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Abstract 

This paper uses a survey of French firms active in R&D to identify the determinants of 
R&D outsourcing and of the ensuing trade-off between R&D subcontracting and R&D 
cooperation. Internal R&D expenditures increase both the probability of outsourcing and the 
number of R&D partners. Investment in fundamental R&D, group belonging, and the sector’s 
high R&D intensity positively influences the probability of R&D outsourcing but have less impact 
on the number of partners. R&D subcontracting is more likely than R&D cooperation when the 
relationship deals with generic, standardized R&D processes, as reflected in the influence of 
several qualitative proxies. 
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1. Introduction 

Innovation increasingly depends on the ability of firms to absorb external competences, 
knowledge and technologies (Becker and Dietz, 2004 ; Danzon et al., 2005 ; Deeds and 
Hill,1996 ; Hagedoorn, 2002 ; Hall et al., 2000 ; Kaiser, 2002 ; Noteboon, 1999 ; Shan et 
al.,1994 ; Veugelers,1997 ; Von Hippel, 1988). One recent trend in these R&D networks is the 
rise of R&D subcontracting, whereby one firm orders another to develop or test a particular 
technology according to detailed specifications (Arora et al., 2001 ; Barney, 1999 ; Brusoni and 
Principe, 2001 ; Chiesa et al., 2004 ; Gans and Stern, 2003 ; Mol, 2005;Quinn, 2000). 
This trend remains somewhat puzzling to economists who have long stressed that the 
characteristics of the R&D process make market-like transactions in this area particular 
inefficient. For instance, high uncertainty makes contingent R&D contracts (where the seller is 
paid upon completion of the project) particularly risky for the subcontractor, increasing the cost 
of R&D outsourcing. Ex-ante payments will fall prey to moral hazard as the subcontractor may 
be tempted to use these funds to fulfil his own objectives rather than those of the principal. 
Some forms of control should therefore be exercised upon the subcontractor, which could either 
take the form of internalization or of close R&D cooperation schemes (such as joint venture, 
mutual engineering and so on). Besides contract theory, some insights have also been provided 
by the transaction costs setting, where the choice between alternative organizational schemes 
depends on the degree of asset specificity (Williamson, 1985, 1991). Given that R&D assets are 
generally held as specific, both the “seller” and the "customer" could seek to extract a higher 
share of the cooperation surplus. On the one hand, the “client” could threaten not to pay for the 
transaction unless the price is reduced. On the other hand, the seller could threaten not to 
transfer the whole technologies under contract or to sell part of them to competitors unless the 
client agrees to a price increase. Therefore, either external transaction should be confined to 
very generic technologies so that both the client and the seller should not feel threatened by the 
partner’s opportunism, or an alternative organizational structure (such as internalization or close 
cooperation) should be preferred. Beyond contract theory and transaction costs, other types of 
arguments have been developed in this area. Teece (1988) and Von Hippel (1988) consider 
that technologies cannot easily be transferred from one organization to another because they 
are tacit and context-dependent. Dyer and Singh (1998) as well as Zaheer et al. (1998) insist 
that the efficacy of R&D transactions depends on the extent of interpersonal interactions, which 
are said to increase with the degree of cooperation and of internalization of the transaction. 

All in all, therefore, the advent and rise of R&D subcontracting contrasts with the 
organizational limitations that most economists associate it with. Given that context, this article 
pursues two objectives. First, it aims at providing a proper description of the characteristics 
(type of partner, functioning of the relationship, selection criteria of the partner) of R&D 
subcontracting. Although its features are rather well known when it comes to components 
supplying or auxiliary services (Sachetti and Sugden, 2003), it is far from certain that the 
characteristics usually associated with subcontracting (flexibility, prime influence of market-
based criteria such as price, delays, quality, asymmetric bargaining powers) are also prominent 
in the case of R&D subcontracting. Rather, the specific characteristics of R&D and of 
technology could transform subcontracting into a more cooperative relationship.    

Second, the article analyses the trade-off between R&D cooperation and R&D 
subcontracting. Indeed, while the determinants of R&D outsourcing have been thoroughly 
investigated, how firms make their choice between different types of external relationships has 
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more rarely been considered. Moreover, given the recent trends in R&D outsourcing, 
differentiating R&D subcontracting from R&D cooperation will help us identify the reasons 
behind the increasing role played by R&D subcontracting. Two explanations are confronted to 
analyze this trade-off. What we call the “standardization hypothesis” posits that firms resort to 
R&D subcontracting (as opposed to cooperative R&D) when the technologies and R&D process 
under consideration are sufficiently standardized so that the advantages associated to a 
market-like coordination will be maximized while the inherent risks put forth by the transaction 
costs and contract theories will be diminished. The “incentive hypothesis” holds that R&D 
subcontracting is used to increase the innovation incentives of the partner, so that it should 
primarily be chosen for newer and strategic technologies, i.e. those where these increased 
incentives are worth their price in terms of risk-bearing, moral hazard and opportunism. 

The dataset we use combines one survey on the extent and characteristics of R&D 
outsourcing (the “ERIE survey” made in France in 2003) with figures on R&D activity at the firm 
level taken from the French “Research survey“. Not only does it allow us to compute whether a 
firm has an external relationship in R&D and distinguish subcontracting from cooperation. We 
are also able to analyze the number of external relationships in R&D and to relate it to the R&D 
expenses of the firm. Hence, we are able to complement the already large literature on the 
determinants of external relationships in R&D. Further, the dataset describes 580 “strategic” 
interfirm relationships in R&D, enabling us to analyze the selection criteria of the partner, the 
objectives of the relationship, the type of the partner and so forth and to relate them to the 
trade-off between subcontracting and cooperation. 

The remainder of this paper is structured as follows. The next section surveys the 
literature on the determinants of R&D outsourcing and on the choice between different 
outsourcing modes. It also formulates the “standardization” and “incentive” hypothesis. Section 
3 describes the data and the empirical methodology. Section 4 presents some descriptive 
statistics and section 5 considers the econometric results. Finally, section 6 concludes. 

2. R&D outsourcing: Literature review and hypothesis formulation 

2.1. The determinants of external relationships in R&D 

Size and R&D expenses/intensity are held to be among the major determinants of R&D 
outsourcing, whatever its form. Indeed, several studies conclude to a positive link between size 
(number of employees, turnover) and the probability that the firm has at least one external 
relationship in R&D or, more rarely, the number of external relationships in R&D (Bayona et. al., 
2001 ; Belderbos et al., 2004 ; Cassiman and Veugelers, 2002 ; Colombo and Garrone, 1996 ; 
Fritsch and Lukas, 2001 ; Kaiser, 2002 ; König et al., 1994 ; Leiponen, 2001 ; Link and Bauer, 
1987 ; Röller et al.,1997 ; Vonortas, 1997). The wide scope of a large firm’s activity makes 
these relationships necessary while the important internal resources in terms of financing and 
human capital render them possible. Tether (2002) also hints that large corporations may be 
more attractive to partners than smaller firms. They may also be in a better bargaining position, 
which increases the profitability of outsourcing. Some results point out that the role of size 
depends upon the type of partner (Adams et al., 2001 ; Belderbos et al., 2004 ; Fontana et al., 
2004 ; Fritsch and Lukas, 2001 ; Kleinknecht and Reijnen, 1992 ; Tether, 2002 ;Veugelers and 
Cassiman, 2005). It may also depend on how the R&D capital of the firm is measured : more 
often than not, these empirical studies cannot directly measure the R&D expenses and resort to 
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qualitative indicators1. Given that size and R&D investment are positively correlated, the 
influence of the former could stem from the imprecision of the latter. Veugelers (1997) 
concludes that once R&D expenses are integrated into the regressions, size exerts a negative 
influence upon the extent of R&D outsourcing but Fritsch and Lukas (2001) confirm the positive 
role of size even when R&D intensity is properly measured.  

