthermore, the number of those who have been unemployed for a long time, with no practical possibility of getting a job, is huge. In addition, secure full-time employment has now become rare even in high-tech sectors.
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Despite the drawbacks in the developments in employment, Finland has succeeded relatively well in combining the large-scale production of knowledge and its economic exploitation with other social aims, such as promoting welfare and sustainable development. As described earlier, the present strengths are largely endogenous: the education and research systems, a competent workforce, good infrastructure, etc. A lesson to learn is – and this is also indicated by historical data – that policies need to be connected to the current stage of industrial development and to react flexibly to changes in the macroeconomic and business environment. In sum, the national line of development has proven successful. In keeping with this, input will be made to the production of technological and social innovations and the expansion of internationally successful business built on the close integration and combination of these innovations, as was suggested by the STPC in its latest triennial review in 2003. The foremost strengths in national competencies will be developed further. It is especially important to invest in promising research fields and to achieve sufficient volume and quality levels in them. Such fields may be the life sciences, environment, information technology and software, the well-being cluster and knowledge-intensive services. In order to be able to specify the future developments and needs, technology foresight activities as a tool for STI policies will be enhanced. Some activities have been launched already. For instance, in Spring 2004, the Ministry of Trade and Industry started a national “Foresight Forum” pilot project with the idea to initiate small thematic groups that will gather and process relevant future-oriented information on the given topics for wide dissemination to decision-makers. The thematic groups include experts from companies, research organisations and S&T administration. In addition, the Ministry of Trade and Industry together with 18 other European organisations from 14 countries are participating in an EU ERA-NET project in foresight (ForSociety), with the aim of gradually developing international co-operation between foresight programmes into a more organised and formal collaboration. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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consequently the whole system is flexible. In these conditions, the society has been able to accumulate social capital in a way that supports the consensus-seeking policy making. Hence, a unique combination of various factors and a societal environment favouring investment in the knowledge-based economy seems to have prevailed.
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In general, the various development challenges faced by Finnish STI policies include the rapid process of internationalisation of economic and social activities and the innovation environment, and the ensuing pressures for structural and operational change in Finland. Emerging economies such as China, India, Russia and Brazil and the new EU Member States are becoming increasingly important players in both the world markets and knowledge-intensive fields. Intensifying global competition and relocation of production, jobs and capital to emerging economies pose new pressures to countries like Finland, whose national competence and competitive edge is based on production and exploitation of knowledge and high-tech innovations.
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Internationalisation of S&T and the ongoing process of globalisation reinforce the conclusion that innovation activities cannot be based either on the national framework, endogenous factors of production and competitive advantages or traditional international collaboration. While Finland is increasingly active internationally, it is of the utmost importance for Finland to internationalise its operations and national STI institutions. As a response to these challenges, for instance, Finland’s international R&D strategy is being drafted this year within the STPC in partnership with relevant organisations. At the same time, an extensive project (launched by the STPC) with the aim of reviewing all structures of the public R&D system was due for completion by the end of 2004. Along with these efforts, the strong tradition of performance and impact evaluations of S&T organisations and policy instruments and measures will be maintained in Finland.
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However, numerous unstudied issues and questions remain, including: • Are national competences and domestic endogenous factors (e.g. a highly educated population, high-quality R&D, efficient innovation system, structure of business enterprise population) sufficient to explain the current and future economic potential of a given economy? • Should countries concentrate particularly on improving the weak points or the strengths of their innovation system? • Can countries be economically successful in spite of the obvious problems and weaknesses in their innovation system, and if so, what then are the crucial, dominant factors working in their favour? • In the longer run, is it possible for small economies to breed and maintain large-scale R&D-intensive industries and companies, or are smaller-scale activities and narrow technological and market niches a better possibility for them? • For small economies, do combinations of industrial and service sector R&D and highquality innovation-intensive services provide them with better chances in global competition than purely industrial (R&D-based) manufacturing? In the future, such issues could and should be analysed in more detail within the OECD.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s



O d ea



EC



References



se



e



R



Bank of Finland (2004), Bulletin, 3/2004.



O



Ali-Yrkkö, Jyrki and Raine Hermans (2002), Nokia in the Finnish Innovation System. ETLA Discussion Paper, No. 811, Helsinki.



r



European Commission (2002), Scoreboard – S&T Indicators for 15 EU Member States, the US and Japan, Brussels. www.cordis.lu/rtd2002/indicators/home.html



Le



c tu



An



European Commission (2003a), Third European Report on Science & Technology Indicators 2003, European Commission, Brussels. www.cordis.lu/indicators /third_report.htm European Commission (2003b), Key Figures 2003–2004. European Commission, Brussels. http://europa.eu.int/comm/research/rtdinfo/index_en.html Frinking, Erik, Mari Hjelt, Irma Essers, Päivi Luoma and Sami Mahroum (2002), Benchmarking Innovation Systems: Government Funding for R&D. Tekes Technology Review, 122/2002, Helsinki. www.tekes.fi/Julkaisut/benchmarking.pdf Georghiou, Luke, Keith Smith, Otto Toivanen and Pekka Ylä-Anttila (2003), Evaluation of Finnish Innovation Support System, Ministry of Trade and Industry Publications, 5/2003, Helsinki. Hietala, Marjatta (1987), Services and Urbanization at the Turn of the Century. The Diffusion of Innovations, Studia Historica, 23. Hyytinen, Ari and Mika Pajarinen, eds. (2003), Financial Systems and Firm Performance, Theoretical and Empirical Perspectives, Taloustieto, Helsinki. Lovio, Raimo (1993), Evolution of Firm Communities in New Industries. The Case of Finnish Electronics Industry, Acta Academicae Oeconomicae Helsingiensis, Series A 92. Ministry of Interior (2003), Mid-term Evaluation of the Centres of Expertise for the Period 1999–2002, Sisäasiainministeriön julkaisuja, 4/2003 (in Finnish). Myllyntaus, Timo (1991), Electrifying Finland: The Transfer of a New Technology into a Late Industrialising Economy, Macmillan, Basingstoke. OECD (1987), Reviews of National Science and Technology Policy: Finland. OECD, Paris. OECD (2001a), Drivers of National Innovation Systems. Enterprise, Industry and Services, OECD, Paris. OECD (2001b), Science, Technology and Industry Scoreboard: Towards a Knowledgebased Economy, OECD, Paris.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



u le



nl y



w



115



n



D Br o



INNOVATION POLICY AND PERFORMANCE IN FINLAND –



116 – INNOVATION POLICY AND PERFORMANCE IN FINLAND



_it E d it e i s



o



nl y



OECD (2003), Main Science and Technology Indicators, 2/2003, OECD, Paris.



O



OECD (2004a), ICT Diffusion to Business: Peer Review. Country Report: Finland, DSTI/ICCP/IE(2003)7/FINAL.



d



se



ea



EC



OECD (2004b), Science and Technology Statistical Compendium. Meeting of the OECD Committee for Scientific and Technological Policy at Ministerial Level, 29–30 January 2004, OECD, Paris.



u le



D Br o



w



n



OECD (2001c), The New Economy: Beyond the Hype. Final Report on the OECD Growth Project. OECD, Paris.



e



R



O



Ranta, Jukka, Kari Koskinen and Martin Ollus (1988), Flexible Automation and Computer Integrated Manufacturing in Finland, Sitra, Series A 86. Saarinen, Jani (2002), Looking Back… Forging Ahead, VTT Group for Technology Studies 1992–2002. VTT, Espoo.



Le



c tu



r



An



Science and Technology Policy Council of Finland (2003), Knowledge, Innovation and Internationalisation, STPC, Helsinki. www.minedu.fi/tiede_ja_teknologianeuvosto /eng/publications/review_2003.pdf Statistics Finland (1997), On the Road to the Finnish Information Society, Statistics Finland, Helsinki. Statistics Finland (2003), Tutkimus- ja kehittämistoiminta 2002, yritysten innovaatiotoiminta 2000–2002, Statistics Finland/Science, Technology and Research, 2003: 4. Statistics Finland (2004), On the Road to the Finnish Information Society IV, Statistics Finland, Helsinki. Steinbock, Dan (2002), Finland’s Wireless Valley: Domestic Policies, Globalizing Industry, Tekes Technology Review, 138/2002, Helsinki.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s



nl y



w



u le



O



Chapter 4



d



se



ea R



EC



INNOVATION POLICY AND PERFORMANCE IN JAPAN Introduction



117



n



D Br o



INNOVATION POLICY AND PERFORMANCE IN JAPAN –



e



O



The OECD Growth Project indicated that Japan’s economic performance sharply declined from the 1980s to the 1990s. Japan is categorised among those “countries where trend growth declined or stagnated”, and the decrease in the GDP per capita growth rate stands out from other countries that experienced decline or stagnation during these two decades (Figure 4.1) (OECD, 2001a). Other quantitative data also reflect Japan’s declining economic performance. Although annual Japanese GDP per capita in USD still exceeds the OECD average, the annual growth rate of GDP is the lowest of all, and the annual growth rate of multi-factor productivity (MFP) is far below OECD average (see Annex 2, Figure A2.3). On the other hand, Japan is ranked third among OECD countries in GERD as a percentage of GDP, and Japanese BERD as a percentage of GDP is the third highest. Also, in the data on R&D performed by the non-business sector as a percentage of GDP, Japan maintains a level exceeding the OECD average (Figure A2.3). Although it must be noted that there is some time lag between R&D investment and visible impact on economic performance, these data illustrate that Japan’s R&D investment has not contributed as much to the country’s economic growth as can be expected from its volume. This is also supported by the correlation between the change in MFP and the average intensity of business R&D from the 1980s to the 1990s (Figure 4.2) (OECD, 2001b).
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Figure 4.1. Uneven trend growth of GDP per capita Total economy, percentage change at annual rate 1980-90



1990-99



% 8 7



Country where trend growth improved



Country where trend growth declined or stagnated



6 5 4 3 2 1



Lu Irela xe nd m bo u No rg rw ay 1 Sp Au ain Ne stra th lia Un erla ite nd s d St at es Gr ee c Ca e na da M ex ico Ko r Po ea rtu ga l2 Tu rk ey Un ite Fin d lan Ki ng d do Be m lg iu De m nm a Au rk st ria Ja pa n Ita ly Fr an c Ic e ela Sw nd e Ge den Ne rma w ny 3 Ze Sw alan itz d er lan d



0



1) Total Norway. 2) 1990-98. 3) West Germany for 1980-90; Germany for 1991-99. Note: Trend growth in the 1990s was higher than in the 1980s in several countries: Australia, Canada, Greece, Ireland, Luxembourg, Mexico, the Netherlands, Norway, Spain and the United States. But trend growth declined substantially in Italy, Switzerland, Japan and Korea. The decline in trend growth in Germany was influenced by the reunification process. Source: OECD, The New Economy: Beyond the Hype, 2001. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Figure 4.2. Change in MFP and in average intensity of business R&D
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The question is what changed in the Japanese R&D environment from the 1980s to the 1990s. As shown in Figure 4.2, an increase in R&D funding does not necessarily lead to an improvement in MFP and economic growth. A number of factors could be behind the gap between R&D investment and its impact on economic growth. One possible cause was identified in a recent analysis of the decrease in the R&D efficiency in private Japanese companies that describes the changes from the 1980s to the 1990s from two angles (Sakakibara et al., 2003): • “Process innovation” and “incremental product innovation”, in which Japan had enjoyed international advantages until the early 1990s, lost momentum and the desired “radical product innovation” did not occur. From the 1960s through the early 1990s, a virtuous cycle between innovation (process innovation and incremental product innovation) and demand could be observed in Japan. A great variety of imported technologies were modified to satisfy Japanese consumer demand; the success in the Japanese consumer market brought further new demand. Strong demand from the market encouraged manufacturers to strive for further cost reductions and new product development. Process innovation and incremental product innovation occurred frequently in this process; the results led to technological advantages in Japanese manufacturing industries (Industrial Structure Council, 2001). After the burst of the bubble economy in the early 1990s, consumer demand in the Japanese market started to wane. With sluggish demand, the virtuous cycle between innovation and demand lost its driving power. In addition, market entry of newly developed Asian countries compromised Japan’s cost advantage. • Product architecture moved toward “open architectures”, while Japanese industry retained a “closed architecture”. Before 1990, most industrial products had a closed architecture1, where a product consists of a large variety of components and is assembled through a complicated integration procedure. Around 1990, the “module” concept became common in the production of computer hardware, and subsequently in other sectors. Under the module concept, a product is divided into several modules 1. A typical example of closed architecture products is automobiles, while personal computers are an example of open architecture.
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Process innovation and incremental product innovation are still required to maintain Japan’s competitiveness in terms of low cost and high quality. However, Japan must enhance radical product innovation, which was not highlighted during the past period of high economic growth. Japan also has to bear in mind the current trend toward open architecture.
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The present Japanese R&D environment needs to be geared to the new paradigm. Thus, Japan’s national innovation system (NIS), which has successfully targeted process innovation and incremental product innovation in the past, needs to change its target direction toward radical product innovation with demand-driven technology. At the same time, the shift from closed architecture to open architecture should be borne in mind as well. Japan needs to create a “knowledge-intensive society” in order to induce eligible radical product innovation. Open and active “technology diffusion markets” in which scientific/technological achievements are transferred to business for commercialisation at adequate prices (i.e. licensing of patents), is indispensable within Japan’s NIS in order to induce a wide and smooth technology flow from scientific discovery/invention to practical economic activities. These two key factors may be the next target of Japan’s NIS.
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In terms of the two target factors described above, Japan needs to overcome weaknesses which can be seen in international comparisons. Details of such weaknesses and possible ways to overcome them are discussed in this study in line with the overall framework adopted for the country studies. Box 4.1. Japanese innovation policy weaknesses as indicated in international comparisons ● Reforms are required to ensure the competitiveness of the higher education and public sectors, which should be responsive to economic and social demand in a competitive environment that would include funding mechanisms. ● Both internal and external human resource mobility are insufficient and the Japanese R&D environment is less attractive to foreign researchers. ● Start-ups spin off from universities in particular, as the latter are potential technology providers. However, spin-offs have only recently begun to be actively supported in Japan. ● Technology management in the business sector needs to be enhanced according to the concept of “core competence and outsourcing”, including the effective use of start-ups. ● Intellectual property rights (IPR) - especially patents - are not used effectively (i.e. less patent mobility for outsourcing) although Japan has a large number of patents. ● Information and communication technology (ICT) use in terms of technology diffusion is insufficient (i.e. the number of Web sites is small; Internet use and electronic commerce are relatively weak). ● Current resource allocation in Japanese R&D does not necessarily reflect the demand of future growth fields such as life science, information science, nanotechnology, environmental technology and the fusion of them.
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advantage, was no longer as necessary as before. Although there is scepticism about the immediate and uniform acceptance of the module concept for all manufacturing sectors, further modularisation in the manufacturing system that will accelerate the shift towards open architecture can be predicted.
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Before addressing the main drivers, the following is a description of Japan’s national scientific output profile. Two quantitative indicators illustrate the relatively weak state of Japanese scientific output. Japan is ranked 17th among 29 OECD countries for scientific and engineering articles per million population; the index of Japan amounting to 84% of the OECD average (see Annex 2). Another indicator, publications in the 19 most industryrelevant scientific disciplines, ranks Japan 18th among 23 countries, which corresponds to 74% of the OECD average. This weakness is highlighted in some specified science and technology fields. For example, life science is identified as one of Japan’s weak research fields (Figure 4.3). Except oncology and medical chemistry and pharmacy, the number of publications in most research areas categorised as biosciences, medical clinical and pharmaceutical research is below the world average. This weakness is notable in contrast with the United States, which is above average in most of the bioscience fields. This trend can also be observed in the computer and information science. The number of Japanese publications in this field, which is far below the world average, contrasts sharply with that of the United States (OECD, 2002a). The imbalances within Japanese R&D should be addressed in the discussion of Japan’s NIS, which is analysed in the following sections.
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Figure 4.3. National profiles of relative scientific specialisation, 1998 Based on publications Biosciences, medical, clinical and pharmaceutical research United States



Japan



Below world average



Below world average



1) Microbiology and virology. 2) Oncology. 3) Gastroenterology and cardiology. 4) Epidemiology, public health. 5) Neurosciences, neuropathology. 6) Medicine, miscellaneous. 7) General and internal medicine. 8) Analytical chemistry. 9) Medical chemistry and pharmacy. 10) Chemistry. 11) General and nuclear physics. 12) Applied physics. 13) Optics, electronics, signal processing. 14) Physical chemistry, spectroscopy. 15) Materials science, metallurgy, crystallography. 16) Chemical engineering, polymer science. 17) Mechanical engineering, fluid dynamics. 18) Computer and information science. 19) Biomedical engineering. Source: OECD, Benchmarking Industry-Science Relationships, 2002.



Demand Japan’s strong consumer demand for high-technology products can be observed in the cellular phone market. With the increased popularity of cell phones, sales for new subscribers peaked in 1997, and then started to gradually decline. However, sales of newer models, reflecting replacement demand for newly developed products, continues growing rapidly. Currently, demand for replacement cellular phones is almost four times greater than the number of new subscribers. This strong demand has led to further process innovation and incremental product innovation, which resulted in downsizing and weight reduction of new models, cost reduction and new functions such as e-mail access, colour display and built-in cameras (Industry Structure Council, 2001). INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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As a policy measure for the government to stimulate national demand directly, public procurement can be considered a catalyst for innovative activities. However, most government procurement in Japan is spent on “public construction”. Therefore, public procurement cannot be expected to stimulate demand for high-tech products at present. One example of targeted procurement is the Japanese government’s introduction of “green procurement” a few years ago out of environmental considerations. In line with environmental procurement, fuel-cell cars were procured for the fleet of government vehicles, but this is a rare example of government procurement of technologically innovative products.



Human resources Capacity building in the future growing fields Japan has a larger number of researchers for total population than other major OECD countries. The number of researchers per 1 000 total employment in Japan is the third highest, followed by the United States and the European Union (Figure 4.4). Japan accounted for almost 20% of total OECD researchers in 2000, the second highest after the United States. The number of business researchers per 1 000 labour force also illustrates that the Japanese business sector maintains sufficient human resources in R&D (see Annex 2). In terms of the number of researchers, Japanese R&D intensity is substantially above the OECD average (OECD, 2003a). Quantitative indicators show that Japan falls short of the OECD average in PhD graduation rates in science and engineering (Annex 2, Figure A2.3). However, as regards the share of tertiary-level graduates in total employment, an important indicator of the innovative potential in the labour market, Japan is ranked far above the OECD average (OECD, 2003a). Based on the above analysis, Japan’s human resources in R&D can be considered abundant both quantitatively and qualitatively. An issue Japan has to pay particular attention to is the allocation of human resources to fields of growing future demand, as described above. Although clear quantitative evidence is lacking, Japan has a shortage of researchers and engineers in some fields with a promising future. The Biotechnology Strategy Council stated that Japanese universities’ human resource supply for biotechnology is only one-third of that of the United States, although a simple comparison is not possible due to differences between the two countries’ university systems (Biotechnology Strategy Council, 2002). According INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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life”, and categorised fields of expanding future demand into five sectors: health, leisure, environment, communication and education (Industry Structure Council, 2001). Technological development in these fields is therefore necessary, as well as in life science, computer technology, environmental technology and the fusion of these technologies. Development of nanotechnology is also desirable as an enabling technology which can contribute to the development of other technologies. For example, Japan’s rapidly aging society has caused a large demand for health care and nursing services, and the markets related to health care, nursing and welfare in Japan have almost doubled in the past five years (Japan Economic Foundation, 2003). This strong demand requires not only single technology development, but also a fusion of different technology fields. For example, demand brought by the aging society will require the fusion of life science, computer science and nanotechnology in order to develop intelligent medical instruments. In this manner, strong demand can “pull” innovation, and such promising future market fields may be an effective target for innovative activities.
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to a survey of 191 software companies in 2001, 85% reported a lack of IT engineers. In light of imbalances in the scientific specialisation in Japan (see section on scientific output), allocation of R&D resources may be a key indicator to better evaluate the level of Japanese innovation inputs.
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Source: OECD, Main Science and Technology Indicators: 2004/2 Edition, November 2004.



Although Japan currently has plenty of qualified researchers, a lack of human resources – a potential problem threatening Japanese R&D capacity in the future – can be predicted based on available data. The OECD PISA study shows that Japanese students are ranked second of 31 countries, behind Korea, in average marks for scientific literacy. As concerns the scientific literacy of the top 5% students, Japan comes first (OECD, 2003b). This data may be indicative of a high level of knowledge of future Japanese researchers. On the other hand, the international comparison study of the National Institute for Education Research in Japan shows that young Japanese students currently disfavour the area science and technology. The percentage of students who like science in Japan is only 55% against a world average of 79%, with Japan ranking second lowest among 23 countries (Japanese Government, 2003a). In order to maintain a continuous INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Activating a flow of human resources both within and between sectors plays an important role for the expansion of technology diffusion. However, Japan demonstrates low researcher mobility, especially in the higher education sector. Approximately 3.7% of researchers changed organisational affiliations in 2002, but few university researchers moved to the private sector: 85% of academic researchers who changed jobs moved within academic circles and only 6% went to industry (Figure 4.5). This imbalance between the inflow and outflow of researchers might be adjusted to create a wider flow of technology transfer from science to industry.
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Figure 4.5. Researcher mobility within and between research organisations Number of inter-organisational job changes 9 572 (from other organisations) 439 18 194
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Source: Ministry of Economy, Trade and Industry, Japan (based on 2002 Survey of Research and Development, Statistics Bureau).



One of the major obstacles to human resource mobility may be regulations that apply to public sector researchers, including researchers in national universities. Since they have the status of government officials, their activities are limited. For example, dual employment of public researchers in the private sector was severely regulated. A series of deregulations concerning public researchers recently introduced by the Japanese government has relaxed the limitation on public researchers’ activities, and they now can be appointed as executives in private companies. In addition, the relaxation of regulations on the acceptance of temporary researchers to national universities may provide private companies with an opportunity to send their researchers to national universities for shortterm research. This can be effective in promoting human resource mobility in the other direction, namely from the private sector to the public sector. The re-organisation of INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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technology. Such educational enhancement can be a strong driver for a knowledgeintensive society.
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In addition to deregulatory policy measures aimed at removing obstacles to human resource mobility, incentives are also needed. It would be preferable to implement a mix of these policy measures in order to stimulate human resource mobility. For example, the establishment of centres of excellence (COE) can provide greater opportunities for researchers to work in another research environment, and may be an effective way to activate human resource mobility. In addition, an acceleration of spin-off creation from universities, which is one of the present targets of government R&D policy, can also contribute to the mobility of human resources from universities to industries. These accelerators are needed as a next step after the removal of obstacles through deregulation.
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national universities into independent administrative agencies, which was implemented in the Spring of 2004 following a similar type of re-organisation of public research institutes, is also expected to play a large role in widening the human resource flow in Japan. The main target of the re-organisation is to increase the autonomy of national universities and public research institutes. They may ultimately be able to manage their human resources without strict control of higher organisations if this autonomy can eliminate any restriction on human resource management.
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International mobilisation of human resources is also necessary for an efficient NIS in Japan. A recent study indicates an obvious excess in the export of researchers abroad from Japan, although detailed statistics are not available (Kobayashi, 2002). In order to develop an internationally competitive knowledge-intensive society, Japan needs to accelerate R&D collaboration with foreign researchers. The Japanese R&D environment must attract foreign researchers; development of COEs - especially in future growth fields - to provide an attractive R&D environment is repeatedly highlighted as one of the policy measures to activate international human resource mobility. A certain amount of financial investment is also necessary for such COEs to be financially attractive. Needless to say, such COEs must be active in science-industry relationships in order to accelerate technology transfer from scientific invention to industrial commercialisation.



Networks, collaboration and clusters As described in the previous section, establishing COEs targeting future growth fields in Japan is a necessity. COEs can be knowledge-intensive centres in their field and bases of technology transfer and human resource mobility. Some local COEs can be observed in Japan although they are not large enough to be visible at national level. • One example is Kazusa DNA Research Institute, which was established by the government of the Chiba prefecture. The institute is one of the projects set up in the Kazusa Academia Park, which was planned in order to establish an international R&D base in the Chiba prefecture. The Kazusa Institute is the first R&D institute in the world specialised in DNA research and boasts the first successful total genetic structure analysis of blue-green algae in the world. The institute also promotes the transfer of its research to industries through the incubation facility developed in the same research park.
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as the core facility, and a range of research is carried out in collaboration with national universities near Kobe, Kobe City General Hospital and national research institutes including RIKEN Centre for Developmental Biology. It also maintains a linkage with Kobe International Business Centre to transfer the outputs from IBRI to industry.
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Both institutes are very open to foreign R&D. Kazusa DNA Research Institute has already carried out joint research on plant genome analysis in collaboration with laboratories in Europe and the United States, and has started a joint research programme with a Canadian firm with an advantage in the analysis of protein-protein interactions. An outline of the Kobe Medical Industry Development Project has been presented in several international seminars held in foreign cities, and collaboration with foreign universities and firms is under discussion. Such activities can provide a knowledge base in specific fields and be a marketplace for technology diffusion, including human resources. Technology clusters around universities or public institutes can also be established with those COEs. Since COEs can play various significant roles in resource concentration, it may be worth while to explore possibilities to establish powerful COEs in fields with growing demand at the national level.
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Another type of regional cluster is regarded as a playing field for incremental innovation, especially for SMEs. For instance, in Ohta-ku (Tokyo) and Higashi-Osaka where many SMEs are located, there is a good deal of technological information exchange among SMEs through regional clusters. Large companies place orders with them, and they organise project teams with co-operation among specialised SMEs in the cluster, in which they can contribute their own expertise to a joint project. As a policy measure to support regional clusters, the Japanese government launched the Industrial Cluster Initiative in April 2001 joined by 19 regional projects across the nation. One year after the launch, the number of participants in the projects had increased to include 3 800 SMEs and 200 universities. The fact that more than 80% of national science and technology universities participate in any project is particularly remarkable. Collaboration has been one of the drivers of Japanese R&D since the 1960s. The Japanese government has organised several collaborative R&D projects at national level with participation of private companies, public research institutes and universities. The technology frontiers, such as hyper-LSI and recombinant DNA applications, difficult fields for a single company to tackle alone, have been targeted in the projects, and the government allocated a large budget to each. A famous example is the hyper-LSI project, which was carried out in the late 1970s. One hundred researchers from relevant private companies and national research institutes gathered and performed hyper-LSI research at the same facility. In addition, relevant research was carried out separately in the participants’ laboratories, with strong government support. More than 1 000 patents resulted from the four-year project. Following this success, R&D programmes for the new technology frontier including biotechnology, advanced electric devices and new materials were launched in a similar collaborative manner. In addition, networking among business enterprises can enhance industrial competitiveness in terms of incremental development. In Japan, industrial associations are organised by sector and information is exchanged through these associations. Information about each sector, e.g. details of new regulations and standardisation as well as topics of international discussion, is shared among private enterprises. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Financial resources need to be allocated in such a manner as to be in line with fields of future growth. That is to say, Japan needs to focus its R&D resources in both the business and higher education sectors on “demand-oriented fields” in order to accelerate “demand-pulled innovation”. OECD data indicate that R&D expenditure as a percentage of GDP in Japanese higher education exceeds both the OECD and the EU average as well as that of the United States. In addition, Japan significantly increased R&D expenditure in the higher education as a percentage of GDP during the 1990s despite slow GDP growth (Figure 4.6). On the other hand, indicators of scientific output such as scientific and technical articles per million population and publications in the 19 most industry-relevant scientific disciplines illustrate that Japan is below OECD average. These data clearly show that the returns on large investment in the higher education sector need to be improved. With the acceleration of university and public research institute reform strengthening the independence of these organisations, financial investment by the government in the higher education sector should be allocated in a much more competitive environment. In addition, although there still may be requirements for basic scientific research, R&D expenditure in the higher education sector needs to have a clear target on the demand from the industrial sector in order to accelerate technology diffusion between academia and industry. Current direct financial investment in the higher education sector must move toward target-oriented R&D investment with demand-side requirements, and a competitive element should be introduced into the financial investment system.
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Figure 4.6. Trend in R&D expenditure in the higher education, as a percentage of GDP, 1981-2003 Higher education United States
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Note: Data for Japan are adjusted up to 1995. Source: OECD, Main Science and Technology Indicators: 2004/2 Edition, November 2004.



A dynamic and comprehensive government strategy is needed to allow for proper allocation of resources. For example, the National Institutes of Health (NIH) in the United States operate a comprehensive support system for innovative R&D activities in the lifescience field through a large grant. The US government doubled NIH funding between FY 1998 and FY 2003. In contrast to the NIH, health R&D in Japanese government budgets as a percentage of GDP is far below OECD average. Direct government support INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e io s for health R&D in Japan in 2002 represented 0.03%, which is quite small in contrast with the United States with well over 0.2% (Figure 4.7) w (OECD, 2003a). Although further
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Policy changes were made in 2001 to tackle the problem. In line with the reorganisation of the Japanese government, the Council for Science and Technology Policy was established. Chaired by the Prime Minister, the Council is responsible for overseeing science and technology in Japan and draws up a comprehensive plan for relevant Ministries. The Council consists of related ministers, including the Minister of EXT and the Minister of ETI2, as well as experts from academia and industry. Important tasks of the Council include checking policy measures in related ministries in order to avoid unnecessary duplication, and evaluating the effectiveness of policy measures. Based on these evaluations, the Council makes recommendations to the Prime Minister on the national targets for science and technology policy and the appropriate budget allocation for the following fiscal year. Presently, the Council ranks each science and technology policy measure by priority and makes these scores public. For example, 198 major policy measures requiring funding for 2005 were evaluated and prioritised according to four ranks: S, A, B and C. 16% of policy measures were ranked as S, 46% as A, 30% as B and 8% as C, respectively.
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analysis of the effectiveness of the financial system in Japan’s NIS is required, a comprehensive government financial investment system strategy may be required in order to vitalise radical product innovation in fields of growing demand in Japan.
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Figure 4.7. Health R&D in government budgets, as a percentage of GDP, 2004 United States United Kingdom (2001) OECD (2001) Iceland Finland Australia (2001) Canada (2000) France Korea Norway Italy (2001) Portugal EU (2001) New Zealand (1999) Spain (2000) Germany Japan Greece Netherlands (2001) Denmark Slovak Republic Austria Ireland (2001) Belgium (2001) Mexico (2001) Sweden Switzerland (2000)
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Source: OECD, R&D Statistics database, January 2005.
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Figure 4.8. Share of high-technology sectors in total venture capital, 1998-2001 Communications



Information technology



u le



nl y



O



d



ea



e



O



R



D Br o



EC



w



n



The other important financial issue is support for venture activities. Venture capital investment in Japan (early stages and expansion) as a percentage of GDP is ranked second to last among 27 OECD countries (see Annex 2). In addition, Japanese venture capital is not sufficiently invested in high-technology sectors where innovative achievements by start-ups are highly expected. Figure 4.8 shows the share of hightechnology sectors in total venture capital and indicates that Japan ranks quite low among OECD countries with regard to high-tech investment especially in the health and biotechnology fields. Figure 4.9 also illustrates that venture capital investment in the biotechnology field in Japan is extremely low in comparison with OECD countries and has not shown any increase over the five-year period compared to the top-performing countries such as Canada and the United States. Based on this quantitative analysis, it can be concluded that Japanese venture capital is not properly targeted to growing future demand.
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Source: OECD Science, Technology and Industry Scoreboard: 2003 Edition.



