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DOES TRUST MATTER FOR R&D COOPERATION?
A GAME THEORETIC EXAMINATION

ABSTRACT. The game theoretical approach to R&D cooperation does
not investigate the role of trust in the initiation and success of R&D
cooperation: it either assumes that ﬁrms are non-opportunists or that the
R&D cooperation is supported by an incentive mechanism that eliminates
opportunism. In contrast, the present paper focuses on these issues by
introducing incomplete information and two types of ﬁrms: opportunist
and non-opportunist. Deﬁning trust as the belief of each ﬁrm that its
potential collaborator will respect the contract, it identiﬁes the trust conditions under which ﬁrms initiate R&D alliances and contribute to their
success. The higher the spillovers, the higher the level of trust required to
initiate R&D cooperation for non-opportunists, while the inverse holds for
opportunists.
KEY WORDS. Non-cooperative game, R&D cooperation, Trust and
opportunism.
JEL CLASSIFICATION CODE: C720 Non-cooperative games; L130
Market structure, ﬁrm strategy and performance; D320 Management of
technology, innovation and R&D.

1. INTRODUCTION

Arrow (1962) ﬁrst established the classic result that ﬁrms tend
to under-invest in R&D, when knowledge spillovers are high, or
when competitors can capture any new knowledge that is created, easily and cheaply. However, ﬁrms can internalize such
spillovers through R&D cooperation and appropriate higher
returns than under non-cooperation. Such R&D consortia involve cooperation in terms of cost sharing, information sharing
or both. They allow ﬁrms to realize higher returns from R&D
expenditure through non-duplication of research and enable
learning through sharing of information. R&D cooperation is
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increasing in the high-tech sectors due to growing research costs
and rising technological and market uncertainty. This trend has
stimulated an extensive game theoretical literature concerning
incentives for inter-ﬁrm R&D cooperation.
This literature may lead us to believe that R&D cooperation
between ﬁrms is quite common and that collaboration once
initiated between any set of ﬁrms, is unlikely to fail. However,
in reality, neither of these two predictions is entirely valid. Even
in high tech sectors, where R&D consortia are deﬁnitely multiplying, cooperation at the R&D level is still more the exception than the rule. Furthermore, a large number of joint
ventures, including those involving R&D cooperation, break
down before completion of the project (Kogut, 1989). Though
some of these breakdowns can be explained by mistaken exante
perceptions of the costs and beneﬁts associated with cooperation, others are cited as having broken down due to manifestations of opportunism (Deeds and Hill, 1998).
Firms entering into a relationship via a common R&D
project often do not ﬁx the details about what the partners are
expected to do during the course of the cooperation ex-ante.
Given such incomplete contracts, the harmonization of ﬁrm
motivations is imperfect, and the eﬃciency of cooperation is
limited. Moreover, third party veriﬁcations of R&D eﬀorts is
usually impossible. Thus, trust becomes necessary to justify the
engagement of ﬁrms in cooperation.
Let us deﬁne ‘opportunism’ as cheating on contracts, commitments or engagements and an ‘opportunist’ as an agent who
cheats whenever it is in his interest to do so. In any R&D
cooperation, there is a potential for opportunism stemming
from the inherent incompleteness of R&D contracts, as it is not
possible for a third party to monitor R&D eﬀort and information transfer. Hence, it is diﬃcult to prevent opportunism
through legal contracts ex-ante. This in turn implies that
the evaluation of potential opportunism plays a crucial role in
the initiation and success of R&D cooperation. Reformulating
the same argument, trust is deﬁned simply as the probabilistic
belief of a ﬁrm that its partner in the R&D consortium will
respect the contract,1 has a crucial impact on the initiation and

DOES TRUST MATTER FOR R&D COOPERATION?

145

the success of the R&D alliance. However, game theoretic
models have little to say on the role of trust in the initiation and
success of R&D cooperation, especially in a ‘one shot game’,
because in the economics literature trust is usually endogenized
through repetition of the game.
The notion of trust retained in this paper is diﬀerent from the
standard formulation of trust in game theory. In conventional
game theory, trust between agents emerges as a result of a
reputation mechanism and/or repetition of interactions. In
contrast, our model consists of a one-shot sequential game,
where there is no repetition, no punishment scheme and no
incentive mechanism to induce trust. Trust is taken as an
exogenous parameter, an initial endowment of each ﬁrm in
terms of a priori belief that the other ﬁrm will honor the contract. Furthermore, the objective of this paper is not to
understand the determinants of the degree of trust or the
measurement of trust, which is indeed the subject of an extensive empirical literature (to be detailed later on). Our analysis
focuses only on the role and impact of trust on cooperation and
contract initiation.
In order to contribute to a better understanding of the
relationships between trust, opportunism and success in R&D
cooperation, the present paper introduces heterogeneous ﬁrms
and incomplete information in the seminal R&D cooperation
models of d’Aspremont and Jacquemin (1988) and Kamien
et al. (1992). Conventional models consider all ﬁrms to be either
opportunist or all ﬁrms to be non-opportunist. In both these
cases, there is no role for trust. Thus, by introducing heterogeneity in terms of the propensity for opportunistic behaviour,
we create room for trust and are able to understand the impact
of trust on R&D cooperation.
A ﬁrm can be one of two types, either opportunist or
nonopportunist. A non-opportunist ﬁrm never cheats on a
contract even when it is in its interest to do so. The behavior of
a non-opportunist ﬁrm is motivated by considerations other
than opportunism such as moral values or the costs of cheating.
An opportunist ﬁrm, cheats on a contract if cheating yields a
higher payoﬀ than abiding by the contract. There is no
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‘screening’ mechanism to identify opportunists and no ‘incentive’ mechanism to prevent cheating. The ‘trust’ of each ﬁrm, is
its belief that its potential collaborator will respect the contract.
In this case, the risk of opportunism is real and the initiation
and success of cooperation depends on the initial trust conﬁgurations of the ﬁrms.
In this context, two central questions are examined:
(i) What is the relationship between the trust conﬁgurations
and the initiation of R&D cooperation?
(ii) What is the relationship between the trust conﬁgurations
and the outcome of R&D cooperation?
In answering the above two questions, the present paper
makes a fourfold contribution to the game theoretic based literature on R&D cooperation.
First, it shows that there can be situations where an R&D
cooperation is not initiated and situations where an R&D
cooperation fails after initiation. This implies that the standard
result of the game theoretic models, according to which R&D
cooperation is always initiated and successfully achieved, is not
likely to be veriﬁed. Furthermore, since R&D contracts are not
always implemented in the context of a repeated game, the
above deﬁnition also permits us to avoid having recourse to
reputation mechanisms, which suppose that trust can only
emerge through repeated interaction.
Second, the results of the paper question the usually held
opinions that opportunism is a systematic obstacle to contract
initiation, while trust is a suﬃcient condition for the same. It
doubly invalidates this stance by identifying exceptions to this
apparent rule. For instance, when spillovers are high, and when
the ﬁrms involved are opportunists, R&D cooperation can be
initiated without trust. Moreover, when two opportunists initiate a contract, they may cheat, but the R&D alliance need not
be unsatisfactory, i.e., each ﬁrm can earn more than under
noncooperation.
Third, the model reﬁnes the standard results of game theoretic models of R&D cooperation. For instance, the conclusions of d’Aspremont and Jacquemin (1988) or Kamien et al.
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(1992) (See DeBondt (1997) for an extensive survey) can also be
inferred as a special case of our model, when non-opportunist
partners in the R&D alliance have suﬃcient trust in one another to initiate cooperation and the level of spillovers is sufﬁciently high. In this case, R&D expenditure under cooperation
is greater than under non-cooperation, and there is an increase
in social welfare. Our results also extend those of Kesteloot and
Veugelers (1995), who ﬁnd that a high level of spillovers always
leads to a greater instability of cooperation. We show that a
high level of spillovers imply a greater instability of cooperation
for a non-opportunist ﬁrm, which anticipates confronting an
opportunist ﬁrm, but not so for opportunist ﬁrms.
Finally, the paper identiﬁes the role of trust in the initiation
and success of cooperation. Trust facilitates the initiation of
R&D cooperation, but is neither necessary nor suﬃcient to
ensure higher payoﬀs than from non-cooperation. The level of
trust required for the initiation of R&D cooperation depends
on the type proﬁle of the ﬁrms and on the level of spillovers.
It can be argued that it is not surprising to observe failure
and non-initiation of R&D cooperation emerging as equilibrium outcomes with a positive probability, since we have
introduced incomplete information with no possibility for
‘screening’ or ‘signaling’. While this is true, we wish to reiterate
that by not allowing for the elimination of opportunism
through screening or signaling, we are forced to examine how
beliefs on player types inﬂuence the decision to cooperate.
Furthermore, by considering heterogeneity in terms of the
opportunistic nature of ﬁrms (rather than in terms of their
degree of risk aversion, their competence, their proﬁtability
etc.) we are able to interpret beliefs on player types in terms of
trust. This not only allows us to formulate a pertinent deﬁnition
of trust, but it also permits us to study the relation between
trust, opportunism, initiation and success of cooperation in
R&D.
This paper is organized as follows. Section 2 brieﬂy surveys
the literature on R&D cooperation and trust in the game theoretic literature. Section 3 presents our model and Section 4
contains the results. Section 5 concludes the paper.
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2. GAME THEORETIC APPROACHES TO R&D COOPERATION
AND TRUST