Some indicators of R&D expenses or intensity are often found to exert a positive 
influence on the extent of R&D outsourcing (Becker and Dietz, 2004 ; Belderbos et al., 2004 ; 
Colombo and Garrone, 1996 ; Fontana et al., 2004 ; Fritsch and Lukas, 2001 ; Röller et al., 
1997 ; Veugelers, 1997 ; Vonortas, 1997)2. This mostly relates to the “absorptive capacity” 
dimension of internal R&D (Cohen and Levinthal, 1990). Shortly put, the higher the internal R&D 
budget, the more the firm is able to tab unto external knowledge capital and the more profitable 
external relationships are. Again, this influence seems to depend on the type of partner. For 
instance, Kleinknecht and Reijnen (1992) observe that the existence of an internal R&D 
department positively affects the probability of having at least one external relationship in R&D 
while R&D intensity itself has a positive impact only on the probability of an R&D relationship 
with a public research center. Fritsch and Lukas (2001) indicate that R&D intensity exerts a 
positive influence on the number of R&D relationships with suppliers and research centres, a 
negative one as far as R&D relationships with customers are concerned and is non significant in 
the case of horizontal R&D relationships – R&D intensity exerts a positive influence on the 
probability of having at least one R&D relationship in all cases however. Belderbos et al. (2004) 
conclude that the role of R&D intensity is lower in the case of relationships with competitors.  

A variety of other variables have been apprehended in the empirical literature but our 
dataset will not allow us to make similar testing. Knowledge spillovers and ease of appropriation 
have been shown to positively influence the propensity to cooperate (Belderbos et al., 2004 ; 
Cassiman and Veugelers, 2002). Some other variables have been shown to exert a positive 
influence on cooperation such as the existence of a person in charge of collecting external 
information related to innovation (Fritsch and Lukas, 2001), the aim at introducing products new 
to the existing market (Fritsch and Lukas, 2001 ; Tether, 2002), market power (Link and Bauer, 
1987), the risk associated to innovation, the costs of innovation, organizational constraints, the 
need to penetrate a new market (Belderbos et al., 2004 ; Cassiman and Veugelers, 
2002 ;Tether, 2002 ; Tyler and Steensma, 1995). 

More related to our own results is the belonging of the firm to a corporate group. 
Theoretically, the influence of group ownership on R&D outsourcing decisions is ambiguous : on 
the one hand, subsidiaries are able to draw the needed resources from within group but, on the 
other hand, subsidiaries have facilities to attract partners and to exploit the knowledge or R&D 
services and technologies transferred upon them. Tether (2002) finds that empirically, group 
subsidiaries, especially subsidiaries from foreign groups, are more prone to have at least one 
R&D relationship, especially with customers and universities. Miotti and Sachwald (2003) find 
that belonging to a group increases the propensity to cooperate in R&D, especially with foreign 
firms. Belderbos et. al. (2004) indicate that belonging to a group stimulates R&D outsourcing 
with suppliers or customers, but not with competitors or research institutions.  

                                                      
1 Such as whether the respondent has an internal R&D department, whether R&D investment is occasional 
or systematic, or whether R&D investment exceeds a certain threshold.  
2 Accounting for the simultaneity that exists between the outsourcing and the R&D decisions does not 
seem to modify this conclusion (Becker and Dietz, 2004 ; Belderbos et al., 2004 ; Colombo and Garrone, 
1996 ; Veugelers, 1997). 
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Finally, depending on the type of variable used to capture sector-specific dimensions 
related to technology, various results have been obtained3, but it turns out that cooperation is 
generally more frequent in R&D intensive industries. 

2.2. The trade-off between R&D subcontracting and R&D cooperation 

The second part of our study considers the trade-off between R&D cooperation and 
R&D subcontracting. Following the theoretical literature on alternative organizational schemes, 
this issue can be analyzed through two distinct hypotheses.  

The “standardization hypothesis” 
According to this hypothesis, most of the limitations associated to R&D market 

transactions can be overcome if the technologies and R&D processes at stake are sufficiently 
generic or standardized. Indeed, the uncertainty and associated risks should be much lower and 
the result of the transaction easier to evaluate. Such characteristics should enable parties to 
write less incomplete contracts, with explicit or implicit contingency clauses that could lead to 
the optimal level of efforts. Further, opportunistic renegotiation strategies are unlikely given that 
the generic nature of the technologies allows each party to find another partner rapidly. 
Standardization of the technologies should also allow for greater competition between potential 
sub-contractors, thereby increasing the attractiveness of subcontracting for the client firm. It 
should also make the technology transfer easier, as repeated interactions and cooperative 
relationships are no longer needed. Also, the customer firm should not fear that the 
competences of the subcontractor generated by the contract diffuse to other competitors since 
these competences are probably of a generic, non-strategic, nature. Finally, standardization 
allows for scale and experience economies so that such technological processes should be 
delegated to a subcontractor with multiple contracts. Overall, therefore, greater standardization 
reduces the organizational costs associated to R&D subcontracting and increases its 
profitability.  

Empirically, this explanation will be confirmed if, for instance, the selection of 
subcontractors is mainly made on criteria already found for the subcontracting of final products, 
such prices, delays, quality, or geographic proximity. Intuitively, the use of such criteria is 
possible only when the technologies at stake are sufficiently comparable for prices, delays, and 
quality to be specified ex ante and if they are sufficiently generic for a partner to be found in the 
vicinity of the client firm.  

Although the trade-off between R&D cooperation and R&D subcontracting has never 
been empirically investigated as such, there are several empirical studies that have sought to 
relate the characteristics of R&D external relationships (whether to outsource R&D or not, 
whether to acquire a participation in the capital of the partner, whether to include such and such 
clause in the contract, etc.) to the various intuitions put forth by the contract and transaction 

                                                      
3 Belderbos et. al. (2004) observe that the speed of technical change tends to increase the outsourcing of 
R&D, except for relationships with suppliers. Fritsch and Lukas (2001) conclude that industry dummies are 
mostly insignificant to explain the propensity to cooperate but help explain the number of relationships. 
Tether (2002) notes that firms in high-technology service and industrial sectors are more likely to have at 
least one external R&D relationship, although the significance of this effect depends on the type of partner. 
Miotti and Sachwald (2003) also note that R&D cooperation is more likely in high and medium to high 
technology industries, but this effect is mostly prominent for cooperation with rivals and is a lot more 
ambiguous when it comes to vertical cooperation. 
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costs theory. For instance, it does seem that the probability of R&D outsourcing is reduced as 
the risk of opportunism increases, such as when the number of potential partners is limited or 
when the R&D projects require important investments, which are assumed to be specific as far 
as R&D is concerned (Pisano, 1990 ; Ulset, 1996). Equity joint ventures also seem to be more 
likely when R&D is implied, when patents are an ineffective appropriation mechanism or when 
the partnership involves several projects : the buying of equity should diminish the risk of 
opportunism, thereby increasing the efficiency of external relationships (Oxley, 1999). Finally, 
opportunism influences the number of contractual clauses and/or the presence, within external 
R&D relationships, of certain key clauses (Ciccotello and Hornyak, 2005 ; Helm and Kloyer, 
2004 ; Reuer et al., 2006 ; Ulset, 1996). For instance, those relationships that are described as 
strategic, those where the partner was difficult to find or those involving high R&D investments 
will include a greater number of contractual clauses. Clearly, there might be cases where the 
contractual costs are so high that a more cooperative relationship has to be implemented either 
as a substitute or as a complement to those contracts.  

