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Abstract This paper examines the significance of patent licensing in comparison to other forms of collaboration between public laboratories and industry – joint research contracts, consulting, consortia, training, and so on – and probes into the outcomes of collaboration from the perspective of the public partner. Our analysis is based on a new survey of 130 public laboratories in France. The results suggest that licensing is a less common channel for knowledge and technology transfer than joint research contracts, informal exchanges, conferences, or research consortia. We find that the benefits of having industrial partners are more closely connected to the tangible and intangible inputs obtained – extra funds, materials, suggestion of research themes, and experimental data – than with the development and transmission of technology. The survey also indicates that the outputs of collaboration with industry are often theses and publications – patents, new products or processes, and licenses are much less frequent. Nonetheless, collaborative activities appear to be leading labs to carry out their research more efficiently and in areas that are more applied.
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1. Introduction The importance of research carried out by universities and public laboratories for industrial innovation is now firmly established (Jaffe 1989; Mansfield 1991, 1995, 1998). It is also increasingly clear from the literature that knowledge and technology transfer occurs through multiple channels. Some channels are unidirectional and conform well to the traditional linear model of research and development, but other channels feature two-way feedbacks, sometimes informal or accidental in nature. Recent work has focused on explaining how proprietary knowledge produced in the public sphere is exchanged and exploited with industry. University licensing appears to be an important mechanism for technology transfer (Thursby et al. 2001; Thursby and Thursby 2003). At the same time, Narin et al. (1997) have shown that U.S. industry patents rely significantly on publications authored at major public research institutions and that this is another key channel for firms to absorb knowledge from the open science sphere. Notwithstanding these advances, our understanding of other modalities of collaboration – for example, joint research contracts, consulting, research consortia, and training – continues to be limited. All of these are channels for knowledge and technology transfer that involve interactions and depend on tacit knowledge, existing in tandem with the dissemination of codified knowledge in publications and patents.3 We also know relatively little of how public research organizations (PROs) benefit from such collaborations and whether they influence research practices or the balance between fundamental and applied research. Although the characteristics, significance, and outcomes of research collaborations of PROs with industry are harder to quantify than patent licensing, understanding these activities is crucial for framing science and technology policy. Our paper seeks to shed light on these questions by analysing a survey of 130 public laboratories in France. These labs employ almost 6,800 personnel and count 875 private partners. The survey provides unique data about collaboration between labs and industry in France, including
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Polanyi (1967) introduced the concept of tacit knowledge. For a recent discussion of the economics of codification and tacitness, see Cowan et al. (2000). 2/21



