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Abstract 

Two major and complementary transformations have occurred in the world of public research 

organisations in the past two decades. Instruments of intellectual property (first and foremost 

the patent) have disseminated in many domains of research while collaborations with 

industrial firms have grown substantially. Strategies have been designed in PROs to 

accompany and stimulate the researchers in their new mission: the transfer of knowledge and 

technologies to firms. This paper investigates on an empirical basis the fact that researchers’ 

inventiveness could to a certain extent be independent from private economic incentives. It 

concludes by opening some analytical perspectives about the pros and cons of PROs’ 

knowledge and technology transfer strategies and by suggesting that the dominant model 

could well look inappropriate in some respects. 
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“Necessity is the mother of invention” 

1. Introduction 

Inventive activity –along with technological change and the production of scientific and 

technical knowledge– was long regarded by economists as something that was independent of 

economic needs and motivations (Rosenberg, 1974). Then came Schmookler’s Invention and 

Economic Growth (1966) arguing that inventing is an essentially economic phenomenon. 

Nowadays, giving a look at standard economic textbooks tends to make believe that any 

invention would hardly come out of a human’s brain if that human did not have the possibility 

to earn all or part of the stream of economic rents that result from the industrial exploitation of 

his or her invention, a preliminary condition for that being that he or she ought to own a 

propriety right (usually a patent) over that invention. 

Well, I found a place on earth where people invent and repeatedly patent their 

inventions, contribute to innovation and technological change in connection with industrial 

partners and in the meanwhile participate in the production of scientific and technical 

knowledge. Contrary to what economists primarily envisioned, the vast majority of these 

people perform these various activities (scientific research, technical invention and 

technological innovation) in close connection with economic needs and motivations. But 

contrary to what the standard economic textbook says, only a tiny minority pays attention to 

the private economic benefits that arise from achieving the monopolistic position of a patent 

holder. 

This “place” is the CEA (Commissariat à l’Energie Atomique, the French for Atomic 

Energy Commission), the second largest French public research organisation1. It is most 

probably not unique among its peers in the respects that have just been mentioned. Yet, the 

CEA has strong distinctive features that make it an institution of special interest to look at 

when studying ongoing transformations in the world of scientific and technical research in the 

public sphere, particularly those transformations related to the rise of intellectual property 

issues. 

Firstly, what gave birth to the CEA and subsequently defined it the best are its 

technological missions, often related to national strategic objectives: providing France with 

                                                 
1 This ranking is based on the number of employees; number one is CNRS with about 26 000 employees as of 
December 31, 2003; number two is CEA with about 15 000 employees. 

 3 



the nuclear weapon (as soon as CEA’s inception in 1945); developing the technological 

infrastructure for the French electronuclear industry from the 1950s onward; contributing to 

technological innovations in the fields of NICT and new technologies for health since the 

1980s. From this point of view, research at CEA is mostly conducted under the auspices of 

Gibbons’ mode 2, that is “in a context of application” (Gibbons et al., 1994). Second, basic 

research has always been another central mission at CEA, basically considered as 

complementary to its technological missions. The CEA has an important track of scientific 

records in the fields of, e.g., nuclear physics, astrophysics, particle physics, thermonuclear 

fusion and also in many domains of chemistry and biology. Third, the two prominent cultures 

of the research system, whose emblematic figures are the scientist on the one hand and the 

engineer on the other hand, are tightly intertwined within CEA. It takes more than just mixing 

these people in research teams: at CEA, there is no statutory difference from the employees 

point of view between being a scientist or an engineer. Note from scratch that these three 

distinctive features of CEA a priori provide as such a good institutional framework to let 

people do scientific and technological research, invent and transfer knowledge and 

technologies at the same time (to let them patent may be another story, as I will document…). 

Another obvious reason why I study CEA specifically is that I can observe it from the 

insider’s point of view, given that I have been working as an economist in its Department of 

Economic Studies since March 2003. This position is a privileged one in the sense that I can 

observe and verify the information that is usually unobservable or unverifiable for the 

outsider. Thus, I can scrutinize at every level (from top management down to the laboratories) 

the transformations in progress in the world of public research organisations I mentioned 

earlier. Moreover, my job as an economist there is precisely to investigate the origins, 

mechanisms and consequences of these transformations as well as to elaborate propositions 

for the management so that it could proactively anticipate and react to them. In this context, I 

launched in 2003 a comprehensive study to assess how and how well scientific research and 

technological research are coupled within CEA. The first phase of that study, labelled 

“Identification”, aimed at localising where scientific and technological research were coupled 

within CEA, at detecting the obstacles to their coupling as well as the different likely models 

for this coupling. It was based on interviews I conducted with over thirty outstanding 

researchers at CEA (see the “Background” section below). 

Besides their primary focus, these interviews revealed in details what doing research at 

CEA actually means. I could witness that these researchers are indeed engaged in different 
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kinds of activities; I could perceive too that these activities are mixed according to various 

organisational patterns2. In the aggregate, these researchers’ activities encompass publishing 

scientific and technical papers, inventing, patenting as well as working with industrial 

partners to develop technological innovations3. Although the relative weighing of each 

activity shows heterogeneities at the individual level, it appeared that none of these 

researchers works in an ivory tower (i.e. Gibbons’ mode 1). But this does not necessarily 

mean that they work in an entrepreneurial paradigm (Etzkowitz et al., 2000): as a matter of 

fact, I realized that for these researchers, inventing is by and large independent from private 

economic incentives. This is the reason why I use the metaphor “they invent like they 

breathe”. Their inventive activities are nonetheless deeply rooted in the socioeconomic 

environment of their lab, department, division and of the CEA itself, not to speak of the 

overall national system of innovation. 

Interestingly, these researchers repeatedly patent their inventions. Yet, inventing on the 

one hand and patenting on the other hand are two separable activities4. To reuse the metaphor, 

it appeared quite clearly that most researchers “may not patent like they breathe”. Actually, 

their mean attitude towards patents reflects quite faithfully that of the representative 

researcher working in French PROs5, although deviations from that mean can be strong at the 

individual level. To sum it up somewhat roughly, they fell the patent is something new and 

potentially harmful to the standards of open science as defined by Merton (1973)6. In spite of 

that, many of them patent their inventions, thus reflecting a growing overall acceptance of the 

patent mechanism. But again, their motivation to do so is barely explained by the standard 

textbook story about patents. 

Three major questions arise immediately after this statement: why do these researchers 

invent, why do they patent their inventions and why do they commit to transferring the 

knowledge and technologies they develop, if not for private economic benefits? Note that 

                                                 
2 At this preliminary stage of the study, results consist in empirically grounded insights that need further analysis 
(Phase II, based on selected case studies) and consolidation / authentication (Phase III, by means of a survey). 
3 This list is not exhaustive: it includes teaching, supervising thesis, participating in conferences and the like but 
these activities have looser connections with this paper’s topic. 
4 This separation is asymmetric: one can be inventing without patenting, while the reverse is impossible (at least 
theoretically). 
5 For comparison purposes, information about Brazilian researchers’ attitude towards patents in the biotech 
sector can be found in Coutinho et al. (2003). The picture depicted for the Brazilian case is quite similar to that 
in France, including the fact that it shows strong dynamic features in terms of the increasing tolerance towards 
the patent system. 
6 These standards are sometimes summarised as CUDOS: communalism, universalism, disinterestedness, 
originality, scepticism (Ziman, 1994, p. 177). 
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these questions are related but not the same. Imagine, for example, that an invention comes 

about as an accidental by-product of a particular research activity, meaning that the question 

of the researcher’s motivation to invent is not an issue. He or she could nevertheless be 

interested in getting a patent, for example in order to signal his or her lab’s competence in the 

related technical field. Investigating these three fundamental questions –inventive researchers’ 

motivations to invent, to patent and to transfer knowledge and technologies– forms the 

analytical core of the paper. 

