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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 con-
ditions 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.
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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 cre-
ated, 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 in-
volve 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 mul-
tiplying, cooperation at the R&D level is still more the excep-
tion 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 coopera-
tion, others are cited as having broken down due to manifes-
tations 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, com-
mitments 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 infor-
mation 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,' has a crucial impact on the initiation and
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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 con-
tract. 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 exten-
sive 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 hetero-
geneity 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 ‘incen-
tive’ 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 config-
urations of the firms.

In this context, two central questions are examined:

(1) What is the relationship between the trust configurations
and the initiation of R&D cooperation?

(i) 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 lit-
erature 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 ini-
tiate 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 theo-
retic models of R&D cooperation. For instance, the conclu-
sions 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 an-
other to initiate cooperation and the level of spillovers is suf-
ficiently 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 equilib-
rium 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 the-
oretic 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 cooper-
ation 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’As-
premont 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 internal-
ization 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
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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 gen-
erated 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.? 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 imple-
menting 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 sta-
bility 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 ex-
pected 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’étre of trust is most often grounded in the
incompleteness of contracts that characterizes inter-firm coop-
eration in R&D (Arrow, 1974). In other words, trust encour-
ages 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 coop-
eration 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 reputa-
tion 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.® Trust is simply an exogenously
given probabilistic belief of a firm (which is common knowl-
edge) that its potential collaborator will respect its commit-
ments. 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 no-
tion 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’ a 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 sec-
ond, we will solve for the optimal strategies and the payoff
functions. Lastly, using simulations, we will identify the prop-
erties of the R&D expenditure functions and the payoff func-
tions.

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 #; , or a non-opportunist .
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 — (1 — p)(1 — s), 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 produc-
tion through investment in R&D. Let the R&D expenditures of
firms 7 and j be given by x; and x;. Let the reduction in costs for
firm i due to an R&D expenditure, x;, be given by the function
g(x;) = x}/ ?. The function g(.) is non-negative, twice differen-
tiable, increasing and strictly concave indicating that returns to
R&D investment are subject to decreasing returns.*
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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
bx} /2 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 ¢; stand for the quantity
produced by firm i. Then the total reduction in the production
costs of firm 7, when firm i spends x; on R&D, and firm j spends x;,
. . ]/2 1/2 . . . .
is given by (x;'” + bx;'”)q;. Similar is the case for firm j.

Each firm i faces a demand p; = fi(q;, ¢j) = a — q; — q;, where
pi stands for the price charged by the ith firm. The average cost
of production is given by ¢; = ¢; = ¢, where ¢ >0 and ¢ < a.
Given an R&D profile of the two firms, (x;, x;) and the quan-
tities to be supplied in the final market, (¢;, ¢;), the profit of firm
i, m; (.), can be written as follows:

m=(a—qi— q)qi — (c — ;"> = bx; g — i (1)
Similar is the case for firm j. The profit functions, =; (.) and 7;
(.), 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, x', which maximizes
the joint profits of the group as a whole (i.e., m () + 7 (.)).
In other words, x* maximizes the profit of the group,
assuming that none of the firms deviate from their commit-
ment 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 cooper-
ation accord, x', cannot explicitly take into account the fact
that any firm can deviate from its commitment after the
signing of the accord and, hence, x" 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, x"¢, the
investment that maximizes its profit function, =; (.) or entering
into an R&D alliance and investing x". 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 expendi-
ture, x°P, is the R&D expenditure that maximizes its expected
profit within the R&D alliance. On the other hand, a non-
opportunist firm can only invest x', if it enters into an R&D
cooperation, because it can not cheat on the contract by
definition.” The decision tree of a non-opportunist firm i is
illustrated in Figure 1.° 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 Cour-
not-Nash quantities, (¢;, ¢;), and compete in the final market.
At the end of the second stage, for any configuration of R&D
expenditures invested, (x;, x;), and quantities produced in the
final market, (g;,¢;), the two firms earn the Cournot-Nash
profit 7i(.) and 7; (.). 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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Firm j opportunist Firm j non-opportunist

No alliance
xnc

No alliance

xll(,‘
Respect Respect

®
(1-ps

Firm i non-opportunist

(1-p)(1-s)

Alliance No alliance

xr 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:

e An R&D cooperation is satisfactory, if ex-post, at the end of
the game, each firm earns a profit higher than that corre-
sponding to non-cooperation;

e Otherwise, the R&D cooperation is unsatisfactory.