Thus, there appears to be a rather consistent support for concerns related to 
opportunism to determine, at least in part, the governance structure of external R&D 
relationships : opportunism increases the costs of subcontracting while greeter cooperation 
helps reduce opportunism. Assuming that opportunism decreases as the technologies get more 
and more standardized, we would therefore expect relationships involving generic technologies 
and R&D processes to be dealt through subcontracting rather than R&D cooperation. 

The “incentive” hypothesis 
Several reports and academic studies have explored the limitations associated to R&D 

cooperation. For instance, the Reuters report on biotechnology explains that more than one-
third of alliances in this industry are dissolved or renegotiated before their expected term 
(Reuters, 2004). Surveys by Kale et al. (2002) indicate that only 50 to 63 % of partnerships in 
the biotech industry are qualified as successful by the partners. Turning to the reasons of 
cooperation failure, it has long been stressed that one of the major impediments to R&D 
cooperation is the reduction in innovations incentives that the sharing of results might imply 
(Danzon et al., 2005 ; Tao and Wu, 1997). Indeed, each party might be tempted to act as a free 
rider on his partner’s R&D efforts. Obviously, some control procedures can be implemented to 
overcome the free-riding problem but they can be quite burdensome and inadequate in the case 
of uncertain R&D4. Overall, the costs of cooperation may increase when the R&D processes at 
stake are too novel for efficient control procedures to be implemented. On the other hand, 
subcontracting could achieve a better level of R&D efforts by assigning exclusive property rights 
to the subcontractor, so that R&D subcontracting could be chosen for novel and uncertain 
technologies and/or those where the maximal level of partner’s effort is needed. Some risks 
remain associated to subcontracting (such as technology diffusion to competitors for instance or 
opportunistic renegotiation), but they might have a low impact compared to the suboptimal effort 
level associated to cooperative R&D and/or they could be resolved ex ante through exclusive 
buyer clauses. 

Under this hypothesis, subcontracting has the objectives to increase the innovation 
incentives. It should be therefore be associated to more strategic technologies. It might also 
imply long-term subcontracting relationships so that the subcontractor can face the uncertainties 
associated to the development of a new, specific, technology. By empirically analyzing the 

                                                      
4 The Reuters report on the biotechnology industry (2004) stresses that one of the major impediments to 
efficient cooperative schemes is the great contractual complexity involved in these structures. 
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trade-off between subcontracting and R&D cooperation, this article helps to provide some 
evidence on this point, which had seldom been investigated before. Some previous empirical 
results are nonetheless indicative of the support that this explanation might find. For instance, 
Lerner and Merges (1998) observe that external R&D relationships in the biotechnology industry 
tend to allocate property rights to the partner with the greatest financial strength for he has the 
ability to increase his level of effort by a large margin if he is sufficiently motivated. More in line 
with this current analysis, Ulset (1996) notes that the property rights associated to a given R&D 
project are assigned to the subcontractor when the project is particularly novel or when its 
resale value is high. Indeed, efficiency requires that for such projects, the incentives to innovate 
should be maximized, thereby diminishing the attractiveness of cooperative structure where 
property rights could be shared between partners. Overall, there is at least some support that 
well-designed subcontracting relationships could increase the innovation performance through 
better market-based incentive schemes and less bureaucratic control procedures. 

3. Data and methodology 

3.1 Data  

The sample used in this article comes from the matching5 of two distinct datasets : 
- The survey on inter-firm relationships (ERIE survey) conducted in 2003 by several French 
ministerial agencies under an European coordination, which provides data on the year 2002 ; 
- The survey on the means devoted to R&D in firms (R&D survey) conducted in 2002 by the 
Direction of Prospective and Evaluation (DEP) of the French Ministry of Education, Higher 
Education and Research in 2002, which provides data on the year 2000. 

The ERIE survey aims at describing the inter-firms relationships (others than strictly 
financial or standard customer-provider relationships) in five areas : supplying, production, 
commercialization, auxiliary services, R&D and innovation. For each of these aspects, firms 
were first asked to answer questions on the extent of their external relationships active in 2002 
(notably the number of inter-firms relationships with a distinction between intra-group 
relationships and others). They were also required to describe (type of relationship, type of 
partner, localization of the partner, selection criteria, motivations, functioning of the relationship) 
one to three of their individual inter-firms relationships, which they deemed to be particularly 
strategic. Thus, the ERIE survey supplies quantitative as well as qualitative information on inter-
firms relationships. For the “R&D and innovation” section, the surveyed firms belong to the 
manufacturing sector6 (including energy and food industry) or to the services sector7. Firms 
investing more than € 150 000 in internal R&D in 2000 were also systematically investigated. 

The R&D survey is conducted annually and provides the amount and the nature of the 
business enterprise expenditure on R&D and the business enterprise R&D personnel. The 
surveyed firms have a permanent and structured R&D department, i.e. they employ at least one 
researcher (in full time equivalent) during the year. 

                                                      
5 The matching was made possible thanks to the use of a unique identification number of firms (the SIREN 
code) in both datasets. 
6 Firms with more than 20 employees or with a turnover of more than € 5 millions. 
7 Firms specialized in R&D services or with more than 30 employees and which belong to the following 
industries : postal services and telecommunications, computing services, services to firms, movie and 
video industry, radio and television, press agencies.  
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Deleting the firms of the agriculture, construction and non R&D related services leads to 
a sample of 1160 firms, all of which are involved in an internal R&D activity.  

3.2. Sample, methodology and variables 

3.2.1. Sample design 
We use the inter-firms R&D relationships described in the « R&D and innovation » 

section of the ERIE survey to build a sample of R&D outsourcing relationships. Specifically, we 
drop the intra-group relationships for they involve only limited contractual and competitive risks 
and they are often initiated by the group rather than by the firm itself. We also exclude those 
relationships where the partner does not conduct an internal R&D activity. Finally, we also leave 
out those relationships where the respondent is a subcontractor (by opposition to a customer 
firm) for they cannot be analyzed as an outsourcing decision. Several types of external R&D 
relationships coexist in our sample : “subcontracting”, “research in cooperation”, “research 
consortia”, “cooperative research through the creation of a common structure”, “others”. We 
create a new category termed ”R&D cooperation” that includes those R&D relationships 
described as “research in cooperation”, “research consortia” and “cooperative research through 
the creation of a common structure”. The relationships qualified as “others” are not considered 
since we do not know whether they should be classified into “subcontracting” or “R&D 
cooperation”. 

On the sample of 1160 firms, 580 external R&D relationships are thus described, 
whereof 179 are subcontracting relationships. 