This section brieﬂy reviews the main papers on R&D cooperation modeled as games, but it is not meant to be an exhaustive
survey. It also compares the concept of trust as developed in
this paper with the existing notions.
2.1. R&D cooperation between symmetric non-opportunist ﬁrms
The ﬁrst models on R&D cooperation considered the simple
context of identical non-opportunist ﬁrms in order to examine
the conditions under which R&D cooperation promotes private
and social welfare. They showed that R&D cooperation might
be motivated by cost and information sharing in the presence of
spillovers. When spillovers are high, R&D cartels (involving cost
and information sharing) call for high R&D expenditures. This
leads to economies of scale in terms of cost reduction, since each
ﬁrm also beneﬁts from the increased R&D eﬀorts of other ﬁrms,
given the high level of spillovers. The seminal article by d’Aspremont and Jacquemin (1988) is one of the most inﬂuential
papers in this group. Their basic R&D cartel model in a duopoly
framework has now been extended along various lines, with the
consideration of oligopolies, heterogeneous products, product
innovation, vertical cooperation, participation in multiple R&D
cartels, multiple participants, etc. (Kamien et al. 1992; Motta,
1992; Suzumura, 1992; Ziss, 1994; DeBondt, 1997; Hinloopen,
2000). More recent models have also conﬁrmed the preceding
results taking into account the endogenization of spillovers
(Katsoulacos and Ulph, 1998; Poyago-Theotoky, 1999).
Another set of models studies the impact of spillovers in a
stochastic or dynamic context. When spillovers or imitations
are likely, R&D cartels are again initiated due to the internalization of market spillovers of knowledge and non-duplication
of research eﬀorts (Grossman and Shapiro, 1987; Beath et al.
1988; Katsoulacos, 1988; Choi, 1993).
A third set focuses on the incentives for R&D cooperation in
the absence of spillovers. Marjit (1991) shows that when the

DOES TRUST MATTER FOR R&D COOPERATION?

149

probability of discovery is very high or low, by sharing costs,
ﬁrms can reduce the risk associated with uncertain returns, and
they can also undertake research that might not have been
ﬁnancially feasible otherwise. Combs (1993) extends this model
by considering the case, where ﬁrms share the knowledge generated by R&D, but cannot share costs. In this case, the ﬁrms
initiate cooperation only when the probability of success is
high.
2.2. R&D cooperation between asymmetric non-opportunist
ﬁrms
A few of the recent papers examine the incentives for R&D
cooperation given asymmetric ﬁrms.2 Poyago-Theotoky (1997)
studies an n-ﬁrm market with specialist and non-specialist
ﬁrms, where the specialist ﬁrms can improve upon some of the
characteristics of the commodity through R&D. She then
shows that depending on the extent of quality improvement,
R&D cooperation may or may not be socially desirable.
2.3. R&D cooperation between symmetric opportunist ﬁrms
R&D cooperation between a set of symmetric opportunist ﬁrms
has been examined by some authors in a repeated game
framework (Kesteloot and Veugelers, 1995). In this type of
model, opportunist ﬁrms are made to cooperate by implementing an implicit system of sanctions that results in a loss of
reputation, or non-renewal of contracts, for any manifestation
of opportunism. Studying the impact of spillovers on the stability of contracts in the context of such repeated games, the
authors show that spillovers might have a positive or negative
impact on the stability of R&D cartels, depending on the nature
and degree of spillovers relative to the nature and magnitude of
product market competition.
2.4. R&D cooperation between asymmetric opportunist ﬁrms
Finally, a last set of models has studied the design of incentive
systems to eliminate opportunism. They have highlighted
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informational asymmetries, which are at the origin of potential
opportunism arising in cooperation.
Some models resolve the problems of moral hazard and
adverse selection by the formulation of revelatory mechanisms
and complete optimal contracts that render cooperation
attractive (Picard and Rey, 1991; Gandal and Scotchmer, 1993;
Morash, 1995). Pérez-Castrillo and Sandonis (1997) study a
model in which the disclosure of information lowers the expected cost of the project. An R&D cartel may fail to be formed
due to the moral hazard problem arising from the diﬃculty of
contracting out information transfer. This problem is however
resolved by setting up a system of punishments for deviations
from the contract. Evidently, all of the models above suppose
that complete contracts can be initiated, with contingency
payoﬀs being envisaged for every possible eventuality at the
time of the signature of the contract. Thus, once cooperation is
initiated, it is always a success. Others, like Bhattacharya et al.
(1990, 1992) attack the moral hazard problem from a diﬀerent
angle, developing an incentive scheme involving R&D licenses
to ensure eﬃcient sharing of information within an R&D
consortium.
2.5. Diﬀerent conceptions of trust
The raison d’eˆtre of trust is most often grounded in the
incompleteness of contracts that characterizes inter-ﬁrm cooperation in R&D (Arrow, 1974). In other words, trust encourages inter-ﬁrm cooperation by reducing the costs of transaction
and by eliminating manifestations of opportunism (Bromiley
and Cummings, 1995). Trust is a social norm, which lessens the
need to use hierarchy to attenuate opportunism. This has led
other researchers to undertake extensive empirical studies to
identify and understand the determinants of trust (Sako and
Helper, 1998; Glaeser et al. 2000).
In addition, there exists an extensive empirical literature that
considers trust as a form of ‘social capital’ and studies the
impact of inter-ﬁrm trust on sectoral or regional development.
For instance, on the basis of comparative studies of national
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trajectories of development, the industrial success of Japan
during the 1980s has been attributed to the high degree of trust
that characterizes relations between Japanese managers and
organizations (Casson, 1991). There are also some theoretical
papers that model economic growth as an increasing function
of trust (Zak and Knack, 2001).
Standard game theory predicts that trust and hence cooperation will emerge provided agents can interact repeatedly to
build up reputation (Kreps, 1990). This last point has been
broadly investigated within the framework of repeated games
with complete or incomplete information (and with a ﬁnite or
inﬁnite horizon). Within this framework, an agent is assumed
to trust another agent, whenever it is in his interest to do so. In
other words, economic agents are motivated to create trust and
to cooperate on the basis of calculations. Any manifestation of
opportunism thus results in a penalty, such as the breakdown of
trust and transactions, which in turn implies a loss of reputation or the impossibility of future interaction. Trust then
emerges as an action based on the calculation of gains and
losses associated with each opportunity. In our model, unlike
what happens in the game theoretical models evoked above,
trust cannot emerge on the basis of economic calculations,
because it is a one shot game.3 Trust is simply an exogenously
given probabilistic belief of a ﬁrm (which is common knowledge) that its potential collaborator will respect its commitments. This kind of a deﬁnition (i.e., as a given belief) can now
also be found in some of the papers in the trust literature (see
Gueth et al. 2000; James 2002; Buskens, 2003).
Williamson (1993) presents yet another alternative view
pointing out that the notion of trust put forward as a concept
by economists is a direct deduction of reciprocity. According to
Williamson, real trust or ‘personal trust’ is something that
characterizes very speciﬁc relations such as those between the
members of a family or lovers with no quid pro quo. Our notion of trust as a probabilistic belief of a ﬁrm that its competitor
will respect the contract does not conform to the notion of
‘personal trust’ à la Williamson, as it can be applied to relations
involving any set of economic agents.
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3. MODEL OF R&D COOPERATION