When the R&D cooperation is unsatisfactory, the R&D alli-
ance 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 (x;, x;) invested by firms i and j, the equilib-
rium quantity of firm 7 in the third stage is given by:
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qi(x;,x;) = Argmaxn; = Argmax((a — q; — ¢,)¢:)

qi qi
- (c—x}/2 —bx;/z)q,-—xi;
1/2 1/2
L amg, Pe—) e Pes- 1)
ql('xl’x])_ 3 + 3 .

(2)

Similar is the case for firm ;.

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, x", is such that no firm
has any incentive to deviate from this investment, given that its
competitor is also investing x". It is defined as follows and a
detailed derivation is provided in the appendix.

X" = Argmax m;(x;, x");
2 ;
e [2=Da=a]" )
(7+b>—b)
The Nash equilibrium R&D cooperation contract is a vector of
R&D expenditures (x', x*) such that the R&D expenditure of each
firm, x', maximizes the sum of the profits of the two firms within
the alliance, given that the other firm is also spending x'; i.e.,
x" = Argmax (m;(x;, x") + m(x;, X"));
b+ 1)(a—c)]*
v =[x Do "
(b—=2)(b+4)
Again, the appendix gives the details on the computation of
x'.

Finally, the opportunistic R&D expenditure x°P 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.

[(1 = p)lsmi(xi, x7) + (1 = $)mioxi, x°P)] + prioxi, X7);

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 x°P 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 x°P.

x°P = Argmax|[(1 — p)[sm;(x;, x") + (1 — s)7;(x;, x°P)]

Xi

+ pri(xi, x|

& xOP

(a—c)(2=b)+ (VaT(2b—1)(2=b)(p+(1—p)s)
[(1=p)(1=9)(T=b+b*)]+[(p+(1=p)s)(5+4b—1?)]

(5)

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 x°P(b,p,s) is an
increasing function of p and s for all values of spillovers b. Fur-
thermore, x°°(b,p,s) > x"°(b) always.

(L1.2) For any given level of spillovers b, and beliefs (p,s) the
R&D expenditures x"°(b), x"(b) and x°°(b, p,s) are such that:
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x'(b) < x"(b) < x°P(b,p,s) for b <0.5; (6)
x"(b) < xP(b,p,s) < x'(b) for b > 0.5. (7)

According to the definition of x°P(b,p,s), it is a linear
function of p and s. When there is no trust, i.e., p = s = 0, then
x°P(b,p,s) = x"(b). Furthermore, whenever p or s increases,
the function x°P(b, p,s) shifts upwards. Finally, when there is
complete trust, i.e., p = s = 1, then:

VAT + (Vb ~ )2 - 5)]

¥rb, 1 1) = (5+4b— b2

> x"(h).

Since x°P (b, p, s) goes from x"°(b) to a value greater than x"(b)
as p and s increase from 0 to 1, the linearity and continuity of the
function x°P (b, p, s) in p and s implies thatitisincreasingin p and s
and is always equal to or greater than x"(b).

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 ¢, with a > ¢. Thus,
opportunistic R&D effort, x°P(b, p,s), is always the inverse of
the cooperative effort, x"(b), in the sense that when the latter is
high, the former is low and vice versa. This supports the intu-
ition that opportunism is the opposite of cooperation.

64, 89 '
XOp(b,.l,.4) 60~ /_
xl’p(b,l,l) /A/
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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 x"(b)
is always less than the non-cooperative effort x"°(b) 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:

T (x0p7 xr) l[,o) Z T (xr’ xr) ti,O); (8)

T (x0p7 x0p7 ti,o) Z T (-xra x0p7 ti,O) . (9)
(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:

mi(xP, X" ti o) > mi(x°P, xP 1), (10)

(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 :

[Tci(xopa xr’ [z‘,o) - TC,'(Xr, xr7 ti,o)] ( )

11
> [mi(x°P, xP 1 o) — mi(x", X ;)] for b< 0.5

[ni(x0p7 xr’ ti,o) - ni(xra xr, ti,o)]
(12)
< [mi(x°P,xP 1 o) — mi(X", XP ti)]  for b>0.5

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 @ and cost of production ¢, with @ > ¢ and
for all possible beliefs (p, s).

Lemma (L2.1) reveals that cheating is a dominant strategy
for an opportunist firm in this R&D cooperation game.
According to Lemma 1, x°? > x" 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 ef-
forts. 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 spill-
overs, 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 spill-
overs are high, x°? < x', 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 econ-
omizing on the R&D investment but still bringing down costs
through free riding.’