information on the range of positive and negative effects for labs and many details about how labs manage their intellectual property (IP) assets. For this paper, we explore the first half of the survey, which is directly concerned with the modalities of collaboration and their influence on public laboratories – in a forthcoming paper we will explore the questions related to knowledge and IP management (Isabelle and Goddard, 2006). Our statistical analysis of this survey finds that licensing and transfer of patents, the traditional channels for the appropriation and exploitation of research results, take place much less frequently than joint research contracts, informal exchanges, conferences and seminars, or research consortia. This result underscores the need for further research adopting a broader perspective on public-private research collaboration, as these various modalities do not perform the same function and as such aren’t substitutes. It could suggest that in countries such as France, it makes little sense to measure the extent of knowledge transmission through intellectual property indicators. Moreover, the survey results provide initial clues about the characteristics of research collaboration in the French innovation system, including duration, location, internationalisation, etc. We also find that the development of technology transfer activities is considered a marginal contribution by most labs in our sample. The perceived benefits of having industry partners are much more closely connected to the tangible and intangible inputs obtained – extra funds to employ researchers, materials, suggestions of research themes, and experimental data – than with the actual transfers of technology or mobility of scientific personnel. This is rather surprising in light of the importance of these two objectives in public policy advocated in France (e.g., Law on Innovation and Research of 1999) and international forums (EC 2003; OECD 2002). In the survey, the labs were asked to identify the frequency of different outputs. Patents, new products and processes, and licenses are generated occasionally if at all. The responses show quite clearly that the most frequent outputs are theses and publications, the traditional outputs of university-led research. We think these are striking results, which again would merit additional research. They suggest that PROs in France are carrying out collaborative activities in order to
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promote their own capacity to create knowledge leading to publications. It also seems to suggest that the nature of the knowledge transferred is often not proprietary, which agrees with Narin et al.'s (1997) finding on the significance of publications for industry patents. It may well be that these conclusions apply to other countries in Europe. Besides these tangible outputs, the survey offers interesting insights into the effects of collaboration with industry on the research practices of public laboratories and their orientation in terms of fundamental and applied research. Laboratories turn progressively towards more applied topics of research, as researchers are drawn towards areas where the results are closer to being implemented in commercial applications. Yet, the extent to which they perform fundamental research is only slightly affected by collaborations with firms, a result that confirms previous studies (see e.g., Ranga et al. 2003). Labs also indicate that as a result of collaboration, they exercise tighter controls over delays and reliability. This suggests an improvement in some indicators of their ‘efficiency’ in the application of resources as research practices in public and private laboratories converge, but further work would be need to back-up this conclusion. This study is closely related to a recent strand in the economic literature on research and innovation systems that investigates how PROs contribute to industrial innovativeness by adopting a broader perspective on knowledge and technology transfer. Apart from Narin et al. (1997), which we have mentioned, other contributions include Agrawal and Henderson (2002), Cohen et al. (1994, 1998, 2002), Mowery et al. (2004), Mowery and Sampat (2005), and Vanortas (1998). Most of these articles tackle the issue by surveying industrial R&D managers or those responsible for technology transfer centres, or examining particular forms of collaboration – particularly research joint ventures. The Carnegie Mellon Survey studied by Cohen et al. (1994), with information on nearly 1,500 R&D-performing units in the U.S. manufacturing sector, is particularly relevant because it also seeks to identify the importance of different “information channels.” Their results and those presented here have points in common, such as the importance of publications, public meetings and
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conferences, and informal exchanges; but also significant differences, as contractual research and cooperative R&D feature much more prominently in our survey, in contrast to consulting, which only plays a minor role. Contextual differences (U.S. vs. France) are no doubt one reason for this reordering, but another that may be just as significant is that the survey we examine collects the responses directly from the people in charge of the scientific activities at PROs. In the next section, we describe how the survey was carried out and the sample characteristics. Section 3 presents the results concerning the modalities of knowledge and technology transfer. Then Section 4 discusses the results surrounding the contributions made by industry to laboratories and what are the most frequent outputs. In Section 5 we examine how collaboration impacts research practices and programs. Section 6 concludes.



2. Sample design and characteristics A characteristic of the French public research system stems from its duality, in the sense that universities coexist in approximate parity with government laboratories (known as “grands organismes”). The former traditionally bear the missions of higher education and basic research while the latter are mostly oriented towards technological research as well as knowledge and technology transfer in specific areas (medicine, energy, defense, NICT, etc.) but to a lesser extent on higher education. However, this duality should not be interpreted in terms of a sharp division of the public research system: many agreements exist at the level of organizations and laboratories. One important example is provided by the mixed research teams known as “Unités Mixtes de Recherche” (UMR). In 2004, a detailed questionnaire was sent to around 1,800 laboratory directors in the CNRS, CEA, INRA, INRIA, INSERM, Institut Pasteur and the Insitut Curie. These government laboratories were surveyed because of their significant and increasing role in the French innovation
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landscape. This is evidenced by patenting and licensing statistics4, although much less is known about the extent of their interactions with firms. The dataset we examine features full responses from 130 collaborating labs, which collectively have 875 industrial partners. In terms of scientific fields, 52% of the labs have a specialization in life sciences, 37% in chemistry and 11% in ICT. These labs account for almost 6800 personnel, including permanent researchers (30%), doctoral and post-doctoral students (24% and 6%), engineers (13%) as well as technicians (23%) and administrative staff (4%). The distribution by size of the labs is indicated in Figure 1, which shows a wide variation and notably there are 4 outlier “megalabs” with more than 250 members.
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Figure 1