We will present the game in three sub-sections. In the ﬁrst, we
will describe the game and introduce the notation. In the second, we will solve for the optimal strategies and the payoﬀ
functions. Lastly, using simulations, we will identify the properties of the R&D expenditure functions and the payoﬀ functions.
3.1. Description of the game
There is a duopoly market with two ﬁrms i and j. Each ﬁrm i can
be one of two types: an opportunist ti,o or a non-opportunist ti,n.
An opportunist ﬁrm is one that cheats on a contract, whenever it
is in its interest to do so. A non-opportunist ﬁrm is one that
never cheats, whether it pays to do so or not. The two ﬁrms are
identical in all other respects.
There is incomplete information, i.e., each ﬁrm knows its
own type but does not know the true type of the other ﬁrm.
Each ﬁrm, hence, starts out with a set of beliefs about the type
of the other ﬁrm. Let p be the belief of any ﬁrm that its partner
is not an opportunist. Let s be the belief of any ﬁrm that an
opportunist will respect a contract. The probabilistic beliefs p
and s lie in the interval (0,1), i.e., they lie strictly between 0 and
1. Trust of any ﬁrm is then given by 1  ð1  pÞð1  sÞ, i.e., the
probability that a contract will be respected by a potential
partner. The level of trust is common knowledge. In the above
context, R&D cooperation is modeled as a two stage game. In
the ﬁrst stage, the ﬁrms decide on their R&D expenditures and
in the second stage, they ﬁx the quantities to be produced and
sold in the market.
Let us suppose that ﬁrms can reduce their costs of production through investment in R&D. Let the R&D expenditures of
ﬁrms i and j be given by xi and xj . Let the reduction in costs for
ﬁrm i due to an R&D expenditure, xi , be given by the function
1=2
gðxi Þ ¼ xi . The function gð:Þ is non-negative, twice diﬀerentiable, increasing and strictly concave indicating that returns to
R&D investment are subject to decreasing returns.4
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When each ﬁrm spends on R&D, there is a spillover eﬀect (to
some non-negative extent under the given intellectual property
regime), whereby the ﬁrms freely learn from the innovations or
cost expenditure of other ﬁrms. Let b from (0,1) be the factor
indicating the degree of spillover. Then from the spillover eﬀect,
each ﬁrm i experiences an additional reduction in costs equal to
1=2
bxj . Since R&D expenditure is assumed to reduce average costs
of production, clearly the total reduction in production costs will
depend on the scale of production. Let qi stand for the quantity
produced by ﬁrm i. Then the total reduction in the production
costs of ﬁrm i, when ﬁrm i spends xi on R&D, and ﬁrm j spends xj ,
1=2
1=2
is given by ðxi þ bxj Þqi . Similar is the case for ﬁrm j.
Each ﬁrm i faces a demand pi ¼ fi ðqi ; qj Þ ¼ a  qi  qj , where
pi stands for the price charged by the ith ﬁrm. The average cost
of production is given by ci ¼ cj ¼ c, where c > 0 and c < a.
Given an R&D proﬁle of the two ﬁrms, (xi ; xj ) and the quantities to be supplied in the ﬁnal market, (qi ; qj ), the proﬁt of ﬁrm
i, pi (.), can be written as follows:
1=2

pi ¼ ða  qi  qj Þqi  ðc  xi

1=2

 bxj Þqi  xi :

ð1Þ

Similar is the case for ﬁrm j. The proﬁt functions, pi (.) and pj
(.), are strictly concave and continuous.
Now we move on to the game of R&D cooperation. It starts
with nature, which chooses the type of each ﬁrm and continues
with two stages.
The ﬁrst stage corresponds to the undertaking of R&D
investment. Each ﬁrm announces whether or not it wants to
enter into a cost sharing R&D alliance. Immediately thereafter,
each ﬁrm ﬁxes its R&D expenditure, which is not observable.
There is no ‘screening mechanism’ possible for the two ﬁrms to
ﬁnd out each other’s types before considering the initiation of
the cooperation and there is no ‘incentive mechanism’ that can
be set up to ensure commitment. This implies that the contract
initiated is necessarily incomplete and a ﬁrm that cheats
thereafter cannot be punished through legal means.
An R&D cooperation is initiated only if both ﬁrms choose
to enter into an alliance, otherwise not. The contract (formal
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or informal) of R&D cooperation stipulates that each ﬁrm
spend the cooperation R&D expenditure, xr , which maximizes
the joint proﬁts of the group as a whole (i.e., pi (.) + pj (.)).
In other words, xr maximizes the proﬁt of the group,
assuming that none of the ﬁrms deviate from their commitment in the rest of the game. This is in conformity with
reality, where most often social norms are formulated
assuming that agents will adhere to their commitments than
otherwise. Therefore, ﬁrms in formulating the R&D cooperation accord, xr , cannot explicitly take into account the fact
that any ﬁrm can deviate from its commitment after the
signing of the accord and, hence, xr is independent of the trust
conﬁgurations of the ﬁrms.
In the ﬁrst stage, the actions available to each ﬁrm depend
on its type. A non-opportunist ﬁrm can choose between
non-cooperation and spending the R&D expenditure, xnc , the
investment that maximizes its proﬁt function, pi (.) or entering
into an R&D alliance and investing xr . An opportunist ﬁrm i
has one more option. If an opportunist ﬁrm opts to enter into
an R&D alliance, it can either respect the contract or not
honor the contract. The cheating or opportunistic expenditure, xop , is the R&D expenditure that maximizes its expected
proﬁt within the R&D alliance. On the other hand, a nonopportunist ﬁrm can only invest xr , if it enters into an R&D
cooperation, because it can not cheat on the contract by
deﬁnition.5 The decision tree of a non-opportunist ﬁrm i is
illustrated in Figure 1.6 It holds similarly for an opportunist
ﬁrm. The R&D investments can be observed at the end of the
ﬁrst stage.
The second stage refers to the ‘product market competition’.
Knowing the R&D investments, the two ﬁrms produce Cournot–Nash quantities, (qi ; qj ), and compete in the ﬁnal market.
At the end of the second stage, for any conﬁguration of R&D
expenditures invested, (xi ; xj ), and quantities produced in the
ﬁnal market, (qi ; qj ), the two ﬁrms earn the Cournot–Nash
proﬁt pi(.) and pj (.). Then the game ends.
Given that the objective of R&D cooperation is to increase
the proﬁt earned by each of the ﬁrms as compared to
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nature

Firm j opportunist

Firm j non-opportunist
Firm j

Firm j

No alliance

No alliance

xnc

Respect

Cheat

xop

xr

xr

(1-p)s

(1-p)(1-s)

xnc

Respect

p

Firm i non-opportunist

Alliance

x

r

No alliance

xnc

Figure 1. The decision tree of a non-opportunist ﬁrm i.

non-cooperation, the outcome of R&D cooperation is deﬁned
to be either satisfactory or unsatisfactory as follows:
• An R&D cooperation is satisfactory, if ex-post, at the end of
the game, each ﬁrm earns a proﬁt higher than that corresponding to non-cooperation;
• Otherwise, the R&D cooperation is unsatisfactory.
When the R&D cooperation is unsatisfactory, the R&D alliance is not internally stable in the sense that at least one of the
partners regrets having entered into the alliance.
3.2. Deﬁnition of quantities and R&D expenditures
The Nash equilibrium quantities and the R&D expenditures
corresponding to non-cooperation, cooperation and cheating,
are found by backward induction. We start with quantities to be
produced in the ﬁnal stage. In the third stage, ﬁrms choose their
output levels independently in Nash–Cournot competition, in
order to maximize their own proﬁts. For any conﬁguration of
R&D expenditures (xi ; xj ) invested by ﬁrms i and j, the equilibrium quantity of ﬁrm i in the third stage is given by:
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qi ðxi ;xj Þ ¼ Argmaxpi ¼ Argmaxðða  qi  qj Þqi Þ
qi

qi
1=2

 ðc  xi

1=2

1=2

 bxj Þqi  xi ;
1=2

ða  cÞ ðxi ð2  bÞÞ þ ðxj ð2b  1ÞÞ
þ
qi ðxi ; xj Þ ¼
:
3
3
ð2Þ
Similar is the case for ﬁrm j.
With the Nash equilibrium quantities, we can now deﬁne the
R&D expenditures under the two organizational forms of R&D
‘cooperation’ and ‘non-cooperation’. Under non-cooperation,
each ﬁrm seeks to maximize its own proﬁt taking into account
the R&D expenditure of the other ﬁrm. The Nash equilibrium
non-cooperation R&D expenditure, xnc , is such that no ﬁrm
has any incentive to deviate from this investment, given that its
competitor is also investing xnc . It is deﬁned as follows and a
detailed derivation is provided in the appendix.
xnc ¼ Argmax pi ðxi ; xnc Þ;
x