Lemma (L2.2) confirms that though it pays for an oppor-
tunist 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=0, 1e., an
opportunist will always cheat. Consequently, at equilibrium,
trust is equivalent to the probability of encountering a non-
opportunist, 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 oppor-
tunism always yields a higher profit than non-cooperation.

(X" X' ) = 7' > w(x", X" ) = 1. (13)
(L3.2) An R&D cooperation without manifestation of oppor-
tunism always yields a higher profit than when both players cheat.

' > mi(xP, xP ¢,) = n°P. (14)

(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.

(x5, x%P 1) < " < m(xOP X t). (15)
(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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°® > 7% for b > 0.5. (16)
P < 7" for b <0.5. (17)

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 mani-
festation of opportunism always leads to a higher payoft 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 1s 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 coop-
eration is initiated, an opportunist firm will cheat in the second
stage, spending x°P, whereas a non-opportunist firm by
definition will respect the contract, investing x'. By the same
logic, all Nash equilibria where R&D cooperation is not initi-
ated will be pooling equilibria, with both firms spending the
non-cooperation R&D effort, x"°.

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 oppor-
tunism? To answer this question, we will examine the con-
ditions 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 sim-
plicity, 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-coopera-
tion. 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 non-
cooperation.
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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 mani-
festation of opportunism.

(1.1) Two opportunists can initiate an R&D cooperation sat-
isfactorily 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 sat-
isfactory because each firm obtains a payoff greater than under
non-cooperation: n°° > 7" for b > 0.5 (Eq. (16)). When the
spillovers are high and two opportunists cheat, their R&D ef-
forts 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 n°° > 7" 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 coopera-
tive 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 x°P(b,p,s) > x". Then, from Equation (2), we can de-
duce that for all beliefs (p, s) and a value of spillovers » > 0.5, the
quantities produced and sold at equilibrium are such that:

Q% = 24,(x®(b, p,5), X (b, p,s5)) > O™ = 2¢;".

Consider the utility of a representative consumer to be given
by U(Q,Z) = u(Q) + Z where u(Q) = aQ — 1/2bQ* (a,b > 0)
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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 oppor-
tunism 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:

e Whenever an opportunist firm initiates cooperation with a
non-opportunist firm.

e 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 unsatis-
factory for spillover values b < 0.5, (Eq. (17)). Here, the
opportunist firms spend more on R&D than under non-coop-
eration. 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 p" be the minimum
level of trust required for a non-opportunist firm to initiate a
cooperation. Let p°P be the minimum level of trust required for
an opportunist firm to initiate a cooperation.

PROPOSITION 2. Trust requirements of opportunist and non-
opportunist firms

2.1 For a non-opportunist firm, the minimum level of trust
required, p*, is an increasing function of spillovers.

8 T

8—];7 > 0 for all values of b.
2.2 For an opportunist firm, the minimum level of trust required,
PP, is a decreasing function of spillovers.

op°P
W <0 fOV b < 0.5. pop =0 fOV b > 0.5.
2.3 For all parameter configurations p°® < p".
Proof. (2.1) Now suppose firm i is a non-opportunist. Then
its expected profit from an R&D cooperation is given as below:

05 [ S
p”(b,.8,0) :
P (b,.8,0) ~—
ok !
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Figure 4. Trust requirements of opportunist and non-opportunist firms as a function
of spillovers.
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E[ni(t,-’n) |p] =pr' + (1 —p)n,-(xr, x°P, l,-ﬁn).

The firm initiates the contract if and only if : E[n(t;,)|p] > .
This gives the minimum level of trust for a non-opportunist
firm to initiate an R&D cooperation as p" below:

"¢ — m; (xr, x°P, t,-vn)

Tt — ni(xr, XOP, t,-7n) )

T

p:

(18)

The numerator is positive given Equation (15). Again, by
Equations (15) and (13), the denominator is positive. Therefore,
p' 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[ﬂi(ti,o)|l7] :Pﬁi(x()p»xr, Zi,o) + (1 = p)nP.