Two ancillary questions will also have to be addressed. Firstly, the rise of the 

intellectual property issue in the world of public research is closely connected to the new 

mission that has been assigned to PROs since the 1980s, on top of producing knowledge and, 

for universities, higher education: the transfer of knowledge and technologies to business 

firms. Its double purpose is to stimulate technological innovation and economic growth at the 

national level as well as to increase economic returns from investment in public R&D (see 

e.g. Cohen et al., 1998; OECD, 1996, p.7). Thus, it seems important to assess to what extent 

researchers at CEA invent and patent in connection with the development of technological 

innovations based on public – private partnerships, as well as to identify the mechanisms that 

motivate them to do so. 

Second, and in relation to what has just been said, PROs have designed internal 

organisations and implemented specific policies –usually related to the ownership, control and 

financial reward of intellectual property rights– in order to perform their new mission and 

encourage their researchers to actively participate. A dominant model seems to have emerged, 

consisting in: (i) a centralised technology transfer office (TTO) responsible for collecting 

inventions in the PRO, deciding whether to patent them or not and eventually facilitating and 

negotiating the transfer of the associated knowledge and technologies to industrial partners; 

(ii) a financial return for the researchers whose inventions are licensed to firms and generate 

royalties, providing that the intellectual property rights on inventions lawfully belong to the 

PRO itself. I will open analytical perspectives about the pros and cons of this dominant model 

in the light of the motivations to invent, to patent and to transfer knowledge and technologies 

that will be identified beforehand. 

The remainder of the paper is organised as follows. Section 2 describes the background 

of the present work. Section 3 illustrates a series of short tales about inventive researchers at 

CEA. Section 4 analyses these researchers’ motivations to invent, to patent and to transfer 
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knowledge and technologies. Section 5 concludes and opens some analytical perspectives 

about the issue of knowledge and technology transfer policy. 

2. Background 

This paper is a by-product of a research I started in 2003 with the purpose of studying how 

and how well scientific research and technological research are coupled within CEA. The 

global framework of the study is the knowledge-based economy for the rise of which coupling 

the scientific and the technological systems is considered as a cornerstone. As a matter of fact, 

the central function of the scientific system is to produce and disseminate high quality and 

certified bodies of scientific and technical knowledge, whilst the technological system acts as 

a powerful engine for innovation-based dynamics in the economy. 

Beneficial connections between the two traditionally include the fact that the scientific 

system builds a knowledge infrastructure that serves as a generic input for a wide set of 

technological developments, as purposely tracked in the linear model of science-based 

innovation advocated by Vannevar Bush for post-war America (Bush, 1945). But works in the 

past decade have shown that these connections can take a number of other forms that make 

the model more complex, richer and not so linear. First, the technological system also benefits 

from the scientific system through the training of highly qualified graduates, the development 

of advanced equipments and new methods, the upgrade of know-how (Salter & Martin, 2001). 

Second, from the reverse angle, many scientific discoveries are fostered by technological 

developments in the fields of instrumentation, data storage and processing, etc. Technological 

developments can also act as a powerful source of new scientific challenges and inquiries. 

Lastly, technological research is generally required to take to the market new technological 

ideas that emerged from scientific research. 

In the sectors where all these connections are actively nurtured, one can witness a strong 

and combined growth of technological developments and scientific knowledge (NICT and 

matter sciences, biotechnology and life sciences; see Nelson, 2000). Thus, the coupling of the 

two systems appears as a highly valuable channel trough which the economy could be 

enriched with knowledge. 
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However, as Dasgupta & David (1994) clearly exemplified, the scientific and the 

technological systems are uneasy roommates because multiple lines of demarcation exist 

between them. They run in highly differentiated ways from the point of view of their methods 

of investigation (exploration vs. exploitation), the type of knowledge their produce (generic 

vs. specific), their funding channels (public vs. private) and most importantly from the point 

of view of their objectives, their behavioural rules and norms in terms of divulgation 

(publication vs. patent or secret) and their reward systems. Hence, not only benefits but also 

costs are experienced in the process of coupling the scientific and technological systems. 

As previously emphasized, a strong distinctive feature of CEA lies in the distribution of 

its activities on the entire research spectrum –from basic to applied research– in some highly 

selected areas: energy, defence, new information and communication technologies as well as 

new technologies for health. To achieve its missions, the CEA is organised in four operational 

divisions: Nuclear Energy, Military Applications, Technological Research and Fundamental 

Research, the latter being composed of two subdivisions: Life Sciences and Matter Sciences. 

Thus, the question that is investigated in this background study is whether the CEA actually 

represents a propitious “place” to carry out the coupling of scientific and technological 

research. 

The timing and methodology of the study can be summarised as follows. Phase I, 

labelled “Identification”, lasted three months and followed two goals: revealing where 

scientific and technological research are coupled within CEA on the one hand; detecting the 

obstacles as well as the different would-be models for this coupling on the other hand. It was 

based on a series of interviews with 32 outstanding researchers endowed with a special grade 

called “research director” (see below). Then the study will proceed through Phase II labelled 

“Analysis”. Starting with the information collected in Phase I to underpin a number of likely 

models of coupling between scientific and technological research within CEA, it will analyse 

in details the working of that coupling. Phase II will be based on about ten in-depth case 

studies –hopefully successes as well as failures. Lastly, the study will go on with Phase III 

labelled “Synthesis” that will authenticate the models analysed in Phase II, assess their true 

virtues and limits and finally outline some operational proposals to enhance the efficiency of 

the coupling between scientific research and technological research at CEA. Phase III will 

develop a survey using both a qualitative and quantitative questionnaire building on the case 

studies’ results. 

 8 



Phase I “Identification” lasted three months and was completed in January 2004. During 

this first phase, I conducted interviews with 32 outstanding researchers that were appointed 

“research director” (henceforth, ‘RD’). This grade is specific to CEA and was instituted in 

2000. It is independent of the researcher’s hierarchical position in the organisation but 

testifies that this researcher achieved major scientific successes during his or her career. RDs 

thus form a network of high-skilled scientific experts whose mission as RDs is to take part in 

the scientific and technical evaluation of CEA’s programmes, to provide assistance with 

respect to strategic planning and lastly to disseminate scientific and technical knowledge at 

the national and international levels. RDs are promoted for a five year period that can be re-

conducted. As of year 2003, there were one hundred and one RDs representing a wide range 

of scientific and technical capabilities. 