The distribution of labs among the various PROs is the following: CNRS (48%), CEA (25%), INSERM (18%), INRA (15%), Institut Pasteur (2%), Institut Curie (2%) and INRIA (2%). Note that the organism participations add to 110% because 13 labs are UMRs between several
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In France, they filed close to 600 national patents and 600 European patents in 2000, amounting to roughly 6% and 8% of all French applications for such patents (OST, 2003). They also had more than 3 000 active license agreements at the end of 2001 (including licenses on patents, know-how, software, databases, biological materials, etc.), generating close to € 100 M (OST, 2003). 6/21



institutions in the sample. Indeed, when considering also UMRs with universities, less than half of the labs in the sample (60 labs) belong to only one institution, leading to an average number of institutions per laboratory of 1.7. 62 labs are associations between a government laboratory and one or several universities. So a great number of labs in the sample are themselves collaborative structures funded and supervised by two or more separate PROs. As a benchmark, Table 1 provides information about the relative size of these organizations and their specialization – see Appendix 1 for a longer description of each.
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3. Modalities of knowledge and technology transfer The survey asks laboratory directors to estimate the frequency of “the principal modes of collaboration used between the laboratories and companies” on a 4-point scale. The questionnaire allows for 14 different modalities, which are listed in Figure 2 together with the results. The key result, which we anticipated in the introduction, is that IP-related knowledge and technology transfer through patent, software, and know-how license agreements occupies a distant second place compared to (in order of decreasing frequency): joint research, informal exchanges, contract research, domestic and European research consortia, dissemination events such as seminars and conferences, and technical assistance. Besides licensing, other infrequently used forms of collaboration are: material transfer agreements, consulting contracts, training for companies' workforce, and permanent research structures (e.g., new co-financed laboratories). These modalities of collaboration rarely or never take place for a large majority of labs in the sample.
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MODALITIES OF KNOWLEDGE & TECHNOLOGY TRANSFER Joint research Informal exchanges Contract research Research consortia of which European consortia Seminars, workshops, conferences Technical assistance Patent licences Material transfer agreements Consulting Training Software licences Know-how licences Permanent research structure
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Figure 2



The survey throws a number of interesting results concerning the location and internationalization of collaborative research with industry. About 90% of respondents report that research is frequently carried out at the lab itself, with just under 40% frequently observing research conducted in both the lab and the firm. Around a third of the 875 private partners are located in the same region as the lab; of the remainder, 50% are located in a different region in France and 17% in other countries (see Figure 3). Although a minority of the labs' private counterparts are based outside France, it is worth noting that one-half of the labs have one or more foreign partners, and in 42% of cases these were established outside European consortia.
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LOCALISATION OF PARTNERS
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DURATION OF COLLABORATIONS



50% 45% 40% 35% 30% 25% 20% 15% 10% 0



5% 2



4



6



0% 8 10



Number of partners



0-2



2-5 yea



rs



5+



ye a rs yea rs



Figure 4



Turning to the duration of public-private collaboration (in Figure 4), we find that labs had been collaborating for no more than two years with 1.6 of the 6.9 industry partners reported on average; 2.4 of the 6.9 industry partnerships had lasted two to five years, and longer lasting relationships characterised the remaining 2.9 partners. This result suggests that the exchanges between French PROs and industry are by and large based on long-term relationships, although from the survey we 9/21



cannot tell whether this is because contracts are constantly renewed or are themselves long-term in nature. Looking more closely at the distribution, it is clear that most labs have few partners, but a long tail indicates the existence of labs collaborating profusely.