Based on the statistical analysis above, Japan must enhance venture capital investment both by activating the market and improving financial support. Current major capital flows to traditional construction activities need to be redirected toward investment in start-ups through the venture capital financial market. Government support to SMEs can contribute to the establishment and activation of venture business. However, current government support to SMEs - including subsidies and public loans - is mainly targeted to revitalise existing traditional SMEs or to provide the latter with a safety net. Although the Japanese government has expanded its support measures for start-ups, further improvements in funding for newly established firms are expected to provide strong incentives for potentially innovative SMEs. One model of strong support to venture business can be observed in the United States. Under the Small Business Innovation Research (SBIR), national departments spend USD 1.2 billion and NIH invests USD 307 million in 1 390 projects (Industry Structure Council, 2002). Following this example, the Japanese government introduced a similar system to provide a further opportunity for SMEs to obtain R&D subsidies from relevant government organisations. The estimated expenditure in 2003 for Japanese SBIR was approximately JPY 28 billion in total. More than 4 000 projects have received R&D subsidies through this system in four years. Spin-offs from universities also need to be supported financially and as will be discussed later, the Japanese government is currently improving support to them. In addition, since funds for start-ups must be properly invested in fields of potential growth, a pre-assessment of the market potential of venture activities is important to ensure that the investment is appropriate. A technology evaluation system and matchmaking mechanism between funds and potential start-ups is required to support successful investment. The establishment of such mechanisms accompanied by building the human resource capacity for qualified technology evaluators and technology matchmakers can be one of the effective policy measures to accelerate venture activities.
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Providing tax incentives for R&D activities is one effective policy measure that encourages further R&D efforts by industries. The rate of R&D tax subsidies in Japan is extremely low in international comparison, although Japan maintains a relatively higher rank for SME tax incentives (Figure 4.10). Recently, the Japanese government amended its R&D tax incentive system in response to the economic recession. The previous tax incentive system was designed for incremental R&D expenditure. The highest threeyearly expenditures in the past five years were averaged, and the amount over and above this average could be deductible. This plan was successful when the Japanese economy was growing continuously at a high rate. However, it lost its effectiveness after the economic downturn; the total value of such tax deductions in Japan decreased from over JPY 100 billion to JPY 20 or 30 billion. The Japanese government therefore modified the tax incentive system in 2003 to allow deductions of 10-12% of total R&D expenditure. In order to maintain incentives for companies to increase their R&D expenditure, the new tax incentive system allows the deduction rate to be raised from 10% to 12% depending on the rate of R&D expenditure in the total sales volume of the company (Box 4.1). In addition, the tax deduction rate for R&D in SMEs was raised; and the range of tax incentives for research collaboration between private companies and universities/public research institutes was expanded (Box 4.2). The expected tax deduction volume was estimated at JPY 600 billion in 2003.
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Box 4.2. New Japanese tax incentive system for R&D Under the new tax deduction system, total R&D expenditure including cost of raw materials and labour is eligible for deduction. All private companies which operate R&D activities can therefore enjoy the tax incentive. The deduction rate is calculated with following formula: deduction rate = 0.1 + 0.2 * (R&D expenditure)/(total sales volume) For example, the tax deduction rate of a company whose R&D share in total sales is 5% will be 11%. The deduction ceiling is fixed at 12%. This special deduction rate will be maintained for a three-year period during which strong R&D promotion measures are continuously required. It will then be decreased from the current rate of 10-12% to 8-10%.



Box 4.3. R&D tax incentive for SMEs and science-business collaboration R&D tax incentive for SMEs In the tax system amendment of 2003, the deduction rate for R&D in SMEs was raised from 10% to 15%. Under this system, SMEs are defined as the private companies whose capital is JPY 100 million or less. This new deduction rate will be maintained for three years; and then it will be reduced to 12%. R&D tax incentive for science-business collaboration “Outsourced research” was also made tax deductible in the 2003 amendment in addition to “joint research”, which was already deductible. The deduction rate is 15% for the following three years and then will be fixed at 12%. The deduction will be made on the private companies’ R&D expenditure for the joint research contract or the research consignment contract with universities and/or public research institutes.
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* Tax subsidies are calculated as 1 minus the B index. For example, in Spain, 1 unit of R&D expenditures by large firms results in 0.44 units of tax relief. Source: OECD Science, Technology and Industry Scoreboard: 2003 Edition.



Investment in relevant infrastructure plays a significant role in the acceleration of technological innovation. For example, investment in Japanese telecommunications is an important area to apply innovation to ICT, but this has remained at a relatively low level. Taking investment in road construction as a comparison, capital investment in telecommunications and broadcasting in Japan amounts to less than half of investment in roads, and the ratio between them has not changed for a decade. On the other hand, the United States shows a dramatic increase in infrastructure investment in telecommunications. Investment in telecommunications exceeded investment in roads in 1997 and almost doubled it in 2000. Although the comparison is not entirely accurate due to differences in data sets, Japan needs to take infrastructure investment into account in enhancing the innovation environment.



Ability and propensity of firms to innovate Japanese BERD as a percentage of GDP is the third highest, after Sweden and Finland. The number of Japanese business researchers per 1 000 labour force is also the third highest among OECD countries (see Annex 2). In terms of funds and researchers, Japanese firms have enough R&D resources to maintain innovative activities. However, due to low innovation performance in Japan, it must be borne in mind that the resources of private Japanese companies have not effectively boosted technological innovation.
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This asymmetry between input and output stresses the importance of technology management in private companies. The Japanese semiconductor industry, a typical sector that lost in competitiveness in the early 1990s, is one example. Japan’s semiconductor industry accounted for approximately 50% of the world market share in 1988; however, this figure fell to 27% in 2001. In contrast to Japan, the US share increased from 35% to 53% (Japanese Government, 2003b). Although many factors may be behind this inversion, it can be explained in part by the differences in technology strategy between Japanese and US semiconductor companies. Between the late 1980s and early 1990s, the US semiconductor companies modified their technology management in line with a “core competence” strategy in order to adapt themselves to the circumstances of the time. Companies chose more profitable product segments in which to channel their resources and left or outsourced unbeneficial and costly fields. For example, Intel Corp. left the DRAM fields and concentrated its resources on MPU and flash memory. This product segment strategy brought the top share of segments and a high rate of return to the company. On the other hand, Japanese companies tried to cover entire market segments and thereby split their resources. At the same time, the industrialisation cost of the new technology rose very sharply in the semiconductor industry with the rapid technological developments. The cost of a production line for semi-conductors was JPY 20 or 30 billion in 1980s, while the latest cost estimation is around JPY 200 billion (Industrial Structure Council, 2002). This dramatic change requires resource concentration, whereas Japanese companies have been lagging behind this trend.
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As described in the above example, i) business strategy based on the core-competence concept and ii) outsourcing of non-core activities may be the key factors for business management in the next decade. Management of technology (MOT) in line with the corecompetence concept needs to be stressed as part of an innovation-based business strategy in private companies. In addition, strengthening IPR strategy and accelerating ICT use, both indicated as weaknesses of Japanese R&D, are required for effective acceleration of outsourcing.



Management of technology MOT has recently been highlighted in the Japanese business sector. A statement made by an executive of a Japanese electronics company can be considered as one example of a core-competence business strategy. R&D projects are categorized into three types: i) Core projects. No external resources are involved in projects because businesses want to keep project outputs exclusively. ii) Co-operative projects. Businesses want to keep projects under their control but do not need to keep all results exclusively. They involve external resources and share the results with them. iii) Outsourced projects. After setting project goals, businesses outsource the projects, including planning and implementation. In addition to the above three categories, one more category can be identified as a form of technology management in private companies: iv) Technology monitoring. Companies monitor technology developments in their specialised fields, adopt some of them, and license them for commercialisation.
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The Japanese government has also pointed out the necessity for capacity building of human resources for MOT. In comparison with the United States, the capacity of MOT education in Japan (such as the number of MOT Master’s courses and MOT Master’s degree holders) is extremely small (METI, 2002). In light of the above, the importance of establishing MOT courses in Japanese universities was stressed in the June 2001 Interim Report of the Headquarters for Industrial Structural Reform and Employment Measures (Japanese Government, 2001). Another indicator of human resource capacity in MOT in the business sector is a survey of 2 143 business CEOs which showed that only 28% of total CEOs graduated from science or engineering schools. Furthermore, more than 60% of manufacturing companies indicate that the share of science or engineering graduates to total executives is less than half (MEXT, 2003). Although it is difficult to assess the correlation between executives’ academic background and the innovation potential of firms, better education in MOT is expected to have a positive effect on high-level technology management in the industrial sector.
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IPR strategy The key to IPR strategy is a good balance between patent protection and technology/ knowledge diffusion. However, Japanese IPR strategy has not evolved enough in the light of technology diffusion, especially in efficient use of patents. With the quantitative indicator of the “triadic” patent families per million population, Japan ranks third among the 30 OECD countries. This illustrates the fact that Japan has produced a large number of patents (Annex 2, Figure A2.3). On the other hand, another survey shows an inefficient use of patents in Japan; results indicate that nearly two-thirds of registered patents by Japanese companies are idle and more than half of them are open patents, i.e. licensable to other companies (METI, 2002). Although this situation cannot be compared internationally due to a lack of comparable data, there is evidence of a great opportunity for Japan to activate sleeping patents. In terms of current patent applications in fields of future growth such as biotechnology, Japan stands in a weak position both in absolute number of patents and balance of applicants. Comparison between US, European and Japanese triadic patent applications in 1997 shows that Japan is largely behind the US and Europe in life-science related fields such as genetic engineering, biotechnology and pharmaceutical and medical equipment, although data are not quite up-to-date (Japan Patent Office, 2003). In addition, an imbalance can be observed in life science-related patents. For instance, the distribution by type of applicant in Japan is very different from that in the United States. In Japan, almost three-fourths (72%) of post-genome3 patents are filed by large companies. The share of universities and public institutes is 16% and that of start-ups is 12%. In contrast, most US patents in the life-science field are filed by universities and public institutes (49%) and Technologies after the genomic structure analysis.
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have developed an internal system to enhance direct communication between researchers and customers. In this system, researchers maintain a direct dialogue with customers concerning desired technologies, and make a business plan to commercialise their research activities in line with customer demand. Such efforts to maintain strong communication between R&D and marketing are needed to commercialise technological achievements effectively and properly.
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The extremely low rate of internationally co-invented patents in Japan may be one cause of Japan’s weak technology diffusion market in international technology transfer. European Patent Office (EPO) data show that Japan is ranked last in percentage of patents with foreign co-inventors (Figure 4.11). In addition, Japan is ranked lowest both in foreign ownership of domestic inventions and domestic ownership of inventions made abroad (OECD, 2003a). These facts indicate that Japan’s IPR strategy is not sufficiently internationalised. In order to activate the global technology diffusion market in Japan, it needs a strong internationalisation strategy in its IPR system.
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start-ups (38%). The share of large companies is only 13% (Japan Patent Office, 2003). The US case can be considered as evidence for active technological outsourcing in the biotechnology field. On the other hand, the Japanese case indicates a weak IPR strategy in private companies as well as universities, and stagnant venture activities which could play a large role in technology transfer. In Japan, IPR strategy for technology outsourcing needs to be enhanced in order to develop a technological core-competence strategy in the business sector.
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As discussed above, Japan needs to direct IPR policy toward efficient IPR use, which can accelerate technology interactions among large companies, universities, public institutes and start-ups. With such active outsourcing, large companies can concentrate their resources in core-competence fields. Government policy measures also need to be reviewed in order to activate technology diffusion markets in Japan. The Intellectual Property Strategic Programme was established in July 2003 following the enactment of the Basic Law of Intellectual Property. The programme stated that it is necessary to encourage private companies positioning the IPR strategy at the centre of their management. Following the enactment of the programme, the Japanese government published three sets of guidelines for supporting IPR strategy planning in private companies: one for IPR management, one for trade secret management and one to prevent technology drain. Japan has also begun discussion on standardisation of IPR management so effective IPR strategies can be followed by private companies. Preparation for a common method of measurement of intellectual property value is also coming up on the government’s agenda.
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1. The European Union includes the EU25 and is treated as one country; intra-EU co-operation is excluded. Source: OECD, Patent database, January 2005.



Enhancement of patent mobility among private companies also has potential to support innovative activities in light of the large portion of idle patents kept by Japan’s private sector, as mentioned above. The Japan Patent Office (JPO) therefore plans to establish a “market for intellectual property” to organise patent matchmaking among R&D sectors. Policy measures to support the patent market, such as establishing a “matchmaking navigators system”, preparing patent databases, and organising patent matchmaking seminars/fairs, have been designed by JPO (Japan Patent Office, 2003).



ICT use ICT use must also be highlighted as an accelerator of efficient outsourcing. It can be helpful in increasing firms’ efficiency, lowering transaction costs and leading more rapid innovation (OECD, 2003d). Although Japan has kept its relatively strong position in ICT investment by international standards, its contribution to productivity growth is significantly lower than what could be expected from the large asset that Japan has. For example, Japan holds many ICT patents compared to other OECD countries. In an international comparison of ICT patents at the EPO, Japan’s share amounts to almost onequarter, which is the second largest share following the US (OECD, 2003c). On the other hand, Internet use and electronic commerce by enterprise in Japan is much lower than in other OECD countries; and in data on Web sites by country per 1 000 inhabitants, Japan is ranked almost last (OECD, 2003a). These data indicate that Japan does not use its ICT
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Figure 4.12. Contribution of ICT-using services to labour productivity growth in some countries
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assets effectively. As a result, in data showing the contribution of ICT-using services to annual average labour productivity growth, Japan is categorised among the “countries where productivity growth in ICT-using services deteriorated”, showing a sharp decrease during 1990s (Figure 4.12). In this context, Japan needs to accelerate more efficient ICT use in order to facilitate outsourcing from the private sector.
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Note: ICT-using services include wholesale and retail trade, financial services, insurance and business services. Source: OECD, Seizing the Benefits of ICT in a Digital Economy, 2003.



Physical inputs Japan has large industrial agglomerations on its territory. Most parts and materials can be delivered in a short time and several times a day. This structure supports the “just in time” system of assemblers in which production costs can be reduced by avoiding to keep large stocks of components. This system gave Japan a strong advantage in process innovation. Currently, this procurement system in Japan has become one of an open network type. Due to the severe cost competition with newly developed Asian countries, Japanese assembling companies expanded their procurement worldwide with the slogan “purchase from anyone who can supply high quality at a low price”. Under the new concept of procurement, some companies have outsourced several components even at the development stages. However, even in such cases, core technology is still kept within the company in order to maintain technical advantages. This can be considered as an example for core-competence strategy in the procurement field. Advancement of ICT may enhance such “core-competence and outsourcing” strategies since it can reduce costs and save time in procurement processes. Productivity growth in manufacturing-related service activities can also give a significant impact on further acceleration of outsourcing.
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In order to activate the technology diffusion market, scientific outputs must be transferred widely and smoothly from the scientific sector to the business sector; and private companies must be able to access scientific results easily. In this decade, the Japanese government gives high priority to strengthening science-industry linkages in its R&D policies. The results of these efforts can be seen in the data showing a current increase of joint research activities between private companies and national universities, and an increasing number of business-funded research projects performed at national universities (Figure 4.13). However, international comparison shows that the performance of science-industry linkages in Japan remains at a rather low level. Business-financed R&D performed by government or higher education as a percentage of GDP is 50% of the OECD average; and business-financed R&D performed by higher education as a percentage of GDP is 68% of the OECD average (Annex 2, Figure A2.3). Further evidence of weak linkages between science and industry can be observed in the average number of science papers cited in US-issued patents. According to the data, Japan has stayed at the bottom position since 1987. In addition, other countries such as the United States, Canada and the United Kingdom showed rapid growth of citations in the 1990s, while the number of Japanese citations grew much more slowly over the course of the decade (Figure 4.14) (OECD, 2001b). This suggests that Japan needs to improve its science-business linkages more actively.
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Figure 4.13. Research outsourced to national universities Amount of funding
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Source: Ministry of Education, Culture, Sports, Science and Technology of Japan.
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Figure 4.14. Science linkage in selected countries, for all patents
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Source: OECD Science, Technology and Industry Outlook – Drivers of Growth: Information Technology, Innovation and Entrepreneurship, 2001.



The business sector’s low level of interest in Japanese universities may be due to the imbalance between research fields in Japan, as described in the section of this chapter on scientific output. There is an observation that less scientific output in universities led to the establishment of “basic research institutes” and the enhancement of internal scientific supply in private companies. The other potential reason for Japanese companies’ reluctance to co-operate with national universities is that Japanese universities do not seem to carefully protect intellectual property. Industries, especially in the pharmaceutical field, rather prefer foreign universities to Japanese universities because they can conclude clearly defined contracts with them (OECD, 2002b). IPR strategy in Japanese universities therefore needs to be improved in line with the preferences and requirements of industrial sectors. It has also been pointed out in OECD reports that public research institutes do not have strong incentives to enter R&D contracts with private companies because of financial rigidity. For the last two decades, government spending for national research institutes has decreased because of the tight national budget. Therefore, when national research institutes were funded by outside organisations, they were usually obliged to reduce their own research budgets so government funds could be allocated to other activities, such as newly started research (OECD, 2002b). In addition, rigid and burdensome institutional rules also discouraged public research institutes from entering R&D contracts with private companies. This shortcoming of public research institutes is expected to be removed following re-organisation of government institutions. In the new system, each public research institute has to manage its own budget by itself and a more business-oriented manner will be required of them. For example, after the re-organisation of the National Institute of Advanced Industrial Science and Technology (AIST) – once an institutional body of MITI (Ministry of International Trade and Industry4, Japanese government) – the number of business-sponsored R&D projects rose from five to 131 in two years.



4. Now the Ministry of Economy, Trade and Industry (METI) (reorganised at the beginning of 2001).
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Universities and public research institutes are expected to maintain a large potential for innovation. Therefore, it is obvious that strengthening the linkages between universities/public research institutes and industries can play a great role for accelerating innovative activities in Japan. Based on the above consideration, the Japanese government has introduced various supporting measures. For example, it has introduced a support system for technology licensing offices (TLOs) in order to accelerate transfer of technological assets owned by the scientific sector to industries. Following the establishment of the TLO Law to promote technology transfer from universities to industry, various supporting measures for TLOs have been introduced, such as reductions of patent fees, provisions for free use of national university institutes (i.e. office space) and subsidies for TLO operating costs (up to two-thirds of the cost for not more than five years). Four years after the TLO law was enacted, 36 TLOs have been established and more than 1 400 patents were registered in FY 2002. The number of such outputs is continuously growing. The deregulation of dual employment of national researchers is expected to contribute to a further activation of TLOs because such deregulation makes it possible for national researchers to be appointed as executives of TLOs. Human resource development for good technology management and marketing is also needed for further achievements in TLOs. The other policy measure is enhancing the spin-offs from scientific sectors. With the goal of achieving 1 000 spin-offs originating from universities and public research institutes in three years, the Japanese government is planning support measures for spinoffs, including the activation of TLOs. After the establishment of the TLO Law, the number of spin-offs from universities increased dramatically and reached more than 500 in early 2003 (METI, 2003). However, since this was still below the target for 2004, further encouragement for spin-offs is needed. The current relaxation of regulations concerning the dual occupation of national/public researchers is also expected to give 5. Now the Ministry of Education, Culture, Sports, Science and Technology (MEXT) (reorganised at the beginning of 2001).
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capacities of basic technologies to private companies, may be a potential cause of the reluctance of Japanese companies to access outside organisations (European Commission et al., 2001, Sakakibara et al., 2003). On the other hand, there is the opposite view claiming that the private sector’s low expectations about scientific supply from the higher education sector may lead to the initiation of own basic research. Conversely, discussion in the United States about the role of basic research institutes in private companies as the centre of communication with academia points out that US companies did not have the same relationship with the science sector after they downsized their basic research institutes in order to concentrate their resources. Based on the above, a cause-and-effect relationship between the establishment of BRIs and weak science-industry relations in the 1980s cannot be clearly identified; however, the present business situation shows growing expectations of business vis-à-vis academia. A survey conducted by the Science and Technology Agency of Japan (STA)5 shows that the industries’ greatest motivation to cooperate with universities is “access to research capabilities not available in-house”; and the greatest motivation to co-operate with public research institutes is “access to research facilities not available in-house” (OECD, 2002b). This can be considered as a sign of the current strong demand in the business sector for enhancing linkages with the higher education/public sectors.
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The other measure to promote technological innovation activities involves incubators in which innovative companies can access science and technological outputs easily. The incubators have two expected roles: 1) fostering start-ups and 2) enhancing technology transfer.
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more flexibility for national research bodies to initiate venture activities. In addition, R&D activities in universities/public institutes need to be managed in consideration of industry demand in a competitive environment. Such reform of the R&D environment in the public sector can provide better opportunities for start-ups to access scientific results.
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• An example of the first role is Kanagawa Science Park (KSP), which was established in 1989 as the first and largest incubator in Japan. It provides research space and other infrastructure including meeting facilities. Tenant companies can be supported by two public institutes which provide technological training and consultation on technology transfer. The number of tenants has increased to more than 100; most of them are R&D companies and start-ups.
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• A typical example of the second role can be observed at the Kazusa Academia Park mentioned earlier. The Kazusa Incubation Centre was established in order to provide industries with research space and facilities for biotechnology. Tenants can access the research results of the Kazusa DNA Research Institute on line and can commercialise scientific achievements provided by the local research institute. Present tenants include not only pharmaceutical companies but also research institutes of automobile and automotive parts manufacturers, which try to break ground in different fields.



Effectiveness of market processes Deregulation and improving competition can be effective policy measures in creating a competitive environment in innovative sectors. The rapid diffusion of DSL (digital subscriber line) services in Japan following the introduction of a new competition policy is a good example. Before 2000, when Internet was becoming increasingly popular in Japanese households, two major problems came to light: high price and low transmission speed. The diffusion of broadband was a major necessity, and DSL technology was also highlighted. In order to introduce DSL in Japan, it was necessary to open the existing telephone network to DSL service providers and instate rules for DSL service. Against this background, the Ministry of Post and Telecommunications6 formed a DSL technology task force and proposed policy measures on competition and deregulation in DSL services, including a request to NTT (Nippon Telegraph and Telephone Corporation), owner of the telephone network. Following the rule and standard setting under the Telecommunications Business Law, the competitive environment for private DSL has affected the broadband market in Japan and resulted in a significant reduction of prices. The number of DSL subscribers in Japan has grown rapidly in contrast with slow growth of cable-modem subscribers. In this manner, competition policy measures introduced by the government have contributed to the diffusion of innovative technologies.



6. Now the Ministry of Public Management, Home Affairs, Post and Telecommunications (reorganised at the beginning of 2001).
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markets needs to be ensured by regulatory and competition authorities for further technological progress. Alternative technology must be treated neutrally and new entrants must not be denied access to existing markets (OECD, 2003d). The Japan Fair Trade Commission (JFTC) started tackling one of these issues with the “Report of the Study Group on the Antimonopoly Act” which was published in October 2003 and in which “essential facilities” were highlighted as an area involving anti-competitive behaviour. These “essential facilities” are defined as those “facilities whose use is necessary and indispensable when providing goods and/or services” such as a telecommunication or gas supply line. For instance, denying new ADSL service providers the connection to a telecommunication line is identified as an example of anti-competitive behaviour (JFTC, 2003). Although this issue is still under discussion in Japan, measures to ensure market competitiveness should be improved to further accelerate innovative activities of new entrants. Simplifying government administrative procedures should also be given attention in order to remove barriers to innovative activities and entrepreneurship. According to OECD data comparing regulatory barriers which include “barriers to competition”, “regulatory and administrative opacity” and “administrative burdens on start-ups”, Japan is ranked fourth worst of 21 OECD countries (OECD, 2001b). Based on the fact that “regulatory and administrative opacity” and “administrative burdens on start-ups” are large parts of regulatory barriers covered in the data, not only deregulation but also relaxations of government procedures can create more competitive markets for entrepreneurs and boost innovation in the newly created market. In order to reduce burdensome administrative procedures for SMEs, including start-ups, establishing ICT-based “one-stop service” can be considered as a potential solution. It can also be one of the accelerators for expanding ICT use, which is a significant target of Japan’s NIS as discussed in the previous section.
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public network could be decided only by telecommunication operator. Failing this, cell phone manufacturers could not develop and produce phones freely. In order to establish a competitive environment in the cell phone market, the Japanese government amended the relevant law, standardised the required technological specification of cell phones and relaxed regulation. After this deregulation, any company producing cell phones fulfilling the technological specification could enter the market. This deregulation, which came as mobile phones were becoming increasingly popular, allowed for market competition among newly entered manufacturers and led to technological innovation in cellular phones. As described in the section of this chapter on demand, strong consumer demand for high-technology products accelerated technological innovation. This example provides clear evidence of the sequence of deregulation, competition, innovation, demand increase and further innovation (Industry Structure Council, 2001).
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Figure 4.15. Share of services in business R&D, 2001
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Source: OECD, Analytical Business R&D (ANBERD) database, January 2005.



Service sector innovation Innovation in the service sector must be also highlighted, although this study mostly focuses on innovation in the manufacturing sector. It has been pointed out that innovation in the service sector can have large impacts on economic performance in any country. Since the service sector currently accounts for nearly 70% of total GDP and employment in the OECD countries, innovation in the service sector is expected to contribute to increased productivity and revitalisation of the economy. On the other hand, service sector innovation is a weak area in Japan. For example, OECD data show that Japan maintains the lowest share of services in business R&D among OECD countries (Figure 4.15). Although the services data involves measurement difficulties, this is evidence of the need to vitalise innovative activities in the Japanese service sector. Since innovation characteristics in the service sector are largely different from those in the manufacturing sector, it can be easily thought that innovation in the service sector is not necessarily brought about by R&D activities. A type of study which differs from studies in the manufacturing sector is therefore required. Against this background, the OECD Study on Enhancing the Performance of the Service Economy, which was initiated by the OECD following a Japanese proposal at the 2003 meeting of the OECD Council at Ministerial level, is attracting high interest. ICT use in business including manufacturing has been playing a great role in boosting innovation and ICT-based business services can be one area with great potential. With rapid aging of society, health care services and nursing services will be the other highlighted sector. For instance, biotechnology-based healthcare services supported by ICT, such as remote diagnosis, can be considered as one potential area if proper deregulation in the health and welfare sector occurs. Education services can be a potential field of service innovation as human capacity-building has come to play a great role in technological innovation. Reflecting current public concerns, safety and security - including in the area of ICT - may also be a future potential field.
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Following the downturn in innovation performance of the early 1990s, Japan is at a turning point in its move toward an R&D environment with active innovation. In Japanese manufacturing, international competitiveness based on cost advantages was lost after the rapid entry of newly developed countries in Asia. As mentioned in the beginning of this case study, incremental innovation alone cannot support Japanese industrial competitiveness as before. Japan therefore needs to fundamentally reform its NIS and create an innovation-driven environment. The key points of reform toward an innovative environment are creating a knowledge-intensive society and enhancing the technology diffusion market. In order to achieve these goals, the public sector, including universities, needs to be reformed in the direction of a competitive environment and demand-oriented management. Human resource development, especially internal/external mobility, also should be accelerated. Establishment and activation of start-ups must be supported strongly, and technology management of the business sector also needs to be enhanced. The use of IPR is indispensable for technology diffusion; a strong IPR policy should be implemented especially to accelerate efficient use of sleeping patents. National R&D policies are required to be targeted to growing fields of future demand. Among these potential promotion measures, ICT can work as a common tool for policy implementation and business practices. Since Japan is a weak ICT user, as indicated in this study, a strategy for an acceleration of ICT use is required. In addition, innovation in the service sector is highlighted through the OECD study on the service economy.
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In addition, relations between R&D outputs and innovation performance have not yet been clearly identified. The relation between innovation performance and economic performance is also not easily identifiable. For this reason, the innovation process still deserves further and more detailed study. The type of innovation can be different from sector to sector; however, its characteristics have not been studied in detail so far. Therefore, the Ministry of Economy, Trade and Industry of Japan kicked off a study of the innovation system in 2003. The study consists of several projects, each of which is targeting a specific sector. Industries and academia, as well as government institutions, join together in each project. Although the study will take several years, mid-term results are expected.
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consumer of manufacturing products, and the manufacturing industry is a big customer of services. Therefore, it will be strongly expected that the results of both studies on innovation in manufacturing and in services provide meaningful inputs to each other, and together contribute to future growth of productivity.
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The Netherlands is one of the most affluent countries within the OECD. Its high level of income and wealth is based on a highly open economy. Openness has been highly beneficial for the country’s long-term development. It also requires rapid and thorough adaptations and policy responses to shifts in the international environment. As a matter of fact, the Netherlands has entered a challenging phase. After more than a decade of high growth it has seen a sharp decline in its macro-economic performance in the course of the most recent downturn of the business cycle. These developments have exposed some weaknesses in Dutch economic performance, in particular a weak productivity growth. For high economic growth to be sustainable in the longer term, a new growth paradigm, based on productivity increases as a major driver is warranted. Innovation has been identified as an important source of long-run productivity growth moving science, technology and innovation policy to the core of economic policy making.
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The Netherlands has a great and long-standing tradition of excellence in science and technology. Its science base still excels in many areas, and the innovative performance of the Netherlands is generally regarded as high. Nevertheless, there are features of the Dutch innovation system that contribute to a lack of dynamism observable for some time now. As a consequence, the Netherlands has been losing ground in innovative performance vis-à-vis a number of high-performing economies. At present, the Netherlands does not sufficiently succeed in translating the results of scientific research into economic performance. Furthermore there are new challenges ahead. One of these challenges to be addressed is an imminent shortage of skilled personnel, in particular in science and technology, but also the impact of globalisation of R&D. Recent studies of the Dutch innovation system, including the innovation governance system provide a sound base for an assessment and for informing policy and demonstrate scope for improvement. While the innovation governance system works rather well in general, it needs to be streamlined and adapted to new challenges and to develop an efficient policy mix adapted to the situation and objectives. This chapter provides a survey of the innovative performance of the Netherlands, highlighting the specific strengths and weaknesses of the Dutch innovation system. Against this background, major policy challenges posed in the present phase of the Netherlands’ macro-economic development and by changes in the international environment are discussed. In accordance to an overall strategy to raise productivity growth, the government of the Netherlands is giving high priority to innovation. In accordance with this commitment, a number of major policy responses have been formulated recently. There are significant resources and skills the Netherlands can rely upon in order to embark on a growth trajectory that is, more than in the past, driven by innovation.
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Based on one of the most open economies in the world, the Netherlands is among the OECD countries with the highest income per capita. In terms of GDP per capita based on current purchasing power parities, the Netherlands ranks 8th among 30 OECD countries (2002). In a long-term perspective, the economic development of the Netherlands after World War II was characterized by an extended period of high growth (Maddison, 2001) resulting in a process of catching up with US income levels that lasted until the mid 1970s. Subsequently, the Netherlands lost some ground but managed once more to stay roughly at a par with the US in the 1990s – which is a significant achievement given the dynamism of the US economy during that period. The so-called “polder model” provided the institutional framework for much of the Netherlands’ growth experience.
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Economic growth of the Dutch economy has not always been smooth, however. The Netherlands had to overcome a difficult phase in its economic development in the 1980s. This phase was characterised by a mismatch of productivity and wage increases. In response, the Wassenaar Accord concluded in 1982 between business and labour unions, and later endorsed by the government comprised of a specific combination of cost cutting and institutional reforms, including incentives. The trade unions promised wage moderation and acceptance of more decentralised wage bargaining in exchange for a stronger emphasis on job creation. The government promised fiscal consolidation and lower taxes. As a result, real wages were reduced and increases in unit labour costs remained below the EU15 average (Aiginger, 2003).
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Economic growth in the Netherlands then rebounded and has been more dynamic than that of the European Union and the OECD on average (Figure 5.1). In fact, the Netherlands has been among those few already affluent countries which were able to achieve rapid growth in that period. The 1990s saw a substantial increase in the employment rate (the ratio of employed persons to the working age population), including increases in employment among the low skilled. Indeed, the increase in the employment rate has been the major driving force of GDP per capita growth in the 1990s. In the recent past, economic performance of the Netherlands has been much less favourable. The Dutch economy was particularly hard hit by the most recent cyclical downturn. In 2000, growth declined markedly while inflation picked up again. In 2003 the Dutch economy was in a recession from which it is emerging now. The Central Economic Plan 2004 of the CPB Netherlands Bureau of Economic Policy Analysis projects recovery from the recession to be slow. This is mainly attributed to a significant deterioration in competitive position of the Dutch economy. The OECD Economic Outlook observes that GDP growth has turned around at the end of 2003 but is still expected to be subdued (0.9%) in 2004 (OECD, 2004c). Cost competitiveness is expected to be restored by a freeze on contractual wage rates in 2004-05 agreed by the social partners.
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Figure 5.1. Annual growth rates of GDP
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Source: OECD Economic Outlook, No. 75, June 2003.