The timing of the research project prevented me to go through interviews with every 

RD. The 32 interviewees were selected according to two criteria: (i) they ought to be 

distributed across the different divisions in CEA so as to represent roughly the number of 

employees in each division; (ii) for any given division, their areas of expertise should be as 

representative as possible of the variety of specialities. Table 1 shows the division every 

interviewed RD works in as well as his or her speciality: 
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Table 1. Division and speciality of Research Directors that were interviewed 

RD 
number Division Speciality

1 Military Applications Electromagnetism and furtiveness
2 Military Applications Physics of plasmas
3 Military Applications Digital methods for physics
4 Military Applications Nuclear and atomic physics
5 Military Applications Microelectronics and radiation hardened microelectronics
6 Military Applications Physics of high pressures and strong densities
7 Military Applications Mathematical and digital analysis for simulation
8 Military Applications Physics of explosive matters
9 Military Applications Physics of condensed matter and solids

10 Nuclear energy Neutronics
11 Nuclear energy Nuclear materials
12 Nuclear energy Nuclear chemistry
13 Nuclear energy Physic metallurgy
14 Nuclear energy Neutronics
15 Nuclear energy Corrosion
16 Technological research Molecular electronics
17 Technological research Information processing
18 Technological research Microelectronics
19 Technological research Fundamental computing
20 Technological research Biotechnologies
21 Technological research Automatics of systems
22 Technological research Optoelectronics and microsystems
23 Matter sciences Theoretical nuclear physics
24 Matter sciences Physics of plasmas - Fusion
25 Matter sciences Superconductor applications
26 Matter sciences Mesoscopic physics
27 Matter sciences Chemistry of surfaces and interfaces
28 Matter sciences Galactic astrophysics
29 Life sciences Radio-induced cancerogenesis
30 Life sciences Non conventional transmissible agents
31 Life sciences Analytic immunology and in vitro diagnostic
32 Life sciences Cytogenetics and radiobiology  

 

Interviews were of the semi-directive type. Each RD had received a text presenting the 

study a few days before the interview. The standard duration of an interview was about one 

hour and a half. Interviews generally proceeded in three parts: (i) after a brief oral 

introduction of the topic, RDs were asked to give their personal point of view about the 

general issue of coupling scientific and technological research; (ii) then most of them went on 
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commenting the subject on the basis of their personal experience; (iii) finally, they discussed 

the particular strengths and weaknesses of CEA vis-à-vis the coupling issue. Every 

interviewed RD was appointed member of the project’s Scientific Committee, along with the 

project managers of every case study that will be undertaken in Phase II. Thus, RDs will 

provide expertise and information during all the study’s lifetime7. 

It results quite obviously from the preceding presentation of RDs that this sample is not 

representative of the overall population of researchers in CEA. In particular, a bias most 

probably exists as far as the issues of inventing, patenting and transferring knowledge and 

technologies are concerned. To put it differently, it may probably be that contrary to RDs, not 

every researcher at CEA invents like he or she breathes. The RD grade is essentially a signal 

of scientific excellence for the attribution of which publications, invitations to international 

conferences and fellowships abroad are taken into account. What a series of 32 interviews can 

add to that measurable record of scientific honours is that these researchers clearly share other 

values than scientific excellence: I may call them open-mindedness, dynamism and 

enthusiasm8. The extent to which these intrinsic (i.e. not economically driven) values are 

explanatory variables of RDs’ inventiveness is a central question in this paper. In any case, 

RDs’ propensity to invent appears to be strong. Although quantification is sketchy at this 

initial stage, one can just get an idea of this eagerness to invent by noting that 20 out of the 32 

RDs spontaneously mentioned during the interview one or several inventions they had been 

responsible for. 

On top of this bias, it must be clear that at such a preliminary step in the study, only few 

of the results I present in this paper can be considered robust. I conducted interviews with 

“only” 32 RDs. Moreover, their inventing, patenting and transferring activities were not the 

focus of the interviews (although this focus, i.e. the coupling of scientific and technological 

research, may be achieved through inventions). Lastly, during these interviews, only 11 cases 

of inventions were reported with sufficient details to serve as the raw material of this paper. 

They are listed in table 2. 

                                                 
7 The research project is expected to be terminated in December 2005. 
8 In particular, most of these people were positively curious and enthusiastic about my study! 
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Table 2. Inventions reported with sufficient details during the interviews 

Invention 
number Description Reported by 

RD number…

1 Radiation hardened electronic component 5

2 Prediction of the third phase formation during nuclear waste extraction 12

3 Computer based cross-linguistic search engine 17

4 Static analysis of computer codes 19

5 Plasma-facing component and limiter 24

6 Superconducting cables for large magnets 25

7 Quantum bit circuit 26

8 Electro-grafting process for surface functionalisation 27

9 Detectors for astrophysics 28

10 Software components for biochips data analysis 29

11 Post-mortem test for the mad-cow disease prion 30  

 

Given the inherent limitations associated with the fact that this paper is built on the 

results of the study’s initial phase of identification, I choose to tell in the next section a few 

short tales about some of these inventive researchers at CEA. These short tales are presented 

in order to provide heuristics and insights about CEA researchers’ motivations for inventing, 

patenting and transferring knowledge and technologies. 

3. Three short tales about inventive researchers at CEA 

RD25 works in the matter sciences division. He is a specialist in superconductors applications 

with the main purpose of designing and assembling large superconducting magnets to be used 

in large scientific instruments (the Large Hadron Collider at CERN, the forthcoming 

International Thermonuclear Experimental Reactor, etc.). Inventing is a regular activity for 

him. As a matter of fact, his achievements repeatedly push a little further the technical frontier 

of operating large superconducting magnets, an increase in performance the scientists who use 

large scientific instruments are in demand of. 
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RD25 works in the context of projects (in the managerial sense). The start-up date of 

large scientific instruments is usually decided many years in advance; so are their technical 

specifications –in particular those concerning the superconducting magnets themselves. In this 

context, RD25’s job is to achieve these specifications within a given period of time. 

Moreover, RD25 is responsible for the design of a technical subset of the whole system that 

will have to be integrated with others, with the consequence that interoperability has to be 

regularly checked within the design period. 

The way RD25 performs his research and completes his inventions is quite typical in 

such a project context. First, he has to identify a limited number of technically feasible 

options. The latter are constrained by the state-of-the-art in the fields of superconducting 

alloys, superconducting magnet designs, metallurgy and cryogenic systems. Then, he must 

proceed along a selected number of tracks that reflect various combinations of these technical 

options, that have to be optimized. At regular points in time, the results are evaluated and 

some dominated technical tracks are abandoned, until only the best one remains (that event 

has to be ahead of the instrument’s anticipated procurement date). 

In this respect, RD25’s degree of freedom for invention is quite weak. The purpose and 

expected performances of the invention are known from scratch. Furthermore, RD25 is due to 

invent. According to these points, some features of responses to hierarchical decisions are 

most probably at stake in RD25’s motivations to invent. Conversely, his motivations as an 

inventor could barely be explained in terms of responses to price-based incentives. It is 

nevertheless possible that to a certain extent, RD25’s reputation among his peers substitutes to 

prices as a signal that provides incentives for him to invent. Aside from that, yet in the 

background of it, RD25 is indirectly motivated by societal purposes as he knows the 

improvements he manages to bring about in the field of superconducting techniques could 

eventually be applied to medical imaging techniques, making it possible for example to detect 

smaller than ever before tumours and thus save lives. 

According to RD25, it is not very clear whether patenting is an important issue as far as 

his activities are concerned. First, the research projects in which these inventions are issued 

are highly collaborative, a feature that tends to increase the costs of negotiating and managing 

intellectual property. Second, these new techniques are developed to be used in large 

scientific instruments, which invariably have unique technical specifications and for which 

only one specimen is usually constructed (see e.g. the Large Hadron Collider, the 
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International Thermonuclear Experimental Reactor and the like). Thus, the potential market 

for the associated inventions generally looks pretty small; so would the potential returns on 

intellectual property assets. As a result, no patent has been applied for up to now in 

connection with the new super-conducting techniques RD25 managed to develop. In contrast, 

these new techniques and the associated knowledge have been widely diffused through a 

regular series of scientific publications. 