nc

xi




ð2  bÞða  cÞ 2
¼
:
ð7 þ b2  bÞ

ð3Þ

The Nash equilibrium R&D cooperation contract is a vector of
R&D expenditures (xr, xr) such that the R&D expenditure of each
ﬁrm, xr, maximizes the sum of the proﬁts of the two ﬁrms within
the alliance, given that the other ﬁrm is also spending xr; i.e.,


xr ¼ Argmax pi ðxi ; xr Þ þ pj ðxi ; xr Þ ;
xi


ðb þ 1Þða  cÞ 2
x ¼
:
ðb  2Þðb þ 4Þ
r



ð4Þ

Again, the appendix gives the details on the computation of
xr .
Finally, the opportunistic R&D expenditure xop is deﬁned as
the R&D expenditure that maximizes the expected proﬁt of the
opportunist ﬁrm. Given the beliefs (p; s) of the opportunist
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ﬁrm, the expected proﬁt function of an opportunist ﬁrm can be
expressed as follows.
½ð1  pÞ½spi ðxi ; xr Þ þ ð1  sÞpi ðxi ; xop Þ þ ppi ðxi ; xr Þ;
Recall that p is the belief of any ﬁrm that its partner is not an
opportunist and s is the belief of any ﬁrm than an opportunist
will respect a contract.
The opportunistic R&D expenditure xop is then computed as
the R&D expenditure the maximizes the above expression.
Again the particulars of the derivation are provided in the
appendix, and here we just state the deﬁnition of xop .
xop ¼ Argmax½ð1  pÞ½spi ðxi ; xr Þ þ ð1  sÞpi ðxi ; xop Þ
xi

þ ppi ðxi ; xr Þ
,xop
"

pﬃﬃﬃﬃﬃ
 #2
ðacÞð2bÞþ xr ð2b1Þð2bÞðpþð1pÞs
¼
½ð1pÞð1sÞð7bþb2 Þþ ½ðpþð1pÞsÞð5þ4bb2 Þ
ð5Þ
This ﬁnishes our presentation of the model.
3.3. Results on the properties of R&D expenditures and the
payoﬀ function
The properties of the R&D expenditure functions and the proﬁt
functions are given in the following three lemmas, all of which
have been derived using simulations.
LEMMA 1. Properties of the R&D expenditure function
(L1.1) The opportunistic R&D expenditure xop ðb; p; sÞ is an
increasing function of p and s for all values of spillovers b. Furthermore, xop ðb; p; sÞ > xnc ðbÞ always.
(L1.2) For any given level of spillovers b, and beliefs (p,s) the
R&D expenditures xnc ðbÞ; xr ðbÞ and xop ðb; p; sÞ are such that:
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xr ðbÞ < xnc ðbÞ < xop ðb; p; sÞ for b < 0:5;

ð6Þ

xnc ðbÞ < xop ðb; p; sÞ < xr ðbÞ for b > 0:5:

ð7Þ

According to the deﬁnition of xop ðb; p; sÞ, it is a linear
function of p and s. When there is no trust, i.e., p ¼ s ¼ 0, then
xop ðb; p; sÞ ¼ xnc ðbÞ. Furthermore, whenever p or s increases,
the function xop ðb; p; sÞ shifts upwards. Finally, when there is
complete trust, i.e., p ¼ s ¼ 1, then:
"pﬃﬃﬃﬃﬃﬃﬃ pﬃﬃﬃﬃﬃ
#2
xnc þ xr ð2b  1Þð2  bÞ
op
x ðb; 1; 1Þ ¼
> xnc ðbÞ:
2
ð5 þ 4b  b Þ
Since xop ðb; p; sÞ goes from xnc ðbÞ to a value greater than xnc ðbÞ
as p and s increase from 0 to 1, the linearity and continuity of the
function xop ðb; p; sÞ in p and s implies that it is increasing in p and s
and is always equal to or greater than xnc ðbÞ.
The second part of the lemma, L1.2, is illustrated in
Figure 2. For any value of the spillover b, the ranking of the
R&D functions under the diﬀerent scenarios are the same for
any market size a and cost of production c, with a > c. Thus,
opportunistic R&D eﬀort, xop ðb; p; sÞ, is always the inverse of
the cooperative eﬀort, xr ðbÞ, in the sense that when the latter is
high, the former is low and vice versa. This supports the intuition that opportunism is the opposite of cooperation.
64

x op (b,.1,.4)

80

60

x op (b,1,1)
40

x nc (b)
x r ( b)
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Figure 2. R&D expenditures as a function of spillovers.
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It is a well-established result that the cooperative eﬀort xr ðbÞ
is always less than the non-cooperative eﬀort xnc ðbÞ for low
levels of spillovers and the opposite for high levels of spillovers.
Therefore, we will not prove it here. The intuition behind this
result is that the returns to individual R&D investment are very
high, when the spillovers are low. This leads to a higher
investment by individual ﬁrms than by a R&D consortium
(Katz, 1986; d’Aspremont and Jacquemin, 1988; Kamien et al.,
1992).
LEMMA 2. Properties of the payoﬀ function of the opportunist
ﬁrm for all possible beliefs (p,s)
(L2.1) For any opportunist ﬁrm i, cheating always yields a higher
payoﬀ than respecting the contract:




ð8Þ
pi xop ; xr ; ti;o  pi xr ; xr ; ti;o ;




pi xop ; xop ; ti;o  pi xr ; xop ; ti;o :
ð9Þ
(L2.2) For any opportunist ﬁrm i, cheating always yields a higher
payoﬀ when ﬁrm j respects the contract rather than when ﬁrm j
also cheats on the contract:
pi ðxop ; xr ; ti;o Þ  pi ðxop ; xop ; ti;o Þ:

ð10Þ

(L2.3) For any opportunist ﬁrm i, rent from cheating is higher
(lower) when ﬁrm j respects the contract rather than when ﬁrm j
also cheats on the contract given a suﬃciently low (high) level of
spillovers :
½pi ðxop ; xr ; ti;o Þ  pi ðxr ; xr ; ti;o Þ
> ½pi ðxop ; xop ; ti;o Þ  pi ðxr ; xop ; ti;o Þ

for b < 0:5

½pi ðxop ; xr ; ti;o Þ  pi ðxr ; xr ; ti;o Þ
< ½pi ðxop ; xop ; ti;o Þ  pi ðxr ; xop ; ti;o Þ

for b > 0:5

ð11Þ

ð12Þ

All the results given in Lemma 2, can be read oﬀ directly
from Figure 3. For any value of the spillover b, the ranking of
the proﬁt functions under the diﬀerent scenarios are the same
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Figure 3. Proﬁt functions under various R&D proﬁles (p=.3 and s=.5).

for any market size a and cost of production c, with a > c and
for all possible beliefs ðp; sÞ.
Lemma (L2.1) reveals that cheating is a dominant strategy
for an opportunist ﬁrm in this R&D cooperation game.
According to Lemma 1, xop > xr for low levels of spillovers.
By investing more, the cheating ﬁrm brings down the costs of
production more and because of the low level of spillovers,
the contract respecting partner cannot beneﬁt from such efforts. This permits the opportunist ﬁrm to supply a greater
quantity in the ﬁnal market and earn a higher revenue than
when it respects the contract. Thus, for low levels of spillovers, the beneﬁt of opportunism comes from being more
R&D intensive than the contract respecting partner, and
earning a higher revenue in the ﬁnal market. When the spillovers are high, xop < xr , i.e., an opportunist ﬁrm spends less
on R&D but still the opportunist ﬁrm manages to reduce its
cost of production more than proportionately, because the
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high level of spillovers permits it to free-ride on the R&D
eﬀorts of the contract respecting partner. Here, the beneﬁts of
opportunism stem from being less R&D intensive and economizing on the R&D investment but still bringing down costs
through free riding.7
Lemma (L2.2) conﬁrms that though it pays for an opportunist ﬁrm to cheat, it also incurs a cost when it is cheated upon
in turn. Furthermore, lemma (L2.3) entails that the opportunist
ﬁrm i has more to lose by not cheating, when ﬁrm j cheats, for
high levels of spillovers, or when knowledge generated by ﬁrm j
can be captured to a greater extent.
Given these properties of the proﬁt function of an
opportunist ﬁrm, it is clear that a game between two
opportunists corresponds to a prisoner’s dilemma paradigm.
Moreover, it implies that at equilibrium s ¼ 0, i.e., an
opportunist will always cheat. Consequently, at equilibrium,
trust is equivalent to the probability of encountering a nonopportunist, i.e., p.
LEMMA 3. Comparison of payoﬀs under diﬀerent R&D
investment proﬁles for all possible beliefs (p, s)
(L3.1) An R&D cooperation without manifestation of opportunism always yields a higher proﬁt than non-cooperation.
pi ðxr ; xr ; ti Þ ¼ pr  pi ðxnc ; xnc ; ti Þ ¼ pnc :