3.2.2. The decision to outsource R&D: methodology and dependent variables 
In a first stage, we consider the firms’ decision to outsource part of their R&D activity to 

one or more external partners. In order to draw up the most discriminatory factors, our 
regressions will be run both on a dummy variable indicating whether part of the R&D has been 
outsourced at all and on the number of external R&D relationships (considered as a count 
variable). Two distinct specifications are thus applied onto the sample of 1160 firms : 
- a probit model where the dependent variable takes on the value 1 if the firm has described 
at least one outsourcing R&D relationship ; 
- a zero-inflated negative binomial model where the estimated coefficients in the first stage 
relate to the probability that the firm has no external R&D relationship and where, in the second 
stage, the dependent variable is the number of external, extra-group, R&D relationships stated 
by the firms8. The negative binomial model was confirmed by maximum likelihood tests (or 
“alpha-tests”). The zero-inflated process derives from highly significant (at 0.1 %) values of the 
Vuong test. 

3.2.3. R&D subcontracting versus R&D cooperation: methodology and dependent variables 
In a second stage, we analyze the trade-off between R&D subcontracting and R&D 

cooperation. Obviously, those firms faced with this trade-off had previously chosen to launch an 
external R&D relationship, and the possible sample selection bias that results should be 
accounted for in the regressions. Moreover, the trade-off between R&D subcontracting and 
R&D cooperation may be affected by firm characteristics as well as by transaction-specific 

                                                      
8 Note that the relationships stated by the firms can include relationships excluded from our sample of 
outsourcing relationships: those with a partner with no R&D department, those as a subcontractor or those 
that could be qualified as “others”. 
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characteristics, which are only available for those firms with at least one external R&D 
relationship.  

To analyze the determinants of this trade-off, we therefore need a sample of 
relationships that incorporate both firm and transaction characteristics. In order to include the 
totality of the sampled relationships without over-weighting firms with more than one 
relationship, we consider that each respondent has the possibility to manage up to three 
strategic outsourcing relationships in R&D. Therefore, our sample of 1 160 firms is turned into a 
sample of 3 480 possible relationships. This transformation is based on two assumptions. First, 
we assume that firms only describe the relationships that they consider to be strategic9; second, 
we assume that the individual relationships of a single firm are independent from one another. 

A two-step probit model with selection is applied onto this sample. In the first stage, the 
selection equation isolates the impact of firm characteristics on the presence of an outsourcing 
relationship. Among the 3 480 possible relationships, the dependent variable takes on a unitary 
value if the relationship is described and 0 otherwise. Firms choose the type of the 
580 described relationships in a second stage probit regression, where the dependent variable 
takes on a unitary value if it consists in R&D subcontracting and 0 otherwise (i.e. R&D 
cooperation). 

3.2.4. Independent variables 
The decision to outsource part of the R&D investment is analyzed through a range of 

firm-level variables usual in the literature. 
Firm characteristics 
We include different measures of the importance of the R&D activity of the firm : the 

BERD (the logarithm of the business enterprise expenditure on R&D) and two measures of R&D 
intensity : ratio of BERD to total employees and ratio of R&D employees to total employees. The 
rationale for using such distinct measurements is that BERD is strongly correlated with firm size 
(Pearson correlation coefficient of 72.4 %). 
The firm size is measured by the logarithm of the number of employees or by dummy variables 
representing five size categories : very large for firms with more than 1 000 employees, large for 
firms with between 500 to 1 000 employees, medium for firms with between 250 to 
500 employees, small for those with between 20 to 250 employees and very small for those with 
less than 20 employees. Four of these five dummy variables are included in the models (small 
firms being used as the reference). 
We also consider the type of R&D investment, namely the shares of fundamental research, 
applied research and experimental development expenditures over the business enterprise 
expenditure on R&D. Only two of these three variables will be included in the models (the share 
of experimental development expenditures is used as the reference). All these variables relate 
to the year 2000 (R&D survey of 2002), so as to avoid any simultaneity bias with the R&D 
outsourcing decision taken in 2002. 

                                                      
9 Note that 437 firms declare at least one extra-group relationship in R&D but only 335 (75 %) describe at 
least one external strategic relationship in R&D. In the same way, 312 firms declare at least two extra-
group relationships in R&D but only 178 (57 %) describe at least two external strategic R&D relationships. 
Finally, 234 firms declare at least three extra-group relationships in R&D but only 67 (28 %) describe three 
external strategic R&D relationships. There are two explanations to this gap in description. On the one 
hand, the described relationships can only be a subgroup of the count of R&D relationships (the latter 
group includes relations as a subcontractor and relations with firms with no R&D department). On the other 
hand, it might be that the external relationships that firms consider to be strategic are not very numerous. 
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The firm’s principal sector of activity is also taken in account, either through 18 industry 
dummies, or through the use of  five categorical variables reflecting the importance of 
technologies and R&D in these industries. Namely, we use the OECD and Eurostat 
classifications to distinguish among high-technology industries, medium-high-technology 
industries, medium-low-technology industries, low-technology industries and knowledge-
intensive services 10. Four of these five variables are included in the regressions (low-
technology industries being used as the reference). 
We finally include a dummy variable for firms that are part of a corporate group. 

The trade-off between R&D subcontracting and R&D cooperation is analyzed both 
through the firm-level variables described above and the transaction-level variables (table 1) 
taken from the ERIE survey. Five groups of variables can be described. 

Management of the relationship 
A first group of dummy variables allows an evaluation of how the characteristics of the 

relationship itself influence the governance choice of that relationship. Firms replied to the 
question : “among the following items, what, are, according to you, those which best describe 
the relationship ?”. Hence, strategic identifies a relationship that was described as strategic for 
the development of the firm ; cooperation considers whether extended cooperation mechanisms 
were involved in the relationship; communication identifies a relationship that implied specific 
communication mechanisms with the partner ; risk refers to whether the transaction has or will 
imply some risk sharing ; investment relates to whether a specific investment has or will be 
made through the relationship and contract considers whether a written contract has been 
made. 
Following the “standardization hypothesis” outlined above, we would expect that the least 
strategic relationships, those that do not involve particular risks or specific investments and 
where only scant cooperation is needed, are coordinated through subcontracting. Under the 
“incentive hypothesis”, this should not necessarily be so, as subcontracting is specifically 
chosen to increase the incentives to innovate, which should be more necessary when the 
invention is particularly strategic and novel (implying risk taking, non generic investments and 
cooperation). The variable contract has an ambiguous influence. Under the “standardization 
hypothesis”, writing an R&D contract should be more feasible for R&D subcontracting since it 
should involve lower uncertainty. On the other hand, the subcontractor should be driven to the 
optimal level of effort by the pressure of competition and reputation, so that a detailed contract 
may not be necessary. On the other hand, R&D cooperation often reduces such pressures, so 
that a contract may be more necessary in this particular setting to induce the partner to provide 
the right level of effort. Finally, the communication between partners should be needed when 
the technologies at stake are particular novel and uncertain. Again, its effect should therefore 
depend on the hypothesis that is the most valid empirically. 