As for inventing, RD25 does not really face the choice of transferring his inventions to 

industrial partners. Indeed, a number of operations that are required in the invention process 

described above necessitate that RD25 works with a variety of industrial partners (take, for 

example, the production of the superconducting alloy threads, the process of weaving them 

into a cable, the manufacturing of the magnets themselves using the cables, etc.). This implies 

that the success of the invention process is conditioned by the efficient transfer of new 

knowledge and know-how between RD25 and his industrial partners. Past experiences have 

shown that a large industrial firm once involved in the production of superconducting magnets 

for a large scientific instrument (i.e. Tore Supra, a tokamak run by CEA that started 

operations in 1988) took advantage of this commitment to launch a new business in the field 

of medical imagery. 

 

RD29 –a woman– works in the life sciences division. She is a specialist in the field of 

radio-induced cancerogenesis. She strives to identify whether radio-induced cancers 

correspond to specific genetic alterations. Apart from the production of scientific knowledge 

itself, RD29’s research activities pursue practical outcomes. Chief among them would be to 

develop genetic toolkits that allow to test whether a cancer has been induced by the exposition 

of the ill person to a radioactive source. Another useful result would be to develop genetic 

tests that could estimate a person’s individual sensitivity to radio-exposure in terms of his or 

her propensity to start a cancer. Thus, inventing is not a day-to-day business in RD29’s 

activity, though she confesses it would be a major personal achievement to be able to develop 

these toolkits and tests. 

Inventing came to RD29 through diversions. Like many others scientists working in 

biology, RD29 started using DNA biochips (also called DNA microarrays) a few years ago to 

perform her research. As a matter of fact, they allow her to screen genetic materials in a 
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highly productive fashion in order to detect the presence of a particular gene or sequence of 

genes. Specific equipments and software are needed to read, interpret and represent the 

information delivered by every biochip9. They can be bought on the market but RD29 was 

unsatisfied by the performances of the various software she could try: she realised they were 

often unable to precisely differentiate spots whose fluorescence can be more or less intense 

and whose positioning on the chip can be more or less regular. Thus, RD29 decided to set up 

in her laboratory a small team of software engineers specialised in DNA microarray analysis, 

with the primary purpose of developing an in-house software that shows above market 

standards performances. This team’s work eventually succeeded and three patents were 

successfully applied for (see Appendix 1). 

What motivated RD29 for theses inventions can clearly be sketched in terms of a “make 

or buy” decision, the type of which can be analysed with the transaction costs paradigm 

(Williamson, 1975, 1985). Note that in the case contemplated, these transaction costs have a 

dynamic nature (Langlois, 1992) in the sense that what is at stake in the internalisation / 

externalisation decision is a new competence rather than just a new software. Besides, 

according to RD29 own words, it is not clear whether investing in the development of this 

small bioinformatics team and new competence will ever be profitable from CEA’s point of 

view. 

RD29 was to a large extent autonomous in taking the decision to invent new software 

components for DNA biochips analysis. Her chief reward for being a successful inventor is 

directly connected with her motivation for inventing: her laboratory is now equipped with a 

customized and effective software for DNA microarray analysis, an equipment that was 

considered strategic for the conduct of a high quality research in the field of radio-induced 

cancerogenesis. Incidentally, RD29 and her team got a bonus reward since a feature of the 

intellectual property strategy in the Department of Radiobiology and Radiopathology where 

these people work consists in taking into account granted patents on top of publications for 

the evaluation process of individual researchers. This strategy is clearly tailored to shift the 

cursor from basic research down to the applications’ end of the spectrum, as well as to 

encourage researchers to protect their inventions. Maybe the latter proved efficient in the case 

of RD29’s story but her motivation for inventing could only marginally be attributed –if ever 

the case– to the perspective of getting a patent that would amount to a publication. 

                                                 
9 Basically, a chip consists in a one square inch matrix-shaped collection of several thousand fluorescent spots. 
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What could motivate RD29 to cross the borderline from being an inventor to 

transferring her knowledge and new techniques for innovation purposes? Well, the answer 

seems to be a mix of culture and cost… First, RD29 personal position is that as a researcher 

working in the public sector, she works for the public. In practical terms, this means that she 

would be willing to transfer free of charge the patented technique and the know-how her team 

developed to anyone in the public sphere that would ask for it, be it inside or outside the CEA. 

Moreover, RD29 claims that her job is not to make money out of her research activities. At 

the same time, she would be keen on getting some extra finance for her laboratory through the 

transfer of its inventions to industrial partners. There comes the (opportunity) cost problem: 

RD29 thinks it would be inappropriate to commit her staff to this technology transfer activity 

since this would inevitably result in them spending less time on research. As a matter of fact, 

researchers in the lab are already running out of time to perform their research projects. RD29 

could conceive various means to lower this cost: someone in the lab could be working 

specifically to transfer the technologies it develops or this activity could be handled by the 

technology transfer office in the life sciences division. Yet, according to RD29, a strong 

intellectual commitment of every researcher in the lab would still be necessary for him or her 

to take that new mission on board –the cultural account again… 

 

RD26 works in the matter sciences division. He is a worldwide renowned specialist in 

the field of experimental quantum physics. His work builds on highly theoretical bodies of 

knowledge and can be mostly classified as basic or fundamental research. Yet, RD26 

contends that as a scientist, he would be very happy if his research achievements were to be 

applied for technological purposes some day. 

One of RD26's endeavours is to try to observe the quantum behaviour of macroscopic 

systems. This is an extremely challenging objective because the laws of nature tell that a 

quantum system looses its quantum properties when it is coupled with a classical 

environment. Since a macroscopic system is unavoidably coupled to its environment, it 

behaves classically in most circumstances. Thus, highly innovative systems must be designed 

to place a macroscopic system such as an electrical circuit in the quantum regime. This 

performance has been accomplished by RD26 and his team through the design of the 

'quantronium', a superconducting circuit based on Josephson junctions (a tunnel junction with 

superconducting electrodes). 

 16 



RD26’s motivations to invent are quite straightforward. Firstly, he is guided by 

curiosity, as is often the case for scientists working in basic research. To a certain extent, 

RD26 does not need any incentive to be curious, nor does he need a boss to tell him to be 

curious. However, RD26 evolves in the scientific system and sticks to its norms and rules of 

behaviour. In this context, a strong incentive to invent the 'quantronium' was provided by the 

priority rule (Stephan, 1996, p. 1201): RD26 wanted to be the first to discover and design a 

means to observe a circuit in the quantum state in order to “own” the discovery. 

RD26 could hardly commit himself to transferring knowledge and technologies to 

industrial partners since he conducts scientific research according to Mode 1 as defined by 

Gibbons et al. (ibid.). Yet, the technology transfer office in his division convinced him that he 

should take a patent on the 'quantronium' he managed to design because it could prefigure a 

quantum bit circuit, i.e. potentially the basic element of a quantum computer that could 

surpass our standard computers of today in a few decades10 (see Appendix 1). A license of 

that patent is in the process of being granted to a Canadian firm who plans to build a patent 

portfolio for tomorrow’s electronic technologies. RD26 confesses he is pessimistic about the 

industrial future of his invention. The European Physical Society nevertheless very recently 

decided to award its 2004 Agilent Technologies’ Europhysics prize to him and one of his 

colleagues for their quantum bit circuit, a prize that rewards each year a major achievement in 

the field of condensed matter physics and that is considered to be one of the most prestigious 

physics prizes presented in Europe. 