The recent downturn of the business cycle has exposed some more fundamental problems afflicting the Dutch economy. At the core of these difficulties lies low productivity growth performance. A closer inspection of the growth pattern in the 1990s shows that the largest contribution to growth of GDP per capita is due to increased labour utilisation, i.e. changes in the ratio of employment to working-age population (Figure 5.2). Thus, growth was to a large extent factor-driven. In contrast, growth attributable to changes in GDP per person employed (a measure of labour productivity) was rather weak, not just relative to the contribution of other drivers of growth but also by international standards. The change in the ratio of working-age population to total population had a moderately negative impact on GDP per capita growth. All in all, this pattern is rather unique among OECD countries. No comparable OECD member country evolved along a growth path that was less productivity-driven. Consequently, this raised questions concerning the underlying pattern of economic growth which has been highly successful in the past but may not be sustainable in the future. It should be borne in mind, however, that the Netherlands’ level of output per capita is still high by international standards, and the level of productivity in terms of GDP per hour worked exceeds that of the United States.
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Figure 5.2. The driving forces of GDP per capita growth, 1990-2000
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Partly, weak labour productivity growth in the Dutch business sector in the 1990s is attributable to the additional employment of less productive low-skilled workers (Donselaar, Erken and Klomp, 2003). Underlying the poor overall productivity growth performance in the 1990s there are significant differences between sectors and industries. While labour productivity growth per employee in manufacturing was broadly in line with the international mainstream, productivity growth in services has been exceptionally low. It has been particularly poor in construction (where productivity actually decreased) and in the wholesale and retail trade where productivity growth was one of the weakest in the OECD (OECD, 2004b, p. 90). Overall, in the period 1990-2001, growth of labour productivity in business sector services – which amount to 48.4% (2001) of total value added – has been weak (at 0.5% annually), and even slightly negative (-0.3%) in the preceding decade, 1980-1990 (OECD, 2003c, p. 139).
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Further evidence shows that the slowdown in labour productivity growth (Figure 5.3) mirrors a steady decline in multi-factor productivity growth (Figure 5.4). The decline in multi-factor productivity growth in the Netherlands went hand in hand with a decline in business R&D intensity between the 1980s and the 1990s. This is in line with the finding of the OECD Growth Project (OECD, 2001) that countries where business enterprise R&D expenditure (BERD) has increased most have typically seen the largest increase in multi-factor productivity. By various measures, the Dutch economy is one of the most open economies in the world. The degree of internationalisation manifests itself, for example, in figures on international trade, foreign direct investment (FDI) as well as in various measures of openness the of the science, technology and innovation system. The Netherlands has one of the highest trade-to-GDP ratios (average of imports and exports as a share of GDP) amongst OECD countries (64.6% in 2001), only surpassed by Ireland, BelgiumLuxemburg and three central European accession countries (OECD, 2003c, p. 105).
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Figure 5.4. Contribution to hourly labour productivity growth, 1980-2000
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FDI flows are very significant. Even in absolute terms the Netherlands – together with large economies such as the United States, the United Kingdom, France and Germany as well as Belgium-Luxemburg – is among the OECD countries with the highest outward and inward FDI flows. Given the size of its economy, this makes the Netherlands one of the most open countries in these terms. The levels of both inward and outward mergers and acquisitions (M&A) activities are very high (OECD, 2003c, p. 115). This evidence is in line with the observation that restrictions to FDI are amongst the lowest in the OECD area (OECD 2004b, p. 98). A high and rising degree of globalisation – although not in all aspects – can also be observed in the science and innovation system. The issue of openness of the Dutch economy will be taken up once more, e.g. in connection with the effectiveness of the market process. High technology has a comparatively high share in manufacturing exports of the Netherlands, viz. 29.8% (OECD 26.5%, EU15 23.5%), just 1 percentage point below Japan but much further below Ireland, the UK, US and Switzerland (OECD, 2003c, p. 148). In contrast, the share of medium-high technology in Dutch manufacturing exports – being of a similar magnitude (29.0%) – is comparatively low by international standards (OECD 40.3%, EU15 40.2 %). Thus, the export structure is more than in other OECD countries polarised between high-tech on the one side and a still rather large segment of medium-low to low-tech exports on the other. In terms of contribution to the trade balance, the Netherlands has a comparative advantage (OECD, 2003c, p. 150) in both low and medium-low technology and a comparative disadvantage in high technology and, to a lesser extent, medium-high technology. The share of high-tech industries in manufacturing value added (12.1% in 2001) is below the EU15 average of 14.1% (European Commission, 2003a) and lags far behind that observed in leading countries such as Ireland (30.6), Finland (24.9%) or the US (23.0%). The Netherlands has a significant ICT services sector in terms of its share in total business sector value added (8.6% as compared to an average of 6.7-6.8 in the OECD and in the EU15 in 2000) and employment (6.7%). In comparison, ICT manufacturing is much less important in terms of its share in value added and employment
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Accordingly, the OECD Economic Survey of the Netherlands 2004 concludes: “increasing productivity growth is the greatest policy challenge facing the Dutch authorities as this is the most important means of raising living standards in the long term” (OECD, 2004b, p. 34). Productivity growth can be increased by strengthening entrepreneurship and competition, fostering innovation and research and improving human capital. As emphasized by the OECD Growth Project innovation is a key determinant of sustained productivity growth. This emphasis on productivity growth has implications for the overall policy mix. As innovation is a key driver of productivity growth there is an increased need to integrate innovation policy into general economic policy.
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The Dutch innovation system – strengths and weaknesses Overall, the innovative performance of the Netherlands can be regarded as being high. This assessment is supported by a number of comparative studies including international benchmarking exercises based on different sets of indicators measuring inputs, throughputs as well as outputs of the innovation process. Among others, these studies typically identify: • A strong national science base and a high quality of scientific research. • A strong base in public research, in particular in applied public research characterised by a high share of co-funding by industry. • High innovative performance in terms of patenting, mainly performed by large multinational companies of Dutch origin. • A rich endowment with Human Resources in Science and Technology (HRST). • A widespread use of ICT and access to its applications. • A high degree of openness and general framework conditions that are, by and large, conducive to innovation. At the same time there are some salient features of the Dutch innovation system that tend to weaken the innovative performance of the Netherlands. The loss of dynamism observed in the Dutch innovation system and some aspects of its performance is associated, in particular, with the following factors:
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As noted above, the recent drop in economic performance has drawn attention – beyond the transitory aspects – to some fundamental characteristics of the growth pattern of the Dutch economy in the 1990s. Factor-driven growth identified as having been predominant in the 1990 has its limits. There are indications that the Netherlands has been gradually approaching these limits as the participation rate increased and became high by international standards. There is still scope for relaxing these constraints by tapping into additional sources of labour supply. At the core of proposals aiming in this direction is a reform of the generous disability scheme (known as the WAO) currently in place. At the same time it remains true that raising productivity growth is the major challenge in order to realise a sustainable path of high growth in the medium and long run.
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• Growth of investment in R&D performed in the Netherlands is weak, resulting in a stagnation of overall R&D intensity.
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• Interaction between the actors of the NIS, in particular between industry and academia, is perceived as being sub-optimal.
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• Innovative entrepreneurial activity is seen as being insufficient, resulting, for example, in a relatively small high-tech sector, few spin-offs from research institutions and insufficient firm growth. There are indications for shortcomings in financing of early stages and high-risk ventures of innovative companies.
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• Business sector expenditure on R&D (BERD) as a share of GDP has not been increasing in recent years while it has surged in comparable countries and in the OECD area as an entity.
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• One particular aspect of weaknesses both in industry-science relations and in entrepreneurship is a shortfall in commercialisation of results turned out by the country’s significant research sector. This, of course, is a diagnosis that does not just apply to the Netherlands but to Europe as a whole (“European Paradox”).
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Some of the symptoms clearly point at problems related to the interactions within the Dutch innovation system and its governance mechanisms, including incentives guiding the behaviour of actors in the NIS. Deficiencies in these interactions combined with a lack of entrepreneurship imply that the use made of the country’s strong science base, its highly skilled workers and good infrastructure is less than optimal. This implies that there is scope for improvement. One issue deserves particular attention since it may, for several reasons, be expected to pose a serious challenge in the near future: • There is an imminent shortage of skilled personnel, in particular in science and technology. Demand by industry is not sufficiently matched by the outflow from the education sector. Various factors may aggravate this mismatch in the absence of an appropriate policy response covering, in a co-ordinated manner, the education and social security system, labour market and immigration policy. Addressing these weaknesses is particularly important in an environment where a number of countries with initially less favourable performance in science, technology and innovation continue to show greater dynamism und have thus been able to engage on a process of catching up and, in some cases, taking over initially better-placed countries such as the Netherlands. As will be shown in the following, recent policy responses of the government of the Netherlands are based on recognition of the problem areas in the Dutch innovation system and are focussed on the major issues. International comparisons confirm the view that the Dutch NIS does have the resources and means for the changes required by the new environment. Nevertheless, sustained efforts in innovation policy are required.
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Growth of gross expenditure for R&D (GERD) has been slow in the Netherlands for an extended period of time. In this respect, the Netherlands is rather akin to the large, R&D-intensive economies in Europe and to Japan – which tended to have a low economic performance in the 1990s and beyond – than resembling the high-performing smaller European economies. In the period 1996-2000 R&D expenditure increased on average by 2.9% per annum, against an OECD average growth of 4.7% (1995-2002) and still higher growth rates in the most dynamic economies. Taking a longer-term perspective it has to be noted that the position of the Netherlands as a location for R&D measured by total R&D intensity (ratio of GERD to GDP) has weakened over time. Total R&D intensity peaked in 1987 at 2.19 (well above the EU average of 1.92 at that time) dropping to about 1.9 by the early 1990s. In the second half of the 1990s, a period of high macro-economic performance, R&D intensity fluctuated around 2%. In 2001 Dutch R&D intensity was at 1.89, even slightly below the EU15 average (1.93).



Le



c tu



r



An



This pattern is mirrored by the development of industry-financed GERD as percentage of GDP. After having reached a peak in 1987/1988 (1.14), it has been stagnant at around 1% in recent years. In 2001 this ratio was 0.98, which is somewhat below the EU15 average but far below the most R&D-intensive countries in Europe such as Sweden (3.07) and Finland (2.42). Moreover, the latter, just as the United States, showed a markedly rising trend in industry-financed R&D. To some extent the sluggish development in the Netherlands reflects an increased outsourcing of R&D to research facilities abroad. Associated expenditures are, by definition, not reflected in the Dutch GERD figures. An investigation of where R&D activity in the Netherlands is actually taking place (in terms of the sector of performance) shows a similar pattern. The ratio of business enterprise R&D expenditure (BERD) to GDP has been fluctuating around 1.10% in recent years. In contrast, one can observe a pronounced rising trend in a number of highperforming countries in Europe such as Denmark, Finland and Sweden as well as in the OECD area as an entity. Partly, the lack of dynamism of R&D in the Dutch business sector is a reflection of increased outsourcing of R&D within the Netherlands through contract research. R&D intensity of Dutch industry measured by BERD as a percentage of value added in industry (1.63 in 2001) is clearly below both the EU15 (1.81) and OECD averages (2.20) and falls short of the R&D intensity in the Dutch business sector in the middle of the 1980s. Changes in the pattern of financing R&D carried out in the Netherlands have been substantial. For example, the funding of R&D in the Netherlands by foreign sources increased substantially in the 1990s. The share of foreign funds in GERD is now 11.0% (2001). Today, funds from abroad play a significant role in financing R&D performed in the business enterprise sector (14.4% of BERD in 2001). Indeed, the process of globalisation of R&D is taking place both ways, e.g. in terms of both inward and outward flows of funds for R&D. This process of globalisation is multi-faceted and associated social costs and benefits not easily assessed. In the public discussion in the Netherlands the “outward dimension” – combined with continued concerns about a possible largescale re-location of R&D activities by major Dutch companies to locations perceived as more attractive – has been receiving much attention. This concern is not unfounded given the fact that business R&D is highly concentrated and the location of R&D activities has become more exposed to international competition, including from new competitors INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Another significant change in the pattern of the flows of funds for R&D – this time taking place within the Dutch NIS – is the increase of the share of industry in university funding. This share increased from a very low initial value of about 1% at the beginning of the 1990s to about 7% in 2001. Even with this impressive growth, industry’s share in university funding today is just slightly above the EU15 average. It is widely held that the potential for science-industry co-operation is not yet exhausted, in particular when considering the high performance and quality of research in the academic sector. This issue will be discussed in more detail in the following section.
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(Deloitte & Touche, 2003). According to the available evidence, no massive relocation of established R&D activities has taken place so far (Cornet and Rensman, 2001). However, Dutch science, technology and innovation policy is well advised to address these issues actively both by fostering a climate conducive to research and innovation. In order to reap the opportunities offered by globalisation, more attention needs to be given the “inward dimension”, specifically by promoting foreign investment in R&D as well as foreign researchers to the Netherlands (Gilsing and Erken, 2003).
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About 50% of business enterprise expenditure on R&D originates from the seven major Dutch companies – Philips, Akzo Nobel, Shell, ASM Lithography, DSM, Unilever, Océ – operating primarily in the microelectronics, food, pharmaceutical and chemical industries. Concentration of R&D efforts of this magnitude is not unusual, especially among the smaller OECD economies. The changes in the composition of business R&D have been studied in detail (Cornet and Rensman, 2001). In fact, concentration of R&D expenditure in the Netherlands has been decreasing substantially over time. R&D efforts of SMEs have been increasing and the basis of R&D performing companies has become broader. The growth of the population of R&D performing innovative enterprises certainly constitutes a positive trend. There are still factors slowing down this development which need to be removed. The shortfall in business sector investment in R&D is in parts, but not entirely, explained by structural features of the Dutch economy. The Netherlands has a welldeveloped service sector accounting for approximately two-thirds of the total active labour force. Its expenditure on R&D and innovation, however, is considerably lower than that in the manufacturing sector. The latter, in turn, is characterised by a relatively large share of low- and medium-technology industries. The sector composition of the Dutch economy explains just about 50% to of the shortfall of aggregate R&D intensity of the Netherlands (compared to the average of a group of reference countries) while the remaining half is due to different causes (Verspagen and Hollanders, 1998). While the Netherlands’ expenditure on R&D by the public sector is one of the highest amongst OECD countries, providing a strong public science base, it has been shown that private investment is relatively low by international standards. Inadequate business sector investment in R&D combined with a better utilisation of the strong public research base therefore is a key issue for the future competitiveness of the Dutch economy, and for the warranted shift in the sources of economic growth. The government of the Netherlands has been deliberately addressing the shortfall in private R&D by means of a variety of instruments aiming at stimulating business expenditure on R&D and innovation.
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The Dutch fiscal incentive scheme WBSO stands out from other fiscal incentive schemes since it immediately reduces the wage cost of R&D rather than, for example, corporate income tax liability. It offers fiscal incentives to firms of all legal status, including smaller ones that are not registered as limited companies, and to self employed entrepreneurs.
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The WBSO entails a reduction of the total amount of wage tax and social security contributions that a company has to withhold on its employee’s salaries. This allowance has a direct impact by lowering the R&D labour costs independent of the current profitability of the firm.
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The design of the WBSO (providing allowances on the employers part of the wage tax and social security contributions of R&D personnel), means that the cost reduction can be linked directly to the R&D activities and departments in the company, instead of to the overall tax burden at corporate level. Therefore, it allows better activity-based costing. This has a greater chance of influencing R&D decisions since R&D managers can use the very predictable level of costreduction when arguing their case for R&D investments. Another advantage is that the allowance is administered monthly, when withholding taxes and contributions on salaries are paid, instead of yearly in the case of corporate income tax.
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The 2002 evaluation of the WBSO found that the scheme is cost effective. According to the evaluation (Brouwer et al., 2003), the WBSO makes a significant contribution towards increasing the R&D intensity of the Dutch private sector. In the short term, companies that receive tax incentives under the WBSO will spend on average slightly more than EUR 1 on extra R&D for each EUR 1 of wage tax deduction received. This conclusion is supported by both econometric evidence and extensive field study. This does not take into account the expected positive longerterm effects and the substantial social returns associated with extra investments in R&D activities. Small businesses appear to benefit more from the WBSO than large ones. This is related to the fact that the WBSO was designed primarily to promote R&D by SMEs: i) a much higher rate applies to spending below a threshold of EUR 90 756; ii) there is an upper limit to the credit amount; iii) companies younger than five years enjoy an even higher rate for their first two WBSO applications, iv) there is an alternative for the self-employed. Adapted from European Commission (2003b, p. 9).



A substantial part of the total budget (including tax expenditure in the form of foregone revenue) provided for this purpose is allocated through a fiscal scheme to stimulate innovation and research known as the WBSO (Box 5.1). This instrument supports companies performing research and development by allowing deduction of part of the related wage costs of R&D personnel from their income tax bills and the social security payments. Due to of its simplicity, low executive and administrative costs, certainty and long term stability the WBSO has been considered as “good practice” by the EU Expert Group on Fiscal Measures (European Commission, 2003b). A recent evaluation (Brower et al., 2002) indicates that this instrument is of high importance for Dutch business companies and is characterised by a high level of SME participation. The scheme lowers cost of innovation, supports the acquisition of fundamental knowledge and the application of technological knowledge (resulting in higher product quality). Furthermore, it reduces the duration of the innovation process and supports the introduction of new products. The analysis shows, among others, that EUR 1 spent on the WBSO results in EUR 1.02 spending on R&D effort.
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Box 5.1. Good practice: the fiscal incentive scheme for R&D (WBSO)
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Apart from the WBSO, the Dutch government operates a large variety of instruments aimed at stimulating efforts in R&D and innovation by business companies. Beyond the evaluation of individual instruments such as the WBSO this set of instruments has also been examined from a systemic perspective aiming at an optimisation of the overall policy mix. An interdepartmental policy review – the Interdepartmental Investigation on Technology Policy (Interdepartementaal Beleid Onderzoek Technologiebeleid – IBO) – has concluded that while the overall system is functioning rather well, the large number of instruments causes, among others, ineffectiveness and inefficiency in policy implementation due to overlaps and a lack of transparency (IBO, 2002).
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As part of the recent package of policy initiatives of the Dutch government outlined in the “Innovation Letter” of the Ministry of Economic Affairs, the WBSO budget (i.e. tax expenditure) will be increased by EUR 100 million as of 2007, and will then amount to EUR 450 million annually. This increase permits to render the scheme more generous by augmenting the rate applied for the allowance, raising the upper limit of the first bracket (from EUR 90 756 to EUR 120 000) implicitly favouring SMEs, and increasing the deductions for the self-employed and starters.
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As a consequence, the policy mix is under redesign in a “streamlining operation”, which will result in a significantly decreased number of business-oriented instruments clustered into six building blocks1: • Support for knowledge transfer (in particular through Syntens). • Support to firm-based R&D through the fiscal incentive scheme (WBSO) referred to above. • An instrument for R&D partnership projects (Projectmatig samenwerkingsinstrument, a generic instrument). • Long-term knowledge formation through thematic R&D programmes (Programmatischinstrument). • Support for high-tech start-ups (TechnoPartner programme). • Initiatives for fostering human capital. In addition it was suggested that there should be a shift in emphasis from specific instruments to generic instruments and from “near-to-the-market” towards more fundamental research and that co-operation among firms and between firms and research institutes should be stimulated. Overall, a case was made for improved monitoring and evaluation. The interdepartmental policy review called for improving the co-ordination and collaboration among the relevant ministries, in particular between the Ministry of Education, Culture and Science and the Ministry of Economic Affairs. Indeed, major current issues such as the emergent shortage of skilled personnel require the inclusion of a variety of actors.



1. Some of the programmes or instruments will be discussed in more detail later in this chapter.
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NWO, the Netherlands Organisation for Scientific Research, is thee main indirect funding organisation in the Netherlands. It promotes scientific research at Dutch universities and research institutes by funding excellent research proposals. Indirect funding is an important instrument to improve focus and quality, as envisaged in the Science Budget 2004. An important objective of this organisation is also the transfer, application and exploitation of knowledge. NWO comprises eight Research Councils in charge of developing and implementing the policy for its respective discipline. Two so-called temporary task-forces – comprising Advanced Catalytic Technologies for Sustainability (ACTS) and the Netherlands Genomics Initiative (NROG) – execute ministerial policy. As NWO houses the management body for the Genomics programme, which covers genomics from basic research to practical applications, a similar role in the area of ICT research is being under consideration. STW (the Dutch Foundation for Technical Sciences) is part of NWO and funds demand-oriented scientific-technological research at Dutch universities and promotes the application of research results. The NOW also manages nine research institutes. The NWO receives its funding primarily from the Ministry of Education, Culture and Science.
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Senter is in charge of the implementation of grant schemes to companies and partnerships of industry and universities or research institutes. NOVEM (Nederlandse onderneming voor energie en milieu – Netherlands’ Agency for Energy and the Environment) was recently merged with Senter. Senter receives funding primarily from the Ministry of Economic Affairs.



Syntens, a nation-wide network with 15 offices financed by the Ministry of Economic Affairs the plays an important role in the innovation infrastructure. It aims at improving the innovative capacity of SMEs through a variety of services, including the provision of information and consultancy on the various aspects of the innovation process (both technological and non-technological). An evaluation conducted in 2002 showed a positive impact of Syntens on the innovative capacity of its customers. Participating SMEs reported improved co-operation with other companies and improved business results. At the same time, the evaluation of co-operation indicated room for improvement.



Scientific output and access to science and technology The Dutch NIS shows considerable strength in terms of scientific output. In general, this holds true for both public and private research. International comparisons of the publication outputs reveal the strength of the Dutch science base. The Netherlands produced 162.7 scientific and technical articles per million population, occupying rank 5 among 28 OECD countries (1997). Only Switzerland, Sweden and, to some degree, Denmark produced a significantly higher publications output, Finland being just marginally ahead of the Netherlands. Furthermore, the Netherlands ranks 5th in terms of publications in the 19 most industry-relevant scientific disciplines, indicative of a high potential for industry-science co-operation which seems, however, not have been fully realised so far.
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Box 5.2. Major intermediary organisations involved in policy implementation
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In addition, the Netherlands typically stands out favourably in international benchmarkings of patenting activities. In terms of the number of patents in “triadic” patent families2 per million population (OECD, 2003c, p. 65), the Netherlands achieves 49.8 (rank 7 among 30 OECD countries in 1998). Switzerland and Sweden lead this ranking with 119.2 and 107.4 patents, respectively. The number of the Netherlands’ hightech patent applications (2001) at the European Patent Office (EPO) per million population (68.8) is more than two times the EU15 average (31.6) and is surpassed only by Finland and Sweden with 136.1 and 100.9 applications, respectively (European Commission, 2003a). Similarly, the number of Dutch high-tech patent applications at the US Patent and Trademark Office (USPTO) – 18.6 per million population in 2000 – is significantly above the EU15 average of 12.4, and just a few countries perform better (apart from the “home country” – the United States – these are Finland, Sweden and Japan). Patenting is pursued primarily by a small group of multinational corporations of Dutch origin.



r u The Dutch science system is closely integrated in its international candt global L e environment, for example via international co-operation in S&T and, increasingly,
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through cross-border funding of R&D. The breath of international scientific collaboration – measured by the number of countries that shared at least 1% of their internationally coauthored papers with the country – of the Netherlands is high, just lower than that of the large, R&D intensive OECD countries and Canada, but ahead of the Northern countries and Switzerland, for example (OECD, 2003c, p. 127). As noted above, the globalisation of R&D and innovation has an “inward” and an “outward” dimension. There is evidence that, at present, the inward dimension is less developed than the outward dimension, i.e. the high level of activities of Dutch actors (in particular multinational enterprises of Dutch origin) abroad tends not to be fully matched by corresponding activities by foreign actors in the Netherlands. The Netherlands, for example, is one of the leading countries in terms of the share of patent applications to the EPO invented abroad in total patents owned by country residents. At the same time, the Netherlands holds a medium-low position in terms of the share of EPO patent applications owned by foreign residents in total patents invented in the Netherlands. In order to fully benefit from the globalisation of R&D and innovation this suggests increasing attention to inward-oriented flows. In particular, this means attracting to a higher degree than before foreign investment in R&D and knowledge as well as highly skilled personnel to the Netherlands. The international orientation of actors in the NIS within networks and co-operations is evidenced by their participation in international programmes. Participation of partners of the Netherlands in Eureka is relatively high – partly due to funding via the TSI (Technologische Samenwerking Internationaal) instrument for the best projects – especially in new materials, ICT (Itea and Medea++), medical and biotechnology. Participation in the Fifth Framework Programme of the EU was also relatively high, especially for the “Quality of Life” (focus on food) and “Growth” (focus on transportation) programmes. Participation in the IST programme (ICT) was less pronounced, participation in CRAFT (for SMEs) on the other hand was high.