Another aspect that is considered within this group of variables deals with the 
bargaining power within the relationship. The variable leader indicates whether the responding 
firms was able to impose his conditions (prices, delays, and so on) upon its partner. 
By focusing on the generic dimension of the technologies transferred through R&D 
subcontracting, the “standardization” hypothesis obviously predicts that customer firms will 
resort to subcontracting when they enjoy a significant bargaining power over the 
subcontractor/partner. Conversely, the “incentive hypothesis” questions such an approach : 
indeed, the technologies may not be so generic and symmetric bargaining powers could 

                                                      
10 These classifications of sectors are set out in the Annex. 
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enhance the innovation incentives of the subcontractor by letting him have a larger share of the 
surplus or a greater say in the terms of the contract. 

Finally, this group of management-related variables also includes the expectable 
duration of the relationship: short-term for less than one year, mid-term for one to five years and 
long-term for more than five years. 
Traditionally, subcontracting is associated to flexible and potentially more short-termed 
relationships (even though contracts can be frequently renewed), and the “standardization 
hypothesis” supports this vision : technologies will be generic and flexibility should be the norm 
in order to benefit from the gains associated to a quasi-market relationship. This should not 
necessarily be the case under the “incentive hypothesis” : technologies will be more uncertain 
and difficult to develop, so that long-term relationships may be necessary. 

Motivations of the relationship 
Five distinct motivations are outlined in the survey : search for scale economies, access 

to new markets, lack of adequate competences within the firm, lack of adequate equipment, 
need for greater flexibility. 
The correspondence between these variables and the two hypothesis outlined in section 2 are 
difficult to circumscribe however. For instance, an ambiguity prevails as to the search for scale 
economies. On the one hand, it could foster subcontracting since this is one the objective 
usually associated with specialization and market transactions. On the other hand, some firms 
may cooperate in R&D precisely to share their fixed costs, thereby achieving some scale 
economies. Although no prediction can be made ex ante, however, interpretation of the results 
should help us link the results to one or the other of our assumptions. For instance, if the search 
for greater flexibility leads to subcontracting, we may infer that this is rather in support of the 
“standardization hypothesis” since it is unlikely that flexibility should be particularly sought for to 
enhance the partner’s incentive to innovate (while it is indeed valuable to reduce costs in the 
framework of the standardization hypothesis).  

Expected result of the relationship 
Dummy variables are also used to integrate the expected result of the relationship : new 

products or processes, prototypes, patents, co-publications, software. 
Under the “standardization hypothesis”, subcontracting is unlikely to be chosen in order to 
coordinate a relationship that should lead to a patent deposit or a co-publication. Given the 
novelty requirement associated to the former and the fundamental nature of the R&D process 
involved in the latter, a quasi-market transaction will be hard to implement. It is also likely that 
such technologies are strategic for the firm, in which case a quasi-market transaction will be 
inappropriate. Finally, a co-publication requires repeated and sustained interactions that may be 
impossible to implement through a subcontracting relationship. On the contrary, under the 
“incentive hypothesis”, the prospect of a patent deposit should be particularly motivating for the 
subcontractor, especially if he is the exclusive owner of that patent. Generally speaking, risky 
and uncertain R&D processes are difficult to coordinate through cooperation : efforts are difficult 
to measure and control and a prisoner’s dilemma situation may arise. Such transactions should 
therefore be associated to R&D subcontracting in order to better motivate the 
partner/subcontractor. The other possible results are more difficult to interpret in our framework : 
given that we are dealing with R&D relationships, it is likely that any such relationship 
participated in a new product/process or prototype. No prediction can either be associated to 
the software dummy. 
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Selection criteria of the partner. 
The selection criteria can inform us on the type of technology involved in the 

relationship. In particular, partner selection based on prices, quality certificates, and 
geographical proximity can clearly be associated with a standard technology. For a novel, non-
generic technology, it is unlikely that price comparisons can be made, that a geographically 
close partner is found and, finally, that quality certificates have been established. Thus, the 
“standardization hypothesis” suggests that such selection criteria will rather be associated to 
R&D subcontracting. Conversely, if notoriety was associated to R&D subcontracting, this could 
come in support of our “incentive hypothesis” : for novel technologies, objective, quantitative 
selection criteria may not be available so that the firm will be more sensitive to the reputation of 
its potential partner. Further, attention to the partner’s technological competences in the case of 
R&D subcontracting may also confirm the “incentive hypothesis”. Indeed, contract theory 
predicts that increasing incentives should be provided to those firms most able to exert more 
effort thanks to their competences. On the other hand, as R&D subcontracting may involve less 
frequent interactions, the client firm may never or rarely be able to evaluate its partner’s 
competences once the contract is signed, so it may as well try to evaluate (and compare) it ex 
ante. The other selection criteria presented by the survey (the complementary of competences 
and the guarantee of a long-term contract) are harder to relate to either of our hypothesis so we 
mainly use them as control variables. A dummy variable is created for each selection criteria, 
taking the value 1 if the respondent used it. Each respondent could only select two criteria at 
most. 

Partner type 
Two types of dummy variables are introduced in the regressions to take into account the 

type of partner. First, we make a distinction between private and public partners. The former 
group includes firms and technical centres. The latter ones comprises universities, public 
research centres and associations. Second, we distinguish whether the partner is located within 
the same region as the respondent, within the same country (but not in the same region) or in a 
foreign country. 
Again, the type of partner should help us identify what type of technology is mostly being 
delegated to R&D subcontracting. Clearly, a relationship with a public partner involves research 
of a more fundamental nature than inter-firms partnerships. Conversely, geographically close 
partners should mostly transfer generic, non-specific technical services – it is unlikely that a firm 
could find a partner with the right specific competences within the same region. R&D 
subcontracting with public partners or foreign ones would rather come in support of the 
“incentive hypothesis”; the coordination of such relationships through R&D cooperation would 
rather be concordant with the “standardization hypothesis”. 

4. DESCRIPTIVE STATISTICS 

4.1. The extent of R&D outsourcing 

The table 2 presents some comparative statistics on the type of firm that chooses to 
outsource part of its R&D program. Almost 30 % of the respondents in our sample have at least 
one external R&D relationship. This proportion is higher for firms in knowledge intensive service 
sectors (46 %) and in high technology industries (41 %), as well as for firms spending more than 
€ 15 millions in R&D internally (44 %). Whether the respondent is an independent firm or 
belongs to a group does not seem to influence the outsourcing decision. Firms with a low 
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number of employees (less than 250) are also more likely to have an external R&D relationship. 
The probit estimation in section 5.1.1 will confirm most of these conclusions. 

Those firms that stated at least one external relationship in R&D have 4.3 relationships 
on average. Large differences can be seen between different types of firms. In particular, firms 
in knowledge-intensive service sectors, those who spend more than € 15 millions in R&D 
internally and those who are not part of group have a higher number of relationships on average 
(14, 12 and 10 relationships, respectively). These results will be further analyzed through a 
zero-inflated negative binomial model in section 5.1.2. 