4. The public researchers’ motivations to invent, patent and transfer knowledge and 

technologies 

The preceding section provides heuristics and insights about different types of inventive 

research being conducted at CEA. In order to analyse more deeply RDs’ motivations to 

invent, to patent and to transfer knowledge and technologies, the track followed consists in 

identifying some distinctive features of the various environments in which RDs conduct their 

research. More specifically, four models of inventive research are presented, which were 

                                                 
10 Instead of simply coding information with zeros and ones, the quantum computer could code it with many 
different statistical combinations of zeros and ones, thus benefiting from a massively multiplied processing 
power. 
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identified at the end of the study’s Phase I11. The assumption here is that public researchers’ 

incentives and motivations to invent, patent and transfer knowledge and technologies are 

strongly embedded in the various models under the guidance of which they perform their 

research and that these incentives and motivations can be significantly different from one 

model of inventive research to another. As a start, I will go through some general 

considerations about the intellectual property policy at CEA and about its strategy of 

partnerships with industrial firms, two features that are constitutive of the environment in 

which research is performed there. 

As previously noted, the position towards patents of the average researcher at CEA is 

quite consistent with the overall picture depicted in (at least) French research organisations, in 

the sense that the patent culture has been diffusing quite rapidly in the past years yet starting 

from a low level. Remember however that as soon as its inception in 1945, CEA has had a 

strong technological culture. A first look at the diffusion of the patent culture within CEA is 

provided by the following graph, which illustrates the number of priority patents that are 

granted each year to CEA: 

 

                                                 
11 These models are only candidates; they will have to be analysed, consolidated and authenticated in the study’s 
next phases. 

 18 



Graph 1. Number of priority patents granted each year to CEA (1997-2004) 
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Note: DAM = Division of Military Applications  DEN = Division of Nuclear Energy 
  DRT = Division of Technological Research  DSM = Division of Matter Sciences 
  DSV = Division of Life Sciences 

 

This graph shows a strong growth in yearly patent endowments since year 2000 (an 

average +10% per year). It is noteworthy that this increase comes principally from the 

Division of Technological Research (around 75%) for which the continued growth dates back 

to 1999 and which recurrently represents more than 60% of all patents granted to CEA. Yet, 

another striking evolution concerns the impressive growth (an average +23% per year) of 

patent filing in the two subdivisions of the Division of Fundamental Research (i.e. matter 

sciences and life sciences) although they amount to only 14% of all patents granted to CEA in 

the year 2004. 

To be more informative, these figures are to be weighed against a measure of inventive 

input, for which the number of employees in each division can be used as a proxy. Graph 2 
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illustrates the trends in the number of employees in each division12 and reflects the variation 

in yearly patent endowment per hundred employees: 

 

Graph 2. Number of employees and yearly patent endowment per hundred employees in 

each division of CEA (2000-2003) 
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The figure for the whole CEA does note include the employees in administrative divisions 

 

This graph suggests that the pattern of diffusion of the patent culture within CEA is 

quite heterogeneous among its divisions13. No wonder, inventing and patenting has for long 

become everyday business in the labs that have an established tradition of working with 

industrial partners (microelectronics being a good example). Thus, engineers and researchers 

                                                 
12 Doctoral and post-doctoral students are not permanent staff of CEA; they do not appear in this graph. 
13 A more precise appreciation of this statement should control for the heterogeneity in the patentability of the 
research outputs across the various divisions. 
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in the Division of Technological Research patent between four to five times more than the 

average employee in CEA. More surprisingly, the researchers who work in the Division of 

Fundamental Research (matter sciences and life sciences) and who presumably stick to the 

norms of the scientific system are not lagging far behind the CEA-average in terms of 

patenting activity. This picture combined with the regular increase in their patenting activity 

since the year 2000 reflects the growing overall acceptance of the patent mechanism in basic 

research (see e.g. Coutinho et al. (2003) who document the case of Brazilian biologists) and 

more specifically the fact that it has crossed the Atlantic from the US to Europe, including 

France (see Henderson, Jaffe & Trajtenberg (1998) for an analysis of the US situation). 

RD26’s patent on his quantum bit circuit is highly emblematic of this phenomenon. 

Concerning the relatively low patenting activity in the Division of Military Applications 

and in the Division of Nuclear Energy, one possible explanation could be that these divisions 

are partly commissioned to manufacture and/or support the maintenance of equipments and 

installations on behalf of established industrial partners such as Cogema in the field of nuclear 

energy and DGA for the procurement of military equipment. The employees who are 

committed to these operational tasks that involve no research represent a deadweight as far as 

inventing and patenting is considered. Moreover, the Division of Military Applications 

understandably maintains a tradition of secrecy on its research results that is barely 

compatible with a comprehensive patenting strategy. 

Taken as a whole, the CEA shows an above-average performance with over 2,0 patents 

per hundred employees per year given that French PROs’ average was close to one in the year 

2001 (OST, 2003). 

 

According to CEA’s intellectual property policy, its employees have very weak 

financial incentives to patent their inventions. An inventor who is granted a patent receives a 

lump sum payment of around 1 000 €, while no extra financial reward is given were his or her 

invention transferred to and used by a licensee firm. Indeed, when a licensed patent produces 

royalties, all the money goes to the Division the inventor works in14. 

                                                 
14 This feature of CEA’s intellectual property policy significantly changed in early 2004, but so far I lack precise 
information about these changes. In any case, it will be interesting to assess their impact on CEA researchers’ 
inventiveness, propensity to patent and to transfer knowledge and technologies. 
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One exception to that weakness of inventors’ private financial incentives in CEA relates 

to the case of researchers who launch a spin-off company. He or she might want to build 

strategic assets based on patents in that perspective. Then of course, the potentially strong 

financial reward provides a straight motivation for applying for patents. Yet, this remains a 

marginal point from the statistical point of view since few researchers experiment the spin-off 

venture, although the CEA is behaving quite well in this respect relatively to its peers in the 

French public research landscape. Graph 3 shows the cumulated number of spin-off 

companies at CEA since 1984: 

 

Graph 3. Number spin-off companies at CEA (1984-2003; cumulated) 

 

 

This graph reveals a strong increase in the creation of spin-off companies from CEA 

since year 2000. This trend is common to most Public Research Organisations in France and 

is to a certain extent related to the 1999 law on innovation that was passed to stimulate and 

facilitate the creation of technological start-ups by researchers working in the public sector. 
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Let me now turn to outlining different models of performing inventive research at CEA. 

As inventions were identified after the study’s Phase I as one among several channels through 

which scientific research and technological research could be coupled within CEA, I will first 

refer to a taxonomy that is very commonly used to analyse research activities: that of science 

or technology push or pull. As a matter of fact, either science or technology may be in the 

position of demand for the inventive research activity contemplated and conversely for the 

supply-side. Moreover supply, be it of a scientific or technological nature, may precede 

demand (i.e. the push feature) or vice-versa (i.e. the pull feature). This generic taxonomy can 

be represented by a 2x2 matrix as exemplified in table 3. 