2. “A patent family is defined as a set of patents taken in various countries to protect a single invention. The OECD Patent families indicator relates to patents applied for at the European Patent Office (EPO) and the Japanese Patent Office (JPO) and patents granted by the US Patent and Trademark Office (USPTO)” (OECD, 2003c, p. 64).
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The Dutch universities (in total 13, including three technical universities and one agricultural university) are known for the quality of their scientific output, and several of them are ranked among the top universities in Europe. Nevertheless there are indications that research and education is fragmented too much among universities, resulting in a lack of concentration and critical mass in the research potential. This may be one of the reasons why Philips has decided to initiate collaboration with a nearby university in Belgium (Leuven). Efficiency and quality of output may be improved by increasing concentration and focus.
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TNO (Netherlands Organisation for Applied Scientific Research) is one of the largest research and technology organisations in Europe, with over 4 500 employees. Its mission is “to make scientific knowledge applicable to strengthen the innovative capacity of business and government”. Basic funding is provided by the Ministry of Education, Culture and Science which is complemented by earmarked funding from several other ministries for research with a medium-term horizon in fields relevant to these ministries. Financing provided by the Ministry of Economic Affairs is reserved for public-private partnership programmes co-financed by business enterprises. About 50% of total turnover is accounted for by contract research in the private sector (Cornet and van de Ven, 2004) Explorative and applied research in the 14 TNO institutes specialising in different areas has resulted in the creation of a number of spin-offs.
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The five GTIs (Grote Technologische Instituten or Large Technological Institutes) in aerospace, energy, hydraulics, geodesy and marine sciences, have as their mission the transformation of scientific/fundamental knowledge into applied knowledge for industry (and the government/public administration). The government provides basic funding, as well as financial means for research linked to specific technologies and projects. The amount of this targeted funding is linked to cofunding raised by the institutes for specific projects. The TTIs (Technologische Top Instituten or Leading Technological Institutes), supported by the Dutch government are aimed at improving the innovative capacity and competitive strength of industry in a number of fields. This is achieved through industry-relevant fundamental and strategic research of an excellent international standard, in institutional partnerships between industry and the public research infrastructure. Presently there are four institutes in operation: ● Telematica Institute (situated at the Twente University campus): aims to become industry’s long term research partner to foster business innovation in telematics within and across key industries. ● Wageningen Centre of Food Sciences (WCFS; situated near Wageningen Agricultural University Research Centre): concentrates on pre-competitive research, on topics key to future competitiveness of the Dutch agro-food sector, linking food and biosciences/biomedical research ● Netherlands Institute for Metals Research (NIMR; situated at Delft Technical University): aims to achieve leadership in research and education in areas critical for the international competitiveness of Dutch metals industry by means of cross-disciplinary research and training programmes ● Dutch Polymer Institute (DPI; situated at Eindhoven Technical University) has the mission to establish a leading technological institute in Europe in the area of polymer science and engineering, involving establishment of a fundamental knowledge base for industry, development of new industrial concepts and training of scientists and engineers. The recent OECD peer review (OECD, 2004a) shows that the TTIs have contributed significantly to improving public-private partnerships for research and innovation.
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Box 5.3. Major actors in the public research infrastructure



161



162 – INNOVATION POLICY AND PERFORMANCE IN THE NETHERLANDS



_it E d it e i s



o



se



ea



e



R



O



EC



An insufficient translation of research into commercialisation and, finally, into economic performance – as observed in the Netherlands – points at inefficiencies in interactions within the innovation system. In fact, the evidence concerning co-operation in research and innovation and industry-science relations in the Netherlands is mixed. To start with, there is no particularly strong tradition of intense co-operation and interaction among the actors of the Dutch innovation system. In the early 1990s, for example, the share of industry in the funding of universities was still very low.
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As a general trend, the role of industry-science collaboration has gained in significance across OECD countries (OECD, 2002a, Polt et al., 2001). There is evidence that industry is increasingly outsourcing R&D, in particular long-term, fundamental research. This process goes hand in hand with an intensification of co-operation between industry and the public research infrastructure. Increased interaction between the public research infrastructure and industry can be expected to generate R&D spillovers, fostering innovation and commercialisation of research results.
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The Royal Netherlands Academy of Arts and Sciences (KNAW) manages 19 (“parauniversity”) institutes engaged in basic and strategic research in the life sciences, humanities and social sciences. Some of the institutes also have a scientific service function by forming and managing biological and documentary collections, providing information services and creating other facilities for research. The Academy’s institutes, which are located throughout the country, employ a total of approximately 1 200 staff. In addition, the Academy advises the government on matters related to scientific research, assesses the quality of scientific research and promotes international scientific cooperation. An important new task will be part of the quality assurance system for university research. The evolution of the share of university research (HERD) financed by industry from 0.9% in 1990 to 7.1% in 2001 indicates a substantial increase in co-operation. Despite this rather spectacular increase, the current share of industry can be considered as just slightly above average by international standards. The corresponding share is 6.8% for the EU15 and 6.2% for the OECD on average. Two of the Netherlands’ neighbouring countries, Belgium and Germany have a much higher share of industry-financed research in higher education (12.7% and 12.2%, respectively). In contrast, the share of research by public research institutes (GOVERD) financed by industry – 21.6% in 2001 – is the highest recorded among OECD countries, indicating intensive co-operation between business sector and the public research infrastructure. Even if some caution may be required since this may include activities performed by institutions which are counted as part of the business enterprise sector in other countries (Cornet and Rensman, 2001), this share remains high by international standards. The corresponding figures for the EU15 and the OECD as a whole are just 6.0% and 3.7%, respectively. Given its size, TNO plays an outstanding role in this context. The current evaluation of the bridging function of Dutch applied research institutes is providing additional information on that subject. The substantial increase in industry funding shows that considerable progress has been made in recent years. Nevertheless, it is widely held that the potential is not yet fully realised and that there is scope for university research to become more responsive to the needs for knowledge required by industry and the society at large – and of business firms to become more aware of the potential benefits of utilising knowledge available at public research institutions. Given the strong science base of the Netherlands it appears only natural to address industry-science linkages with high priority. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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mono-disciplinary layout of university research, and a lack of incentives for cooperation. In particular, the mechanisms for university funding have so far not been geared to provide sufficiently powerful incentives for collaboration with the business sector. In addition, a lack focus and scale in scientific research may also pose obstacles to fully exploit the potential for interaction. Current initiatives in these areas will be addressed below.
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• Companies, in turn, do not seem to take full advantage of the stock of knowledge available at universities and research institutes in the innovation process. In particular this applies to SMEs. As sources of knowledge, Dutch firms rely more heavily on their partners in the production chain (their own company, suppliers, clients) or their competitors and open sources (such as the professional literature) rather than on the public research infrastructure. Just 5% of innovative firms (both in manufacturing and in the service sector) report co-operation with national universities. In the Finnish manufacturing sector, for example, the respective share is over 30% and in Belgium and Germany above 10%. In the Netherlands 6% of innovative firms (both in manufacturing and the service sector) report co-operation with national public research institutes. This is a comparatively large share but still much lower as the share achieved, e.g. in Finland (CBS, 2003).
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• The mobility of qualified personnel is an important catalyst of interaction between industry and the public research infrastructure. In the Netherlands, labour mobility, especially between the public and private research sectors, remains insufficient despite some improvement in recent years. University researchers tend to spend their career within the public research infrastructure, relatively few individuals change by taking up a career in industry (or vice versa). Encouraging developments are the increasing number of part-time university staff as well as the number of doctoral degrees taken in co-operation with industry. The universities appear to have insufficient capabilities to commercialise results of their research. According to a recent study (Top Spin Internationaal, 2003) the performance of universities in terms of the number and turnover of spin-offs, is considerably lower than in other countries (100 spin-offs per annum). The level of patenting activities by universities is modest as compared to the major competitors; merely 19% of total university patents (51% of patents of public research institutions) have ever been licensed (Arundel and Bordoy, 2002). Trade in intellectual property rights is increasing, indicating that Dutch industry handles knowledge and IPR in a much more strategic manner than it had done previously (Ministry of Economic Affairs, 2002b). Bigger companies have a much higher propensity to apply for a patent than SMEs with the very large among them dominating total applications. SMEs face more problems when applying for patents than big companies and are hampered more in their innovation process by patents than big companies. Startup SMEs experience problems with strategic patenting of others, but patents are useful for finding investors. In order to allow the system of intellectual property to function better, the following actions are being considered:
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• Billboards. Electronic publication of the knowledge in the European database system of the innovation relay centres (IRC) can be used to improve the exchange of knowledge.
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• Differentiation. Possible implementation of a differentiated patent system for different sectors to address the specific requirements of each sector.
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• Lowering annual charges. Compared to the prices demanded in other countries, the annual extension of the validity of a Dutch and European patent is very expensive. The Ministry of Economic Affairs is considering lowering the annual charges.
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There is scope for improvement in the management of IPRs in the public research sector and IPRs could be better used for improving new innovative entrepreneurship.
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The government of the Netherlands has acknowledged the problems related to an inadequate level of interaction between science and industry. Co-operation has been identified as one of the main issues to be taken up by innovation policy, resulting (among others) in specific actions and the creation of instruments aimed at, for example, fostering public-private partnerships in research and innovation:
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• Defining the transformation of scientific knowledge into applied knowledge for industry and the government as main objective for public research institutes. • Implementation of the innovation-driven research programmes (IOPs) aimed at strengthening strategic research at Dutch universities and research institutes in relation to private sector innovation requirements by means of a programme-based approach. The IOPs stimulate the interaction between science and industry and contribute to involving to moving from fundamental research towards more application-oriented research. IOPs have been set up in the following areas of technology: image processing, genomics, industrial proteins, man-machine interaction, environmental technology/heavy metals, surface technology, precision technology and electromagnetic capacity technology. • Creation of four TTIs (Technologische Top Instituten – Leading Technology Institutes) focusing on business-relevant fundamental and strategic research at an excellent international level in an institutional partnership between the public research infrastructure and the private sector. • Implementation of the Netherlands Genomics Initiative (NROG), which will allocate EUR 189 million of public funds over the period 2001-2006 to selected areas. Within the framework of this initiative, national centres have been set up focussing on social research, Bio-IT and proteomics. In addition, a number of new demand-driven research consortia consisting of companies, research institutes and societal interest groups are expected to start work in fields such as infectious diseases, soil detection systems and nutrigenomics. A number of recent measures and changes in the governance of the Dutch innovation system are expected to contribute to the improvement of interaction between the actors of the NIS in the medium to long term. These include: • Implementation of a new policy on programmatic co-operation in R&D (Programmatisch Samenwerkingsinstrument – programmatic collaboration instrument); a set of “third generation” instruments referring to public-private partnership on breakthrough technologies such as genomics which will play an important role in financing the public research infrastructure. It aims at a (financial) involvement of companies with INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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• Restructuring of the mechanism of university funding with allocation based on the quality of research and the needs of society (rather than on historical grounds).
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At a more general level changes in the governance mechanism of the Dutch innovation system, such as the creation of the “Innovation Platform”, can also be expected to have a positive impact on the linkages between actors in the innovation system.
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Networking and co-operation are key elements in Dutch innovation policy. Collaboration in networks and value chains is supported through various policies including financial support to R&D partnership projects. In addition, the Ministry of Economic Affairs plays an active, facilitating role in bringing together different parties to develop joint strategies and action plans for R&D co-operation (in fields such as catalysis, genomics etc.).



The ability of firms to innovate, innovation output and the role of demand Looking beyond R&D by adopting a broader measure of “investment in knowledge” – defined as the sum of investments in R&D, higher education and software (for details of the definition see OECD, 2003c) – the Netherlands fares rather well, placed significantly above the EU15 average but marginally below the OECD average. The favourable ranking in the EU context is mainly due to a relatively heavy investment in software which in turn is in parts a reflection of the structure of the Dutch economy, in particular its highly developed service sector. Growth in investment in knowledge as a percentage of GDP between 1992 and 2000, too, was entirely due to increased expenditure on software in the Netherlands. It has to be noted, however, that the leading countries such as Sweden and the US still invest a much higher share of their GDP in knowledge. The share of investment in ICT in total GDP is relatively high in the Netherlands (OECD, 2003b). Growth accounting results show that while the contribution of ICT capital to GDP growth in the Netherlands was modest in the first half of the 1990s, it has picked up in the period 1995-2001 (OECD, 2003c and for more detailed information on ICT and productivity OECD, 2003b). While investment in knowledge and ICT by and large meets expectations, available measures of innovative activity do not yield entirely satisfactory results. Results of the most recent Community Innovation Survey (CIS3) indicate that innovative activity in the Netherlands does not live up the strength of its science base (European Commission, 2003b): • CIS3 results point at an insufficient level of innovation expenditure, notably in the service sector. Innovation expenditures as a share of turnover in manufacturing (3.07%) is less than in the EU15 on average (3.45%) and far below that of countries such as Sweden (6.42%), Belgium (4.92%), Germany (4.71%) and Finland (3.91%). INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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• Implementation of a programme on project-based co-operation (Projectmatig Samenwerkingsinstrument – Project-based collaboration instrument) between the business companies and the public research infrastructure and between companies and companies (as of January 2004). It replaces several instruments previously in place, focussing more on fundamental research “remote from the market” while addressing the needs of the users of scientific research.
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• Moreover, innovation expenditures as a share of turnover in services (0.79%) is less than half the EU15 average (1.83%) and one of the lowest amongst EU countries.
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• The share of sales of products “new to the firm” in turnover of manufacturing companies (23.8%) is well below the EU15 average (28.6%).



se



ea



R



O



EC



• The share of sales of products “new to the firm” in turnover in services (13.9%) is not just below the EU average (18.8%) but also one of the lowest reported by any EU member country.
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The Community Innovation Survey does not only indicate weaknesses on the input side but also with respect to innovation output:
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Concerning the innovative activities of SMEs, the empirical evidence points at a medium (average or just above average) position of the Netherlands but at the same time at a considerable gap vis-à-vis those countries with a highly innovative SME sector. While the share of SMEs innovating in-house in manufacturing in the Netherlands (42.5%) is above average (EU15: 37.4%, but 55.1% in Germany). the corresponding share of innovative SME in the service sector is just average (28.1%, as compared to 28.0% in the EU15 on average, but 43.9% in Germany). The share of SMEs involved in innovation co-operation in manufacturing is 11.5% in the Netherlands as compared to 9.4% in the EU15 on average and 22.0% in Finland and 18.9% in Germany. Similarly, in the service sector the corresponding shares are 8.5% in the Netherlands, 7.1% in the EU15 on average, but 18.3% in Finland.
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Customers play an important role in the innovation process of business companies. According to the Community Innovation Survey (CIS3) covering 1998-2000, 70% of Dutch innovating companies consider customers as an information source and 15% qualify them as very important. About half (51%) of the companies innovating within partnerships collaborate with a customer. Major Dutch companies conduct and use consumer surveys in their innovation process. There are significant differences across countries with respect to the acceptance of innovative products by consumers which may in turn influence and shape the innovative capabilities of companies. According to a recent study on the role of demand in the innovation process (SWOKA, 2002), the adoption of new products and services in the Netherlands requires more time than in front-runner countries such as Japan and the United States, but less time than in other European countries. The Dutch consumer, for example, rapidly adopted products and services such as mobile telephones, e-mail, SMS and on-line banking. Another study also finds that in terms of the response time of markets to innovative products (defined as average time between product introduction and sales take-off) the Netherlands holds a middle ground, with the Nordic countries taking the leading positions in Europe (European Commission, 2003a, p. 23, based on Tellis, Stremersch and Yin, 2003). Access to the internet may be regarded as an interesting indicator for the adoption of technological novelties by consumers, considering that internet access is a precondition and “gateway” to many new technology applications and services. The Netherlands has one of the highest shares of households (63.8%) with internet access at home (European Commission, 2003a). As far as the role of demand from government is concerned, the Dutch government has been attempting to strengthen its own position as a buyer by improving public procurement procedures. However, these efforts are focussed on issues of efficiency and cost control while the stimulation of innovation as such is not a specific issue. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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However, it has to be noted that the Netherlands lags behind in the annual number of university spin-offs which is about 30% to 40% lower than in its main competitors (Top Spin Internationaal, 2003). This indicates scope for fostering this type of innovative business activity by various measures, including creating awareness for entrepreneurship in the education system.



Le



In general, venture capital – an important catalyst of successful entrepreneurial activity, including start-ups – appears to be well available in the Netherlands. Investment in early-stage venture capital (comprising seed capital and start-up financing) as a percentage of GDP (1998-2001) is higher in the Netherlands (0.069) than in the EU15 (0.044) on average but falls short of the OECD average (0.105), and in particular of the US (0.163). The same holds true for venture capital for expansion (OECD, 2003c, p. 47). However, seed capital appears to be in shorter supply than in other OECD countries (OECD, 2004a). In 2002, seed capital amounted to less than 1% of total venture capital investment (European Commission, 2003c). The share of high-technology sectors in total venture capital investment (1998-2001) is comparatively low in the Netherlands (31.5%) while it is 35.5% for the EU15 and 49.7% for the OECD on average (OECD, 2003c, p. 47). According to a recent report (“Backing Winners”) of the Adviesraad voor Wetenschaps- en Technologiebeleid (AWT – Advisory Board for Science and Technology), an independent advisory body to the Dutch government, venture capitalists seem reluctant to invest in high-tech start-ups before their actual product is ready for the market (second-round financing). Not only high-tech start-ups, but also other small firms as well face problems in financing the innovation process at that stage. High-tech start-ups play an important role in improving the innovative capacity and fostering structural change in the economy. The Ministry of Economic Affairs is addressing their specific needs by the new “TechnoPartner” programme (Box 5.4), into which all current initiatives for the creation of technology-based start-ups will be integrated. Overall, the TechnoPartner programme is aimed at raising the number and quality of high-technology start-ups by improving access to capital and providing specific information and coaching. Initiatives are being prepared in order to better exploit the potential of small and medium-sized enterprises.
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during the boom period of the 1990s, the number of start-ups as well as the share of hightech start-ups was relatively high in the Netherlands (Kreijen et al., 2003). Overall, the number of new firms more than doubled in the Netherlands in the period 1987-1999 although the birth rate (number of new firms as a percentage of all firms) did not increase since 1991 (Prince, 2002, p. 11f). Around 3% of start-ups in 2000 can be classified as technology start-ups. Firm exits did not increase at the same pace as entries during that period. As a result, net growth of the number of enterprises turned out high by international standards. As regards incumbent enterprises, firm growth was found to be rather low by international standards. The average entry rates over 1997 and 2000 were still at a medium-high level in manufacturing (6.6%), and fairly high (9.4%) in business sector services (OECD, 2003c, p. 153). For additional evidence see Brandt (2004).
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Box 5.4. The TechnoPartner programme
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● TechnoPartner Seed Facility. Stimulate and mobilise the bottom end of the Dutch venture capital market by stimulating Small Business Investment Companies (SBICs). A SBIC is a private company which finances start-ups and small companies. Private parties may establish a SBIC and get their capital matched by government loans. The investment decision is taken by the SBIC.
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The TechnoPartner programme – aimed at raising the number and quality of high-technology startups by improving access to capital and providing specific information and coaching – consists of several lines of action:
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● TechnoPartner Subsidy Scheme for Knowledge Exploitation (SKE). This scheme aims at stimulating the use of scientific knowledge by high-tech start-ups from outside and within universities and research institutions. These institutions can, when operating in a public-private consortium, apply for a subsidy for stimulating high tech start-ups. The SKE consists of the following elements:
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○ Pre-seed facility: Soft loans for high tech start-ups for the working out of a business plan.



○ Patent facility: Subsidy for part of the cost for attaining a patent to achieve a better use of university patents by industry and professionalise the patent policy within universities. ○ Support high tech start-ups: subsidy for coaching, facility sharing and networking. ○ Screening and scouting: subsidy for activities aimed at tracking and tracing of commerciable ideas from research results. ○ TechnoPartner Platform. Stimulate awareness and high-tech entrepreneurship and take stock of the problems and bottlenecks faced by high tech start-ups.



Concerning the international dimension, the Netherlands Foreign Investment Agency (CBIN) is introducing targeted activities aimed at attracting knowledge-intensive foreign companies to the Netherlands. Additional efforts will be made to improve international collaboration and knowledge transfer, in particular within the 6th Framework Programme of the European Union.



Human resources Human Resources in Science and Technology (HRST) encompassing workers in professional and technical occupations are a major asset of the Netherlands. HRST occupations – in the case of the Netherlands evenly split between professionals and technicians – account for 34.4% of total employment placing the Netherlands in the 6th position among OECD countries. In addition, HRST occupations have expanded rapidly between 1995 and 2002. The high ranking of the Netherlands is due to a particularly high share of professionals in total employment while the share of technicians is to be considered average. As regards the share of scientists and engineers in the labour force the Netherlands is positioned in the upper ranks (6th out of 16 OECD countries in 1998). However, the Netherlands occupies a much lower rank (16th out of 29 in 1999) as far as the share of business enterprise researchers is concerned. In 2001, business researchers per thousand total employment amounted to 2.5 in the Netherlands as compared to 2.9 in the EU15, 6.9 in the US and 9.0 in Finland (OECD, 2003c, p. 57).
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Turning first to the supply side, the following phenomena can be observed among others:



e



• The Netherlands is turning out significantly less new PhD graduates in science and engineering (per 1 000 population aged 25-34) than the EU15 on average (0.38 as compared to 0.55). In the leading country, Sweden, the corresponding share is 1.37 accompanied by rapid growth (8.2% annually in the period 1998-2001), while growth in the Netherlands (1.8%) has been much less dynamic (European Commission, 2003c, p. 50).



Le



c tu



r



An



• In 2000, just 15.2% of the students graduated in science and engineering as compared to 21.7% in the OECD, and 26.4% in the EU15 on average. This is mainly due to the low share of degrees in science (OECD, 2003c, p. 51). Moreover, in contrast to other EU countries, the enrolment in S&T studies is decreasing in the Netherlands. • As in other countries, demographic trends in the Netherlands are expected to cause an extra drain of HRST workers into retirement in the near future and thus to work in an unfavourable direction. Taking steps towards increasing the supply of human resources is therefore particularly urgent and challenging. Developments on the demand side, too, may contribute to a shortage of skilled personnel: • An increase in investment in R&D as envisaged by the Dutch government – which conforms to the European Union’s target to raise R&D intensity (GERD to GDP) to an average 3% by 2010 – is bound to induce additional demand for R&D personnel (Sheehan and Wyckoff, 2003). A shift towards more innovation-driven growth would thus tend to increase the shortage of skilled personnel. At the same time HRST are heavily under-utilised in the Netherlands. A significant number of people have a higher or university education, but do not work in a HRST job since they are working below their level of qualification or do not work at all implying that a relatively large proportion of the pool of HRST does not participate in employment3. This example shows that some of the most serious problems affecting the functioning of the innovation system can not be solved by science, technology and innovation policy alone but requires the co-ordination of various policies. These imminent problems with respect to HRST have been taken up by the Dutch government. A variety of initiatives involving various policy areas are required to address this issue effectively. Policy measures need to be aimed at increasing the attractiveness of S&T education and S&T professions (including financial support and employment conditions), improving mobility of employees between the different sectors and 3. The Innovation Letter puts this number at 900 000 persons.



INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



u le



se



ea



d



O



nl y



of the business cycle, various sectors of the Dutch economy are reporting difficulties in attracting highly qualified personnel – especially of graduates in S&T and qualified technicians – which stands in the way of a smooth implementation of innovative activities within business enterprises. Without appropriate measures, a shortage of skilled employees may occur in the near future. Since, for various reasons, the problems related to the supply of highly skilled tend to aggravate, this may, in the longer term, harm the competitive position of the Netherlands.
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In particular, the projected shortage of highly skilled with a scientific or engineering background has led to a joint effort of the Ministries of Education, Culture and Science, of Economic Affairs, and of Social Affairs and Employment (“Delta Plan for Science and Technology”) proclaiming a variety of measures. These include measures intended to make it easier for researchers from abroad to work in the Netherlands, and to encouraging activities in the area of public understanding of science and technology, e.g. through science centres, and to increase the number of women and members of minorities choosing careers in science and technology (Aspasia and Mozaiek programmes). The Dutch government has decided to simplify procedures for immigrating science and technology workers and to lower the fees for entering the country.
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institutions of the Dutch NIS as well as attracting highly qualified workers in science and technology from outside the Netherlands by making it an attractive location of work for highly skilled employees from around the world.



An



u Effectiveness of market processes and the general business environment Lect



r



Competition is of vital importance for innovation and productivity growth. The links between the intensity of competition prevailing in an economy on one side and its economic performance on the other are well-known (Ahn, 2002). In particular, competitive pressure tends to increase economic performance by spurring economic efficiency and technological change. Overall, the Netherlands fares rather well in international comparisons concerning competition intensity. This is, to a great extent, a result of the country’s high degree of openness. As noted above, the Dutch economy is one of the most open economies in the world. This is evidenced, among others, by its openness to international trade and foreign direct investment. Export of goods and services from the Netherlands in 2001 equalled 65.3% of GDP. Import penetration (defined as imports as a percentage of demand) is very high by international standards (80.2% for total manufacturing), exceeded only by neighbouring Belgium. The Netherlands is both one of the world’s biggest sources of foreign direct investment (FDI) and one of the biggest recipients of FDI. This observation is in line with the observation that restrictions to FDI – including limits to foreign ownership, restrictions on foreign personnel, operations freedom and screening requirements – are among the lowest among OECD countries (OECD, 2004b) According to the State Aid Scoreboard (European Commission, 2004), the Netherlands’ state aid (less railways) amounted to 0.46% of GDP in 2002, one of the lowest levels of state aid among EU countries. Agriculture and fisheries received 50%, manufacturing 39%, transport (excluding railways) 9% and services just 3% of state aid. In line with the conclusions of various European Councils, virtually all state aid granted in the Netherlands is directed towards horizontal objectives, including R&D. Evidence from the OECD International Regulation Database regarding the level of product market regulation suggests that overall the Netherlands provides a rather competition-friendly environment (Nicoletti et al., 1999; Nicoletti et al., 2001; Nicoletti and Scarpetta, 2003). While Dutch product markets are less regulated than those of nearly all European economies, they are still more regulated than in some Anglo-Saxon countries, the UK in particular. Despite of evidence for a rather favourable regulatory stance it is widely held that the attitude towards entrepreneurial activity, and in particular towards risk taking, differs markedly from that prevailing in countries such as the US. This difference is reflected, for example, in attitudes concerning risk-taking and possible INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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In 1998, a new Competition Act was adopted and the Dutch Competition Authority (NMa) was established as a new enforcement authority. In addition to being in charge of general supervision of competition, the NMa is also responsible for sector-specific regulations4. The OECD Economic Survey of the Netherlands 2004 called for making the NMa formally independent and strengthening its position (OECD, 2004b, p. 121).
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Overall, the institutional and regulatory arrangements prevailing in the Netherlands can be classified as being conducive to competition. At the same time there are certain areas of economic activity – mainly outside the tradable goods sector – where the institutional and regulatory framework is less favourable to competition. This applies, e.g. to the utilities and transport sector. There is evidence that productivity growth is low in sectors where the intensity of competition is still restrained (OECD, 2004b).
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There is still considerable administrative burden, in particular with respect to cost and time associated with setting up a company (OECD, 2004b, p. 100). Recognizing this issue, the Dutch government is committed to cut administrative burden of firms by 25% between 2004 and 2007. Ministries were asked to outline all opportunities to reduce administrative burden and ceilings for such costs caused by each ministry will be set. In order to prevent new regulations from pushing up administrative costs, the independent Advisory Board on the Screening of Administrative Costs (ACTAL) was created in 1999 to assess all proposed government legislation and regulations for their impact on administrative costs. A prominent role in reducing administrative costs is expected to be played by various ICT applications. In this context, the government is therefore working on the implementation of a “one-stop-shop” for businesses and additional facilities to simplify transactions and information transmission between government and businesses.



Challenges and policy responses As supported by the evidence presented above, the main challenge of the Dutch government in the field of science and technology policy is to stimulate research and innovation, in particular in the business sector by: • Increasing the incentives and improving the institutional framework for co-operation between public and private actors in innovation. • Strengthening the Netherlands’ position as a world-class location for R&D and other innovative activities, and improving its attractiveness for researchers and R&D investment from abroad.



4. A number of supervisory authorities for the network sectors operate in the Netherlands: The Office for Energy Regulation (Dte), formally a chamber of the general competition authority (NMa) supervises the energy market. There is also a transport chamber within the NMa. A separate health care regulator is presently being set up and is envisaged to form a chamber of the NMa by 2008. Plans to incorporate the independent Post and Telecom Authority (OPTA) supervising the postal, telecoms and cable sector OPTA within the NMa are presently on halt.
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• Improving the effectiveness of the set of public support schemes for innovation, deriving an appropriate policy mix.
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• Streamlining the complex innovation governance system, which includes:
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The Dutch innovation governance system appears rather complex compared to that of other countries Boekhold et al., 2002). Though it has been shown to function rather well in general, there is a need as well as scope for improvement in the face of the challenges ahead. Major tasks regarding the re-organisation of science, technology and innovation policy (OECD, 2004a) comprise:
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• Improving the co-ordination and division of labour between the actors involved in formulating and implementing science, technology and innovation policy, in particular between the major ministries involved.
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Based on a set of studies examining the state of the Dutch NIS and its governance, the government of the Netherlands is addressing the problems identified. In the coalition agreement of 2003, education, research and innovation have been identified as major pillars of a policy aimed at reviving the Dutch economy and are given high priority. This has resulted in a number of recent initiatives, including the following:
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• Establishment of a new strategic body, the “Innovation Platform” chaired by the Prime Minister and encompassing stakeholders from science, industry and official bodies, including the Ministers for Education, Culture and Science and for Economics Affairs. The Innovation Platform is modelled after the Finish example and will play an important role in the governance of the Dutch innovation system. Improved coordination of the ministries has a high potential of being beneficial in various areas, including, e.g. spin-offs and the IPR policy of public research institutes. • Publication of a policy paper on innovation (“Innovation Letter”, see Box 5.5) and of a science policy white paper (“Science Budget 2004”, addressing, as main themes, “focus and concentration”, “utilization of research results” and “train and retrain researchers and other knowledge workers”) These two documents outline the policy initiatives for the coming four years. Taken together, the Science Budget and the Innovation Letter indicate in which direction the government of the Netherlands intends to proceed in its efforts to strengthen the Netherlands as an innovative, knowledge-based economy. • Allocation of additional funds in a period of retrenchments in public expenditure: o



The government of the Netherlands has made available as of January 2004 the sum of EUR 800 million (for a period of eight years) for more than 30 “knowledge infrastructure” projects, funded by natural gas revenues. These projects (to be carried out by public-private consortia) are mainly in the fields of genomics/ life sciences, ICT and nanotechnology.
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In addition, a sum increasing from EUR 19 million to EUR 185 million from 2007 on has been made available for science and innovation policy.
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Following the Science Budget 2004 a “smart mix”, integrating performancerelated funding, interaction, and focus is applied: Extra funds (rising to EUR 100 million annually from 2007 on) are to be used to support excellent research groups at Dutch universities and research co-operation involving universities, business companies and technology institutes. An equivalent amount out of the lump sum universities receive from the Ministry of Education, Culture and INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Equally, extra funds (rising to EUR 50 million annually from 2007 on) will be available to support research co-operation involving universities, business companies and technology institutes. These extra funds will be matched by an equivalent amount out of the lump sum available to the universities for scientific research.
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Extra resources increasing to EUR 25 million annually as of 2007 are to be targeted to support new high-tech companies (via the “TechnoPartner” programme), and a sum increasing to EUR 60 million annually as of 2007 to issues concerning the education of students in scientific and technological subjects and facilitating mobility of researchers. The Delta Plan for Science and Technology provides the framework for a varied set of policy measures.
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r u A strength of Dutch innovation policy is its emphasis on evaluation, which c int several Le respects constitutes or gives rise to international best practice. The ministerial decree on
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performance measurement and evaluation (Regeling Prestatiegegevens en Evaluatieonderzoek, RPE) sets out a number of requirements concerning the preparatory stage of policy implementation, monitoring and ex-post evaluation, including an obligation of policy makers to consider an ex-ante evaluation of new instruments and to evaluate each instrument every five years. To further improve accountability and quality control there is agreement to establish a “meta evaluation” committee which will monitor the quality analyses of research and the way in which the conclusions are implemented. To create a solid foundation for science policy a science system assessment bureau will be set up. Another important change over the last years has been the introduction of the VBTB rules (Van Beleidsbegroting Tot Beleidsverantwoording = “from policy budget to policy accountability”). These rules demand that for every section of the budget a number of indicators are formulated. Of course for every indicator a target is set. Every instrument has to contribute in reaching a target. Every five years the total policy mix is evaluated with regard to the targets that were set. The last evaluation of the innovation policy mix has been in 2002. Creating and maintaining acceptance for profound changes in technology requires sustained efforts of informing the public and promoting a constructive dialogue between science, industry and society. In fact, the creation of awareness of science and public acceptance of new technologies with its impact on society is increasingly taken into account in the process of policy formulation in the Netherlands, one example being the public debate on genomics preceding specific legislation on this issue.
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Box 5.6. The Innovation Letter
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Strengthening the innovation climate. Measures to position the Netherlands as a country with an attractive innovation climate include making the existing fiscal instrument to stimulate business R&D (the WBSO) more generous, the introduction of a new tool to stimulate R&D collaboration with special attention being paid to SMEs, and a new approach addressing the imminent shortage of knowledge workers. By its very nature, the latter issue is multi-faceted and requires a coordination of policies across ministries.
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The Innovation Letter published by the Ministry of Economic Affairs in autumn 2003 identifies the following three core areas of a new innovation policy and proposes a number of policy measures associated with these fields.
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Dynamism: towards more innovative companies. The proposed set of policies in this area has several dimensions. The first consists of increasing the number and quality of start-up companies. Second, innovative activities in the business sector are envisaged to be increased by exploiting the potential of SMEs. Third, the dynamism in knowledge creation is suggested to be increased by attracting knowledge-intensive business activities to the Netherlands using the country’s strong basis in science and technology as an asset.
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Exploiting innovation opportunities through focus and mass in strategic innovation areas. Again there are several policy lines. The first is designed to create good conditions for joint knowledge development and use. This includes setting the right incentives to cooperate in the creation and use of knowledge for universities, intermediaries and business enterprises, e.g. through a restructuring of university towards a performancebased system and an evaluation of the bridging function of TNO and the GTIs. Ensuring an active policy of knowledge exploitation by universities through measures related to IPRs and information and expertise concerning knowledge exploitation. Second, to strengthen coherence in programme-based R&D collaboration. Third, to link up to international knowledge clusters improving international R&D collaboration, in particular within the 6th Framework Programme of the EU. Fourth (“total commitment to the choices made”), to provide funds (through subsidies for investment in the knowledge infrastructure – BSIK) and develop a national ICT policy agenda, a life science action plan, and provide incentives for research in nanotechnology and catalysis.