 

4.2. R&D cooperation versus R&D subcontracting 

More than 30 % of the external R&D relationships described by the respondents – 
remember that these are supposed to be the most strategic relationships – are coordinated 
through subcontracting. The trade-off with R&D cooperation does not seem to be heavily 
influenced by firm-level characteristics. Only firms in knowledge intensive service sectors 
present a lower share of R&D subcontracting relationships (28 %). R&D investment mainly 
exerts some influence below the € 0.15 million threshold : firms with low internal R&D 
investments resort more frequently to R&D subcontracting, which represent 43 % of their 
external R&D relationships. Size has an indeterminate influence. Very small firms (less than 
20 employees) and very large ones (more than 1000 employees) more frequently use R&D 
cooperation (respectively, 75 % and 83 % of their R&D relationships, to be compared with an 
average of 69 %). The sample selection probit estimations presented in section 5.2.1 mainly 
confirm that firm-level variables have only a low impact on the choice between R&D cooperation 
and R&D subcontracting. 
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Transaction-level characteristics present strikingly convergent patterns between R&D 

cooperation and R&D subcontracting (table 3). Part of this similarity stems from survey 
construction. Hence, given that the described relationships are the most strategic ones, it is 
unsurprising that both R&D subcontracting and R&D cooperation are described as strategic. 
Likewise, the one to five year period presented by the survey is long enough to capture most of 
the relationships despite the differences in duration that may coexist within that group.  The 
strong presence of private firms within the sample of partners was also expected since private-
public R&D relationships are notoriously weak in France. Conversely, some common features 
between the two types of R&D relationships do indicate that R&D subcontracting can act as a 
substitute to R&D cooperation. Hence, both coordination mechanisms participate in the 
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development of new products/processes and they often involve symmetric bargaining powers. 
The know-how of the partner and the complementarity of its competences are the most frequent 
selection criteria both for R&D cooperation and for R&D subcontracting. Both types of 
relationships are mostly driven by the lack of internal competences. It thus seems that the most 
prominent characteristics are identical for both types of R&D outsourcing. 

On the other hand, some significant differences between R&D subcontracting and R&D 
cooperation can be identified when it comes to less frequent features of R&D outsourcing. 
Hence, subcontracting involves less cooperation, less patents or co-publications, and less risk 
sharing. Relationships with public institutions are also seldom coordinated through R&D 
subcontracting, which frequently involves geographically close partner firms. Bargaining powers 
are more frequently asymmetric in subcontracting relationships. Flexibility as well as adequate 
equipments more often motivates subcontracting than R&D cooperation. Prices and quality 
certificates are selection criteria mostly used in R&D subcontracting. Conversely, R&D 
cooperation is more frequently driven by the search for scale economies and access to new 
markets, and notoriety is more often cited as a selection criteria of the partner. 

5. ECONOMETRIC RESULTS 

5.1. The R&D outsourcing decision 

Firm-level characteristics conducive to R&D outsourcing are analyzed first through the 
existence of at least one external R&D relationship, then through the number of declared 
external R&D relationships.  

5.1.1. Dependent variable : at least one external R&D relationship 
In order to control for the correlation between the number of employees and internal 

R&D investment and for the existence of threshold effect in how R&D investment influences 
R&D outsourcing, several probit estimations are run over a dummy variable indicating whether 
the firm has at least one external R&D relationship (table 4). 

As in several other contributions, the probability to have at least one external R&D 
relationship increases with BERD (models A1, A2, C1) or with the R&D intensity, regardless of 
how it is measured (BERD over total employees – models B1 and B2 – or R&D employees over 
total employees –models C1 and C2). Thus, an “absorption capacity” is needed to use R&D 
outsourcing.  

Outsourcing is also more frequent in high technology industries as well as in 
knowledge-intensive service sectors. The prominent role of innovation in these sectors forces 
firms to forge relationships with other firms in order to increase their productivity in R&D, either 
by reducing costs, or by acquiring new knowledge and competences. Accordingly, firms who 
devote a large share of their R&D investment to fundamental research are also more likely to 
outsource part of the R&D, either because their need for outside knowledge is stronger or 
because the incoming and outgoing spillovers associated with fundamental R&D encourage 
outsourcing.  

The influence of size is less clear-cut. Both the categorical and logarithmic variables 
related to the number of employees are significant only in those models where the R&D internal 
budget is also included. In that case, it turns out that larger firms less frequently outsource part 
of their R&D program, probably because they have larger capabilities to manage R&D programs 
internally than smaller enterprises. This contrasts with previous works, which mostly concluded 
that size has a positive impact on the extent of R&D outsourcing. These diverging results can 



 17

be reconciled if we consider that most of these studies are unable to measure R&D investment 
very precisely11. Replacing the logarithmic measure of R&D with variables of R&D intensity 
makes the size variables either insignificant (columns B1 and B2) or positive (columns C1 and 
C2).  Also, what is meant through R&D cooperation remains very vague in most studies, and it 
may not include R&D subcontracting as our sample does.       

Members of corporate group display a higher probability of having at least one R&D 
relationship with another firm outside their group. Belonging to a group may be more attractive 
to external partners, but the significance level of 10 % is not systematically reached however. 

All in all, the firms most likely to outsource part of their R&D activity have high internal 
R&D expenditures, with a relatively strong focus on fundamental research and belong to high 
technology industries or knowledge-intensive service sectors. 

 

5.1.2. Independent variable : number of external R&D relationships 
The results of the zero-inflated negative binomial models (table 5) indicate that the 

number of R&D relationships managed by those firms with at least one R&D relationship is 
positively influenced by the internal R&D investment or by R&D intensity. Hence, the more firms 
invest in R&D, the larger their absorption capacity and the more they can rely on external 
partners to acquire new knowledge and technologies. This result reinforces that of the 
preceding paragraph, where R&D budget positively influenced the propensity to have at least 
one R&D relationship with an external firm.   

On the other hand, several of the preceding results have to be amended. Hence, we 
had observed that the propensity to have at least one R&D relationship was higher in high-
technology and knowledge intensive service industries; yet, it turns out that the number of these 
                                                      
11 Veugelers (1997) has data on R&D expenses similar as ours and concludes that size has a negative 
impact on the propensity to cooperate with other firms. 
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relationships is significantly higher in low-technology industries (relative to other industries). We 
also note that the share of fundamental R&D expenses does not influence the number of 
relationships - although it had a positive impact on the propensity to have at least one 
relationship.  Thus, we may conclude that firms in high tech industries as well as those who 
invest a larger share of their R&D budget in fundamental research more frequently need outside 
partners, yet that these needs are rather concentrated on specific tasks so that a limited number 
of partners may be sufficient. Similar results had been obtained by previous studies. 
Veugelers (1997) notes that once R&D expenses are adequately measured, firms in the high 
technology industries less frequently resort to outside partners. Fritsch and Lukas (2001) as well 
as Tether (2002) indicate that the most innovative firms (sector-level innovation as opposed to 
firm-level innovation) have a higher probability of cooperating with outside partners but also 
have a lower number of R&D relationships than firms with less innovative projects. It is also 
possible that innovations in low technology industries demand a greater variety of R&D 
competences pushing firms, which want to innovate to increase the number of their R&D 
relationships. Also, firms in medium-technology industries probably have more internal 
competences to satisfy their technological needs. 

 
Our previous conclusions on the link between size and R&D outsourcing also need to 

be deepened. Remember that size would have a negative influence when the logarithm of 
BERD is used, and is not significant when the R&D intensity variables are used. We note that 
compared to these conclusions, size does not seem to influence the number of R&D 
relationships when the logarithmic measure of R&D is used (models A1 and A2). Further, size 
has a positive influence on the number of relationships when the R&D intensity variables are 
used (models B1 to C2). Thus, it seems that larger firms enjoy a larger number of R&D 
relationships, but this effect is probably partly due to the correlation with R&D expenses.  
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Finally, members of corporate groups that resort to at least one external R&D 
relationship have fewer partners than independent firms, as a large part of their needs can be 
satisfied by subsidiaries within the group. 