 

Table 3. A generic taxonomy of inventive research activities 

Push Pull

Science ▪ Application of new knowledge       
▪ No preexisting technological need

▪ Use of new technologies               
▪ Preexisting scientific need

Technology ▪ Use of new technologies               
▪ No preexisting scientific need

▪ Application of new knowledge       
▪ Preexisting technological need

 

 

Examples of inventive research activities can be given to illustrate this taxonomy. The 

discovery of optical pumping by Kastler in 1950 that paved the way to all kinds of laser 

applications corresponds to the “Science Push” contingency. As a matter of fact, this 

discovery was not purposely sought for developing lasers; moreover, no precise need was 

expressed at that time for the laser technology. Conversely, many research programmes have 

been triggered in the past decades to enhance the performances of microelectronic devices 

such as microprocessors and memories. In that case, new scientific and technical knowledge 

have been developed and applied specifically to answer a given technological need. This 

second mode corresponds to the “Technology Pull” square. 

But inventive research can also proceed from the application of particular technologies 

to specific scientific needs. When this scientific demand pre-exists to the development of new 

technologies, as in the case of RD25’s designing and assembling large superconducting 
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magnets to be used in large scientific instruments, the research activity contemplated falls into 

the “Science Pull” type. Lastly, the scientific sector can adopt ex post new technologies that 

were first introduced without any consideration of scientific demand. This “Technology Push” 

pattern can be illustrated by the extensive adoption since several years of all kinds of biochips 

technologies in the field of biological scientific research. 

Note that identifying whether demand or supply preceded the other is not always 

unambiguous. An intricate iterative process of, say, demand taking advantage of a new supply 

just being developed and then supply taking into consideration the needs expressed in turn by 

demand to further its development (and so on…) can be at play. 

Table 4 shows how this generic taxonomy applies to the 11 actual inventions that were 

reported with sufficient details during the interviews of the study’s Phase I: 

 

Table 4. Distribution of the 11 reported inventions according to the science - technology 

/ push – pull generic taxonomy 

Push Pull

Science
▪ Quantum bit circuit                                               
▪ Electro-grafting process for surface functionali-    
-sation

▪ Radiation hardened electronic component              
▪ Plasma-facing component and limiter                     
▪ Superconducting cables for large magnets             
▪ Detectors for astrophysics                                     
▪ Software components for biochips data analysis

Technology —

▪ Prediction of the third phase formation during 
nuclear waste extraction                                          
▪ Computer based cross-linguistic search engine       
▪ Static analysis of computer codes                          
▪ Post-mortem test for the mad-cow disease prion  

 

Obviously, this distribution can not be considered statistically significant nor 

representative of the whole set of inventions in CEA. Under this provision, some information 

about the purpose for which inventions are designed (i.e. one dimension of RDs’ motivations 

to invent) can be extracted from this table. 

Firstly, most of the inventions under consideration were purposely designed to meet 

pre-existing needs (the “Pull” entry), that is “in a context of application” as stated by Gibbons 
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et al. (ibid.). Second, RDs invent to meet scientific needs as well as technological needs. 

Third, the inventions contemplated provide two examples of ex post applications of new 

knowledge and techniques. The quantum bit circuit was first worked out (be it along the time 

scale or according to RD26’s preferences) to observe the quantum behaviour of macroscopic 

systems but not in the long-term technological perspective of developing a quantum 

computer. The electro-grafting process was developed in the Laboratory of Physics and 

Chemistry for Surfaces and Interfaces in the Division of matter sciences, a lab that “[…] 

devotes itself to basic research in surfaces and interfaces” (web site excerpt; my emphasis). 

Accordingly, advancement of fundamental knowledge in the field of quantum chemical 

models was pursued and achieved before the electro-grafting process itself was developed 

with the purpose of providing coating solutions that implement various functions for a wide 

range of applications (biomedical, biotechnologies, microelectronics, micro-systems, etc.). 

Fourth, although no invention of the “Technology Push” type was reported during the 

interviews, some are performed at CEA. For example, the Biochips Laboratory was set up in 

2001 with the primary objective of developing various types of biochips technologies (e.g. 

DNA biochips, cell-on-chips, lab-on-chips), “[…] new micro-systems that will be useful for 

research as well as for industry” (web site excerpt). One impulse that originated the Biochips 

Laboratory came from CEA’s biologists’ expression, as soon as 1998, of a strong demand for 

affordable biochips that would let them perform their research in a highly efficient fashion. 

Note, moreover, that except for maybe one invention (i.e. software components for 

biochips data analysis), all inventions are very high tech and depend heavily on scientific and 

technical knowledge in the fields of physics, chemistry, biology, mathematics, computing and 

engineering. 

 

This generic taxonomy provides a useful start to grasp some features of the inventive 

researchers’ motivations and incentives. But in order to push the analysis further, I will refer 

to four general models of inventive research at CEA that combine additional features such as 

the type of demand for the research activities (societal, scientific, industrial), the kind of 

regulation at stake (public or private; top-down or bottom-up) and the competitive vs. planned 

nature of the objectives, resources and stakeholders of the activities contemplated. These 

models are illustrated in table 5: 
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Table 5. Four general models of inventive research at CEA 
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This general framework provides further insights about RDs motivations to invent, 

patent and transfer knowledge and technologies. Every general model of inventive research at 

CEA will be considered in turn to investigate these motivations. 

Model #1 “Large Programs” 

In the model #1, labelled “Large Programs”, strong societal needs provide the impetus for 

inventive research activities. One example is provided by the so-called “Simulation” program 

at CEA’s Division of Military Applications, whose technological purpose is to bear the 

guarantee of the safety and effectiveness of the French nuclear weapons through the 

development and operation of digital simulation models, given that France decided to 

abandon nuclear testing in 1996. The societal needs can by conveyed by means of a public 

authority and are occasionally expressed in laws, as is the case for the so-called “1991 law on 

nuclear waste management” that entailed several research programs in CEA’s Division of 

Nuclear Energy –this illustrates the top-down feature in terms of setting research agendas. 

The usually strong public commitment to finance these research programs represents another 

aspect of a regulation by the public sphere. This commitment can span the national, European 

or even intercontinental level as in the case of the forum Generation IV whose purpose is to 

develop the next generation of nuclear power plants that is scheduled to come into operation 

by 2035. The time horizon of “Large Programs” is the long-term (e.g. 15 years for the 

“Simulation” program as well as for the “1991 law on nuclear waste management”). The 

research activities involved pursue objectives that are very stable over the whole period and 

the resources to carry them out can be planned a long time in advance. 

Invention #2, related to the prediction of the third phase formation during nuclear waste 

extraction, was issued within the “Large Programs” framework. It is the result of a 

collaboration set up between RD12’s team in the Division of Nuclear Energy and a team of 

physico-chemists in the Division of Matter Sciences that works on highly theoretical 

problems. Invention #2 could become very useful to avoid the tricky phenomenon of the third 

phase during waste extraction operations. 

Let us now grasp the central analytical point of this paper: why would researchers 

invent under the “Large Programs” framework? Well, basically, if a researcher chooses to 

work under this framework, he or she agrees to adhere to its objectives, namely providing 

technical solutions (that will have to prove economically sound) to major societal problems. 
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Thus, inventing is essentially considered as a paramount research achievement in the context 

of “Large Programs”. Moreover, the employees’ rewarding scheme at CEA, which is flexible 

enough to value scientific publications as well as the capacity to meet technical objectives that 

are set in technological projects, provides formal incentives to invent in terms of career 

advancement or salary increase. For the same reasons, it is also obvious that working under 

the “Large Programs” framework provides impetus for researchers to transfer knowledge and 

technologies to industrial partners that take on the task of developing new processes or 

products in order to answer the societal need: without this transfer, the “Large Programs” 

research project can not be considered completely successful. 