Conclusions The Netherlands is a highly open economy characterised by high levels of productivity and per-capita income. Its favourable position is under pressure, however. Rapid economic growth of the 1990s was mainly factor-driven, based on an expansion of employment, while productivity growth has been weak by various standards. High macroeconomic performance was largely based on a strategy of cost-cutting and wage moderation. Accordingly, business strategies tended to be focussed primarily on cost competitiveness and less on gaining leadership in innovation. In order to maintain high and sustainable economic growth in the future, the Netherlands needs to facilitate a transition from a factor-driven to a more productivitydriven path of economic growth. The OECD Economic Survey of the Netherlands 2004 concludes: “Increasing productivity growth is the greatest policy challenge facing the Dutch authorities as this is the most important means of raising living standards in the long term” (OECD, 2004b, p. 34). This emphasis on “increasing productivity growth
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The Netherlands is in a good position to use innovation policy to adapt effectively to the challenges ahead. The Dutch innovation system possesses a number of valuable assets – which have been described in more detail above – including a high performing science base, human resources, etc., as well as a well-developed science, technology and innovation policy. However, the Dutch innovation system itself shows some weaknesses which have led to a lack of dynamism, evidenced by a declining long-term trend in overall R&D intensity and an erosion of its position relative to other countries. Overall, the excellent performance of the Dutch science system in terms of research output is not entirely matched by a corresponding capability to translate its achievements into commercially viable products and processes and, in the final analysis, productivity growth. In order to make innovation contribute effectively to economic growth, innovation policy in the Netherlands needs to eliminate the weaknesses identified in the Dutch innovation system while continuing to build on its strengths.
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Major policy issues to be addressed in this context include: • Interactions in the NIS. Inadequate interaction between science and industry is perceived as a major weakness of the Dutch innovation system. Despite of progress made it is widely held that the country’s strong science base could be utilized more effectively for the creation of income and wealth. For this purpose the public research system needs to become more responsive to the needs of industry, while maintaining long-term horizon in basic research. This can be achieved by restructuring incentives (via new funding mechanisms for universities and public research institutes, incentives for the creation of spin-offs, the management of IPRs, etc.) but also by creating awareness. • Critical mass and focus in science. Opportunities for co-operation and associated rates of return on investment in R&D also depend on the existence of research being conducted at an efficient scale. For this reason the creation and maintenance of excellent research units of a critical mass is important. Appropriate funding mechanisms are a key instrument in creating focus in research. • Human resources for science and technology. The supply of HRST constitutes a major challenge ahead. Without adequate policy response, various factors including powerful demographic trends will tend to aggravate the imminent shortage. The problem is multi-faceted, and its solution requires a high degree of policy coordination, involving the education and social security system, labour market and immigration policy.
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Since innovation plays a key role as a driver of long-run productivity growth, a strong case can be made for integrating innovation policy into a broader strategy for achieving sustainable growth in a knowledge-based economy. Major pillars of such a strategy include the provision of incentives for R&D and innovation, strengthening the Netherlands’ human capital base, and fostering entrepreneurship and competition. This suggests that science, technology and innovation policy is becoming an essential part of economic policy.
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• Maximising benefits from globalisation. In the area of R&D and innovation, the activities of Dutch actors (in particular large multinational enterprises of Dutch origin) abroad are not completely matched by the activities of foreign actors in the Netherlands. In order to maximise the gains from globalisation of R&D and innovation, policy should pay increased attention to the “inward” dimension of this process. For this purpose, the Netherlands needs to establish itself as a world-class location for R&D and other innovative activities attracting R&D investment and researchers from abroad.
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• Service sector performance. The performance of the Dutch service sector shows weaknesses in a number of respects, including productivity growth and innovative performance. This suggests that more attention should be paid to services, in particular to fostering service sector innovation.
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• Entrepreneurship and framework conditions. In order to rejuvenate and inject dynamism to the Dutch economy entrepreneurship, including firm creation and expansion of incumbent firms, needs to be encouraged. Although framework conditions, including competition intensity and the regulatory regime are in general conducive to innovation, there is still scope for improvement (e.g. concerning a lack of competition in certain areas, aspects of corporate finance, administrative burden, IPRs).



Le



c tu



• Policy co-ordination and coherence. The innovation governance structures need to be streamlined and co-ordination between the major actors in innovation policy improved. As advocated by innovation policy makers in the Netherlands, deriving an adequate policy mix is essential. Building on a culture of co-ordination and consultation could be an asset in this process. The Netherlands has spent much effort in building a sound basis for policy making, including a series of assessments and evaluation studies. On this basis, the Netherlands has succeeded in developing well-designed instruments (such as the WBSO) which serve as international best practice. The role assigned to evaluations and quality assurance is more important than in many other countries. It is a remarkable achievement of the Dutch approach to innovation governance that it does not confine its attention to individual aspects and policy instruments but takes a systemic perspective and emphasises the role of the policy mix. In 2003, the new government of the Netherlands sent a strong political message in response to the challenges ahead by giving high priority to science, technology and innovation high priority and by addressing the major weaknesses and problem areas of the Dutch innovation system. Indeed, practically all of the policy issues noted above are being addressed in one way or the other by recently announced policy measures. In the spirit of Dutch innovation policy, a close monitoring and evaluation of these policies and measures will contribute to assess their success or failure.
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Sweden’s performance in science and technology is high by most standard indicators. Nevertheless, Sweden has not always succeeded in sufficiently translating its high investment in knowledge or its excellent science into high economic performance. Taking a long-term perspective, Sweden’s position as a leading high-income country in Europe has gradually eroded. In the early 1990s the country went through a deep recession. Competitiveness was under pressure of increasing cost unparalleled by productivity growth. Growth accelerated in the second half of the 1990s, supported by a new macroeconomic framework put in place in response to the crisis and accompanied by largescale investment in knowledge. Nevertheless, it is a challenging task to sustain high growth while maintaining Sweden’s welfare state. Boosting productivity growth – through innovation and other means – would be instrumental in achieving these goals. At the same time attention needs to be paid to creating conditions that are conducive to the translation of gains in productivity and innovativeness into employment growth.
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Since World War II, the Swedish NIS has been dominated by technology-based, public/private partnerships between R&D-intensive manufacturing groups and public agencies and companies. In turn, the evolving technology and market leadership of these groups built on the subcontractor structures that have dominated Swedish manufacturing. Moreover, the R&D-intensive industrial groups have provided major markets for knowledge-intensive services, which have rapidly expanded in recent decades. The university-dominated Swedish research system has served the dominating technologyleading, public/private partnership structure rather well. It has been less efficient in supporting innovation through start-ups, in SMEs and in the public sector. Knowledgeintensive business services (KIBS) play an increasingly important role in innovation system interactions. There are indications that recent economic changes are having a profound impact on major actors in the Swedish NIS which may lead to a gradual loss of efficiency in the Swedish paradigm that strongly stimulated development and growth in large R&Dintensive multinational groups. While these industrial groups still retain a large volume of R&D activities in Sweden, their value-generation in Sweden has gradually been decreasing and formerly strong links to the Swedish “home base” may be weakening. The strengths and weaknesses of the Swedish NIS need to be re-assessed in the light of these developments and policies adjusted to meet the new challenges and opportunities.



1. This chapter is based on Marklund et al. (2004).
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Sweden is facing challenges – as well as opportunities – ahead but it is, in a number of respects, better equipped than other countries to deal with these issues. First of all, it can draw on impressive capabilities in the area of science. In addition, its macroeconomic situation and public finances are strong by international standards. This provides a sound basis for setting up incentive structures conducive to innovation as well as for sustained investment in resources and support structures stimulating innovation and long-run growth.
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In a longer-term perspective, Sweden’s economic performance has been comparatively weak for some extended periods of time. Over the period 1970-90, GDP growth was somewhat slower in Sweden than in other EU and OECD countries. At the end of the 1980s Swedish economic performance deteriorated substantially, culminating in a deep recession in the early 1990s. Having overcome the recession, growth of the Swedish economy picked up in the second half of the 1990s. While growth in that period was faster than in most other EU countries it still remained below that of the most dynamic economies. To some extent, high economic performance in this period was the result of a new macro-economic framework put in place in response to the crisis. In the early 2000s, Swedish economic growth has continued to be faster than that in the largest EU countries, but somewhat slower than several other EU countries and the OECD on average (Figure 6.1). Sweden’s GDP per capita dropped from fourth to fifteenth place among OECD countries between 1970 and 2003. Over time, the distance of Swedish GDP per capita to the top among OECD countries has become significant.
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Swedish performance in terms of total business sector multi-factor productivity (MFP) growth was low in the 1980s (OECD, 2003a). It improved in the 1990s, with Swedish business sector MFP moving from fifteenth to eighth place among the OECD countries included in the comparison. Despite that improvement, Sweden still lagged far behind the best-performing countries in terms of MFP growth. It should be noted that the improved Swedish performance in terms of MFP growth in the 1990s is probably only marginally attributable to improved long-term innovativeness in the business sector. The recession in the early 1990s resulted in a reduction of the least productive elements of the economy, thus increasing average MFP in the remaining production capacity (OECD, 2003a, pp. 49-51). Labour productivity growth was particularly low in the early 1980s, when both business sector manufacturing and services, as well as public sector services, showed low rates of productivity growth by international standards. In the 1990s, as a consequence of the substantial reductions of personnel in the wake of the economic crisis, labour productivity improved considerably in all sectors. Both in manufacturing and public sector services, Sweden came close to the top of OECD countries in terms of labour productivity growth. Labour productivity in business sector services also improved in the 1990s, but still remained relatively far from the top of the OECD. The major route to improved productivity gains in the late 1990s was substantial rationalisation in both the private and public sector (OECD, 2003a, pp. 35-39).
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The Swedish economy is dominated by large organisations, both in manufacturing and services. A small number of large multinational industrial groups dominate manufacturing employment, production and value added. By international standards, the public sector occupies a large share of the service sector. The public sector too is dominated by large organisations. Since World War II, the Swedish NIS has been dominated by a regime based on advanced manufacturing technology led by a small number of multinational industrial groups. The Swedish manufacturing structure of R&Dintensive and export-oriented industrial groups has also been instrumental in generating what by international standards is a quite advanced structure of subcontracting SMEs. In this industrial system there has been a general division of labour between the large industrial groups and the subcontracting SMEs. The former have generally been responsible for export markets, technological development and systems integration, while the latter have generally been responsible for the production of components and subsystems (Sörlin and Törnqvist, 2000). One part of the explanation for the relatively weak Swedish economic performance concerns the development of the multinational knowledge-intensive industrial groups that dominate Swedish manufacturing. Despite increasing R&D investments and productivity growth in these groups in Sweden, their contribution to GDP has continuously decreased. This may be a consequence of two general trends. Firstly, there has been a general trend in modern economies of declining manufacturing shares and increasing service shares in total value added. Secondly, there has been a trend towards increasing production in newly industrialising countries, closer to large markets and endowed with a much cheaper, qualified labour force. Moreover, the capacity and competence for producing high-technology products have improved considerably in many countries in Asia and Eastern Europe. As a consequence, there is a strong and rising global tendency to outsource high-technology production to these countries, while most of the product development activities and company headquarters remain in Europe or North America. The large multinational industrial groups, with a strong competence and production base in Sweden, have expanded their production abroad. Profound structural change was accompanied by rapidly increasing knowledge intensities in manufacturing and services, as well as by increasing foreign ownership of knowledge-intensive manufacturing and service firms. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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The structure of the Swedish economy is characterised by a relatively declining, but still comparatively large, knowledge-intensive and export-oriented manufacturing sector, an increasing, but comparatively small business service sector and a large public service sector. In this context, another factor contributing to the relatively weak Swedish economic performance in the long run (1970-2003) is the comparatively weak development of service sector value added. In services the performance of the Swedish economy is apparently considerably poorer than for manufacturing development and production. An important aspect of this, by international standards, rather low performance in service value added and productivity is the poor development of value added in business sector services. This concerns both knowledge-intensive services and other services, with the exception of transportation and storage. Another aspect is the public sector, which is larger than in most countries. Both private and public sector services in Sweden have performed relatively poorly in terms of genuine innovation and job creation. In terms of a relatively radical renewal through start-ups and high growth in such firms, Sweden has been considerably less well performing than in terms of large industrial groups with advanced technology.
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The Swedish innovation system – some strengths and weaknesses The Swedish NIS is one of the most outstanding innovation systems in the world. It stands out in international comparisons in a variety of respects. Overall, the innovative performance of Sweden can be regarded as being high, in many respects as excellent. This assessment is supported by ample evidence including comparative studies including international benchmarking exercises based on different sets of indicators. Among the strengths of the Swedish NIS one finds: • In relation to the size of its population, Sweden invests more resources than any other country in the OECD on R&D and other activities related to the production, diffusion and use of knowledge. Most resources are invested by the business sector. Swedish industry has increased its investments rapidly in the last 15 years and is, making it a world leader. • Sweden has a highly competent population, which is known for being relatively open to new technology. Sweden is leading in the world in human resources for science and technology occupations. • Sweden is an attractive market for qualified R&D investment and can boast substantial R&D resources in a number of large knowledge-intensive companies, as well as a highly-developed and scientifically capable university system. • For an extended period of time Sweden’s performance in science and technology has been at the very top of OECD countries in terms of both scientific publication and international patenting. Moreover, Swedish technology and science production continuously improved in an international comparison. • Some of the important strengths of the Swedish NIS include a high level of investment and use of modern communications technology, together with home-market consumers that are open to new technology and solutions. • Sweden has a qualified public sector. At the same time it is in great need of solutions to improve productivity and quality, which could generate potentially strong leveraging demand for both radical and incremental innovation and production in both new and existing firms in Sweden. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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• There are some indications for a gradual loss of efficiency in a previously efficient Swedish paradigm that strongly stimulated development and growth in large R&Dintensive multinational groups. While these industrial groups still retain a large volume of R&D activities in Sweden, their value-generation in Sweden has gradually been decreasing.
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• The technological dominance of large and increasingly foreign-owned industrial groups that are less inclined to invest in production in Sweden may pose a risk to Sweden’s future technological renewal and innovation performance.



r u t Radical or genuine innovation seems to be a weakness of the Swedish c However, L eNIS. in terms of adopting existing technology in products and processes, Sweden seems to
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be highly competitive, in both manufacturing and services. • A relatively strong focus on curiosity-driven basic research in the Swedish research system, which has worked rather well for large R&D-intensive multinationals, but not as well for other innovation and production, in either the private sector or the public sector. • The Swedish NIS is split into two distinct R&D performing sectors. Industrial R&D concentrates largely on a few large multinational and knowledge-intensive industrial groups, while research outside the business sector focuses mainly on the largest and oldest universities. This suggests putting to better use Sweden’s science system by strengthening industry-science relationships. • The rate of start-ups is low in international comparison. University spin-offs and spinoffs from large companies or R&D institutes represent very low shares in total startups. Few of the start-up firms in Sweden grow to become medium-sized and virtually none of them get really big. Incentives and facilities to support radical renewal and growth through knowledge-intensive start-ups and SMEs may have been insufficient. • The focus on service sector innovation and value added in both the private and public sector has been relatively weak. In the private sector, this is closely linked to the innovativeness in SMEs. • A number of problematic features have developed in the Swedish labour market and related incentive structures with detrimental effects on the mobilisation and mobility of labour. This mix of major strengths and weaknesses suggests that sustained efforts in science, technology and innovation policy are required. Sweden can build upon high capabilities and considerable resources. In addition, Sweden’s macro-economic position and public finances are strong by international standards. This provides a favourable basis for putting in place sound incentive structures, as well as for future investment in resources and structures stimulating innovation and economic growth.
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investments in the production, diffusion and use of knowledge. In terms of economic performance, growth, job creation far from the top in the OECD rankings. There are several reasons for this relatively poor development of Swedish performance:
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At about 4.3% of GDP in 2001 Sweden’s R&D intensity is clearly the highest among OECD countries, and second in the world only to Israel. New information from Statistics Sweden not presently contained in OECD statistics indicates that business sector R&D declined by SEK 7 billion between 2001 and 2003, or from 3.32 to 2.92% of GDP. This means that overall, Sweden’s R&D intensity is likely to end up at 3.9% of GDP. Most of the decline is in IT and telecommnications. R&D activities in Sweden have expanded considerably during the last two decades leading the country to the very top of the OECD in terms of R&D intensity. A period of increasing R&D expenditure in the early 1980s was followed by a period of stagnation during the latter half of the decade. During the entire 1990s and up to 2001, R&D activities grew steadily and at a high rate. Only Finland (and later on Israel) reported more rapid increases during the 1990s. During both expansion periods of Swedish R&D, the business sector acted as a driving force. University R&D increased at a steady rate, just outpacing GDP during the entire 1980s, but stagnated during the 1990s. Consequently, the entire net expansion of R&D activities during the 1990s was generated by increasing R&D in the business sector. R&D performance in other organisations has remained at a low level during the entire twentyyear period. R&D performance in the university sector kept pace with GDP growth, and expenditure outside the business and university sectors stagnated at a low level.
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Sweden’s business sector expenditure (BERD) on R&D (3.32% of GDP in 2001) is the highest in the OECD. This is largely due to R&D investment made by the large hightechnology or medium high-technology industrial groups which have a substantial R&D base in Sweden. The advancement in business sector R&D investment was almost completely attributable to increasing R&D investments by the large industrial groups. Of these, R&D investment in telecommunications and pharmaceuticals accounted for a large proportion. Sweden is also among the leading countries in the OECD in terms of R&D expenditure in medium low-technology and low-technology manufacturing industries. Innovation investment in services is to a much lesser extent based on R&D than manufacturing innovation. Although as in terms of total business sector innovation investments Sweden is quite competitive in R&D in knowledge-intensive services, it is much less competitive in R&D investments in less knowledge-intensive services and in public services. R&D activities carried out in Sweden are largely financed by the business sector. The same is true for most OECD countries, but the share of business sector financing is particularly high in Sweden (71.9% in 2001), significantly exceeding the EU15 (56.0%) and OECD (63.0%) averages. Only Japan (73.0%) and Korea (72.5%) have a higher share of the business sector in financing R&D. In addition Swedish industry spends a significant amount of financial resources to fund R&D activities that are performed abroad. This is in the range of about 1/3 of domestic business sector funding of R&D. This expenditure is by definition not included in GERD. Only a little over 1% of total business-financed R&D goes towards R&D at Swedish universities and colleges. Business sector R&D financing increased rapidly in the 1990s and generated virtually all of the net increase reported in the rapidly growing business sector and total R&D performance in Sweden since 1991. In the process, the proportion of business sector financing of total R&D activities carried out in Sweden rose from 55% in 1981 to 62% in 1991 and 72% in 2001. During 2002 and 2003 two of Sweden’s leading players in R&D, Ericsson and ABB, radically reduced their investment in R&D due to severe financial problems. Other industrial groups in Sweden seem to have kept their R&D levels relaINNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Complementary to the high share of the business sector, R&D financed by the public sector represents only a relatively small proportion of total R&D in Sweden, viz. 21% (2001), following a decrease from 42% in 1981 to 34% in 1991. This is the second lowest share among OECD countries after Japan (18.5%). However, in relation to GDP, Swedish public sector R&D financing is high by international standards. In fact, during 1981– 2001, Sweden advanced from sixth to second place in the OECD. The reason for this is that most countries showed stagnating or declining levels of government R&D financing in relation to GDP during that period. Finland and Israel were the major exceptions, with rapidly increasing levels of governmental R&D financing. However, analysis of government budget data shows that Sweden has in recent years been passed by the USA, Finland and France in terms of total governmental R&D financing in relation to GDP.
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Government is primarily financing research at Swedish universities and colleges. About one fifth goes towards financing business sector R&D. Most of this concerns defence-related R&D activities carried out by large multinational industrial groups in Sweden. Overall, Swedish public sector R&D financing is heavily focused on curiositydriven university research. In Sweden, a large part of all publicly financed research is performed within universities. Other OECD countries are far from the Swedish concentration of public research resources to the universities. Japan, the United States and France put almost as much public research resources outside as inside the universities. This pattern of the Swedish research system is part of the explanation behind the scientific performance of the Swedish research system measured in terms of scientific publications. Swedish public research resources are heavily focused on investment in such research that leads to international publications and, thereby, to academic careers for the researchers (Sörlin and Törnqvist, 2000). Despite relatively large governmental R&D investment, missionoriented, or strategic, research investment is quite small in international comparison. The share and volume of governmental R&D funding devoted to economic development is low by international standards. Governmental research investment is dominated by basic university funds aimed at the general advancement of knowledge through research. Apart from government, semi-public or private non-profit research foundations are quite important in financing R&D in the Swedish R&D system. Particularly important among these are foundations set up with financing from the former wage-earner funds, but also some major private research foundations. The research foundations’ financing of R&D in Sweden amounts to about 0.08% of GDP. This means that they represent about 10% of the total volume of R&D financing from public, semi-public and private nonprofit sources. Private non-profit R&D financing in Sweden is primarily used for financing different kinds of mission-oriented R&D. In summary, a distinct feature of the Swedish R&D system which distinguishes it from most other OECD countries is that it is split into two performing sectors. The system is dominated on the one hand by R&D activities in about ten multinational industrial groups, led by Ericsson and AstraZeneca, and on the other hand by the R&D activities of Sweden’s largest and oldest universities. R&D activities in various kinds of
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3.3% of GDP in 2001 to about 3.0% of GDP in 2002. The reduction of R&D resources continued in 2003 and will continue in 2004. This, in turn, is expected to lead to further reductions in overall Swedish business sector R&D in the near future.
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Venture capital and seed-financing increased rapidly in the 1990s in most OECD countries. Sweden was among the countries that experienced the most rapidly increasing volumes of venture capital. In many countries, venture capital started to decrease in the early 2000s, particularly in the United States and Iceland. In 2002 the Swedish venture capital market was in relation to GDP was relatively large by international standards, acknowledging that there are serious measurement problems involved. However, this was a considerable improvement compared to the mid-1990s, when Sweden’s international position was much less favourable. Prior to the second half of the 1990s, the Swedish venture capital market was quite small and institutionally underdeveloped. It is still characterised by institutions that have not yet fully matured and the actors are still developing in terms of competence and structures. A rather small but increasing proportion of the Swedish venture capital market focuses on early stage financing, while the majority focuses on expansion stages. However, early stage venture capital is nevertheless relatively abundant in Sweden. International data reveal that a comparatively small proportion of the venture capital in Sweden is directed towards high-technology areas (OECD, 2003c).
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public and private R&D institutes are very limited compared with most other countries. The same is true for public R&D activities outside the higher education sector.
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The level of high-risk pre-seed financing, based on different kinds of grants, rather than ownership principles, has in most countries increased at a considerably slower rate than the venture capital market. Since private capital is generally reluctant to finance the initial stages of the commercialisation process in start-up ventures, there is generally significant market failure at these stages. The pre-seed and initial seed-financing stages present a great innovation policy challenge in all countries. A substantial part of such seed-financing is in most countries provided by public sources. The Swedish NIS does not seem to have been particularly well equipped with public pre-seed financing mechanisms. Further, such high-risk pre-seed financing actually declined and virtually disappeared in the early 2000s, which has considerably worsened Sweden’s international performance in terms of investments in the initial stages of the start-up commercialisation processes. The financing and incentive structures of the Swedish NIS have primarily been geared towards stimulating productivity improvements and growth in large manufacturing groups. Sweden’s knowledge-intensive manufacturing industry has been spurred to continuously rationalise production processes. General tax structures, labour market structures, public attitudes and public-private partnerships have all been rather stimulating to large-firm capital accumulation and growth in Sweden. The general incentives for starting firms and generating SME growth in Sweden have been much weaker. Moreover, the preseed and the earliest seed-stages financing of R&D-based start-ups have remained low and even decreased in Sweden in recent years. In addition, the Swedish support structure for stimulating commercialisation of R&D through start-ups and growth of such firms is fragmented, nationally and regionally. At present, no tax incentives for R&D are in place in Sweden. The localisation of R&D activities within national borders is of key importance for national innovation systems. The presence of firms and other organisations undertaking innovation activities is important both directly, through the technological knowledge they produce, and indirectly, through knowledge spill-overs from such activities. Key factors in attracting knowledge-intensive industrial activities, both in terms of new investments and in terms of keeping existing activities within national borders, are those that provide INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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International data on R&D intensities in foreign affiliates indicate that Sweden is, in general terms, a relatively attractive location for R&D activities for large multinational manufacturing groups. However, as in most countries, domestic manufacturing firms are, on average, more R&D-intensive than foreign affiliates in Sweden. The average R&D intensity of national Swedish manufacturing firms is highest in the world (OECD – Activities of foreign affiliates database). Considering the falling number of employees in R&D-intensive industrial groups in Sweden it is likely that multinational industrial groups find Sweden considerably more attractive for R&D activities than for production. An important issue for innovation and growth policy in Sweden is therefore, if and how future value generation and flows could benefit the Swedish economy.
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Scientific output and access to science and technology Research of high scientific quality is of great importance to the dynamic competitiveness of innovation systems. The rate of scientific publications in internationally acknowledged scientific journals is a good general indicator of the scientific performance of innovation systems. Swedish research is, in relation to the size of its population, leading in the world in terms of scientific output, measured by the number of publications in internationally acknowledged scientific journals. Only Switzerland publishes more scientific articles per capita. Sweden has for many years been first or second in the world in terms of generating scientific publications, relative to the size of the country (NSI database, 2002). In all three broad scientific fields of medical science, natural science and engineering, Sweden is first or second in the world in terms of the number of scientific publications. In terms of the number of publications per capita, Sweden is leading in the world in medical science and second only to Switzerland in natural science and engineering. In medical science, Swedish publications account for 2.7% of all such publications in the world. The corresponding figures for natural science and engineering are 2% and 1.7% respectively. A main cause for this strong position in science production is that Sweden, in relation to the size of its population, has the largest university system in the world. University research dominates as a source of scientific output in all countries. In Sweden, about 85% of all scientific publications are produced within universities. The main reason is, of course, that scientific publication is a central purpose of university research and the main driving force for most university researchers. Of all university papers, about two-thirds refer to life science papers. Despite the increase of scientific publications by businesses and R&D institutes during recent years, they still represent only a very small proportion of overall publications. Businesses produce around 6% of all scientific papers in Sweden, nearly all in co-operation with universities. Also of these, nearly two-thirds are life science publications. Non-academic hospitals produce about the same amount of scientific publications as businesses, almost all of which are in life sciences. Other sectors
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domestic units. In doing so, they may reduce the home country’s innovative capacity. Generally, risks of this kind should be greatest in small countries, since their industrial R&D base is often dominated by a small number of large multinational industrial groups. Therefore, the geographical location of R&D activities in large multinational industrial groups is also an indicator of the existence of positive location factors for organised innovation activities.
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The scientific quality of Swedish research results, measured in terms of citations in scientific articles, is high by international standards. However, in recent years the quality seems to have deteriorated. Between the two periods 1992–1996 and 1997–2001 Sweden’s world position declined from third to sixth rank. A closer look at broad scientific fields reveals that the deterioration in Swedish scientific quality has been noticeable in engineering research..
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produce together about 5% of all Swedish scientific publications, most of them in the field of life science.
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During the entire period 1970-2003 Sweden has been among the leading countries in the OECD in terms of generating technological inventions, measured by international patenting in relation to population size. In terms of patenting in the United States, Sweden was ranked fourth in the world in 2001. Swedish patenting in the US rose rapidly during the second half of the 1990s, from a level that was already relatively high by international standards. Other countries with high patenting in the US have shown a similar trend, albeit not as pronounced. In terms of triadic patenting, i.e. patents assigned in the three patenting areas USA, EU and Japan, Sweden is even more competitive. Only Switzerland reports a higher rate of triadic patenting than Sweden. As in the case with US patenting, Swedish triadic patenting rose rapidly in the latter half of the 1990s.
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Swedish technological competitiveness is particularly strong in telecommunications. However, the most significant characteristic of the Swedish technological strength is its breadth. Sweden is highly competitive technologically in most high-technology and medium high-technology fields. This is a reflection of the breadth of Swedish manufacturing across almost all the high-technology and medium high-technology industries. These industries are all dominated by large multinational groups with a strong R&D base in Sweden. Apart from the United States, Japan, Germany and Switzerland, Sweden has a higher level of patenting in relation to its population size than any other country within most technology areas. A major reason for Sweden’s high technological competitiveness in terms of international patenting is the dominant role played by large multinational and R&Dintensive industrial groups within the Swedish NIS. Companies that accounted for particularly substantial patenting activities in the US included the Swedish parts of Ericsson, AstraZeneca and Pharmacia Upjohn in the telecommunication and pharmaceuticals sectors. ABB and a number of other industrial groups with considerable R&D presence in Sweden also increased their patenting substantially in the latter half of the 1990s. The sharp rise in patenting activities by these industrial groups contributed to most of the rapid increase in Swedish patenting in the US noted in the second half of the 1990s. Large multinational groups, with a strong R&D base in Sweden, dominate Swedish patenting in the US, accounting for about 70% of all patents in 2001. SMEs represent only a very small proportion of overall Swedish international patenting. Moreover, a majority of the patenting SMEs are firms belonging to large multinational groups. Patents by individual entrepreneurs, R&D institutes or other research organisations account for only a minor proportion of Swedish international patenting. The technological dominance of large and increasingly foreign-owned industrial groups that are less inclined to invest in production in Sweden may pose a risk to Sweden’s future technological renewal and innovation performance.
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Figure 6.2. Government budget appropriations or outlays for R&D by socio-economic objectives (GBAORD) As a percentage of GDP Curiosity-driven R&D2
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1. Economic, Health, Environment, Space. 2. General University Funds, non-oriented programmes. Source: OECD, R&D Statistics database, January 2005.
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Sweden is leading in the OECD in terms of investment in university research (in relation to GDP). Public R&D investment outside the university sector is low by international standards, however. As a consequence, the Swedish R&D institute sector is one of the smallest in the OECD. For this reason, the Swedish university sector is expected to co-operate efficiently with the rest of society. However, the incentive structures for this are rather weak in the universities and corresponding university functions could be further developed. As a consequence, the Swedish R&D system outside the business sector is by international comparison highly focused on curiositydriven scientific research. The level and share of mission-oriented research is low and has decreased since the 1980s (Figure 6.2). By international standards, defence-related R&D accounts for a high proportion of total public investments in mission-oriented research. A consequence of the Swedish R&D system and the profile of public research financing is that overall investment in engineering R&D outside the business sector are not particularly high in international comparison, despite high levels of engineering research in universities.
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Research in Swedish universities and higher education colleges accounts for a larger proportion of GDP than in any other country. In 2001, research in the higher education sector amounted to 0.83% of GDP. The OECD average was about half of that. Only Israel, with 0.82% of GDP, comes close to Sweden in these terms, followed by Switzerland, Canada and Finland, each with expenditure of about 0.6% of GDP. Sweden has been a world leader in terms of investment in university research at least since the early 1980s. This reflects a long-term focus of Swedish research policy that was initiated as far back as World War II. This policy has been based on a rather firm view that university research and education are of key importance for social development and progress. On the other hand, the policy has been based on the view that universities should be the major performers of research and advanced learning in society. Medical sciences, followed by engineering and natural sciences, dominate in terms of research investments in Swedish universities. The most rapid increases in the 1990s took place within engineering and medical sciences.
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private R&D institutes amount to about 3% of overall R&D (2001), which is considerably less than in other European countries. The Swedish R&D institute sector is dominated by industrial research institutes. These date back to the early 1940s, and most of them have focused on individual manufacturing industries. Industry is represented by different owner constellations. Government ownership is administered through the holding company IRECO. Today, all industrial research institutes have been transformed into companies with private-public shared ownership. The research institute sector will be further reorganised into larger institute groups in 2004. Basic public funding of R&D institutes has over the past decade become one of the lowest in Europe. As a result, it is very possible that their R&D activities will become more short-term in nature and less closely linked to the science base than institute research in other countries. Engineering research in universities and R&D institutes is a particularly important investment in the performance of innovation systems. While Sweden invests relatively much in engineering research at universities, the resources invested in engineering research in R&D institutes are small by international standards. Finland, the Netherlands and Norway show higher numbers of engineering R&D person-years in universities and R&D institutes in relation to the size of their population. Germany and Denmark account for a lower proportion than Sweden, due to their considerably smaller university sectors. Science-based co-operation between R&D-intensive firms and university research increased globally in the 1980s and 1990s at a considerable rate, albeit from a quite low level. This is a clear indication of the increasing importance of scientific knowledge and results in industrial innovation processes. The co-operation patterns reveal that scientific knowledge is particularly important within bio-science fields, in which co-authoring of scientific articles between firms and universities increased rapidly both globally and in Sweden. However, industry-university co-operation also increased within certain other industrial high-technology fields in Sweden in the 1980s and 1990s. Scientific cooperation between firms and universities is highly restricted to large R&D-intensive firms, primarily multinational industrial groups with a high internal R&D capacity. By international standards, Sweden has a relatively low share of university research (HERD) that is financed by the industry (5.5% in 2001, against an OECD and EU15 average of 6.0 and 6.8, respectively) and this share has decreased further in recent years. At the same time, business sector R&D is increasingly focused on development activities INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Incentives in the publicly funded and highly university-based Swedish research system are not sufficiently geared to induce knowledge interaction and learning between university researchers and businesses or public sector services. Even incentives for interaction between university departments, within or between universities, are not particularly strong.
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Knowledge-intensive business services (KIBS), such as R&D firms, computer-related services and other business services are often important sources of knowledge and ideas for innovation. R&D firms belonging to industrial groups are particularly important sources of innovation within their industrial groups. However, KIBS firms are generally more important as co-operation partners to different kinds of firms in their innovation processes than as original sources of knowledge and ideas for innovation. Thus, they are generally more important as advanced problem-solvers in innovation processes than the source of original ideas.
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Compared to most other industries, KIBS firms generally have much closer relationships with universities. Most R&D firms regularly co-operate with university partners in their own innovation processes. However, computer-related services and other business services also show considerably higher intensity in their innovation-related cooperation with universities than other industries. This supports much of the research that has characterised and described KIBS firms as important vehicles for the learning, packaging and diffusion of science-based knowledge to different firms and other organisations. Thereby, their activities and business models are often similar to the activities of and logic behind public or private non-profit R&D institutes in different countries. Such institutes are generally supposed to support R&D and innovation in the business sector (Boden and Miles, 2000). Together with private KIBS firms, public or private non-profit R&D institutes constitute a sector of research and technological development organisations (RTOs) engaged in knowledge storing, packaging and providing. Private and public boundaries within national RTO sectors are generally rather blurred. For an efficient innovation policy, it is vital to fully understand the characteristics and dynamics of the national private-public RTO sector. However, in most European countries, including Sweden, data and analysis of this sector are scarce, partial and often of quite low quality. A substantial increase in the attention to statistics and analysis of RTOs is thus called for, as an important analytical basis of innovation policies in Europe, at national, sector and regional levels (den Hertog and Bilderbeek, 2000). Communication is essential to interaction. Investments in and the use of advanced communication infrastructure, technology and services are therefore of key importance for the pattern, intensity and quality of interaction within innovation systems. ICT systems and services have in recent decades emerged as the key technological paradigm for communication in modern economies. Sweden has for many years been a leading player among OECD countries in terms of its investments in and use of advanced communication technology (OECD, 2003b). In terms of ICT infrastructures, Sweden has increased its ICT investment in the period and advanced to the top or close to the top of the OECD rankings in recent decades. Both its business sector and its public sector are among the most intensive ICT users in the OECD. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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technologically leading industrial groups may be weakening. This interaction pattern may pose a threat to future Swedish technological leadership and innovation performance.
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The Swedish support structure for stimulating the commercialisation of R&D through start-ups and the growth of such firms is fragmented, nationally and regionally. The Swedish university sector has not been overly successful in promoting spin-offs of research-based firms. The numerous organisations that focus on similar or related issues often lack a critical level of financial resources, relevant business competence and a highly professional organisation (Deiaco et al., 2002). On the public side of this support, a general lack of national and regional structures for stimulating the early steps towards commercialising R&D-based inventions has been an important weakness. Thereby, a loosely connected structure of technology and science parks has evolved, for which the financial resources, business competence and national co-ordination and support have failed to reach critical mass. Swedish universities, with a few exceptions, have not developed professional structures and organisations for stimulating the commercialisation of university research. Moreover, the government has not allocated any substantial funding for such activities at or around universities, though universities have been urged to engage in activities that would make use of research results for the benefits of society. The issue of start-ups and spin-offs will be taken up once more in the following section.
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The ability of firms to innovate, innovation output and the role of demand The main source of innovation data is the Community Innovation Surveys (CIS). This survey measures innovations as represented by the introduction of entirely new or significantly improved products that are also new to the market. It also measures products that are new only to the firm but not new to the market. The first measure indicates more radical renewal in industry, while the latter indicates the capacity to adopt available technology, which in innovation terms is more incremental in nature. CIS results reveal that the Swedish business sector, including both manufacturing and services, is taking a leading position in terms of innovation expenditure. This is largely due to high levels of investment in high-technology manufacturing and knowledgeintensive services. R&D accounts for a large proportion of total innovation expenditure in manufacturing, while in services R&D expenditure represents a relatively small proportion. This is an important difference to bear in mind in innovation policy development and design. CIS results indicate a rather low innovation performance in Swedish industry in terms of the turnover generated by products that are new to the market. Together with Austria, Sweden takes the ninth place in a European comparison, while Finland is a clear leader. There are considerable differences between the pattern in manufacturing and in the service sector. Swedish industry seems to be more competitive in service innovation than in manufacturing innovation. According to CIS results, Swedish industry is considerably more competitive in terms of the adoption of existing technology than in terms of innovations that are new to the market. In this respect, Swedish industry is highly competitive in both manufacturing and services. It is competitive in all firm sizes, particularly the largest firms. An indicator of the rate of renewal in an economy is the frequency of new firm startups, since establishing new firms is one of several channels for the economic exploitation of innovations. Sweden shows low rates of start-up firms compared to most other countries. Also the rate of shut-down is relatively low which means that a high proportion of these firms tend to survive a relatively long time. However, start-ups in Sweden generally tend to remain very small, with only 1.5 employees on average after two years. This implies a low rate of employment expansion compared to other European countries INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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New technology-based firms (NTBFs) are important agents of radical renewal, variety and dynamics in innovation systems. They are generally assumed to be important in the early commercialisation stages of new knowledge, of which the creation of new markets, or niches, is an important part. While large firms generally have large financial, technological, production and network resources, they often have vested interests that tie them to existing technological trajectories. Measures of the creation of NTBFs and their growth effects are therefore key indicators of the capacity of innovation systems to generate potential for radical industrial renewal and growth. Sweden, Denmark and Finland show a similar number of spin-offs from high-technology industries, while Norway lags behind the other Nordic countries. Of all spin-off firms in Sweden during 1999-2000, 17.5% were spin-offs from high-technology sectors. The corresponding figures for Denmark and Finland were 17.5% and 17.3% respectively, but only 11.2% in Norway. Despite a broader high-technology manufacturing sector in Sweden, Finnish spin-offs from high-technology manufacturing are about 50% larger than in Sweden. This is primarily related to the comparatively high spin-off rates from the Finnish telecommunications industry. Most of the high-technology spin-off firms in Sweden are generated from the computer consultancy industry. Sweden shows higher levels of university spin-offs than any other Nordic country. However its overall share of such spin-offs is very low. Further, spin-offs from universities generally grow at a considerably slower rate than spin-offs from industrial firms or other NTBFs (Nas et al., 2004). The rate of spin-offs from research institutes – and indeed the subsequent growth of such firms – is higher than for university spin-offs. However, since the R&D institute sector is very small in Sweden, the quantitative role of institute spin-offs is quite limited.
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Moreover, researcher-initiated or researcher participation in high-technology start-ups is very low. Only about 1% of all new firms in Sweden are researcher-initiated. Despite the large research system in Sweden, this is considerably lower than in Finland, but somewhat higher than in Norway. Most researcher-initiated start-up firms are generated from high-technology manufacturing firms. In Sweden, the proportion of higher educated individuals starting and running SMEs is about the same as the overall proportion of higher educated people in the country’s population. The majority of NTBFs in Sweden started by people with a higher education in engineering, medicine or natural science were part-time firms. Most of these firms were started by people whose higher education was in medicine. A majority of the businesses started by people with a higher education were wound up within four years of start-up (Delmar and Wiklund, 2003). Not all NTBFs contribute significantly to economic growth, though when they do, the growth mechanisms involved may be one of several types. One concerns the direct growth of NTBFs themselves, another is growth within larger firms, subsequent to mergers, and a third mechanism is growth effects through their role in industrial networks. Not many NTBFs grow to be large by themselves. Of all Swedish hightechnology spin-offs from 1996, about 63% were still in operation in 2000. However, only about 28% of the spin-off firms started in 1996 had generated any employment growth in the period 1996-2000. The proportion of surviving spin-off firms that generate INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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other Nordic countries and most other EU member states Global Entrepreneurship Monitor, 2003). Most new firms in Sweden are started in the service sector. Apart from traditional service industries, knowledge-intensive services such as financial and business services show high rates of start-ups. There is a clear trend towards an increasing share of start-ups in knowledge-intensive service industries.
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Demand-side factors are known to play an important role in a country’s capability to innovate. As noted, the Swedish business sector’s R&D investments are dominated by large multinational manufacturing groups with high R&D intensity. The strong position of these large multinational industrial groups and the high R&D intensities in Sweden have been strongly stimulated by long-term public-private user-producer relationships, based on technology-intensive public procurement by public monopolies or semimonopolies. The relatively high stability and technically demanding content of these relationships have promoted a high level of long-term investments in business R&D in Sweden. However, the role of such relationships may be declining for several reasons: First, the very success of Swedish companies means that the requirements of the domestic market become less significant in driving product development. . Second, a number of these previously public monopolies (rail transport, telecommunications, etc.) have been deregulated to a larger degree than in most other OECD countries. Finally, European Union procurement rules limit the scope for such partnerships at the national level.
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employment growth is considerably higher in Finland than in Sweden, but much lower in both Denmark and Norway.
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An important, though still rather poorly documented strength of the Swedish NIS is the relatively open attitude of consumers and markets to innovative products and services. This seems to be a particular feature of the Nordic countries, compared to the rest of Europe (Tellis et al., 2003). It is likely that such consumer habits, as most habits and attitudes, have been gradually built up over a long period of time. This may have been influenced by the early and for many years rather ambitious policy of modernising infrastructures and equipment at work, at home and in education, combined with a relatively broad participation of the population in education and working life.