4. Industry contributions to laboratories and results from collaboration Industry's motivations and rewards for undertaking knowledge and technology development and transfer in conjunction with PROs and universities have been carefully studied (Cockburn and Henderson 1998, Henderson et al. 1998, Mansfield and Lee 1996, Zucker et al. 1998). Typically, the reasons turn around short-term considerations of applying technologies or longer-term ones revolving around increased absorptive and innovative capabilities. In the literature, the former tangible class of outcomes manifests itself and is studied through IP-derived outputs. Much less is known about the perspective of the laboratories. In the survey, two questions ask lab directors about the significance of different contributions from industry and the frequency of various outputs. In the ranking of industry inputs in Figure 5, we find that by far the most significant concerns the funds for employing additional research personnel. This is followed in decreasing order by the provision of materials and samples, the suggestions of new research themes and the recruitment of PhD students by industry, which are thought to be significant or decisive by 37 to 52% of labs. Further down in this list of inputs we encounter the development of technology transfer activities, the provision of datasets, equipment and instrumentation, know-how and methods, and researcher mobility towards the firms. That mobility is considered the least important item is significant and also surprising given its centrality for contemporary science and technology policy.5



5 This result is confirmed by responses to questions about exchanges of personnel: around one third of the laboratories have such exchanges in place, but they go predominantly in the direction of the firms to the labs. 10/21
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Turning in Figure 6 to the tangible outcomes, we find that collaborative activities with industry have a tendency to produce the traditional outputs of research, i.e. publications and theses. These publications are generally co-authored, which would appear to reflect the dominance of joint research contracts from the previous section. New products and process are developed less frequently and the outputs associated with the appropriation and exploitation of research results, patents and licenses of different kinds, show up only rarely,. The survey sample is not large enough to analyse how these results change according to the scientific domain.
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OUTCOMES OF COLLABORATIONS (Rate of Frequent + Very frequent)



Publications Theses of which co-publications New products New processes Patents Prototypes & pilot designs Databases Software Patent licenses Collections of materials Know-how licenses Copyrights Software licenses 0%



20%



40%



60%



80%



100%



Figure 6



5. Impact of collaborating on laboratories In the last section we described one outcome of collaborating with industry, namely the tangible outputs produced. There are of course other outcomes and in this section we discuss how these activities influence the operation and programs of labs. Research is a complex process and as such its 'efficiency' can only be evaluated by using multiple indicators corresponding to various dimensions of research practices. The survey asked lab directors to evaluate the impact of industrial collaborations on research practices along six dimensions and we report the results in Figure 7. The impact is most significant concerning the labs' control over delays and requirements about reliability, followed by the certification and norms regarding quality and the definition of best-practices. A weaker influence is observed for the usage of lab notebooks, control over costs and the rules governing scientific evaluation. Overall, these results suggest a positive and relatively significant effect on research practices from collaboration, particularly as regards the timeliness and standards of experimental work. 12/21
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Further questions ask labs whether and how working together with industry has changed their research programs. Overall, 57% of the labs in the sample considered this work to have a significant or determinant influence on the themes and programs they pursue. More specifically, we find that collaborating labs tend to step-up their “applied research and experimental development” and, to a lesser extent, that in “oriented basic research”. As shown in Figure 8, this shift is accompanied by a diminution in “pure basic research” in just a small number of labs6. We consider that the substantial intensification in the applied character of research in many collaborating labs stands out against the secondary importance of new product and processes, and the marginal importance of patents and licenses.