By contrast, the issue of patenting is –or at least used to be– not so clear-cut. Indeed, 

holding patents can be considered strategically important in those economic sectors that are 

competitive or that are anticipated to grow competitive. Conversely, applying for a patent 

could be overlooked by the partners (a neglect that may prove misguided) when hardly any 

market could be identified for the processes or products to be developed. Actually, this lack of 

private economic opportunities can be the reason why regulation by the public sphere is 

needed in “Large Programs”. Note however that it is not possible to exhibit a general rule as 

far as the inventive researchers’ motivations to patent under “Large Programs” are concerned: 

a patent related to invention #2 was applied for at CEA. Besides, in the case of the French 

“National programme against the cancer” launched in 2000, huge markets could open for 

innovative drugs or treatments that certainly deserve intellectual protection. 

Model #2 “Big Science” 

The model #2 labelled “Big Science” is comparable to “Large Programs” in some important 

respects, apart from obvious differences related to the type of needs that originate research 

projects –that is, scientific vs. societal. These needs in the “Big Science” model are expressed 

long before the outputs are expected (i.e. many years), which does not mean that the time 

constraint is not tight (e.g. a detectors that is to be inserted in a satellite can have its 

specifications set ten years before the rocket is launched but must be ready that day). In fact, 

the time / performance / cost trade-off is crucial as far as inventing in the “Big Science” 

model is concerned, given the fact that scientists tend to largely underestimate the difficulties 

of developing the techniques they are in need of. A lack of user – developer interactions can 

result from this, that can most efficiently be overcome by integrating the two partners: this is 

 28 



precisely what is done at DAPNIA, CEA’s department of astrophysics, nuclear physics and 

associated instrumentation. 

Regulation in the “Big Science” model is provided by the public sphere, first and 

foremost as far as procuring budgets is concerned. On top of secured objectives and resources, 

the stakeholders in the project are usually very stable: either they are involved from scratch or 

their participation is thoroughly anticipated and planned. But a risk at stake here, symmetric 

to what has been said concerning the “Large programs” framework, is that the inventive 

research activities under consideration become over-dependent on their customer, i.e. the 

scientific counterpart. Three mostly illustrating examples of this environment for performing 

inventive research at CEA can be provided: (i) the Cassini Huygens orbiter and probe that 

reached Saturn in 2004 includes an infrared detector that was designed at CEA (invention #9); 

(ii) the Large Hadron Collider that will come into service at CERN within a few years has its 

tunnel covered with millions of radiation hardened electronic components invented in CEA 

(invention #1); (iii) the experimental fusion reactor ITER to be built in the coming decade will 

integrate a new concept of superconducting cables for its very large magnets, designed too at 

CEA (invention #6). 

As far as patenting is concerned, the possible lack of incentives to patent that derives 

from weak market opportunities for the inventions contemplated –as identified in the case of 

“Large Programs”– is most probably widespread in the “Big Science” framework. 

Specifications for detectors, components and the like to be inserted in satellites, particle 

accelerators or tokamaks are so tight that these technologies are usually decades ahead of 

(un)likely industrial or consumer needs. Some of these technologies are produced in only a 

few specimens and at considerable cost (e.g. invention #9, detectors for astrophysics). Others 

are needed in large series for specific scientific instruments and thus require a transfer to an 

industrial partner. But it is mostly difficult for firms to sustain profitable positions in these 

niche and highly cyclical markets. Invention #1, consisting in a radiation hardened electronic 

component to be used by millions in the Large Hadron Collider, was transferred to a company 

for industrial development and production, yet the industrial adventure of this technology did 

not extend far beyond this first market. Hence, inventions developed under the “Big Science” 

framework are seldom patented, as was for example the case for invention #6, a concept of 

superconducting cables designed for ITER –the experimental thermonuclear fusion reactor to 

be built in the near future. 
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Model #3 “Technological Breakthroughs for Industry” 

With the model #3, named “Technological Breakthroughs for Industry” (henceforth TBI), the 

private sphere enters the regulation of inventive research activities. Like “Large Programs”, 

the TBI model can be classified as “Technology Pull” in the generic typology but it is 

industrial needs rather than societal ones that provide the impetus for inventive research 

activities. More specifically, these needs can be expressed in terms of a demand for 

technological breakthroughs, i.e. the initiation of a new technological trajectory that could 

offset anticipated diminishing returns in the actual one. Microelectronics provides a good 

example: the trajectory that has been followed for decades is based on a reduction in the size 

of silicon-based electronic circuits that results in higher processing speeds, storage capacities 

and performances, with the empirical Moore’s law telling that a factor two is reached every 

one and a half year. Yet, the dimension of connections is now submicronic and this is posing 

many challenging problems (heat dissipation, inductive and capacitive effects, conductivity of 

silicon, engraving, …). Reaching the nanometer scale is expected by year 2015; at this size    

–that of atoms and molecules– the laws of classical physics (on which microelectronics are 

based) aren’t valid anymore. In this context, new scientific and technological foundations of 

electronics have to be prepared as soon as possible. In CEA, this task has been assigned to 

RD16 and his team –among others– who are specialised in molecular electronics, a research 

field positioned as one candidate among others that could replace semiconductor devices to 

perform specific functions in electronic circuitry. 

In the “TBI” model, financial resources collected to perform research are competitive in 

the sense that they come to a large extent from industrial firms who carefully select the 

research labs they are partnering with, more and more on a worldwide basis. Moreover, these 

partnerships are contestable (in the Baumol et al. sense (1982)) meaning that a partnership is 

seldom established once and for all. As a result, and contrary to what has been said 

concerning the “Large Programs” and “Big Science” models, neither the objectives set for the 

research nor the resources nor the partners can be considered stable over the long term. The 

typical time horizon is the mid term (3 to 5 years) although this duration usually represents 

the long term for the industrial partner but only the time step (e.g. a PhD) for the research 

partner. This discrepancy in terms of the time horizons of both partners often is a serious issue 

that has to be addressed for the efficiency of inventing under the “TBI” model. 
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Let me highlight the coordination pattern of the “TBI” model by focusing of the 

collaboration that was set up between RD16’s team and CEA’s microelectronic division 

(know as LETI) in Grenoble’s microelectronic cluster. In a first stage, the LETI directs money 

towards scientific research projects conducted in RD16’s team (consisting mainly of doctoral 

and postdoctoral fellowships); these people work in a separate place or building so that their 

“curiosity-driven” way of doing research could be preserved, yet geographical proximity is 

favoured because frequent and / or easy face-to-face interactions between both partners matter 

and should not be deterred. In a second stage (that is yet to come in RD16’s story), doctorates 

and post-doc will have the opportunity to move to LETI to accompany there the transfer of 

knew knowledge, lab prototypes, methodologies and the like they were able to develop during 

the first stage. 

It is hardly necessary to say that inventing, patenting and transferring knowledge and 

technologies are overwhelming objectives under the “TBI” model. Discoveries and inventions 

are the very source of the technological breakthroughs sought after. In most cases, patents are 

required to secure the investment the industrial partner will have complete to in order to fully 

develop and produce the new technology. Moreover, from the point of view of the PRO, 

patents are an indicator of productivity and technological “excellence”. Lastly, the whole 

“TBI” research sequence cannot be considered successful without an effective transfer to an 

industrial partner of the knowledge and technologies that have been developed15. 