ð13Þ

(L3.2) An R&D cooperation without manifestation of opportunism always yields a higher proﬁt than when both players cheat.
pr  pi ðxop ; xop ; to Þ ¼ pop :

ð14Þ

(L3.3) An R&D cooperation in which one ﬁrm cheats, yields a
higher proﬁt to the cheating ﬁrm than non-cooperation. An R&D
cooperation in which one ﬁrm cheats yields a lower proﬁt to the
ﬁrm that is being cheated upon than non-cooperation.
pi ðxr ; xop ; ti Þ  pnc  pi ðxop ; xr ; ti Þ:

ð15Þ

(L3.4) An R&D cooperation in which all ﬁrms cheat may or may
not lead to a lower proﬁt as compared to non-cooperation
depending on the level of the spillovers.
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pop > pnc

for b > 0:5:

ð16Þ

pop < pnc

for b < 0:5:

ð17Þ

All the results given in Lemma 3 can also be inferred directly
from Figure 3, in which the proﬁt obtained under the diﬀerent
cooperation scenarios is compared with the proﬁt obtained
under non-cooperation for diﬀerent values of the spillover b.
We now give the intuition behind such results.
Lemma (L3.1) conﬁrms the standard game theoretic result on
R&D cooperation that R&D cooperation without any manifestation of opportunism always leads to a higher payoﬀ than
non-cooperation. Then, Lemma (L3.2) indicates that initiation
of contract is a viable option only if commitment to the contract
is of economic interest to both parties, i.e., if the proﬁt to any
ﬁrm from an R&D cooperation without cheating is always
higher than the proﬁt to any ﬁrm from an R&D cooperation in
which no ﬁrm respects the contract. Lemma (L3.3) points out
that it will be in the interest of an opportunist ﬁrm to initiate a
contract if it perceives the other ﬁrm to be a non-opportunist,
while the opposite holds for a non-opportunist ﬁrm. Finally,
lemma (L3.4) holds because, when two opportunist ﬁrms initiate
an R&D cooperation, their R&D investment is higher (recall
Lemma 1), their quantities supplied in the ﬁnal market are
higher, and therefore, their ﬁnal market prices are lower, than
under non-cooperation. However, when the spillovers are high,
each of two cheating ﬁrms enjoys a greater return on R&D
investment. This enables the two cheating ﬁrms to suﬃciently
lower their costs of production so as to enjoy a higher proﬁt
than under non-cooperation. Thus, opportunist ﬁrms enjoy full
beneﬁts from the spillovers externality and this reasoning holds
for all possible beliefs on the type of their partner.
4. RESULTS ON OPPORTUNISM, TRUST AND
R&D COOPERATION

It can be noted that the deﬁnition of the R&D cooperation
and non-cooperation, (and cheating) expenditures are inde-
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pendent of the levels of trust. In the remainder of the article,
we will identify the type proﬁles and the belief or trust
conﬁgurations under which an R&D cooperation will be
initiated and will evolve with or without the manifestation of
opportunism.
Given the payoﬀ structure corresponding to the diﬀerent
strategy proﬁles as speciﬁed in the above results (Eqs (8)–(17)),
it is clear that for any set of beliefs, any Bayesian Nash
equilibrium involving R&D cooperation will be a separating
equilibrium. Since cheating is a dominant strategy for any
opportunist ﬁrm, in all Nash equilibria where an R&D cooperation is initiated, an opportunist ﬁrm will cheat in the second
stage, spending xop , whereas a non-opportunist ﬁrm by
deﬁnition will respect the contract, investing xr . By the same
logic, all Nash equilibria where R&D cooperation is not initiated will be pooling equilibria, with both ﬁrms spending the
non-cooperation R&D eﬀort, xnc .
It is a well-established fact that in most situations, R&D
cooperation without opportunism leads to a higher proﬁt and
higher consumer surplus as compared to non-cooperation
(d’Aspremont and Jacquemin, 1988, Kamien and al, 1992,
Suzumura, 1992). Can the same hold true even with opportunism? To answer this question, we will examine the conditions under which a separating equilibrium (with
manifestation of opportunism) is either satisfactory or
unsatisfactory. Under the former, each ﬁrm earns a higher
proﬁt under R&D cooperation than under non-cooperation,
while the latter implies the inverse. Furthermore, for simplicity, we term R&D cooperation to be socially satisfactory
if the welfare (i.e., sum of ﬁrm proﬁts and consumer surplus)
is greater under R&D cooperation than under non-cooperation. In the following proposition we will show that while
R&D cooperation without opportunism is always satisfactory
both from the societal view and the ﬁrm’s view, sometimes
even cooperation with opportunism is better than noncooperation.
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PROPOSITION 1. Role of opportunism.
1.1 An R&D cooperation can be satisfactory even if there is
manifestation of opportunism.
1.2 An R&D cooperation can be socially satisfactory even if there
is manifestation of opportunism.
1.3 An R&D cooperation is unsatisfactory only if there is manifestation of opportunism.
(1.1) Two opportunists can initiate an R&D cooperation satisfactorily if the spillover is high enough. According to Lemma
2, cheating is a dominant strategy for opportunist ﬁrms and
therefore two opportunist ﬁrms will both cheat in the second
stage of the game. Furthermore, the R&D cooperation is satisfactory because each ﬁrm obtains a payoﬀ greater than under
non-cooperation: pop > pnc for b > 0:5 (Eq. (16)). When the
spillovers are high and two opportunists cheat, their R&D efforts are reduced, but there is still substantial cost reduction,
because they capture the knowledge generated by each other’s
R&D through high spillovers.
(1.2) Consider the case where two opportunist ﬁrm enter into an
R&D alliance. From Lemma 3, we know that pop > pnc for b > 0:5
and therefore, from each ﬁrm’s point of view, the R&D cooperation
would be satisfactory, even with the manifestation of opportunism.
Whenever spillovers are high, it is preferable for all ﬁrms, including
opportunist ones, to undertake R&D investment under a cooperative framework rather than alone.
Now, let us examine the consumer surplus. From Lemma 1,
we know that for all beliefs (p,s) and a value of spillovers b > 0:5,
we have xop ðb; p; sÞ > xnc . Then, from Equation (2), we can deduce that for all beliefs ðp; sÞ and a value of spillovers b > 0:5, the
quantities produced and sold at equilibrium are such that:
Qop ¼ 2qi ðxop ðb; p; sÞ; xop ðb; p; sÞÞ > Qnc ¼ 2qnc
i :
Consider the utility of a representative consumer to be given
by UðQ; ZÞ ¼ uðQÞ þ Z where uðQÞ ¼ aQ  1=2bQ2 ða; b > 0Þ
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and Z is a competitive numeraire good. In this case, even with
the two ﬁrms in the R&D alliance cheating, the consumer
surplus is higher than under non-cooperation. Of course, the
manifestation of opportunism is detrimental to consumer
welfare, as it would be even higher without opportunism.
However, this interesting case highlights the fact that opportunism need not pose a hurdle to the initiation of cooperation
either for the ﬁrms or for the consumers. Society also beneﬁts
from a higher investment in the creation of innovations.
(1.3) An R&D cooperation will be unsatisfactory under two
conditions:
• Whenever an opportunist ﬁrm initiates cooperation with a
non-opportunist ﬁrm.
• Whenever two opportunist ﬁrms initiate cooperation and the
spillover b is less than 0.5.
Let us examine the ﬁrst case. Suppose ﬁrm i is an
opportunist ﬁrm and ﬁrm j is a non-opportunist ﬁrm. From
Lemma 2, we know that an opportunist ﬁrm will always
cheat in the second stage, because cheating is its dominant
strategy (Eqs (8) and (9)). But in this case, according to
Lemma 3, the proﬁt of the non-opportunist ﬁrm j will be less
than under non-cooperation (Eq. (15)). The non-opportunist
ﬁrm supplies a higher R&D eﬀort, and in return, not only
obtains a lower payoﬀ as compared to the opportunist, but
also lower than under non-cooperation. Thus, asymmetry in
the nature of the ﬁrms systematically leads to unsatisfactory
R&D cooperation.
Let us now examine the second case. According to Lemma 3,
when two opportunists initiate a contract, it will be unsatisfactory for spillover values b < 0:5, (Eq. (17)). Here, the
opportunist ﬁrms spend more on R&D than under non-cooperation. As explained in Lemma 3, while this leads to the
lowering of production costs, because the free-riding eﬀect is
low, both opportunist ﬁrms earn less by cheating than they
would have under non-cooperation.
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This then brings us to our second proposition on the role of
trust in the initiation of cooperation. Let pr be the minimum
level of trust required for a non-opportunist ﬁrm to initiate a
cooperation. Let pop be the minimum level of trust required for
an opportunist ﬁrm to initiate a cooperation.
PROPOSITION 2. Trust requirements of opportunist and nonopportunist ﬁrms
2.1 For a non-opportunist ﬁrm, the minimum level of trust
required, pr , is an increasing function of spillovers.
@pr
> 0 for all values of b:
@b
2.2 For an opportunist ﬁrm, the minimum level of trust required,
pop , is a decreasing function of spillovers.
@pop
< 0 for b < 0:5: pop ¼ 0 for b  0:5:
@b
2.3 For all parameter conﬁgurations pop < pr .
Proof. (2.1) Now suppose ﬁrm i is a non-opportunist. Then
its expected proﬁt from an R&D cooperation is given as below:

1

1

0.5

p op (b,.8,0)
p r (b,.8, 0)
0

− .2
0
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Figure 4. Trust requirements of opportunist and non-opportunist ﬁrms as a function
of spillovers.
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E pi ti;n jp ¼ ppr þ ð1  pÞpi xr ; xop ; ti;n :


The ﬁrm initiates the contract if and only if : E pðti;n Þjp  pnc .
This gives the minimum level of trust for a non-opportunist
ﬁrm to initiate an R&D cooperation as pr below:


pnc  pi xr ; xop ; ti;n
r

:
ð18Þ
p ¼ r
p  pi xr ; xop ; ti;n
The numerator is positive given Equation (15). Again, by
Equations (15) and (13), the denominator is positive. Therefore,
pr is always greater than zero. Then simulations reveal trust to
be an increasing function of the level of spillovers (see
Figure 4).
(2.2) Suppose ﬁrm i is an opportunist, then it will cheat in the
second stage since cheating is a dominant strategy for any
opportunist. In this case, its expected proﬁt from an R&D
cooperation is equal to:
   


E pi ti;o jp ¼ ppi xop ; xr ; ti;o þ ð1  pÞpop :
Firm
i will

 initiate an R&D cooperation if and only if
E pðti;o Þjp  pnc . This means that the minimum level of trust
required for an opportunist to initiate a contract pop is:

pnc  pop
op
p ¼ Max 0;
ð19Þ
pi ðxop ; xr ; ti;o Þ  pop
By Equation (10), the denominator of the second term within
the bracket on the right hand side, is always positive.
However, by Equations (16) and (17), the numerator is positive for b < 0:5 and negative for b > 0:5. Therefore, pop is
zero for any b > 0:5 which means that an opportunist will
always initiate an R&D cooperation under this condition.
Then, Figure 4, which shows trust requirement, pop , as a
function of the spillovers, conﬁrms that it is a downward
sloping function of the spillover b.
(2.3) From (2.1) and (2.2) it is clear that for b > 0:5; pop < pr ,
because pop ¼ 0 while pr > 0. Let us then consider the case
when b < 0:5. From Equation (9), we have that:

168

MARIE-LAURE CABON-DHERSIN AND SHYAMA V. RAMANI

pnc  pop  pnc  pi ðxr ; xop ; ti Þ:

ð20Þ

Again, from Lemma 2 and Equation (11), we have that for
b < 0:5:
½pi ðxop ; xr ; ti;o Þ  pop  > ½pr  pi ðxr ; xop ; ti;o Þ:

ð21Þ

Combining Equations (20) and (21), it is clear that pop < pr for
h
b < 0:5 also.
Proposition 2 gives some insight on the outcome of R&D
cooperation. For any level of spillovers, a non-opportunist has
higher trust requirements, and hence, initiates R&D cooperation
less easily. This stems from the fact that the cost of opportunism is
high for very high levels of spillovers, while the beneﬁt from
cooperation is low for very low levels of spillovers. In contrast, an
opportunist ﬁrm always tries to initiate an R&D cooperation,
whenever the spillovers are high. Furthermore, a high level of
spillovers need not lead to unsatisfactory or unstable cooperation
(Proposition 1.1).
PROPOSITION 3. Role of trust in the initiation and outcome of
cooperation
3.1. Trust is favorable but not necessary for the initiation of
cooperation. The mere existence of trust is not suﬃcient for the
initiation of cooperation.
3.2. Similarly, trust is neither necessary nor suﬃcient to assure
satisfactory R&D cooperation.
(3.1) Trust is favorable to the initiation of R&D cooperation
because the expected proﬁt is an increasing function of trust.
However, trust is not necessary for the initiation of cooperation.
For instance, if the spillover value b is greater than 0.5,
two-opportunist ﬁrms can initiate a contract with no trust,
according to proposition 2.2. Neither is the mere existence of
trust (i.e., p > 0) suﬃcient to initiate an R&D cooperation.
According to Proposition 2, there are minimum trust requirements for each type proﬁle and, unless these are satisﬁed, there is
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no initiation of cooperation. Thus, if two partners face each
other and their trust conﬁgurations do not satisfy the minimum
trust conﬁgurations (Eqs. (18) and (19)), an R&D cooperation
will not be initiated.
(3.2) Satisfactory R&D cooperation can be ensured even in
the absence of trust. Let us again consider the case of two
opportunist ﬁrms in the context of a high level of spillovers.
An opportunist ﬁrm will always earn more than under noncooperation, if its partner is a non-opportunist ﬁrm (Eq.
(15)). Furthermore, even if its partner is an opportunist ﬁrm,
given a high level of spillovers, it will earn more than under
non-cooperation (Eq. (16)). Thus, R&D cooperation will be
initiated and it will be a success.
From Proposition 2, we know that whenever minimum
trust requirements are satisﬁed (Eq. (18) and (19)), an R&D
cooperation will be initiated. If it involves asymmetric ﬁrms,
i.e., an opportunist and a non-opportunist ﬁrm, then it will
always be unsuccessful because the non-opportunist will earn
less than under non-cooperation. Therefore, just the existence
of trust is not suﬃcient to ensure the success of an R&D
cooperation.
This last proposition permits us to highlight the fact that
trust and contract initiation are not always correlated. This goes
against what is often held up as an intrinsic truth that opportunism is systematically an obstacle to the initiation and success
of R&D cooperation, while the existence of trust is suﬃcient to
ensure successful R&D cooperation.