All in all, firms with high R&D expenditures, those in sectors with a low technological 
intensity and those independent from corporate groups tend to have a higher number of R&D 
partners. Firms belonging to a group, those in technology-intensive industries or knowledge-
intensive service sectors or with a high share of fundamental research have a higher probability 
to outsource part of their R&D, but will focus their efforts on a rather limited number of partners. 

5.2. The trade-off between R&D cooperation and R&D subcontracting 

The tables 6a and 6b present the results of the sample selection probit estimations run 
over our sample of 3 480 possible R&D relationships. Given the high number of binary 
explanatory variables used in this dataset and their possible interrelations, we choose to 
incorporate the different types of qualitative variables (management related variables, 
motivations, expected results, selection criteria, type of partner) in a sequential fashion (models 
D2 to D6). Another reason for using these stepwise regressions is that most (if not all) of our 
independent variables are proxies for the type of technologies involved in the relationship. In 
model E1, these variables are included simultaneously. The model E2 considers only those 
explanatory variables that were significant in the models D2 to D6. The estimation results we 
present do not account for industry-specific variations : indeed, the industry dummies were 
mostly non-significant and their exclusion did not alter the results. Also note that in most cases, 
the rho coefficient is not significant, indicating that the error terms of the selection and the 
choice equations are not correlated. Actually, the results remain very similar, regardless of 
whether the selection equation is used in the estimation12 as shown in model F (table 6b). 

5.2.1. The impact of firm-level characteristics 
Regardless of the model, it turns out that R&D intensive firms (measured by the ratio of 

internal R&D expenses over total number of employees) more frequently resort to R&D 
subcontracting to coordinate their strategic R&D relationships. Their absorption capacity may 
help them define the tasks that they wish to outsource to a subcontractor. It may also facilitate 
the management of the relationship. In the framework of the “standardization hypothesis”, we 
may say that the absorption capacity helps reduce the transaction costs. On the other hand, we 
may relate the R&D intensity to the strategic role played by innovation for the firm’s 
competitiveness. In that case, firms could choose a quasi-market relationship in order to 
increase the innovation incentives of the partner. Thus, this result could also come in support of 
the « incentive hypothesis ». 

In 8 of the 9 models, firms with less than 20 employees have a significantly higher 
probability to implement a cooperative rather than a subcontracting relationship. In the 
transaction cost framework, small size is often associated to a limited number of interactions : in 
that case, the subcontractor may not be willing to invest in a relationship with this small client, 
and a cooperative relationship is preferred by the firm in order to better control the partner’s 
efforts. Also note that firms with more than 1000 employees also seem to use subcontracting 
less frequently – in that case, however, the coefficient is significant in only 2 of the 9 models. 

                                                      
12 The results of the selection model are similar to those obtained in the R&D outsourcing section and are 
not presented in the table. The independent variables of this selection equation are those of the model C2 
in table 5. 
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The other firm-level variables are not significant, even in the model D1 where only firm-
level variables are considered. In particular, neither firms in the high tech industries, nor those 
firms particularly involved in fundamental research display a higher probability of choosing 
either subcontracting or cooperation. Thus, the determinants of the trade-off between R&D 
subcontracting and R&D cooperation should mainly be sought in transaction-level variables. 
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5.2.2. The impact of transaction-level characteristics 
Introducing the different management-related variables in model D2 comes in support of 

many of the considerations traditionally associated with subcontracting. First, a relationship 
where much cooperation between both partners is needed will less frequently be coordinated 
through R&D subcontracting : authority and individual incentives therefore are the main forces 
coordinating behaviours in a subcontracting relationship. Indeed, a relationship where the firm 
wishes or needs to impose its will over the partner will more often be of a subcontracting type. 
Asymmetric bargaining power is one of the features usually associated to subcontracting in 
auxiliary services or component supply, and this feature is also shared (at least partly) by R&D 
subcontracting.  

R&D cooperation will also more frequently be chosen when the transaction is rated as 
strategic by the respondent or when it should involve risk-sharing between partners. We may 
therefore infer that R&D subcontracting is restricted to transactions involving only generic 
technologies, i.e. non-strategic and with a low level of uncertainty, which support the predictions 
of the “standardization hypothesis”.  

More ambiguous conclusions follow from the results on relationship duration. Indeed, it 
turns out that both short-term (less than a year) and long term (more than five years) 
relationships will more frequently be coordinated through R&D subcontracting- Hence both of 
our assumptions are confirmed. Short-term R&D subcontracting implies that technologies are 
generic and require no long-term commitment. Long-term R&D subcontracting may concern 
technologies whose development is long and therefore difficult to control : an increase in the 
innovation incentives might therefore be necessary, which could enhance the attractiveness of 
R&D subcontracting. Yet, long term R&D subcontracting may also be used with exchanges of 
standard technologies for which quality cannot be measured ex ante : long term contracts may 
facilitate the subcontractor’ commitment to a right level of effort. 

Although the correspondence between the motivations of the R&D relationship (as 
expressed by the R&D survey) and our hypothesis is not clear-cut, the results displayed by the 
model D3 rather support the “standardization hypothesis”. Hence, it turns out that those external 
relationships driven by the lack of adequate equipment will mostly be coordinated through R&D 
subcontracting : indeed, it is probably easier to define the function of the subcontractor and to 
compare potential partners in terms of prices and equipments, so that quasi-market transactions 
are relatively easy and efficient to implement. Further, external relationships formed in order to 
gain some flexibility will more frequently be coordinated through R&D subcontracting. For some 
reason, R&D cooperation thus turns out to be less flexible than R&D subcontracting. It could be 
argued that flexibility is mainly beneficial for those technologies that are standard enough for 
substitute partners to be found (possibly within the firm) if the subcontractor fails to fulfil his 
commitments. 

Conversely, R&D cooperation is more frequently chosen when the objective of the 
relationship is to gain access to a new market. Such an objective implies that a product needs 
to be adapted to new market specifications, which could imply more repeated interactions 
between partners. Further, the will to access a new market may also reflect new competences 
to be gained, and this transfer may not be easily operated through R&D subcontracting. The 
negative coefficient associated to the scale economies motivation is more surprising, as market 
transactions like R&D subcontracting are said to promote specialization (generating scale 
economies in the process). Maybe the responding firm wishes to increase the profitability of an 
existing asset within the firm by sharing its costs and use with another firm. Apparently, this 
sharing will be more efficiently implemented through R&D cooperation. Finally, note that the 
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lack of adequate competences cannot discriminate between R&D subcontracting and R&D 
cooperation. Given this was the primary motivation of both types of relationships, it thus turns 
out the trade-off between R&D cooperation and R&D subcontracting is only influenced by 
secondary motivations. 

Model D4 looks at how the expected results of the relationship influence its governance 
type. Given that the R&D relationships generally insert themselves in the process of creating a 
new product/process or even prototype, it is not surprising that neither of these objectives can 
discriminate between R&D subcontracting and R&D cooperation. Actually, neither those 
relationships orientated towards software creation, nor those aiming at a co-publication are 
disproportionately coordinated through subcontracting or cooperation. At least for co-
publication, this stands out as rather surprising, yet note that a (non-significant) negatively 
signed coefficient is obtained. Only those relationships aiming at patent deposits are less 
frequently governed by R&D subcontracting. As explained, this comes in support of the 
“standardization hypothesis” : R&D subcontracting deals mainly with generic technologies, so 
that the results produced by such relationships are not novel or inventive enough to be 
patentable. 