Model #4 “Proactive Research” 

Lastly, the model #4 “Proactive research” strongly differs from all the preceding ones by its 

high degree of decentralisation −i.e. typically at the lab level− in the decision process. It 

essentially concerns labs the finance of which are to a large extent procured through 

competitive channels (at CEA, typically 50% including salaries), be it public call for tenders 

at the national or European levels, industrial sponsorship or royalties from licences. They are 

often engaged in activities where the ‘distance’ from scientific research to technological 

research then to market development is relatively short (e.g. chemistry, computing, etc.), a 

feature that is suggestive of the shelf metaphor: scientific advances regularly fill up the shelf 

from which technological ventures can be started, thus emptying the shelf. An overwhelming 

                                                 
15 This, of course, should not understate the intrinsic risk that is associated with the outcome of most research 
activities. 
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difficulty there is for the lab to be able to sustain high value-added research activities on the 

scientific part in a context of pervasive financial pressure that pushes researchers towards 

more and more applied research −with the consequence that the shelf is not properly refilled. 

For example, the technological developments in the field of information processing that are 

carried out in RD17’s lab still rely today on (hopefully breakthrough) inventions that were put 

on the shelf in the years 1979-1980. 

The shelf metaphor implies another feature of the “Proactive research” way of 

inventing: the capacity of the lab or even of some individual researchers in the lab to integrate 

both scientific and technological research activities is central. For example, RD30, on top of 

being a highly reputed specialist of the prion responsible for the mad-cow disease, has 

committed himself to designing the spoons and syringes that would help extracting the most 

propitious part of the dead cows’ brains in order to perform the post-mortem test he developed 

−a task for which he went several times to slaughterhouses to make in situ experiments. 

Lastly, the model #4 of inventive research requires that the lab be able to proactively reshuffle 

its research projects in order to take advantage of opportunities in terms of new needs (be they 

industrial, societal or scientific) that have to be satisfied through new technological 

developments. The case of RD30’s and RD31’s development of the mad-cow disease test is 

highly representative of this capacity to rapidly change research objectives and partners as 

well as to track highly competitive resources: the team started searching for a test around 

September 1996, only a few weeks after the burst of the mad-cow crises, and a lab prototype 

had been successfully developed no more than one year later. 

Needless to say, the very raison d’être of these research activities is to invent, to patent 

their inventions and to transfer the associated knowledge and technologies to industrial 

partners. I contend that the proper way to look at these inventions, patents and new 

technologies is not to wonder “what motivates the inventors who work there to invent”. The 

point being told here is that, to a large extent, the researchers who work in this “proactive 

research” environment are those who are intrinsically motivated to invent (“intrinsically” 

meaning that economic incentives can only be second order motivations). 
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5. Conclusion and perspectives 

Researchers at CEA have very weak private financial incentives to invent or to transfer 

knowledge and technologies. Yet, invention is a regular outcome of CEA’s research activities. 

Moreover, CEA performs relatively well in terms of patenting and licensing activity. Thus, its 

researchers’ inventiveness and commitment to patenting and transferring knowledge and 

technologies are to a certain extent independent from private economic incentives. In order to 

try to explain where these researchers’ motivations to invent, patent and transfer knowledge 

and technologies come from, I identified four potential models of inventive research at CEA. 

It appeared that under each of the four models, a research activity that would not yield 

inventions (after controlling for the intrinsic risk that characterises research activities) could 

be considered unsuccessful. This result suggests that the motivations looked for are embedded 

in the “organisational” model of research at play. At this preliminary stage of my research, 

these observations have to be further analysed, consolidated and authenticated. They also 

have to be more consistently backed up by the existing literature on the topic. 

Extensions of this work could be focused on policy implications in terms of the strategic 

management of knowledge and technology transfers to industrial firms in public research 

organisations. A dominant model has emerged in which Technology Transfer Offices (TTOs) 

are set up and entrusted with managing patent applications as well as knowledge and 

technology transfers to industrial firms while inventive researchers are financially rewarded 

by means of a share of the royalties that are generated through the licensing of their 

inventions. This mechanism is supposed to stimulate (a) the inventiveness of researchers, 

(b) their propensity to patent and (c) their efforts to transfer the technology and thus generate 

licensing royalties. Yet, I contend that one interesting way to analyse more deeply these 

alleged benefits would be to distinguish between the following three functions of intellectual 

property instruments: (i) ownership of an invention; (ii) control over that invention; 

(iii) financial reward associated with that invention. 

In some PROs (MIT for example), the decision to patent and the control over the use of 

the invention are concentrated in the hands of the TTO. The latter receives invention 

disclosures emanating from researchers and decides whether to patent or not patent these 

inventions. The question of whether a recipient firm would have to make large investments to 

transform the invention into a commercial product or process forms the key criterion for this 

patenting decision. If the answer is yes then the TTO applies for a patent, otherwise it is clear 
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that no firm would be willing to commit to the invention’s development (Oliver & 

Liebeskind, 2003; Ittelson, 2004). In this sense, the researchers do not control the patenting 

decision; nor do they have the control over the use of their invention. Such a feature of the 

intellectual property strategy somehow blurs what the inventive researchers’ motivations to 

patent and to transfer knowledge and technologies could be. In other terms, the impacts (b) 

and (c) of the inventive researchers’ reward system are diluted. Therefore, this system is 

implicitly directed at stimulating the researchers inventiveness in order to build up a stock of 

inventions (impact (a)), the management of which lies in the hands of the TTO. 

There comes into play the central observation of the present work according to which 

the researchers’ motivations to invent could to a certain extent be independent from private 

economic incentives. It suggests that the dominant technology transfer model could be 

analysed with the principal-agent framework. In a context of asymmetries of information 

between the PRO (the principal) and its researchers (the agents) as epitomized by Dasgupta & 

David (ibid., p.492), proper incentives have to be implemented in order to induce the “right” 

level of inventing effort by the researchers and/or to encourage inventions disclosures. As a 

matter of fact, researchers may invent but choose not to disclose their inventions to their TTO 

because it is costly yet barely rewarding to do so. Provided that my observation that 

“researchers invent like they breathe” be consolidated and authenticated, it could be that 

paying researchers to invent is wasteful in the sense that they would do it anyway. This would 

match Henderson et al. (1998) result according to which “the Bayh-Dole Act and the other 

related changes in federal law and institutional capability have not had a significant impact on 

the underlying rate of generation of commercially important inventions at universities” (ibid. 

p. 126). Conversely, it might not be wasteful to give them incentives to reveal their private 

information, i.e. to disclose the inventions they “naturally” deliver. 

Under these assumptions, the problem that has to be managed is radically different than 

that addressed by the dominant model of knowledge and technology transfer: inventions are 

there, how should the system be designed in order to let them flow to industrial partners that 

will turn them into innovations? Once again, since it is costly and at the same time barely 

rewarding to disclose one’s invention to the TTO, the dominant design does not look right. In 

this particular respect, the recent Danish reform of state universities is appealing: an act was 

passed in 1999 to oblige Danish public researchers to inform their employer of potentially 

patentable or otherwise commercially exploitable research (Ernø-Kjølhede, Husted, Mønsted 

& Wenneberg, 2001). 
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