5. CONCLUSION

Most game theoretic models of R&D cooperation do not deal
with trust because they consider either all ﬁrms to be
non-opportunists or all ﬁrms to be opportunists. Trust, whenever it appears, is the result of a repeated interaction between
agents. However, not all R&D contracts are implemented in the
context of a repeated game. How then are we to explain the
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emergence of R&D cooperation in a static context, when the
partners are confronted with the problem of opportunism and
they cannot formulate a complete contract that protects them
against such a risk? Our approach oﬀers some elements for an
answer.
The paper shows that when opportunism can not be
eliminated through some screening or incentive mechanism,
the success or failure of R&D cooperation depends on the
nature of ﬁrms, the conﬁgurations of trust and the level of
spillovers. When two ﬁrms consider whether or not to initiate
an R&D cooperation, one of the following equilibrium outcomes is possible:
• No initiation of R&D cooperation: For low levels of trust,
under any level of given spillovers, when at least one of the
partners is a non-opportunist.
• Initiation of R&D cooperation without manifestation of
opportunism: When two non-opportunists initiate a cooperation for suﬃciently high levels of trust under any given level
of spillovers.
• Satisfactory R&D cooperation with manifestation of opportunism: When two opportunists initiate a cooperation and
the spillovers are high.
• Unsatisfactory R&D cooperation with manifestation of
opportunism: Whenever an opportunist initiates a cooperation with a non-opportunist. This also occurs when two
opportunists initiate a cooperation and spillovers are low.
Thus, the paper demonstrates that the initiation of R&D
cooperation depends not only on the level of spillovers, but also
on the type of ﬁrms involved and their trust in one another.
Furthermore, the trust requirements of each type of ﬁrm depends on the degree of spillovers.
The present article also has implications for some of the
ongoing debates on trust and cooperation at a sectoral or regional level. For instance, recently, there have been a number of
studies comparing interﬁrm cooperation in the USA, Europe
and Japan. They indicate that American ﬁrms are more hesitant
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to initiate cooperation than their Japanese counterparts
(Casson, 1991; Dunning, 1995). The reason most often evoked
is that Japanese ﬁrms exhibit a higher level of trust (Sako and
Helper, 1998). However, a study by Yamagashi and Yamagashi
(1994) retaining the same deﬁnition of trust as used in this
paper, ﬁnds that the level of trust among Japanese is lower than
among Americans. Furthermore, Hagan and Choe (1998) put
forward the notion that trust in Japan is simply a social norm
that emerges given the system of sanctions and punishments
associated with cheating on commitments.
With respect to the above literature, whatever the reasons
for the existing levels of trust (whether or not they are due to
a social system of sanctions), the present article points out
that it is the nature of ﬁrms, their levels of trust and the
levels of knowledge spillovers that determines whether or not
they will cooperate. If the payoﬀs to cooperation are as in
the game considered in the article, then populations with a
higher proportion of opportunist ﬁrms will be more predisposed to initiate cooperation because they need less trust
than non-opportunist ﬁrms to initiate cooperation. This is of
course at loggerheads with the notion that ‘trusting ﬁrms’ are
more prone to initiate cooperation. Therefore, if cooperation
is more prevalent in a region, it could be either because the
levels of trust are high or because the proportion of trusting
ﬁrms or non-opportunist ﬁrms is low. More than trust, it
could be the potential exploitation of opportunism that
stimulates cooperation in R&D. Finally, the article also
shows that under certain conditions the potential manifestation of opportunism need not pose a threat to the realization
of satisfactory cooperation. This of course, calls for a further
examination of not only why R&D cooperation is initiated,
but also why it breaks down with or without the manifestation of opportunism.
This paper has its own limitations too. It does not discuss
the welfare implications of the model’s results in depth. The
structure of the game, including the payoﬀ structure, is such
that an opportunist always cheats at equilibrium. This does
not need to be true of all games. Extensions can explore the
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R&D cooperation contexts under which an opportunist does
not have the incentive to cheat systematically at equilibrium.8
Finally, the game can be extended from a static Bayesian
game, where beliefs are taken as given, to a dynamic one,
where beliefs are formed endogenously. Then the conditions
under which a particular belief structure can be sustained can
be identiﬁed.
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APPENDIX

1. Derivation of the non-cooperative R&D expenditure xnc
Recall that the proﬁt function of a ﬁrm, say i, is given by :


1=2
1=2
ð10 Þ
pi ¼ a  qi  qj qi  ðc  xi  bxj Þqi  xi :
Firm i chooses its R&D expenditure xi so as to maximize its
proﬁt function.
pﬃﬃﬃﬃ
@pi 
pﬃﬃﬃﬃ @qi
¼ a  2qi  qj  c þ xi þ b xj
@xi
@xi
ð20 Þ
@qj
1
þ qi 
þ pﬃﬃﬃﬃ  1:
@xi 2 xi
Now, since ﬁrm i will be maximizing its proﬁt in the ﬁnal
market, we know that at equilibrium @qi =@xi ¼ 0. Therefore,
the ﬁrst order necessary condition becomes:
@pi
@qj
1
¼ 0 , qi 
þ pﬃﬃﬃﬃ
@xi
@xi 2 xi

¼ 1:
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Recall from Equation (2) that at equilibrium :
1=2

1=2

xi ð2  bÞ þ xj ð2b  1Þ
ða  cÞ
þ
qi xi ; xj ¼
:
3
3
@qj ð2b  1Þ
¼ pﬃﬃﬃﬃ :
Then,
6 xi
@xi




@pi
ð2b  1Þ
1
¼ 0 , qi  pﬃﬃﬃﬃ þ pﬃﬃﬃﬃ
6 xi
2 xi
@xi

¼ 1:

ð30 Þ

Furthermore, at equilibrium at the R&D stage, given symmetric ﬁrms, we know that xi ¼ xj ¼ xnc and therefore
qi ¼ qj ¼ qnc . Thus, we have:
@pi
1
2b
ﬃ
¼ 0 , qnc pﬃﬃﬃﬃﬃﬃ
nc
3
@xi
x

¼ 1:

Then substituting the value of
pﬃﬃﬃﬃﬃﬃﬃ
xnc ðb þ 1Þ
ða  cÞ
nc
þ
qi ¼ q ¼
3
3
in the above equation, we get that:
,x

nc

¼

ð2  bÞ2 ða  cÞ2
ð7 þ b2  bÞ

2

:

2. Derivation of the cooperative R&D expenditure xr
The cooperative R&D expenditure xr is decided so as to maximize the sum of the proﬁt of the two ﬁrms, pi þ pj . Consider
ﬁrm 1.
@ðpi þ pj Þ @pi @pj
¼
þ
:
@xi
@xi @xi
From Equation (3¢), we know
@pi
1 2b
¼ qi pﬃﬃﬃﬃ
 1:
3
@xi
xi
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Recall that the proﬁt function of ﬁrm j is given by :


1=2
1=2
pj ¼ a  qj  qi qj  ðc  xj  bxi Þqj  xj :
,

pﬃﬃﬃﬃ @qj
@pj 
pﬃﬃﬃﬃ
¼ a  2qj  qi  c þ xj þ b xi
@xi
@xi
@qi
b
þ qj 
þ pﬃﬃﬃﬃ :
@xi 2 xi

ð40 Þ

Given proﬁt maximization in the ﬁnal market, at equilibrium
@qj =@xi ¼ 0. Furthermore, from Equation (3¢) we know that
@pi
1 2b
¼ qi pﬃﬃﬃﬃ
 1:
3
@xi
xi
Thus, we have:
@ðpi þ pj Þ
1 2b
@qi
b
 1 þ qj 
¼ qi pﬃﬃﬃﬃ
þ pﬃﬃﬃﬃ :
@xi
xi
3
@xi 2 xi
Since
@qi ð2  bÞ
¼ pﬃﬃﬃﬃ ;
6 xi
@xi
the above equation can be rewritten as :
@ðpi þ pj Þ
1 2b
2b
b
¼ qi pﬃﬃﬃﬃ
 1 þ qj  pﬃﬃﬃﬃ þ pﬃﬃﬃﬃ :
@xi
3
6 xi 2 xi
xi
ð50 Þ
Furthermore, at equilibrium at the R&D stage, given symmetric ﬁrms, we know that xi ¼ xj ¼ xr and therefore
qi ¼ qj ¼ qr . Then substituting the value of
pﬃﬃﬃﬃﬃ
xr ðb þ 1Þ
ða  cÞ
r
q ¼
þ
3
3
in Equation (5’) we get that :


pﬃﬃﬃﬃﬃ
@ pi þ pj
3 xr
r
:
¼0,q ¼
bþ1
@xi
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ða  cÞðb þ 1Þ
ðb2 þ 2b  8Þ
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2

:

3. Derivation of the opportunistic R&D expenditure xop
Let p be the probability of encountering an opportunist. Let s be
the probability that an opportunist does not cheat. Then the
opportunistic R&D expenditure, xop of any opportunist ﬁrm i is
one that maximizes its expected returns indicated below:
ð1  pÞ½spi ðxi ; xr Þ þ ð1  sÞpi ðxi ; xop Þ þ ppi ðxi ; xr Þ:
or:
ðð1  pÞð1  sÞpi ðxi ; xop ÞÞ þ ðp þ ð1  pÞsÞpi ðxi ; xr Þ:

ð60 Þ

Thus, xop is the R&D expenditure that satisﬁes the following
condition:
ð1  pÞð1  sÞ

@pi ðxi ; xop Þ
@pi ðxi ; xr Þ
þ ðp þ ð1  pÞsÞ
¼ 0:
@xi
@xi
ð70 Þ

Now we will derive the value of
@pi ðxi ; xr Þ
:
@xi
Recall that :


1=2
pi ðxi ; xr Þ ¼ a  qi  qj qi  c  xi  bðxr Þ1=2 qi  xi :
pﬃﬃﬃﬃﬃ @qi
pﬃﬃﬃﬃ
@pi ðxi ; xr Þ
¼ a  2qi  qj  c þ xi þ b xc
@xi
@xi
1
@qj
þ qi pﬃﬃﬃﬃ 
 1:
2 xi @xi
Now, since ﬁrm i will be maximizing its proﬁt in the ﬁnal
market, we know that at equilibrium @qi =@xi ¼ 0. Therefore,
the above ﬁrst order necessary condition becomes:
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@pi ðxi ; xr Þ
1
@qj
 1:
¼ qi pﬃﬃﬃﬃ 
@xi
2 xi @xi