Human resources The knowledge and competence of individuals can be considered as the most important resources in innovation. The availability of competent individuals to a large extent determines the innovation capacity of innovation systems. The volume, distribution and flows of human resources are highly important for the performance of innovation systems. The presence of higher educated workers is expected to be an important factor for the capacity of firms to absorb new knowledge. Research competence is a particularly important capacity in relations between firms and the science system. The mobility of human resources is an important factor for knowledge transfer, both within and between sectors (OECD, 2002). Human resources in science and technology (HRST) encompassing workers in professional and technical occupations are a major asset of Sweden. HRST occupations account for 37.7% of total employment placing Sweden in the first position among OECD countries (OECD, 2003c). In addition, growth in HRST continued at a rate above the OECD mean between 1995 and 2002. The top position of Sweden is due to both a relatively high share of both professionals and technicians in total employment. Sweden is not at the very top of the OECD countries in terms of the number of higher educated people in the population. However, the situation improved considerably in the 1990s and early 2000s. The Swedish education system has increased its focus on higher education and at the same time increased the education rates considerably in recent years. As a consequence, Sweden is now among the leading countries in the OECD in terms of the rate of increase in the total number of higher educated people, higher educated natural INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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In terms of the percentage of total population with at least a theoretically based tertiary education, Sweden is ranked twelfth in the OECD’s list. It should be noted that the Swedish education system has historically been less geared towards theoretical higher educations than several other OECD countries (Marklund et al., 1998). Therefore, Sweden would be considerably more competitive in human resources terms if tertiary educations of a practical or vocational nature were included. In terms of the percentage of tertiary graduated NSEs of the total number of graduates from tertiary education, Sweden is more competitive and is ranked third by the OECD. Leading countries in this respect are Korea and Germany. In terms of the total numbers of new university degrees in relation to population size, Swedish performance has improved substantially in the last two decades, particularly within the field of engineering. The Swedish NIS has in the past decade achieved a significant improvement in performance in terms of generating new research graduates. In terms of research graduates between 25 and 34 years of age, Sweden is at the top of the OECD rankings. This indicates that Sweden is taking active steps to build a foundation for future research competence in the NIS. Sweden is particularly competitive in terms of the number of people with new PhDs in engineering and less competitive within natural sciences. A large proportion of the employed in Sweden who have completed a tertiary education (78%) are educated in social science, humanities or in some other field than natural science or engineering. About 55% of the higher educated workers in Sweden are employed in the public sector. In the public sector, a large majority of those with a higher education have studied social science or the humanities, while NSEs are in majority, 59%, in the business sector. In 2000, higher educated NSEs represented 22% of the total stock of higher educated employed in the Swedish economy. A large majority of these (83%) were employed in businesses, about 6% in the higher education sector, 1% by other services, while about 10% were employed in public authorities and other nonbusiness organisations. The largest NSE-employing sector in the Swedish economy is that of knowledge-intensive business services (KIBS) firms. In 2000 about 42% of the NSEs employed in firms were employed in KIBS, considerably more than in manufacturing (33%). Of course, as in other countries, a considerable share of KIBS firms represent functions which have been spun off from large firms. Within the business sector, KIBS are clearly the most NSE-intensive of all industries. The highest knowledge intensity is shown by R&D firms. Knowledge-intensive SMEs in services generally have a higher NSE-intensity than manufacturing SMEs. SMEs belonging to industrial groups generally INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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most have been educated in social sciences or humanities. An overwhelming majority of those with a higher education in natural sciences and engineering, NSEs, are employed in businesses. Business sector employment of NSEs is highly concentrated to knowledgeintensive business services and high-technology and medium high-technology manufacturing firms. SMEs belonging to industrial groups generally have a substantially larger percentage of NSEs on their payroll than independent SMEs. Business sector employment of PhDs has increased substantially in recent decades. PhD employment is highly concentrated to large industrial groups and the PhD intensity in SMEs belonging to industrial groups is higher than in independent SMEs. This indicates considerably higher absorptive capacities in SMEs within industrial groups than in independent SMEs. Outside the business sector, universities and technical colleges dominate in terms of NSEs. The general labour market mobility rates are not particularly high in Sweden and the mobility of researchers from the business sector to universities seems to be low.
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The total number of PhDs and licentiates employed in the Swedish economy in 2000 was 36 097. The majority of these were employed in the non-business sector, primarily in universities. In the business sector, the majority of PhDs were employed in KIBS firms. In the late 1990s, the number of PhDs in the business sector increased considerably. From a relatively stable percentage of around 35% of total employment of PhDs in the 1980s and early 1990s, the business sector share of PhDs increased to 45% in 2000. In the manufacturing sector, high-technology and medium high-technology industries dominate employment of PhDs. The majority of the PhDs in manufacturing are employed in the telecommunications, instrument, transport equipment, pharmaceutical and machinery industries. In the service sector, KIBS industries dominate PhD employment. A large percentage of the overall number of PhDs employed in services works for R&D firms. An overwhelming majority of all PhDs in the business sector are employed by large firms. Of the overall business sector employment rate for PhDs in 2000, large firms accounted for 71%. Moreover, the concentration to industrial groups is even stronger than for higher educated NSEs.
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have a substantially higher percentage of NSEs than independent SMEs. This indicates a considerably higher absorptive capacity for SMEs within industrial groups than in independent SMEs. However, there are a considerable number of very small independent SMEs run by NSEs, particularly in KIBS-industries. These firms should be of considerable interest to innovation policy.
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Human resource mobility is not very high by international standards, as shown by a relatively low rate of inter-firm job mobility. About 5-10% of employees change employers once a year and the average employee spends 10.5 years in the same job and tenure rises more sharply with age than in other countries. This may be a consequence of Sweden’s relatively strict employment protection legislation, which may stimulate employees to stay in their jobs, because of the resultant loss of job protection associated with mobility (OECD, 2004, p.124f). In particular there appears to be a complex set of factors discouraging job mobility of older workers. While the mobility of people with a higher education has been high from university education to industry, the mobility of people with a similar background from the business sector to universities or other parts of the public sector has been very low.



Policy challenges and conclusions Based on a highly developed NIS with considerable strengths, Swedish science, technology and innovation policy is facing a number of challenges. These challenges need to be addressed in a national innovation policy strategy for Sweden. Such a strategy would not only need to address the right issues, it also needs to design and establish an implementation strategy that covers and generates synergies between different administrative policy areas and bodies at both national and regional levels. The major innovation policy challenges could be grouped in five categories, which, however, are interrelated and should therefore be addressed within the same general innovation policy framework: • Start-up, innovation and growth in knowledge-intensive SMEs. • Improved supply, use and mobility of human resources. • New regime for user-producer public-private partnerships. • Increased volume and impact of mission-oriented research. • Centres of excellence for research and innovation. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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Improved supply, use and mobility of human resources. Another important challenge to Swedish innovation policy is how to secure a sufficiently large future supply of highly qualified people to the Swedish labour force, together with improved use and mobility of existing human resources. In the last decade, increasing labour market problems related to demography, job creation and use of the labour force have made labour market issues one of the most important challenges for improved innovation and economic growth in Sweden.
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New regime for user-producer public-private partnerships. A third important challenge for Swedish innovation policy is to find new routes to replace the old NIS regime that has been quite efficient in terms of technological and scientific performance. Replacement is, however, necessary since the foundations of the old regime have been irreversibly outdated, due to international developments and the considerable deregulation of sectors that have historically formed an important basis of that regime. A new public-private partnership regime should be based on the need for improved innovation in the Swedish public service sector. The size of this sector in Sweden makes public sector innovation critical for Swedish economic competitiveness. At the same time, its size and high quality standards make it a potentially strong vehicle for generating effective leveraging demand for both radical and incremental innovation and production in both new and existing businesses in Sweden. Increased volume and impact of mission-oriented research. A fourth important challenge for Swedish innovation policy is how to increase the volume and impact of the Swedish research system on innovation in both the business sector and the public sector. The Swedish research system has relatively little of mission-oriented research, which could be a threat to future developments as regards the location of and efficiency in industrial innovation activities in Sweden. Sweden also needs to improve the impact of the Swedish research system on innovation-based start-ups, innovation in existing SMEs and innovation in public organisations. The Swedish research system, which has been highly based on curiosity-driven university research, has been efficient in supporting innovation in large R&D-intensive industrial groups, primarily through flows of people with a higher education. However, it has been relatively inefficient in supporting start-up innovation, innovation in SMEs and public sector innovation. At the same time, innovation and growth in these latter three categories have increased in importance for future Swedish economic growth and welfare, while the large industrial groups have gradually been losing connections to Sweden as their home base for production.
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structures that would generate increased value added through the establishment of R&Dbased SMEs. Industrial renewal through start-ups and growth in small, innovation-based firms has been a weakness of the Swedish NIS. The links of the large industrial groups to their former home-base are weakening. Foreign ownership may lead to a more narrow focus and thus limit the potential for diversification from these firms, as such strategic issues are usually dealt with at headquarters. These developments, together with the limits to public sector expansion, have made it important to increase the rate of knowledgeintensive start-ups and high-growth, innovative SMEs in Sweden. Moreover, since small firms generally show a higher propensity to radical innovation than larger ones, the increase and growth of knowledge-intensive SMEs should be critical to the renewal of the Swedish NIS.
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Centres of excellence for research and innovation. A fifth important challenge for Swedish innovation policy is how to improve the interaction efficiency in R&D and innovation within the Swedish NIS. The challenge is how to generate research and innovation environments that simultaneously continue to attract investments by technologically leading firms and improve the rate of innovation-based start-ups and growth in SMEs and large firms in Sweden. Start-ups and SME growth are weaknesses of the Swedish NIS and the globalisation trends have increased the risk that technologically leading firms will focus future R&D investments on countries other than Sweden. Centres of excellence for research and innovation are environments with a simultaneous international competitiveness in science, technology, innovation and knowledge-intensive production. They are characterised by high efficiency in “Triple Helix” interactions. Such environments are delimited in terms of sector and technology focus, as well as in terms of geography, because of the need for critical mass in terms of competence and because of the need for geographical proximity for efficient interactive learning in innovation processes. In addition, their competitiveness is highly based on the intensity and quality of their co-operation and interactions with leading international and national centres of excellence that could improve their performance. Therefore, internationally connected centres of excellence and national networks of centres of excellence within different sectors should be an important focus for national and regional innovation policy strategies.
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INNOVATION POLICY AND PERFORMANCE IN THE UNITED KINGDOM1 Introduction
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A wide variety of factors influence the innovation performance of an economy. During the UK’s recent Innovation Review the following were identified as being some of the most important:
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• Macro-economic performance. A past history of macro-economic instability can affect incentives to innovate through the uncertainty it creates and the impact this has on company financing decisions. Access to finance is important. The risky nature of innovation and the – often – heavy initial investment required to bring a project to fruition suggests that issues of finance are likely to particularly crucial for successful innovation (Arrow, 1962). • The capacity to absorb and exploit knowledge and technology. As knowledge is tacit and embedded in people, firm capacity depends on investments in intangible and tangible business assets. In house R&D serves to maintain and develop a firm’s capability to absorb new knowledge (Cohen and Levinthal, 1989; Rosenberg, 1990). This absorptive capacity is critical for firms to act as intelligent customers (of external research) and for monitoring emerging scientific and technological fields. Flexibility in terms of strategy, culture and organisation in the face of change is also important. Worker training, organisational structures and managerial ability are important determinants of productivity at firm level (OECD, 1999). And the successful introduction of new technologies often depends on introduction of new work practices (OECD, 1998). • The regulatory framework affects incentives to innovate, for example through the IPR regime, and the ability of firms to deploy their resources effectively. • The competition regime, which the government helps determine, can remove impediments to market entry, prevent excessive concentration and eliminate unfair or undesirable factors which firms adopt to shield themselves from competitors. By enabling the entry and exit of firms, the degree, intensity and nature of competition decides which innovations will be successful in the market place. Levels of entrepreneurship help determine the intensity with which firms compete and their ability to spot opportunities and manage risks.



1. This chapter is extracted from DTI (2003a).
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• Networks and collaboration. Firms rarely innovate alone (Lundvall, 1992) and rely on a variety of institutions such as other firms, Universities and educational bodies, Government labs, Research and technology organisations (RTOs) and IPR organisations. They are increasingly seeking co-operative agreements of various kinds with other firms and institutions both horizontally and vertically3. To remain competitive firms need to master (Nelson and Winter, 1982) an increasing stock of knowledge across a wide range of technological areas (Grandstrand et al., 1997). Accelerating R&D costs, higher levels of risk and shorter product cycles (Ciborra, 1991) also play a role as collaboration allows firms to share resources and risk.
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• Sources of new technological knowledge. New knowledge, resulting from investments in science, technology and design2, has an important role in shaping innovation systems. It complements knowledge gained from the performance of products in use, users and suppliers. The movement of knowledge between sectors increases innovation opportunities.
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• Customers. Demanding customers put pressure on firms to deliver better quality and better value goods and services. Often they will identify problems that need solving. They are an important source of external knowledge and information for innovation. The ability to sell new products and services abroad will often be vital to achieve economies of scale.



Macro-economic performance Historically the UK has performed poorly in terms of macro-economic stability compared with other G7 countries (DTI, 2003c). Volatility of economic growth, inflation, employment and interest rates, partly reflecting policy shifts, hindered the long-term health of the economy. In particular a climate of instability led to deterioration in the skills of the unemployed and made it difficult for companies to undertake the planning and long-term investment necessary for marked and sustainable improvements in productivity. It in part explains why UK firms have tended to face, on average, higher costs of capital, particularly for R&D projects (Coopers and Lybrand, 1993; McCauley and Zimmer, 1989). This instability raised real interest rates and increased uncertainty, reducing incentives to invest and to plan for the long term. One study suggests that, for every permanent one percentage point rise in real interest rates, the volume of business R&D expenditure is reduced by 12.5% (Becker and Pain, 2002). This suggests that reforms to monetary policy since the mid-1990s, such as independence for the Bank of England, could in time have a significant impact on innovation performance. For example, there is evidence to suggest that the real rates of return required by companies to justify investments have fallen since 1994 (Godden, 2001).



2. A number of surveys carried out on behalf of the Design Council point to a correlation between investments in design and business performance. 3. Horizontal co-operation between competitors normally take the form of contractual agreements on R&D. After co-operating in the research phase, firms compete to commercialise products from the research. Vertical co-operation agreements exist between firms and suppliers or customers/users. Co-operation centres around improving products or production processes.
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Source: OECD Economic Outlook, No. 75, June 2003.



Access to finance Finance for innovation is usually from internal sources – cash flow. However, for more substantial investments external finance may be sought. Markets may under-invest. Levels of uncertainty are high and difficulties in assessing future cash flows means that the manager will have a much better idea about performance than outside investors. Outside investors may not trust the manager of the risky project to undertake activities that are in their best interests. Or investors find it difficult to identify good projects. Recognising this, good managers may sacrifice longer-term projects to provide higher short-term returns that less able managers cannot match. As a result more profitable longterm investments (e.g. R&D) would be sacrificed leading to under-investment. Economic theory4 can therefore justify claims that investors and managers take short-term attitudes to investments in innovation. However if the economic models that support claims of short-termism are true then all firms – wherever located – should have similar problems in trying to communicate the benefits of potential projects to investors. Some argue that other national innovation systems – e.g. Germany – allow better information flow between investor and firm because of their different system of corporate governance (with Bank representatives sitting on company boards for example). But even under these systems, firms still report difficulties.5 Nor does it explain why countries like the US, with similar financial systems to the UK, deliver higher levels of R&D spend.



4. For a review of the main models incorporating asymmetric information effects see Goodacre and Tonks, 1995. 5. Firms in Germany do report difficulties in getting long-term partners to finance R&D and the acquisition of intangible assets. This may be due to the absence of instruments to spread risk, such as well developed equity markets. For example see the chapter on Germany in Steil, et al., 2002).
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Although firms rate financing constraints as a significant barrier to innovation6 the most recent CBR research suggests that when firms seek external finance they generally get it – and usually from banks (Cosh and Hughes, 2003). Innovators are as likely to receive finance as non-innovators. Only 10% of the CBR firms were unsuccessful in obtaining external finance although older and larger firms tend to be more successful than smaller firms.7 This should not come as a surprise since we would expect firms with a track record to be more successful. In general terms then, whilst UK firms may under invest in innovation related activities, it is unlikely that access to finance is the main reason.8
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Given the levels of uncertainty involved in the innovation process it is likely that, on occasion, investors take a cautious attitude to investments in innovative firms. This is reasonable. The issue for Government is simply whether the problem is particularly worse in the UK and whether it can improve upon the status quo.
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Looking at the supply of finance it is difficult to argue that, generally, there is a shortage of finance for innovation. UK capital markets are well developed and equity markets are extremely strong. With a market capitalisation of GBP 1 523 billion the London Stock Exchange is one of the largest in the world. Apart from it, which tends to focus on the needs of larger firms, the UK also has secondary markets, such as AIM and OFEX, and private equity9 which acts as source of finance for smaller firms. The UK private equity industry continues to be the largest and most developed in Europe, accounting for 29% of total annual European Equity investment in 2001. The next largest industries are Germany (18%) and France (13%) (British Venture Capital Association, 2003).