6 These three categories follow the classification in the OECD's Frascati Manual. More recently, Stokes (1997) has proposed a typology that separates research according to its quest for fundamental understanding and considerations of use, the intersection of which (Pasteur's quadrant) adds interesting insights to a linear perspective. See also Isabelle (2006), “Expanding Pasteur’s quadrant with the proprietary vs. open-access dimension: Illustration in a large public research organisation”, Working paper IMRI, forthcoming. 13/21
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6. Conclusions In this paper, we presented results from a survey of public research laboratories in France that takes a broad perspective on knowledge transfer mechanisms towards industry. We find that laboratories engage in licensing far less than in other collaborative modalities such as joint research contracts, informal exchanges, research consortia, as well as dissemination and training events. Similarly, the most recurrent tangible outputs of collaboration are not intellectual property assets but publications and theses. It is significant, however, that laboratories observe an internal evolution towards more applied areas and cost-effective practices through collaboration. From the perspective of the lab directors, the added value of industrial collaboration is connected to the funds obtained to employ additional research personnel, materials, suggestions of research themes, and experimental data. Put together, these results strongly suggest that the development and transmission of knowledge and technology across the public/private organizational boundary is to a large extent occurring through channels that do not involve IP and would appear to privilege knowledge as opposed to technology. Instead of interpreting this as a failure in technology transfer, it is possible 14/21