ð80 Þ

Recall from Equation (2) that at equilibrium :
1=2

xi ð2  bÞ þ ðxr Þ1=2 ð2b  1Þ
ða  cÞ
þ
:
qi ðxi ; x Þ ¼
3
3
r

Then,
@qj ð2b  1Þ
¼ pﬃﬃﬃﬃ :
6 xi
@xi
Substituting this in Equation (8¢) we have :
@pi ðxi ; xr Þ
2b
¼ qi ðxi ; xr Þ pﬃﬃﬃﬃ  1:
@xi
3 xi
Then, substituting for the value of qi ðxi ; xr Þ, we can write the
above as:
pﬃﬃﬃﬃﬃ
@pi ðxi ; xr Þ ða  cÞð2  bÞ þ xr ð2b  1Þð2  bÞ
¼
pﬃﬃﬃﬃ
@xi
9 xi
ð90 Þ
2
ð5 þ 4b  b Þ

9
From equation (3¢) we know that
@pi
1 2b
 1:
¼ qi pﬃﬃﬃﬃ
xi
3
@xi
Substituting for the value of qi , we can write :
@pi ðxi ; xop Þ ða  cÞð2  bÞ ð7  b þ b2 Þ

¼
pﬃﬃﬃﬃ
@xi
9 xi
9
Now substituting the value of
@pi ðxi ; xr Þ
@xi

and

@pi ðxi ; xop Þ
@xi

ð100 Þ
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from Equations (9¢) and (10¢) into the ﬁrst order condition
given by Equation (7¢) we can derive the opportunistic R&D
expenditure xop as given below :
xop
"

pﬃﬃﬃﬃﬃ
 #2
ða cÞð2 bÞþ xr ð2b 1Þð2  bÞðpþ ð1  pÞs
¼
½ð1 pÞð1  sÞð7  bþ b2 Þþ ½ðp þð1 pÞsÞð5þ 4b  b2 Þ
:

NOTES
1. In this paper, the term ‘contract’ is used in a large sense, including all
explicit and implicit agreements.
2. There is also literature that examines how heterogeneity can emerge given
ex-ante homogeneous ﬁrms in the context of R&D investment. (see references in Amir and Wooders, 1999).
3. Such an idea is also supported by experimental evidence that conﬁrms the
existence of trust and cooperation even in one-shot interactions (Berg,
Dickhaut and McCabe, 1995).
4. The R&D cost reduction function is the standard quadratic cost function
introduced by Kamien et al. (1992) to capture the phenomenon of
decreasing returns to R&D expenditure.
5. This is equivalent to assuming that cheating is a dominated strategy for
non-opportunists or that the utility obtained from respecting a contract
is greater than that from not respecting it. Please note that this
assumption can be justiﬁed in many ways (see ‘The Introduction’ section).
6. The given game can also be considered as a three stage, whereby in the
ﬁrst stage the ﬁrms decide whether or not to enter into an R&D contract,
in the second stage they decide whether or not to respect the contract, and
in the third stage they decide on their quantities, with no revision of
beliefs between any of the stages.
7. The observations on costs, quantities and revenues can be directly inferred from the calculations on equilibrium values. These calculations
have not been included in the text to preserve conciseness.
8. A general game theoretic model to study the role of opportunism and
trust in any general context has been developed by Cabon-Dhersin and
Ramani (2003).

178

MARIE-LAURE CABON-DHERSIN AND SHYAMA V. RAMANI

REFERENCES
Amir, R. and Wooders, J. (1999), Eﬀects of one-way spillovers on market
shares, industry price, welfare, and R&D Cooperation, Journal of
Economics and Management Strategy 8, 223–249.
Arrow, K. (1962), Uncertainty and the welfare economics of medical care,
The American Economic Review 53(5), 941–973.
Arrow, K. (1974), The limits of Organization, New York: W.W. Norton &
Company.
Beath, J., Katsoulacos, Y. and Ulph, D. (1988), R&D rivalry vs R&D cooperation under uncertainty, Recherches Economiques de Louvain 54, 373–384.
Berg, J., Dickhaut, J. and McCabe, K. (1995), Trust, reciprocity and social
history, Games and Economic Behavior 10, 122–142.
Bhattacharya, S., Glazer, J. and Sappington, D. (1990), Sharing productive
knowledge in internally ﬁnanced R&D contests, The Journal of Industrial
Economics 2, 187–208.
Bhattacharya, S., Glazer, J. and Sappington, D. (1992), Licensing and the
sharing of knowledge in research joint ventures, Journal of Economic
Theory 56, 43–69.
Bromiley, P. and Cummings, L. (1995), Transaction costs in Organizations
with trust, Research on Negotiation in Organizations 5, 219–247.
Buskens, V. (2003), Trust in triads: eﬀect of exit, control and learning,
Games and Economic Behavior 42, 235–252.
Cabon-Dhersin, M.L. and Ramani S.V. (2003) Opportunism, trust and
cooperation: a game theoretic approach with heterogeneous agents, SERD
working paper, INRA, Universite Pierre Mendes France, BP 47x, Grenoble
cedex 9, France.
Casson, M. (1991), The Economics of Business Culture: Game Theory,
Transaction Costs, and Economic Performance, Oxford, England: Clarenton Press.
Choi, J.P. (1993), Cooperative R&D with product market competition,
International Journal of Industrial Organization 11, 553–571.
Combs, K.L. (1993), The role of information sharing in cooperative research and development, International Journal of Industrial Organization
11, 535–551.
D’Aspremont, C. and Jacquemin, A. (1988), Cooperative and noncooperative R&D in duopoly with spillovers, American Economic Review 78,
1133–1137.
DeBondt, R. (1997), Spillovers and innovative activities, International
Journal of Industrial Organization 15, 1–28.
Deeds, D. and Hill, C. (1998), An examination of opportunistic action
within research alliances: Evidence from the biotechnology industry,
Journal of Business Venturing 14, 141–163.

DOES TRUST MATTER FOR R&D COOPERATION?

179

Dunning, J.H. (1995), Reappraising the eclectic paradigm in an age of
alliance capitalism, Journal of International Business Studies 26, 461–
491.
Gandal, N. and Scotchmer, S. (1993), Coordinating research through research joint venture, Journal of Public Economics, 51, 173–193.
Glaeser, E., Laibson, D., Scheinkman, J. and Soutter, C. (2000), Measuring
trust. Quarterly Journal of Economics, 115, 811–847.
Grossman, G. and Shapiro, C. (1987), Dynamic R&D competition, The
Economic Journal 97, 372–387.
Gueth, W., Kliemt, H. and Peleg, B. (2000), Co-evolution of preferences
and information in simple games of trust, German Economic Review 1,
83–110.
Hagen, J. and Choe, S. (1998), Trust in Japanese inter-ﬁrm relations:
institutional sanctions matter, Academy of Management Review 23, 589–
600.
Hinloopen, J. (2000), Strategic R&D cooperatives, Research in Economics
54, 153–185.
James, H. (2002), The trust paradox: a survey of economics inquiries into
the nature of trust and trustworthiness, Journal of Economic Behavior and
Organization 47, 291–307.
Kamien, M., Muller, E. and Zang, I. (1992), Research joint ventures and
R&D cartels, American Economic Review 82, 1293–1306.
Katsoulacos, Y. (1988), On incentives to cooperate in R&D when imitation
is diﬃcult: a simple economic model, Aussenwirtschaft 43, 141–146.
Katsoulacos, Y. and Ulph, D. (1998), Endogeneous spillovers and the
performance of research joint ventures, Journal of Industrial Economics 46,
333–357.
Katz, M. (1986), An analysis of cooperation research and development,
Rand Journal of Economics 17, 527–43.
Kesteloot, K. and Veugelers, R. (1995), Stable R&D cooperation with
spillovers, Journal of Economics & Management Strategy 4, 651–672.
Kogut, B. (1989), The stability of joint-ventures: reciprocity and competitive
rivalry, The Journal of Industrial Economics 38, 183–198.
Kreps, D. (1990), Corporate culture and economic theory, in J. Alt and
K. Shepsle (eds), Perspectives on Positive Political Economy, 90–143.
Marjit, S. (1991), Incentives for cooperative an non-cooperative R&D in
duopoly, Economics Letters 37, 187–191.
Morash, K. (1995), Moral hazard and optimal contract form for R&D
cooperation, Journal of Economic Behavior and Organization 28, 63–78.
Motta, M. (1992), Cooperative R&D and vertical product diﬀerentiation,
International Journal of Industrial Organization 10, 643–661.
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