Le



6. For example, the second Community Innovation Survey showed that 10% of UK firms reported that they lacked appropriate sources of capital or that the cost of finance was a constraint on innovation. This figure was around twice the European average, and financial constraints disproportionately affected higher technology businesses. According to the CBR survey economic factors – such as costs of finance or length of payback period – tend to rank mostly highly as barriers to innovation. 7. For SMEs, CBR show that the most important source of finance is banks. 79% of firms seeking finance do so from banks with less than 10% of firms seeking finance from all other sources apart from HP/leasing businesses. Their analysis of failure rates showed that whilst a statistically significant proportion of bank finance applications failed, this was not surprising given the volume of bank finance relative to other sources. Taking account of this, CBR show that failure rates are higher for venture capital. Firms of different sizes also have different patterns of financing. Venture capital is more likely to be sought by larger firms. Micro firms are more likely to seek finance from banks and are more likely to fail to obtain it. 8. Researchers have also used R&D data to test for the existence of financial constraints. If firms are financially constrained, because of imperfections in capital markets, they would be unable to attract sufficient external funds and would be reliant on internal funds to finance investment in R&D and this should result in the level of R&D spending being sensitive to changes in internal finance. Overall the results of empirical studies are inconclusive (Becker and Pain, 2002). 9. Private equity means the equity financing of unquoted companies at many stages in the life of a company from start up to expansion or even management buy outs or buy ins of established companies. Venture capital is a sub-set of private equity (Source: BVCA).
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Source: European Commission, Third European Report on Science & Technology Indicators: Towards a Knowledge-based Economy: 2003 Edition, March 2003.



Venture capital (VC) is one source of private equity. The UK VC market is large and funds tend to focus on highly profitable, and productivity enhancing, management buyouts10 rather than start-ups, which are considered riskier and less liquid.11 The volume of finance invested in early stage deals is consistent with the longer-term risk-reward profile (Bank of England, 2001). And transaction costs are relatively high for early stage deals which require smaller investments, given the high due diligence such investments need. This is reflected in the distribution of deal sizes. The majority of venture capital deals are clustered in the range of GBP 200 000 to GBP 5 million (OECD, 2002b). Fewer transactions occur below the GBP 200 000 threshold (around 20%). In the UK, support for start-ups and early stage businesses, which require smaller amounts of capital, is seen as a valid target for government support (e.g. through subsidised Venture Capital) (HM Treasury, 2003b). However regulations may have played a role in reducing the supply of private equity. Major institutional investors in the UK have tended to invest less in VC compared to their US counterparts – most probably because financial regulations.12 biased investment against private equity. Problems of illiquid investments – in part caused by relatively fragmented and under-capitalised European second-tier stock markets – have also reduced the attractiveness of private equity to institutional investors.



10. Research cited in the Myners report also suggests that MBOs generate sizeable one off productivity effects. This suggests that the discipline of private equity forces companies to capitalise on under-utilised assets (Thompson et al., 1995). 11. Poor investment returns in the early 1980’s led to a migration away from early stage finance in the UK. Some respondents to the Myners review suggested that poor returns were in part due to channelling investment through the major clearing bank’s own in-house equity firms which hindered the development of a diversified equity portfolio and reduced competition between firms. 12. The 1986 Finance Act excluded the majority of UK pension funds from investing directly in private equity funds. In addition the Minimum Funding Requirement – which came into force in 1997 – required schemes to hold a minimum level of assets, mainly government debt, to meet liabilities.
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Turning to the demand for finance, it is likely that poor performance in other parts of the innovation system results in businesses having fewer innovative projects. For example weaknesses in skills – amongst management and the workforce – is likely to have a detrimental effect on the development, implementation and financing of innovation strategies. According to the second CIS, businesses cite shortages of technical and management skills as important constraints to innovation.
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If firms do not have access to sufficiently skilled workers, they may be unable to develop and adopt innovations, implement new investments or organisational improvements. As well as influencing economic growth, workforce skills are one determinant of how well the economy adapts to structural change. As the economic structure evolves, some industries decline, and some new industries emerge. As a result the ability of an economy to foster lifelong learning in the face of changing skill needs is paramount.
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The evidence suggests that low levels of skills are one of the main barriers that UK firms face when trying to become more innovative. There is also emerging evidence that the interaction of demand and supply coupled with the complementary nature of skills to investment and innovation, means that some firms become locked into a “low-spec” trap. This is where firms adopt low value-added, low skill, low innovation product strategies. As result, individuals do not see any incentive to acquire higher skills (since there is little demand from firms for those skills). Consequently, when firms seek to adopt more productive product strategies, they cannot acquire the skills from their local labour market, so do not undertake the investment or adopt the innovation (Hogarth and Wilson, 2003). Lower average skill levels in the UK account for a fifth of the productivity gap with Germany (O’Mahoney and de Boer, 2002). Although the UK has a similar proportion of graduates as Germany, the UK has a much higher proportion of lower skilled workers. The UK has a higher proportion of intermediate skilled workers than the US, but the US has a substantially higher proportion of graduates. The main message is that for the UK, the problem is not one of “skills shortages” – which tend to be a small proportion of total employment and short term in nature – but that the UK has a generally low level of skills across the economy. A series of cross-country comparisons by NIESR suggest that this weakness leads to highly qualified people spending time dealing with problems caused by skill deficiencies. This could affect innovation by delaying process innovations or hamper the transfer to full production stage of new product development. The UK has for a number of years lagged behind other developed economies in terms of the development of basic skills. Up to seven million adults are functionally illiterate, this translates to 20% of adults reading less well than the average eleven year old. The UK performs poorly on basic skills when compared to our competitors. Low skills present a barrier to the acquisition of additional skills, as workers with low skill levels are less likely to engage in adult education and training (Moser, 1999).The amount of resources dedicated to education is – by international standards – relatively low which has probably led to the perception that the quality of publicly funded schools is low in the UK (Porter and Ketels, 2003). Reforms to schooling have increased the proportions of children attaining the expected standards for their age in both literacy and numeracy. The Programme for International Study Assessment found that the performance of UK young people was significantly above the OECD average in all three of the subjects covered – “reading literacy”, “mathematical literacy” and “scientific literacy”. But it will be some
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The overall weakness in terms of basic skills extends to adult skills levels more generally. NIESR suggests that the UK’s skills gap arises from a relative lack of intermediate skills, especially at level 3.13 The UK has one-third fewer people qualified to level 2 than either France or Germany and only half as many people qualified to level 3 or above than Germany. Interestingly, the US appears to have a similar skills distribution to the UK although with much lower shares of the workforce with intermediate skills and correspondingly higher shares with high or low skills (Crafts and O’Mahony, 2001). It has been suggested that a major factor in US productivity leadership is down to the size of its markets and the economies of scale in production that resulted (Keep et al., 2003).
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The UK is some way behind Germany and France in terms of the percentage of the workforce vocational qualifications at level 2 and above. In the UK the low take up partly reflects the relatively low returns, in the form of wage premia, to vocational qualifications compared to academic qualifications (Dearden et al., 2000). Government instruments designed to create a vocational route to high-level skills – e.g. Modern Apprenticeships – have been criticised for providing little or no general skills component with much of the training geared to meeting a checklist of competencies within the firm. Lacking in external accreditation and common standards many of the qualifications are not transferable and unattractive to students (Ryan and Unwin, 2001).
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In terms of higher level skills, the UK has a large graduate output, a direct result of government encouragement and the perceived high returns to gaining a degree although there are pressures on university finances, teaching quality and infrastructure as costs per student have fallen sharply (Rolfe, 2001; Mason, 1999). The UK has a large stock of Scientists and Engineers,14 although many are not attracted to careers in research and development – mostly because employers offer insufficiently competitive remuneration packages (DTI, HMT and DFES, 2002). The financial services sector and the public sector are the largest employers of S&T graduates.15



13. Level 5 is equivalent to degree level; level 4 is higher education below degree level; level 3 is A level/ apprenticeship; level 2 is GCSE grade A-C or equivalent; level 1 is GCSE below grade C. 14. The UK possesses 1 620 science graduates per 100 000 in the youth (ages 25-34) labour force compared to 2063 in France, 835 in Germany and 1098 in the US. (Education at a Glance, OECD). 15. S&T graduates include first degrees in biological science, physical/environmental sciences, mathematical sciences and computing, engineering, technology and architecture and related subjects.
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Figure 7.3. Share of total S&T graduates employed by each sector
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Source: OECD, Labour Force Survey, Autumn 2002.



The acquisition of skills does not begin and end at school. Individuals develop skills over the course of their working lives, both through formal and informal (“on-the-job”) training. The UK performs relatively well in terms of job-related training, the International Adult Literacy Survey shows the UK performing ahead of the US but behind Canada in terms of hours of all continuing education and training undertaken. A firm’s ability to turn innovative ideas into profitable new products and processes will depend on management related factors such as: • The corporate strategy and its implementation in practice. Many companies, including foreign owned companies, have difficulties in effectively executing strategies (Charan and Colvin, 1999). • A culture that encourages employees to try out new ideas and reward systems that acknowledge employees efforts. Organisations that actively encourage continuous learning and development in their employees are more innovative (Shipton et al., 2003). The CBI (2001) innovation survey concluded that the most innovative organisations had the most positive innovation culture. • An outward orientation in which organisations actively undertake systematic approaches to locate and assess good practice elsewhere in attempts to improve their own performance. Organisations that benchmark their operations frequently tend to be more innovative (Leach et al., 2001). • Whether organisations encourage participation in decision-making to generate a wider range of viewpoints and ideas from which to choose. This also helps motivate employees by giving them a sense of ownership and control over changes at work, as opposed to them resisting imposed changes. A survey (Leach et al., 2001) of 500 UK organisations showed that those that conducted extensive internal and external discussion and negotiation prior to idea implementation, were more likely to produce successful innovations.
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The evidence suggests that UK firms are less able, or willing, to implement changes to business organization (Engineering Employers Federation, 2001). This is likely to be influenced by management. Evidence on the quality of UK management vis-à-vis its competitors is hard to come by. What is available suggests there are some weaknesses (CBI/TUC, 2001). For example:



e



• Somewhat old evidence (Savery et al., 1994) suggests that UK managers performed particularly badly in terms of their adaptability, entrepreneurial and technical skills when compared with US, German, French and Japanese managers.



r u Another study shows that – compared to the US and other European c t – UK L ecountries firms were more likely to report lost working time due to inadequate management
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supervision and an inappropriately qualified workforce (Proudfoot Consulting, 2002). • Despite the increase in management education, a recent UK survey (Horne and Stedman Jones, 2001) indicated that nearly half of all junior managers rated the quality of leadership in their organisations as poor, few chairmen and chief executives believe there are any weaknesses in this area. • Furthermore, employees (Workplace Employee Relations Survey, 1998) feel there are still notable skill deficits e.g. 24% of managers were classed as poor at dealing with work problems and 34% as poor at responding to suggestions from employees. There are signs of improvement however. A study (Thomson et al., 1998) of management development indicated that significant improvements had been made since the 1980s. For example, more organisations rated management development as important, participation rates had increased and the use of formal qualifications was more common. The trend has continued over the last few years. In 1996 23% of managers had a degree, while in 2001 that went up to 30% (Tamkin et al., 2002) and the number of MBAs grew from 8 000 per year in 1995 to 11 000 in 2000 (Council for Excellence in Management and Leadership, 2002). A recent review (Leseure et al., 2003) of the promising business practices literature by AIM scholars suggests however that there is no such thing as a one size fits all best practice which firms can draw upon to improve their innovation culture. Indeed capabilities are usually a highly specific combination of behaviours and artefacts. Imitation is extremely difficult and simply copying others represents superficial rather than fundamental change (Bessant et al., 1996). It is also quite possible that many successful firms find it difficult to identify the precise reasons for their success. Although the evidence supports the proposition that UK firms lag behind competitors in terms of the adoption of promising practices, the review was unable to identify studies which address the causes for this. The most policy relevant question remains unanswered. Are UK firms just less effective at finding and implementing promising practices or have external factors, such as historic weaknesses in the competition regime or employment relations framework, reduced incentives to acquire such practices?
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instigating regular reviews and reflective practices. These factors, and others, are set out more fully in work produced by the AIM Management Research Forum in support of the Innovation Review (Birdi et al., 2003).
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Regulations may erect barriers to entrepreneurship by limiting competition and constrain firms’ ability to adapt to changing market circumstances or provide unfair advantage to particular firms. Labour market regulations may also influence innovation performance because industrial relations regimes are likely to influence the human resource strategies of innovating firms. Where wage negotiations are decentralised and unco-ordinated, firms recruit skilled labour from the labour market. In more centralised systems, wage differentials between skilled and unskilled workers tend to be compressed, and firms, finding it more difficult to attract skilled labour, gain more from training their own workers. In addition countries with centralised or sectoral wage bargaining systems also tend to have higher hiring and firing costs (Scarpetta and Tressel, 2002).
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Various work by the OECD suggests that regulations have an adverse impact on innovation performance.
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• An anti-competitive regulatory environment and delays in implementing pro-market reforms, including improved market access and state retrenchment, are associated with relatively poor total factor productivity performance. • Regulations limiting private governance and competition tend to have greatest adverse impact the further a country is from best-practice technology because it hinders the adoption of existing technologies, the absorption of spillovers or the entry of new firms. • Regulations that promote competition can explain more than a third of the excess R&D intensity in the US, Japan, Germany and Sweden relative to the OECD average and provide a large positive contribution to the UK, Canada and Ireland. • There is evidence of a negative impact on multi-factor productivity of tight employment protection legislation when wages or internal training do not offset the higher adjustment costs. Figure 7.4. Subjective and objective measures of economy-wide product market regulation, late 1990s Scores 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
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INNOVATION POLICY AND PERFORMANCE IN THE UNITED KINGDOM –



Source: OECD Employment Outlook: 1999 Edition, June 1999.



The UK scores well on measures of regulatory burden (Nicoletti and Scarpetta, 2003). But regulations are one instrument which government can use to achieve its economic and social objectives, although there may be alternative approaches to achieve the same goal, e.g. use of taxes or subsidies which may have lower costs. Regulations can stimulate technological advances and create new markets.16 Equally there are examples where overly proscriptive regulations and inadequate guidance have hindered firms’ efforts to engage in innovation to meet the regulatory requirements.17 Regulators also influence the operation of industries, particularly the privatised utilities. The use of price controls have led to rapid efficiency gains post privatisation, although their too rigid application over the longer term may reduce incentives to innovate by reducing the potential for returns. Equally the definition of what is an appropriate price to pay for a service may be difficult. For example should energy prices reflect short-run costs, as a result of competitive pressures, or long run costs which also make allowance for the maintenance of infrastructure?



Intellectual property rights Intellectual property rights (IPR) provide incentives for innovators to invest in new products and processes by guaranteeing them a period where they can recoup a return from their investment unchallenged by their competitors. Patents are arguably one of the best incentive systems because they also help diffuse technology since they force innovators to disclose information regarding the underlying technology. However, IPR are not wholly costless. The exclusive rights they confer may distort competition and the 16. Though these should be seen as an unexpected benefit of the regulation, rather than the aim of regulations generally. For example we have regulations to cut pollution, despite costs on polluting businesses, because they reduce the costs to firms and others affected by the pollution. Not because we believe that the regulation would give the UK a lead in environmental technologies. 17. Innovation is best facilitated by regulations that define desired outcomes – rather than precisely how these outcomes are to be achieved – combined with clear implementation timetables and clarity on what is required to comply.
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But formal IPR – such as patents - is only one of the means a firm can use to appropriate the benefit from investments in knowledge. If knowledge can be easily documented then it is patentable. If knowledge is difficult to replicate, for example because it is embodied in work processes or in staff skills, firms may seek to protect that knowledge using informal methods such as speed to market or secrecy.
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Figure 7.6. Proportion of enterprises taking out patents by firm size, 1998-2000 Proportion of enterprises taking out patents (%) 20 18 18
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efficient allocation of resources, particularly if the scope of protection is too broad or the length is too long. Diffusion of the technology, during which most of the economic benefits are realised, may be slower than otherwise.
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Source: Eurostat, Third Community Innovation Survey (CIS III), February 2001.



In knowledge intensive business services their key knowledge asset is embodied in their employees and informal methods of appropriating the benefit are likely to be the most important. The service is tailored to the client; hence confidentiality and measures to retain staff are generally more important than formal IPR, though copyright is important where the output has general applicability (Andersen et al., 1999). And there is some evidence from Europe that services are less concerned with imitation than manufacturing firms; the exception is software providers (Licht et al., 1997). Generally data for the UK indicates that most firms do not place a great deal of emphasis on formal methods protecting intellectual property. They appear to prefer to use informal methods because they are more cost effective (Blackburn and Kitchling, 1998). Although large firms are more likely to and there is a great deal of sectoral variation, both in terms of the proportion of firms taking out patents as well as the ratio of patents to R&D expenditure.18



18. Analysis in the 2003 R&D Scoreboard shows that there is significant variation in the ratio of US patents taken out per GBP 10 million R&D expenditure for international companies in R&D active sectors. Firms in the electronic and electrical sector generate approximately 7 US patents per GBP 10 million of R&D spend compared to around 1 in Pharmaceuticals and Automotive sectors and 4 in Chemicals.
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Although improved productivity and market value are associated with taking out patents or trademarks, especially if the patents are highly cited by others taking out patents19, other studies have shown that relatively few patents are valuable. One study found that in Europe half of all estimated value was accounted for by 5 – 10% of patents.20 Furthermore, the costs of identifying infringement and enforcement act as a deterrent. And licensing is generally unpopular because of the costs of negotiating terms and subsequently monitoring agreements (Pickering et al., 1998). But firms appear to base their decision on very limited information about the IPR system. One study shows that the majority of SMEs who don’t patent, don’t search patents, hence they don’t know if their R&D will result in a product that they can make and sell (Blackburn and Kitchling, 1998, Hall et al., 1998). SMEs do not generally use the patent system as a source of information although they are more likely to do so if they have taken out a patent (MacDonald and Lefang, 1998). However there is little evidence to suggest that not using patents as information sources has an impact on innovative activity. Like firms, universities appear to regard informal methods as the most appropriate and cost effective. They lack the resources to police and enforce IPR (Eebster, 1998). And they may lack the incentives to take out IPR as well although Government policies have tended to encourage IPR use. Universities’ often lack the expertise to develop an IPR strategy (Pickering et al., 1998; Gourlay et al., 1998). And university expectations about the value of their IP are often unrealistic (HM Treasury, 2003a). This can lead to additional barriers to Science – Industry collaboration. Excessive pressure on universities 19. Greenhalgh and Longland, 2002; Bloom and Van Reenen, 2002; Hall et al., 2001; Cockburn and Griliches, 1988; Bosworth et al. 2000; Dixon and Greenhalgh, 2002. 20. Pakes and Schankerman, 1986; Schankerman, 1998; Bureau of Industry Economics, 1994.
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Competition is a major driver of the innovative behaviour by firms. At the same time innovation is one of the main ways in which entrepreneurial firms compete. The relationship between competition and innovation is interactive, complex and dynamic.
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Some firms innovate in order to differentiate themselves from their competitors and enjoy a temporary period of enhanced market power and the ability to charge higher prices. In time competitors succeed in copying or surpassing these innovations and the market power is eroded. Really successful firms produce a sequence of innovations thus continually restoring the market power which competition continually erodes. The commercial success of each innovation provides the financial resources to fund its successors. Technological and commercial success are thus mutually reinforcing.
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to commercialise their IP is also likely to hinder knowledge transfer and reduce the economic benefit derived from publicly funded research.
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Most firms innovate or adopt new technologies in response to innovation by others or to counter some other competitive threat such as the entry of a foreign firm into the domestic market. Competitive pressures thus play a major role in stimulating the development and diffusion of new technologies. This interactive process of competition and innovation varies in intensity and is driven by different forces in different sectors. It also varies in the same sector over time tending to be most intense in new industries with fast growing markets and technologies with the potential for rapid development. Many such industries start out with many firms but over time become dominated by a few large firms. Increased concentration may only affect the degree of innovation with a lag as firms, which are used to competing and innovating, take time to learn ‘bad habits’. Indeed there are examples of sectors with a high degree of oligopoly where innovation is if anything on the excessive side. Firms may use innovation to preserve their market position and keep actual or potential rivals at bay. Indeed a monopolist may spend heavily on innovation in order to make it difficult for new firms to enter the market. At the same the development of radical new technologies, products, processes and services may enable a firm to break into a market and overcome the competitive advantage previously enjoyed by incumbent firms. In particular so-called disruptive technologies which incumbent firms find difficult to adopt can provide the means by which new entrants can achieve a major market share in a relatively short period of time. Of course technological innovation is not the only means by which firms compete. Michael Porter argues that many UK firms are good at competing by means of cost cutting and increased efficiency (Porter and Ketels, 2003). Such an approach may involve incremental improvements in business processes and the adoption of existing technologies that are new to the firm. But it is less likely to involve the investments in inhouse technological capabilities, human capital and other intangible assets which are necessary if the firm is to be able to adopt a more radical innovation strategy in the future. Indeed the elimination of such investments may be a central plank of such a strategy. Competition of this kind between UK firms in a sector will eventually leave them ill equipped to cope with a major new competitive threat from outside, originating either from novel technology or the entry into the market of firms from low wage countries. In Porter’s view this is not the kind of strategy which UK firms should be adopting from now on. INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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A recent OECD review of the extensive literature concludes that the positive impact of competition-enhancing policies cannot be appreciated by concentrating on short run static efficiency gains. “Competition has persuasive and long lasting effects on economic performance by affecting economic actors’ incentive structure, by encouraging their innovation activities and by selecting more efficient ones from less efficient ones over time” (Ahn, 2002). This points to the importance of a dynamic market where entry and exit of firms is part of the selection process for successful innovations. Market exit occurs when firms innovate unsuccessfully, or where they lack the competencies to produce goods and services profitably in the long run. Entry occurs when an entrepreneur is able to innovate by combining firm specific capabilities with inputs to produce a good for which there is a demand. This process results in the ‘churning’ of firms and a shift in resources from the least to the most efficient, leading to improvements in productivity growth. So, an effective competition policy will, by enabling the entry and exit of firms, therefore encourage innovation.21 Conversely, well-targeted interventions to increase the innovative capacity of firms could increase competition (Harris and Robinson, 2001).
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A review of the international empirical evidence suggests that the link between innovation and competition is positive. Although there are difficulties in finding measures of competition, which are independent of market structure22, and in defining the actual market. The OECD review finds that claims that market concentration is conducive to innovation are not supported by recent empirical findings and that there is little support for the view that large firm size or high market concentration is associated with a higher level of innovative activity. The UK evidence supports this.23



21. It is sometimes argued that ex ante market power, conferred by industrial concentration, promotes R&D but a recent survey concluded that empirical research offers little support for this view (Cohen, 1995). 22. Concentration ratios (e.g. share of the market held by top 5 firms) are often used as an indicator of competitive conditions. With high ratios assumed to reflect weaker competition pressures. But at least one study has shown that an increase in competition is likely to result in an increase in the concentration ratio as the more marginal producers are forced to leave the industry (Symeonidis, 2002). 23. One study based on a panel of UK manufacturing firms between 1972 and 1982 found that while it is the firms with larger market share who are most likely to innovate, the effect of competition on innovation is positive (Blundell et al., 1999). Another study finds little evidence that market power leads to greater innovation. Using data on 1950’s Britain they find that price fixing agreements prior to the 1956 Restrictive Practices Act had little impact on innovation and adverse effects on costs and productivity (Broadberry and Crafts, 2000). Using survey data, covering firms with less than 500 employees, another study finds that a high level of domestic competition is positively correlated with the probability of innovating. The study does find some evidence of a negative correlation at high levels of competition, which is principally a foreign competition effect (Kitson et al., 2001). Using data on UK firms patenting activity at the US patent office, one study provides evidence for an inverted U relationship between INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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appropriate. Static economic models offer no conclusive answer to the question of whether competition is conducive or harmful to innovation. At one extreme are models where more monopolistic firms are more active in innovation because of less market uncertainty and high profits. Greater competitive pressures would reduce their incentives to invest. At the other extreme are models where competition forces firms to innovate to survive. An intermediate position is also possible. At low initial levels of competition, increases in competition stimulate innovation. At some point however increasing competition erodes the rents from innovation reducing the incentives to innovate. This leads to an inverted U shape relationship between innovation and competition.
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Most of the empirical evidence24 suggests that innovation in the UK may have been adversely affected by low levels of competition and, potentially, weaknesses in corporate governance systems Aghion et al., 1997).25 As a result UK firms have been under less pressure to use new technologies and to find new ways of improving their performance (Nickell and Beath, 2002). This may have resulted in UK managers being less willing to set up new businesses. Thus possibly explaining why entrepreneurship rates in the UK are at best moderate despite some important advantages in the business and regulatory environment (e.g. the cost and time taken to start a new firm in the UK is below the average for major industrialised economies) (DTI, 2002). The effects of reforms to competition policy – the 1998 Competition Act and the 2002 Enterprise Act – are likely to take time to feed through. But a recent review by competition experts placed the UK in the top half of its peer group, behind Germany and the US, but ahead of the rest of the OECD (PriceWaterhouseCoopers, 2001).
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Government can adopt a range of policies which can enhance competition. Competition policy can remove impediments to market entry, prevent excessive concentration and take action to prevent a variety of unfair or undesirable practices which firms adopt in order to shield themselves from competitive pressures. However competition policy cannot directly affect the intensity with which firms compete and the means by which they do so. Other policies including those concerned with entrepreneurship and new firm creation, regulation, education and training, public procurement and innovation policy itself can all influence in one way or another the ability and/or the incentive which firms have to compete.
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In applying their powers the competition authorities also have an influence. They have to be aware of the complexities in applying competition principles to industries where competition is primarily innovation driven and based on the introduction of new products and processes rather than price. The authorities need to focus on trying to ensure that an undistorted process of rivalry takes place and in particular that it is not threatened by existing monopolists trying to deter rivalry. Where innovation is the driving force, anti-competitive agreements and behaviour can stifle innovation by making new entry more difficult, more costly and more likely to fail (Charles Rivers Associates, 2002).



innovation and competition. It also finds that firms facing a higher threat of bankruptcy tend to innovate more on average, especially at lower levels of competition (Aghion et al., 2002). 24. One study finds that increasing competition has been an important factor in narrowing the total factor productivity gap between British and German firms since 1970s (Crafts and Mills, 2001). Another shows that the existence of restrictive trading agreements reduced British industries’ productivity growth between 1954 and 1963 (Broadberry and Crafts, 1996). Although there is conflicting evidence, which suggests there is no link between innovation and competition (Symeonidis, 2000). 25. In the absence of a dominant external shareholder and where shareholders find it difficult to monitor managers, principle agent problems may result in particularly conservative firms which face less of an incentive to innovate.
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Science and technology is one source of knowledge for innovation, although it will often need to be complemented by others – such as knowledge of business organisations – before it delivers economic benefits. The ability to combine these different sources of knowledge rests with entrepreneurs whose role is to identify opportunities to apply that knowledge to solve problems or exploit opportunities.



e



R



O



Despite lower levels of funding compared to our major competitors the UK science base has been extremely successful (Evidence, 2003). The quality is high compared to its G7 competitors as demonstrated by a share of citations second only to the US.26 Although Germany and Japan are catching up.27 The UK leads the G7 in terms of citations relative to both population and gross expenditure on R&D. This performance is probably not sustainable in the long term (HMT et al., 2000). Slower real growth in spending between 1986-1997 has put pressures on the infrastructure, although increased funding for university physical capital and for Research Councils should go someway to addressing this.28 Government is also consulting on reforms to the way it funds science and how universities manage their finances.



Le



c tu



r



An



Knowledge generated by publicly funded basic research has a large positive payoff when it or resulting technologies and skills are disseminated within firms (Griliches, 1995). A recent study by the OECD found that 1% growth in public R&D leads to a 0.17% increase in total factor productivity in the long run (Guellec and van Pottelsberghe, 2001). Another found at least a 30% return to public R&D in pharmaceuticals (Cockburn and Henderson, 2000). It is most likely that public R&D is a complement to private R&D efforts (David et al., 2000). Firms use public R&D to provide underpinning knowledge and as a source of new ideas. Industry values the Science base for the indirect benefits it receives – for example trained staff (Nelson, 1986). The proportion of enterprises that cite the Science base as an important direct source of knowledge tends to be low in the UK (and across Europe) and a few universities tend to account for most university-industry interaction.29 In these cases the biggest benefits arise from a more intense relationship – co-operating with universities and Government Research Organisations is more beneficial than using them as a source of information (Swann, 2002). Furthermore, the importance of university-industry links differs for process and product innovators. Process innovators find universities an important source of information and are more likely to co-operate with them than clients, competitors and consultants. Product innovators are benefit from 26. In 1999, with only 1% of the world’s population, the UK produced 8% of the world’s scientific research papers. UK scientific publications are also one of the most heavily cited – attracting 9% of all citations in 1999. The UK leads France and Germany and rivals the US and Canada in terms of papers and citations per head. 27. There is some variation by discipline. In terms of share of citations, the UK is behind the US and France for Mathematics, and behind the US, Germany and Japan for both Physical Sciences and Engineering. In terms of citations per paper the UK remains second behind the US and ahead of an improving Germany. The discipline level performance changes slightly. 28. DTI/OST, Science Budget 2003-04 to 2005-06 (2002). 29. Between 1997 and 1998 the top 10 UK universities accounted for 43% of total industrial research income. See OECD, 2002c).
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Most would agree that science is an important part of the innovation process, but that the link between the two is not a seamless, single – direction production line between university and firm. Information about science and technology travels through the economy via indirect channels such as from HEIs to users via intermediaries or labour markets. Firms also draw on the knowledge of clients and customers, suppliers and competitors, who in turn also draw on scientific knowledge (Swann, 2002).
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information closer to the market. However, there may be exceptions, such as biotechnology and other strongly science-based industries.
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But successful knowledge transfer between the publicly funded science base and firms depends upon firms possessing the relevant competencies. Most studies suggest that the benefits from knowledge transfer are directly proportional to a firm’s own investments in innovation (SPRU, 2000). Relatively low levels of innovation investment therefore probably mean that UK businesses are, compared to their major competitors, less well placed to exploit research carried out in the UK Science base. Weaknesses in skills are another barrier to successful knowledge transfer.
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Design The use of design helps identify problems and develop, test and evaluate solutions. The effective use of design can link emerging technologies to market opportunities and add value to goods and services. The UK has an internationally renowned design consultancy sector30 with expertise across all design disciplines. Design education in the UK also ranks highly. In the context of the innovation process design ensures that all thinking within that process is focused around the end user – the customer. It is most valuable at the start of the innovation process, before the decisions have been made and before the costs become prohibitively high. It is this early involvement that reduces the risk of the innovation failing at a later stage. As a result firms tend to rate design as equally important as innovation to their success.31 Investments in design can help businesses to compete more on quality and less on price, helping it to be less vulnerable to competition from low cost producers. However, while many firms use design, they are less likely to use it in a strategic way – by incorporating good design across the business in its goods and services, company processes and systems, its working and retail environments and its brand management and marketing.32 According to the Community Innovation Survey only 17% of enterprises, disproportionately larger ones, report having some expenditure on design which is ultimately directed to a product or process innovation.