Model D5 considers how the selection criteria of R&D partners impact on the type of 
relationship. Although selection on technical and know-how grounds was the most frequent for 
both types of relationships, the regression results indicate that this selection procedure is more 
likely to lead to a subcontracting relationship. This is rather consistent with the preceding 
conclusion that firms looking for adequate equipments will more frequently use subcontracting 
(model D3) Yet, it remains ambiguous as to our two hypotheses. On the one hand, the 
important role given to the technological competences of the partner may indicate that the tasks 
delegated upon him will not be of an obvious, generic or non-strategic type. The choice of R&D 
subcontracting in those cases supports the “incentive” hypothesis. On the other hand, selecting 
partners through technical criteria may only be feasible for standardized know-how, which 
should encourage subcontracting according to the “standardization hypothesis”. Further, 
checking the technological competences of the partner before-hand may be particularly relevant 
for subcontracting, given that once the contract is signed, the interactions with the subcontractor 
are less frequent and close than with an R&D cooperation partner. 

The other results displayed by this model clearly support the “standardization 
hypothesis”, however. Hence, the attention to quality certifications and to prices will more 
frequently be done with R&D subcontracting partners. It is very probable that such criteria can 
only be implemented for relatively generic technologies. R&D subcontracting is also more 
frequent when geographical proximity is a selection criterion. Yet, this can only be the case for 
those technologies that are generic enough for geographically close partners to be found.  
Conversely, the relationship will more frequently turn out to be R&D cooperation when notoriety 
is used as a selection criterion. Given the novelty of technologies at stake in those relationships, 
there are no available objective criteria and the respondent therefore relies on more subjective 
yet more encompassing criteria such as reputation. 

Regardless of the type of relationship, the majority of partners belongs to the private 
profit sector (in 70 % of the R&D subcontracting relationships and in 59 % of the R&D 
cooperation relationships). Yet, the model D6 indicates that R&D cooperation is preferred when 
the partner is a public laboratory, an association or a foundation. An interpretation coherent with 
the “standardization hypothesis” is relatively easy to formulate. The competences involved in 
the public sector are probably science-related, with a high proportion of fundamental research. 
Such competences would be harder to assimilate through R&D subcontracting (given that 
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interactions between partners are less frequent). The uncertainty associated to fundamental 
R&D also makes this type of contract harder to implement, as contingent payments will not be 
feasible. Model D6 also isolates the role of partner localization. All else equal, foreign partners 
are not treated differently than national ones. On the other hand, partners located within the 
same region will more probably be governed through R&D subcontracting, probably because 
the competences involved in the transaction are not very specific or strategic (otherwise, finding 
a partner within the same region would be more difficult). This result confirms the link between 
selections made on geographical proximity and R&D subcontracting. Overall, therefore, this 
model again supports the “standardization hypothesis”. 

Model E1 includes all the independent variables simultaneously and generally confirms 
these results. Some variables are no longer significant though, like market access, flexibility, 
geographical proximity, notoriety or patents. Their influence is probably captured by other 
independent variables. Those results are generally confirmed when only those independent 
variables that were significant in model D2 to D6 are included. Bypassing the selection equation 
(model F) does not alter our conclusions either. 

6. Conclusion 

The rise of R&D subcontracting contrasts with the numerous organizational obstacles to 
this type of quasi-market relationships. To explore this divide between a recent empirical trend 
and the traditional, theoretical, view of most organizational economists, this article sought to 
identify the determinants of the trade-off between R&D cooperation and R&D subcontracting 
using quantitative and qualitative data from a French survey on external R&D relationships. 
More precisely, a sample of 1160 firms is used to analyze the determinants of R&D outsourcing 
(be it through subcontracting or through cooperation). Both the propensity to have at least one 
relationship and the number of relationships are analyzed through probit and zero-inflated 
negative binomial estimations, respectively. Then, a sample of 580 relationships (among 
3 480 possible relationships) is analyzed through a sample selection probit estimation to isolate 
the determinants of R&D subcontracting (as opposed to R&D cooperation). 

Our regressions first confirm the role of absorptive capacity, technological opportunities 
and fundamental research in (positively) influencing the decision to have at least one external 
relationship in R&D. Group subsidiaries are also more frequently involved, though this effect is 
not systematically significant. When their R&D effort is correctly measured, larger firms are less 
prone to have at least one relationship in R&D. The number of R&D relationships also depends 
on the absorptive capacity, but the investment in fundamental research no longer has an 
impact. For those firms with at least one relationship, being in a technologically intensive 
industry diminishes the number of relationships, and so does the affiliation to a group. Larger 
firms turn out to have a larger number of relationships, but this effect probably stems from their 
higher R&D budget. Though some differences can be noted (on the role of size for instance), 
the majority of these results confirm the conclusions of the literature.    

We have argued that theoretically, the choice of R&D subcontracting can be explained 
in two ways. The greater standardization and diffusion of generic technologies facilitate the 
implementation of markets contracts in R&D (“standardization hypothesis”). An alternative view 
considers that subcontracting enhances the innovation incentives of the partners, implying that 
technological development delegated to subcontractors can be of a strategic, non-generic, type 
(“incentive hypothesis”). Empirically, many of our results support the “standardization 
hypothesis”. Hence, R&D subcontracting will be more frequent when prices, quality certifications 
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and geographical proximity are important selection criteria. It will be of a lesser use when the 
partners are public institutions and when patents are the expected outcome of the relationship 
(though this particular result is not robust in all estimations). Those relationships judged to be 
strategic as well as those necessitating some risk sharing will be more frequently framed into 
R&D cooperation. 

On the other hand, there are some more ambiguous conclusions that are derived from 
this study. We observe that selection criteria based on technological grounds are prominent in 
R&D subcontracting, which should not have been the case if the technologies delegated to the 
subcontractors are of a generic type. It may be that such selection can be made only for 
standardized technologies. We also note that more R&D intensive firms resort more frequently 
to R&D subcontracting, possibly because their absorptive capacity decreases the transactions 
costs associated quasi-market relationships in R&D and enhances their ability to capture 
external competences even when cooperation and interactions are rare. More generally, it turns 
out that R&D subcontracting contracts cannot be circumscribed to a marginal organization 
process in the R&D strategies of innovative firms. They represent one-third of the “strategic” 
R&D relationships formed by firms. On average, they also share many of the characteristics of 
cooperative R&D like a symmetric bargaining power or a search for competences absent within 
the responding firm. 

Data constraints may explain part of the ambiguity in our results and conclusions. First, 
our variables are (almost) all proxies for the type of technology delegated to the partner. 
Measuring the characteristics of the transferred technology directly would clearly be an 
advantage. Note however that the empirical literature on organization forms often relies on 
proxy to measure transaction costs or asset specificity for instance. Second, we are only able to 
observe the type of the relationship, but not the differing characteristics within each type. 
Indeed, there are several types of R&D subcontracting just like there are several types of R&D 
cooperation. In particular, subcontracting of newer, more strategic technologies may not be 
implemented in the same fashion as the subcontracting of generic R&D developments. This 
question remains open to future explorations.  
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