that effective transfer requires complementary knowledge, since technologies stemming from public labs are usually embryonic and not ready to market (Thursby and Thursby 2001). Seen from this viewpoint, joint and contract research could be the vehicles employed to structure these complex interactions and allow researchers to publish. In a forthcoming paper, we investigate the constraints imposed on researchers and how labs are tackling with IP issues (Isabelle and Goddard 2006). In general, we see our results as contributing to the literature that tries to “put patents in context” by opening up the analysis to other important mechanisms of knowledge and technology transfer (Agrawal and Henderson 2002). In so doing, we recognize that this gap is partly tied to the methodological difficulties in systematizing and quantifying other kind of transfers, and to the greater uncertainty as to their commercial value. There is an institutional dimension too: whereas patent systems are converging globally, the interactions and exchanges we study take place are highly context-dependent and subject to varying transaction costs, incentive structures and cultural attitudes, themselves related to the rules and norms arbitrating scientific work in different countries. The conclusions we’ve drawn from this survey are preliminary and can be improved. But their exploratory nature should not put us off from voicing an additional opinion to the ongoing debate on “the role of the universities in the Europe of knowledge.” Piloted by the European Commission (EC 2003), this has taken the position that co-operation between PROs and industry should be intensified. This may be correct, but the approach which is advocated is likely wrong, since it argues that: “The two main mechanisms through which the knowledge and expertise possessed and developed by universities can flow directly to industry are the licensing of university intellectual property, and spin-off and start-up companies.” Our results and many related articles in the economic literature do not back this statement, and instead suggest that a holistic approach is needed to frame contemporary science and technology policy in this area.
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Appendix 1. Detailed description of the government labs in the sample The largest government lab in the sample as well as in France is the CNRS (“Centre National de la Recherche Scientifique”), with about 26,000 employees as of December 31, 2004. A distinctive feature of the CNRS is that its activities are broadly distributed from fundamental to applied research, as well as in terms of the disciplines it covers (almost every scientific discipline is represented from social sciences and humanities to mathematics, physics and chemistry) and the technological fields it addresses. This stands in contrast to other government labs. The CNRS is highly intertwined with universities and with other government labs at the institutional level and at the team level through mixed research units (UMRs). It had 2,228 active priority patents first filed in France at the end of 2001, 532 active licensing agreements at the same date and generated an income of € 37,0 M from licensing in 2001 (OST, 2003). The CEA (“Commissariat à l’Energie Atomique”) is the second largest government lab with about 14 900 employees as of December 31, 2004. It is a technological research institution that works in the field of defense, energy and new technologies for information and health. These technological missions rely on selected fundamental research activities in physics, chemistry and biology that have always been supported. CEA also has an established technological capacity for the design, construction and operation of large scientific instruments, from thermonuclear fusion reactors to particle accelerators and satellites. It has a number of mixed research units with universities, although to a lesser extent than the CNRS. It had 3,041 active priority patents first filed in France at the end of 2001, 457 active licensing agreements at the same date and generated an income of around € 100 M from licensing in 2001 (OST, 2003). The INRA (“Institut National de la Recherche Agronomique”), founded in 1946, is a mission-oriented public research institution under the joint authority of the Ministry of Higher Education and Research and the Ministry of Agriculture and Fisheries. It employed 8,840 employees as of the end of 2004, making it the third largest government lab in France. The research conducted at INRA concerns agriculture, food, nutrition and food safety, environment and land
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management, with particular emphasis on sustainable development. INRA has an active partnership policy with the socio-economic world: private companies, agricultural organisations, local and public authorities. It had 456 active priority patents first filed in France at the end of 2001, 1,002 active licensing agreements at the same date and generated an income of € 3,7 M from licensing in 2001 (OST, 2003). The INSERM (“Institut National pour la Santé et la Recherche Médicale”) was founded in 1964 and employed 6 500 employees as of December 31, 2004. It is placed under the joint authority of the Ministry of Higher Education and Research and the Ministry of Health. Dedicated to improving human health, it focuses its activities at the interface of basic research, clinical and therapeutic research and public health research. Moreover, it has a strong partnership policy with the life science division of CNRS, with the Institut Pasteur and the Institut Curie. Regarding partnerships with industry, the INSERM claims to have several hundreds partners nationally and internationally, to have more than 1,000 research and licensing contracts generating approximately € 10 M income (2002 figures). It had 1,039 active priority patents first filed in France at the end of 2001, 374 active licensing agreements at the same date and generated an income of € 10,5 M from licensing in 2001 (OST, 2003). The INRIA (“Institut National de Recherche en Informatique et Automatique”) is the national government lab for research in computer science and control, operating under the dual authority of the Ministry of Higher Education and Research and the Ministry of Industry. Created in 1967 and claiming 1,031 employees at the end of 2004, it is dedicated to fundamental and applied research in information and communication science and technology (ICST). It develops many partnerships with industry and fosters technology transfer (750 active research contracts, 120 software licenses), notably through spin-off ventures – some 80 companies have been founded. Moreover, INRIA has a strong UMR policy with the ICST division of CNRS and in universities. It had 78 active priority patents first filed in France at the end of 2001, 220 active licensing agreements at that date and generated an income of € 1,1 M from licensing in 2001 (OST, 2003).
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The Institut Pasteur is a non-profit private foundation that was created at the end of the 19th century to allow Louis Pasteur to expand vaccination against rabies, to develop the study of infectious diseases and disseminate this knowledge. Today, it employs 2,492 people and performs research in biology, with a priority on fighting against infectious diseases. Half of its 109 research units interact with outside partners – both institutional and industrial – in different ways: research contracts, licensing agreements, provision of products and services, and consulting agreements. These interactions are an important part of its global strategy since two thirds of its funding have to be of private origin. It has a Business Development and Technology Transfer Department, the objectives of which are to encourage researchers to file invention disclosures; to deposit and extend patents with real commercial potential; to protect Institut Pasteur's intellectual property; to emphasize technology transfer via R&D contracts and licensing agreements; to enhance the provision of services and the sale of products; to develop partnerships with pharmaceutical companies; and to spin off biotech companies. It had 1,377 active priority patents first filed in France at the end of 2001, 258 active licensing agreements at the same date and generated an income of € 31,4 M from licensing in 2001 (OST, 2003). The Institut Curie, a private non-profit foundation, was founded by Marie Curie and accredited as a public service since 1921. Its research center, made up of a number of laboratories associated with the CNRS or INSERM, involves biologists, chemists, physicists and clinicians with the objective of furthering our understanding of how normal and cancerous cells work, in order to improve the prevention, diagnosis and treatment of cancer. It employed 750 persons at the end of 2004. It founds its knowledge and technology transfer strategy on research partnerships with firms in the pharmaceutical, medical diagnostic or biotechnological sectors, on licensing and to a lesser extent on start-up ventures. Two persons are in charge of this activity for chemistry and biology and another one is responsible for physics and computing. It had xxxx active priority patents first filed in France at the end of 2001, xxx active licensing agreements in that same date and generated an income of € xx,x M from licensing in 2001.
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