30. There are 3 700 design consultancies in the UK with a turnover of GBP 5.9 billion and overseas fee income of GBP 1.4 billion. 31. A number of studies indicating a link between design expenditures and economic performance are cited in Design Council, 2003. 32. For example whilst 74% of SMEs believe design is integral or significant to their operations, only 36% used it as a strategic management tool. PACEC National Survey 2002.
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During the course of the innovation review new research (Pittaway et al., 2003) was commissioned to assess the evidence base concerning innovation and networking in the UK. This involved a systematic review of the most significant, judged by quality, papers. The researchers considered that the field of existing research had limitations – it covered a large number of subjects, in many disciplines, but lacked critical mass. The study of networking tends to overly weighted towards high tech industries with only a limited focus on other areas of manufacturing or services. Overall however the evidence suggest that networking plays a pivotal role in innovation, increasingly so as technologies become more complex. But networks are not a panacea.
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UK firms appear to have strong network relationships although there is variation between sectors. Innovative UK firms collaborate on innovation projects to a similar extent to firms in other large EU countries. In key areas linked to innovation, such as supplier and customer engagement and links with science partners the UK performs strongly.
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Table 7.1. Innovation partnerships, by type of partner and region, 1998-2000 Percentage of enterprises with co-operation arrangements Region Type of partner



Local



National



Europe



United States



Other



Other enterprises within enterprise group



14



17



14



12



6



Suppliers



14



37



16



9



5



Clients or customers



14



34



15



10



5



Competitors



7



12



5



3



2



Consultants



11



19



2



3



1



Commercial laboratories/R&D enterprises



5



11



4



4



0



Universities/higher education institutes



15



19



6



2



1



Government research organisations



5



9



3



1



1



Private research institutes



3



8



2



2



0



Source: Eurostat, Third Community Innovation Survey (CIS III), 2003.



Data shows, for example, that UK firms appear to place less emphasis on sources of knowledge within their own enterprise and are more likely to collaborate with clients or customers or suppliers compared to their EU counterparts. According to the AIM review, network relationships can be intermittent and driven by short-term decision making which possibly undermines the stable relationships required for innovation. However, the latest data show that UK enterprises do co-operate with others on innovation projects particularly up and down the supply chain. The evidence also indicated that the network infrastructure in the UK, whilst it operates adequately, has limited impact in promoting innovation because of insufficient scale. There are also large differences between regions in the scale and effectiveness of their network infrastructure.
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A firm’s incentive to innovate will depend on the expected demand for a new product or the commercial value it can extract from a new process. It will also depend on the technological opportunities that are open to the firm (Cohen, 1995). Customers play a major role in the innovative process in some sectors (Von Hippel, 1988)33, in particular when the structure of the market is very competitive and when scale economies in the production and use of the innovation are modest. These factors explain in part why, for example, R&D intensities will vary from sector to sector (Geroski, 1995). For example, R&D intensity is around 50% in Pharmaceuticals and 25% in Aerospace. In contrast the proportion is less than 5% in some parts of manufacturing. Innovation survey data paints a similar picture - significant sectoral variation reflecting differences in the opportunities for innovation across sectors.
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Figure 7.8. Proportion of sales due to new or improved products or processes, by industry, 1994-1996 United Kingdom
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European Union



Man. of electrical and optical equipment Man. of machinery and equipment n.e.c. Man. of basic metals and fabricated metal product Man. of coke, refined petroleum prod. and nuclear fuel, of chemicals, chemical prod. and man-made fibres Man. of transport equipment Manufacturing n.e.c. Man. of wood and wood prod., man. of pulp, paper and paper prod.; publishing and printing Man. of textiles and textile prod.; of leather and leather prod. Man. of rubber and plastic prod., of other non-metallic mineral prod. Man. of food prod.; beverages and tobacco 0
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Source: Eurostat, Second Community Innovation Survey (CIS III), 1999.



33. For example out of 111 basic, major and minor innovations in four families of scientific instruments users dominated the innovation process in 80% of cases. Users perceived the need for the innovation, invented the new instrument, built and applied the prototype and diffused knowledge about it. Manufacturers only performed product engineering to improve reliability and manufacturability. Users are also important in sectors like electronics and defence.
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Services tend to do much less innovative activity, as measured by R&D, but differences amongst the G7 in the relative size of the service sector are modest. The UK’s low R&D investment is not, for example, because it has a large service sector. The UK’s weaker R&D performance does not appear to be because UK manufacturing sector is concentrated in sectors which lack innovation opportunities. The UK ranks quite highly in the share of output accounted for by high and medium technology industries.
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Figure 7.9. Business R&D intensity, by industry, 2001
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Business R&D expenditures as a share of value added in industry United Kingdom
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7.3
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9.2



Motor vehicles, trailers and semi-trailers



12.9 24.3



Aircraft and spacecraft Railroad equipment and transport equipment n.e.c.



32.2



15.6



10.5 0.3 0.4



Total services 0
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Source: OECD Science, Technology and Industry Outlook, 2004 Edition.



Within most sectors, except pharmaceuticals and manufacture of railroad equipment, BERD intensity in the UK is below that of the G5 economies as a whole (United States, Japan, Germany, France and United Kingdom). Overall therefore, if sectors are a suitable proxy for technological opportunity, the evidence suggests that UK-based firms probably face as many technological opportunities as firms located overseas, but they simply invest less. Some commentators have suggested that the UK’s innovation performance is held back by a lack of demand for innovative products and services. However evidence that customers for UK produced goods and services are less demanding or sophisticated is hard to find. Part of the problem lies in defining the market and customers for UK goods. UK firms – particularly in manufacturing – are competing in global markets. Exports and imports as a share of GDP are high at around 20% each – more than the OECD average
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Through public procurement the government has a major impact on the demand for innovative goods and services. For example, public sector procurement amounted to GBP 109 billion during 2001/2 (HM Treasury/National statistics, 2003), which is around 10% of GDP. In certain industries, e.g. defence and pharmaceuticals, government procurement has a major influence on the UK market. As such a major part of the demand side of the economy there is clearly potential for the government to be a catalyst for innovation. Anecdotal evidence suggests though that government is a relatively undemanding customer.35 There is no coherent system for public procurement as responsibility is usually devolved to relevant departments. Management information about the government’s suppliers is often poor, which leads to a lack of learning about past procurement projects as well as missing opportunities to take advantage of economies of scale.
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and greater than the US and Japan (DTI, 2002). UK imports of high tech34 goods account for around a third of all imports. This suggests that UK firms and consumers are avid consumers of innovative products and that weak UK demand for innovative goods is not the major issue.
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The Office of Government Commerce believes that reforms are needed particularly in the areas of commissioning and managing the implementation of major products and programmes. These improvements would be based around the principles of improving efficiency and rewarding innovation. Improving transparency and predictability of opportunity – so that potential bidders are as aware in advance as possible – can encourage competition in bidding and encourage a longer-term outlook. Streamlining administrative procedures relating to procurement can free up resources, which can be put to more productive use. Where the procurement of technology intensive goods and services is concerned – such as large IT systems, defence contracts and medical equipment – the government should develop its ability to specify intelligently. In such areas, where the goods involved are often non-standardised, the specification of the product should focus on function rather than a detailed prescription of technology. Such ‘outcome-based’ specification can encourage innovation in the delivery of the specified function. Innovation friendly guidance could be implemented at the evaluation of bids stage. The degree of innovation in a bid could be given greater weight as a criteria for accepting a bid. Solely relying on cost as a criteria for evaluation in technology intensive areas is not good practice.



Conclusion The analysis suggests the following strengths and weaknesses in the UK Innovation system:



34. Includes aerospace, pharmaceutical, computers and office machinery, electronics and communications and scientific instruments. 35. Speech by Peter Gershon, Chief Executive of the Office of Government Commerce, to the Chartered Institute of Purchasing and Supply, 3 March 2003.
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delays innovations and investment programmes or hampers the transfer to full product development. UK managers are, on the whole, less well qualified than their peers. On average, the culture within UK firms places less emphasis on creativity and this is influenced by management. The causes of this are not entirely clear. But improvements are not easy to bring about given that there is no such thing as ‘one size fits all’ best practices.
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• Regulatory framework. Levels of regulation in the UK are an area of relative advantage, although more could be done to make regulations more outcome focused to encourage innovative compliance. Smaller firms particularly appear to lack understanding about the system of intellectual property rights with the costs of enforcement and uncertainty over their value also deterring many from acquiring such rights.
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• The competition regime and entrepreneurship. Weak competition policies in the past have put UK firms under less pressure to use new technologies and find ways to improve their performance. This may help to explain why entrepreneurship rates in the UK are at best moderate despite some important advantages in the business and regulatory environment. The effect of recent reforms to competition policy is likely to take time to feed through.



Le



• Access to finance. UK capital markets are well developed. Weaknesses in innovation performance are probably more due to a lack of incentives and capacity to innovate rather than a lack of funding. A past history of macro-economic instability reduced incentives to invest and innovate. Recent reforms to fiscal and monetary policy could in time have a significant impact on innovation performance. Weaknesses in skills have probably affected the demand for, and success in obtaining, finance for innovation. • Sources of new technological knowledge. Science and Technology and Design are important inputs. The UK Science and Engineering Base is highly productive. This knowledge, when exploited, can lead to the development of new products or processes or generate wider improvements in society (e.g. better health). Relatively low levels of innovation spend mean that UK businesses generate less new technology and are less well placed to exploit research carried out in the science and engineering base. • Networks and collaboration. UK firms appear to have strong network relationships although there is variation between sectors. In areas linked to innovation, such as supplier and customer engagement and links with science partners, the UK performs strongly. But network relationships can be intermittent and driven by short-term decision making. The network infrastructure in the UK is patchy. • Customers and suppliers. Customer demand and technological opportunities provide the incentive to innovate. These vary widely between sectors. UK output does not appear to be concentrated in sectors where there are fewer technological opportunities. The UK does consume innovative imports suggesting that weak domestic demand for innovative goods is not the major issue. Government procurement could be improved to encourage the development of innovative solutions.
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Participating countries were asked to prepare short accounts of their own innovation performance, using a set of qualitative and quantitative indicators. They were asked to give their own overall assessment of the relative strengths/weaknesses of their national innovation system (NIS) and of the relationship between their innovation performance relates and the overall stance of the country’s innovation and RTD policy, including the implementation of specific policy instruments (e.g. government-funded R&D, patenting and licensing policies for public research organisations, public/private partnership programmes, cluster policies). The OECD Secretariat provided countries with a standardised set of quantitative indicators of innovation activities and performance (e.g. R&D expenditure, human resources, innovative outputs, economic performance) so that country experts could concentrate their efforts on more qualitative aspects of the analysis and assessments of policy efficiency (see Annex 2 for a set of country-specific indicators).
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Set out below are some notes on how participating countries were asked to assess economic performance, innovation output and the performance of the various elements of the NIS. They attempt to identify the links between policy and performance and to outline the factors that influence policy effectiveness in the national context. Innovation policies of particular interest are those outlined in the OECD Growth Study, including policies related knowledge creation, industry-science linkages and industrial innovation. The notes below are not intended to provide a comprehensive guide, but provide a broad indication of how countries might undertake the exercise. The notes should be read in conjunction with the main text. The notes include references to quantitative indicators and such indicators should be used wherever available and relevant. However they are rarely able to tell the full story and participating countries should also use relevant qualitative analysis from the full range of available sources. The aim should be to combine the two to produce an account of innovation performance which is coherent and convincing within the context of the overall economic and social situation of the country concerned.



Measuring innovation outputs Direct output measures of innovation performance fall into three types: • Overall measures of economic performance such as the level and rate of growth of GDP per head. • Measures from innovation surveys such as the proportion of business turnover accounted for by products or processes introduced in the last three years. • Surveys of the diffusion of new technologies, processes and business methods.
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Patents are often used in assessments of innovation performance, but they mainly measure invention not innovation and are therefore an intermediate rather than a final indicator of innovation performance. It will often be the case, however, that a countries patenting performance will often be closely correlated with its overall innovation performance. The same may also be true of other intermediate and input indicators of innovation performance (e.g. R&D expenditures, human resources for science and technology), but such ‘reduced form’ correlations however well corroborated by each other should not be regarded as an adequate substitute for a thorough behavioural and structural analysis of how well a country is performing at innovation and the exploitation of new science and technology.
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It should be noted that a successful performance at the second and third of these measures does not automatically translate into a successful performance as measured by the first. Any apparent discrepancy needs to carefully analysed and explained. Where such a discrepancy exists this may be due to a variety of factors such as, for example, weaknesses in downstream business processes which inhibit firms from capitalising fully on new products introduced or of recent innovations adopted.
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Possible indicators are other evidence which can be used to assess innovation performance are set out below: • Economic performance. Growth of GDP and productivity. Proportion of output in high-tech sectors. What structural factors strongly influence recent economic performance? To what extent is innovation policy linked to overall economic policy? • Innovation output. Proportion of turnover consisting of newly introduced products and processes. Speed of adoption of new technologies, technological processes and business best practice. Patents as a measure of inventive activity. In which areas is innovation concentrated? What is the role of innovation in the service sector? • Innovation diffusion. Surveys of the adoption of particular new technologies or business practices particularly those which cover a number of comparable countries (since innovations take considerable time to diffuse surveys covering only a single country need very careful interpretation). Innovation surveys may include questions about the adoption of new technologies and practices. In the current situation surveys of the adoption of information and communication technologies are of particular interest but are primarily a matter for ICCP.



Determinants of innovation performance: the national innovation systems (NIS) perspective For policy making purposes it is not sufficient to measure the outputs of a country’s innovation performance; it is also necessary to ascertain how that performance was determined. There is a considerable academic and business literature on the innovation process, but for policy purposes it is best considered within the framework of a national innovation system (NIS). A good deal of analysis and description has been undertaken of the NIS, and there is an element of choice about different descriptions of the NIS. For the purposes of assessing national innovation performance it can be assumed to include the following ten main elements or drivers. The first item covers the markets for innovative goods and services, the next four cover the inputs to the innovation process within the firm, the sixth the firm itself and the last four the environment in which firms operate. They encompass the wide range of factors which are now held to determine innovation performance: INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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products and services. Ability to sell new products and services abroad will be vital if necessary economies of scale are to be realised. The propensity of consumers to buy novel products and services is a function of national culture, per capita income etc., while that of firms will be much more endogenous to the NIS; the more innovative are firms the more they will buy innovative inputs from their suppliers. However innovation policy makers will be particular interested in public procurement where governments have direct influence on markets and can create demand for innovative products and services.
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b) Human resources, including the supply of qualified scientists and engineers, trained craftsmen and technicians, and well educated and trained managers. This is an area where the OECD is currently trying to improve the availability of internationally comparable data. Government policies related to higher education, training and university research can have a strong influence on the availability of domestically produced human resources. Polices related to immigration can influence international mobility and the inflow and outflows of workers.
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c) Finance. The ability of firms (a) to generate sufficient internal finance and allocate it effectively to innovation activities, (b) to raise external finance for innovation on appropriate terms and conditions and which meets their particular needs. Governments often provide financing for business innovation, either directly though R&D and innovation subsidies (sometimes linked to specific government needs) or indirectly through tax incentives and other means. A range of government policies can influence the availability of external financing, especially for new technology-based firms. d) Physical inputs. The ease with which domestically based firms can obtain supplies of components, materials, services, capital equipment and software. Inevitably all firms will rely significantly on supplies from abroad, although in the case of some OECD countries these may be obtained within regional clusters which span international frontiers. e) Access to science, technology and business best practice. The sources of technological, scientific and technological knowledge and related knowledge of business best practice and the means by which firms can access them. Sources will include universities, R&D service companies, national, regional and local R&D support organisations, customers, suppliers, other firms generally, international collaborative programmes, business support organisations such as chambers of commerce, as well as a variety of government programmes. Means will include networks and clusters, supply chains, seminars, exhibitions, licensing, publications, mobility of qualified personnel, government support programmes, etc. f) Ability and propensity of firms to innovate. The ability of firms to use external resources (people, finance, technology, bought in supplies) to develop high value added products, processes and services that meet customers’ needs and generate the revenues needed to finance its activities. This will include the effectiveness of internal innovation and other business processes as well as the ability of firms to develop effective organisational structures, ways of working and culture which allows and encourages managers and employees to give of their best. The ability of firms to interact effectively with their external environment, to identify and INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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g) Effectiveness of market processes. This is the extent to which the interaction of firms and other factors in the market place is conducive to innovation. In particular competition provides an important stimulus to innovation while innovation is one of the most important ways in which firms compete. Similarly while the removal of entry barriers to markets is conducive to innovation, firms will try and innovate in ways that make it difficult for other firms to match them in the market place. Even if they succeed the advantage will only be temporary or until the associated IPR expire. Radical innovation is one way in which existing entry barriers can be overcome and the competitive advantage of incumbent firms eroded. The ability of an economy to foster the creation of new firms and encourage their subsequent growth and development plays a vital role in innovation and the ability to adapt to changing economic circumstances and exploit new opportunities. These processes will be affected by competition policy, other regulatory policies particularly those affecting new firm creation, standards and the IPR regime as well as by trade policy.
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seek out the inputs they require and to formulate appropriate strategies for survival, growth and coping with change is also crucial.
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h) Networks, collaboration and clusters. Markets are one way in which firms and other agents interact, networking and collaboration are the others. Networks play a key role in the transmission of knowledge and information because markets are not very effective in doing this. Collaboration enables firms to share risks and costs and give them access to complementary capabilities which they do not possess themselves. Clusters involve both market relationships and networking, typically require geographical proximity, and give firms the advantage of external economies of scale and scope including externalities. Analysis carried by the TIP Working Party and by Michael Porter suggests that the degree to which the NIS is networked and exhibits inter-firm collaboration and clusters has a significant effect on the rate of successful innovation. Numerous policies have been pursued in OECD countries to foster networking and collaboration. i)



Institutions and infrastructure. This covers a wide range of organisations, facilities and systems. Most important to innovation are universities, public research organizations (PROs), organisations which provide R&D support and/or links with the research base, education and training institutions, professional societies, government departments, transport and communications, a range of business support organizations, financial institutions, etc.



j)



Business environment. This covers framework conditions such as macroeconomic stability, company and commercial law, etc. It should also include nonfirm specific aspects of business culture, the lore and practice and unwritten rules which govern how business is done. Corporate governance which may have significant impacts on corporate strategy and attitudes to innovation and risk is also included. Attitudes towards starting a business, bankruptcy, etc., are also important.



A country’s innovation performance will depend not only on its how it performs on each individual element of the NIS, but how these separate elements interact. Previous OECD work indicates that there are several different configurations which can result in a successful overall innovation performance. This is similar to a pipe organ where there are number of different settings of the stops which can produce a pleasing sound. It suggests that it is the cohesiveness of the NIS which matters for a successful innovation INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005



_it E d it e ioIt s performance, as well as how well the country does against each of the main elements. follows that rating a number of countries against w a list of the main influences on



GUIDELINES FOR PREPARING COUNTRY NOTES –



D Br o



n se



e



R



O



ea



The above list of innovation determinants should be regarded as a check list to help countries make sure that they have covered all the main factors which drive their own innovation performance. They should not be regarded as a list of sets of variables which make up a formal mathematical model of how innovation happens – our knowledge of the innovation process is too incomplete and fragmented to make this possible. The relationship between these various elements of the NIS and any given aspect of innovation is often very complex and caution must be exercised in distinguishing what determines what. In the case of the UK, for example, an indifferent record of firms investing in business enterprise R&D (BERD) may be a fundamental cause of weaknesses in the UK’s innovation performance due perhaps to the short-term interests of shareholders or it could be symptom of other problems such as an ex ante shortage of skilled labour which is depressing the rate of return which UK firms could achieve from additional R&D projects. From the point of view of the policy maker it is very important to diagnose the correct causes of individual aspects of innovation performance.
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Discussion of earlier versions of this document raised the question of which of the ten determinants is most important. This can be answered in several ways. For an individual country which the most important determinants will be those which are holding back national innovation performance and therefore need to be the main focus of policy. Secondly individual innovations will be driven by different combinations of the determinants as will innovation in particular sectors or firms. Currently there is a course at the University of Utrecht where a similar description of the innovation system is used as a heuristic device to enable students to analyse the origins of particular innovations thus enabling them to learn what innovation is about. However the essence of innovation is the matching of existing and possible future market needs with technological possibilities by firms and entrepreneurs and, in that sense, a), e) and f) are fundamental. The existence of a very large relative unified market with very demanding customers together the world’s strongest science and technology base and the existence of a large core of technologically sophisticated and enterprising firms and entrepreneurs clearly lies at the heart of the United States’ impressive innovation performance. For smaller countries the world market must be their target and their innovation performance will primarily depend on the competences of their national firms, on the extent to which those competences are rooted in national conditions which are not easily reproduced elsewhere and on the extent to which the country offers an attractive environment for internationally mobile innovation activities. The country’s stock of highly qualified and trained manpower is clearly crucial element in all this as the national ability to create and grow/develop new high-technology firms. Individual elements or particular combinations of the NIS may only operate on innovation performance with a significant lag. Thus an assessment of made today of NIS performance may imply changes both for better or worse in a number of aspects of performance in the future. In addition the global environment in which the NIS functions will also be changing and a configuration of the various elements of the NIS which yields INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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innovation performance and adding up each country’s score may give misleading results. It also follows that policy measures need to be tuned to suit the national context, including institutional factors, industry specialisation and size. As a result, policy instruments that may be effective in improving innovative performance in one country may be less effective or even inappropriate in another.
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A full assessment of a country’s NIS is a major undertaking. The recent analysis by Lewis Branscomb and Philip Auerswald of funding for early-stage technology development in the US, “Between Invention and Innovation”, runs nearly 150 pages and covers just one aspect of one of the ten elements of the NIS listed above (availability of financing). In these circumstances each country will wish to focus on those aspects of the NIS which it believes are most significant for its innovation performance and to draw on pre-existing material as much as possible. However some coverage of each of the main influences on innovation performance needs to be attempted.



u le



nl y



O



D Br o



w



n



successful innovation and economic performance in the present and near future may not be successful in the longer term. The capacity of individual firms and other institutions to cope with the pace and direction of longer term change as well as the ability of the NIS as a whole to adapt is crucial for the long term future of the country concerned and should be assessed as far as it is possible to do so.
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As a guide some of the questions which should be addressed when considering innovation under each of the ten factors are set out below:



Le



1) Demand. Qualitative assessment of the propensity of consumers, firms, institutions and government to buy novel products and services. Growth of hightech imports and exports. What policies have proven effective in stimulating demand (e.g. product market regulations, environmental or other quality regulation, government procurement)? 2) Human resources. A variety of indicators are available e.g. qualified scientists and engineers as a proportion of the total labour force, proportions of the labour force with particular levels of qualifications and/or number of people achieving these qualifications in any given year. What types policies contribute to strengths or weaknesses in human resources for S&T? Consider policies to educate scientists and engineers and to foster their mobility i) among firms (e.g. within networks and clusters), ii) among institutional sectors (e.g. between public and private sectors), and iii) internationally. 3) Finance. An assessment should be built up from available qualitative and quantitative information. Key elements should include the proportion of firms reporting difficulty in raising finance for innovation activities, propensity of mainstream financial institutions to finance innovation and existence and role of specialist lenders, venture capital provided to high-tech SMES as a percentage of GDP, role of business angels, government support for BERD, etc. Financing of the early stage development of research based technologies needs particular attention because of the increasing importance of science based innovation. 4) Physical inputs. Qualitative assessment of the access of nationally based firms to geographically local sources of novel components, materials, and services. Domestic sourcing by locally based MNEs may provide one guide to this. 5) Access to S&T. Strength of national science systems using usual indicators such as publications, citations, output of PhDs, etc. Strength of independent research institutions public and private. Strength of links between business on the one hand and universities and other research institutions on the other. Indicators of the last include business funding of HERD, patenting, licensing and start-up companies by universities and research institutions and citations from patents to scientific articles. The publication Benchmarking Industry-Science Relations (OECD, 2001) is an invaluable guide. Transfer of technology within industry is even more INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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6) Ability of firms to innovate. Quantitative indicators include number of patents in triadic patent families, proportion of firms introducing new or technologically improved products or processes and expenditure on business enterprise R&D (BERD). Employment of qualified scientists and engineers is an important measure of firms ability to seek out and absorb S&T. Case study and survey data may permit an assessment of how far management, firm strategy and firm culture are conducive to innovation. Creation of new high-tech firms indicates how far the system as opposed to individual firms can adapt to new S&T. Discuss the contributions of government policies for boosting firm-level innovation (e.g. government financing of R&D and innovation, cluster and network promotion policies).
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7) Effectiveness of market processes. How far does competition policy, exposure to international competition, regulation, the IPR regime, market structure, etc., interact with national business culture and to produce inter firm rivalry and competition which is conducive to innovation? The main source of information will be academic research. 8) Networks, collaboration and clusters. Academics have investigated the extent of inter firm collaboration within and between a number of OECD countries. Research into inter firm networks and clusters is also available for some countries. Participation in national and international collaborative research programmes will be a useful indicator. What policies are in place to stimulate network and cluster formation? How have they been utilised by different types of firms in different industry sectors? How successful have they been in stimulating technology and knowledge diffusion? 9) Institutions and infrastructure. This requires a discussion of the variety, coverage and effectiveness of organisations which provide advice, assistance on technology, business best practice and on the business environment to firms and sectors. Such organisations will include chambers of commerce, industrial research centres, technological advice centres, consultants, national standards bodies, etc. 10) Business environment. Various aspects of wider ‘framework’ conditions need to be covered including macro-economic conditions. Emphasis should be placed on those aspects which are thought to affect innovation most.



Information sources for assessing innovation performance: qualitative and quantitative It is not the purpose of this document to describe in detail how innovation performance might be measured using the NIS framework; such a description would have to run to many hundreds of pages. However, it is appropriate to draw attention to some key considerations: INNOVATION POLICY AND PERFORMANCE: A CROSS-COUNTRY COMPARISON – ISBN 92-64-00672-9 ©OECD 2005
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the funding and governance of public research institutions to enhance their ability to address socio-economic. Steps taken to strengthen industry-science relationships (e.g. by promoting patenting and licensing, collaborative research, industryfinanced research, worker mobility) and estimates of their relative effectiveness have they been? Factors contribute to their relative success.
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• Second, it is a fundamental problem of innovation policy that it lacks anything even vaguely resembling the fully specified dynamic general equilibrium model of innovation, which would be required to allow the numerical computation of an optimal innovation policy. In some cases innovation policy makers and analysis even lack good qualitative descriptions of how given aspects of innovation performance are brought about. In these circumstances one must rely heavily on qualitative assessment, plausible but incompletely tested hypotheses and a significant measure of informed judgment.
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• First, while there is a wide range of numerical data sources which can be used in assessing innovation performance quantitative indicators cannot tell the whole story. Many of the factors which determine innovation do not lend themselves to quantitative measurement and this is equally true of the relationships between them. Although econometric analysis can often estimate the correlation between quantitative measures of innovation related variables estimating the structural relationships which determine that correlation is typically rather difficult.
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• Third, the need to rely on qualitative assessment is reinforced by the significant role which national institutions and culture unique to the country concerned appear to play in innovation performance. Such institutions are often hard to describe analytically let only measure but cannot be ignored in any thorough systematic assessment of innovation performance. They must be taken into account when one country considers adopting the policies or programmes of another. What is clear is that assessing a country’s innovation performance should not merely be based on international comparisons but should also use information or analysis which reveals existing strengths and weaknesses. For example, if innovating firms persistently face difficulties in raising external finance this should be of concern to policy makers whatever the situation in other OECD countries. The purpose of innovation policy is not to rise to the top of international league tables but to improve the economic and social well-being of the country concerned. A wide range of information sources can be drawn on in assessing innovation performance. As well as the wide range of numerical indicators produced and collated by the OECD, it is will be possible to draw on a range of other statistical sources, academic research, consultants reports, analyses carried out in house, by business associations, by the OECD and other international bodies. Something too may be learned from studies of innovation performance carried out by other countries provided that due allowance is made for cultural and institutional differences. Evaluations of past an existing policies and programmes can often produce useful information about the operation of the NIS. Consultations with NIS actors my draw attention to issues not fully covered by formal analysis. While composite indicators may often be hard to interpret they can characterize the NIS in interesting and useful ways. The overall aim of the assessment should be not just to determine how well a country is doing but also why. Which policies contribute to overall innovation performance and to strengths in particular areas? What structural, institutional or other national factors influence the effectiveness of the policy instruments and/or determine their effectiveness in the country of study? Such questions must be addressed in order to produce costeffective policies.
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This annex presents summary charts for the six countries studied of their relative performance on a range of quantitative indicators of innovation performance. The indicators are grouped into several clusters related to innovative inputs, intermediaries and outputs. They include measures of: i) macroeconomic performance; ii) R&D spending; iii) human resources for science and technology; iv) scientific and innovative output; v) science-industry linkages; vi) international linkages; and vii) technological entrepreneurship and industrial structure. They are based on internationally comparable statistics available to the OECD.
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The performance of a specific country with respect to a given indicator (shown by the country dots) is indicated by a normalised index based on relative distance from the arithmetic average of values for all countries for which data are available. The arithmetic average is assigned a value of 100 and country indices are calculated as follows: 100 x (value for the country / arithmetic average of values). For example, the index presented for GDP per capita for Austria, 100 x (29591 / 25590) = 116; for Finland, 100 x (27522 / 25590) = 108; for Japan, 100 x (27989 / 25590) = 109.
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Figure A2.1. Country profile: Austria
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Figure A2.2. Country profile: Finland
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Figure A2.3. Country profile: Japan
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Figure A2.4. Country profile: Netherlands
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Figure A2.5. Country profile: Sweden
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Figure A2.6. Country profile: United Kingdom
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