Firm i will initiate an R&D cooperation if and only if
E|[n(t;o)|p] > 7. This means that the minimum level of trust
required for an opportunist to initiate a contract p°P is:

PP = Max{ 0 n ot (19)
"7 (XOP, X, 1) — WOP

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 po-
sitive for b < 0.5 and negative for b > 0.5. Therefore, p°P 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, p°P, 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, p°P < p’,
because p°? =0 while p* > 0. Let us then consider the case
when b < 0.5. From Equation (9), we have that:
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" — 1% < 7" — (X, xP) ). (20)

Again, from Lemma 2 and Equation (11), we have that for
b <0.5:

[ (x°P, X", tio) — 7] > [1" — mi(x", x°P, 1;,0)]. (21)

Combining Equations (20) and (21), it is clear that p°P? < p" for
b < 0.5 also. O

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 require-
ments 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 (Egs. (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 non-
cooperation, 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 oppor-
tunism 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, when-
ever 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 out-
comes is possible:

e 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.

o [nitiation of R&D cooperation without manifestation of
opportunism.: When two non-opportunists initiate a cooper-
ation for sufficiently high levels of trust under any given level
of spillovers.

o Satisfactory R&D cooperation with manifestation of oppor-
tunism: When two opportunists initiate a cooperation and
the spillovers are high.

o Unsatisfactory R&D cooperation with manifestation of
opportunism. Whenever an opportunist initiates a coopera-
tion 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 de-
pends 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 re-
gional 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 pre-
disposed 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 manifesta-
tion 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 manifes-
tation 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.®
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 x™°
Recall that the profit function of a firm, say i, is given by :
T = (a—qi—qj)qi—(c—xg/z—bx}/z)qi—xi. (1)

Firm i chooses its R&D expenditure x; so as to maximize its
profit function.

87’5[ 81
= (=241 gy — e+ VR + by S
ox; 0x; o
+ qi 8q’+L —1 @
g ox;  2/x; ’

Now, since firm i will be maximizing its profit in the final
market, we know that at equilibrium 0¢;/0x; = 0. Therefore,
the first order necessary condition becomes:

87r,~ . 8q, 1 o
oy 0 q’( axi+2\/5c;) -
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Recall from Equation (2) that at equilibrium :

@0 (x}/z(z _ b)) n (x}/z(zb _ 1))

qi(xi, x;) = 3T 3
Then, 8%’ = w
8x,~ 6\/)(?,'
om; 2b—1) 1
— | — = 1. '
8)(,' 0 ql( 6\/)([ + 2\/)6,) (3 )

Furthermore, at equilibrium at the R&D stage, given sym-
metric firms, we know that x; =x;=x"" and therefore
gi = q; = ¢q"°. Thus, we have:

87’[,‘ ne 1 2—-b
o — (=) =1.
6’x,- 0<:>q xnc< 3 )

Then substituting the value of
- nc(h+1
B e IR L)
3 3
in the above equation, we get that:
(2-b)(a—c)’
(7462 —b)*

& X" =

2. Derivation of the cooperative R&D expenditure x*

The cooperative R&D expenditure x" is decided so as to max-
imize the sum of the profit of the two firms, n; + n;. Consider
firm 1.

8(7@- + TEJ') . 67’[,‘ 4 6717]'

6)(1' N 6)(?,‘ Gx,- ‘

From Equation (3’), we know

om _ 1 (220 _,
ox, T\ 3 ‘
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Recall that the profit function of firm j is given by :

1/2 1/2
m=(a—q—q)g— (c—x"" = bx;)g— x;

on; Oa.
& 0 = (a=2g— g — ¢+ T + byx) T
6Xi 8)61' 4
Lo 0a b (4)
TN ox; T2ym)

Given profit maximization in the final market, at equilibrium
Jq;/0x; = 0. Furthermore, from Equation (3") we know that

8n,~_ L 2—b 1
ox: T\ 3 '

Thus, we have:

a(ﬂ:,‘ + 7'Cj) 1 2—-b 8q, b
= q; -1 | — = .
Ox; q\/fi( 3 ) +q]< 6x,:+2\/fi
Since

Iq; B (2-0)
ox; 0/x;

the above equation can be rewritten as :

5’(ni+nj) 1 2—b 2—b b
= (q; -1+ g\ —/——=+ .
0x; Vxi\ 3 6Xi  2\/X;
(5)
Furthermore, at equilibrium at the R&D stage, given sym-

metric firms, we know that x; =x;=x" and therefore
gi = q; = q". Then substituting the value of

_la=q) VF(b+1)

3 3
in Equation (5) we get that :
o(m; < 3v/x*
(rtm) oo W

6)6,‘ b—l—l
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o= ()

3. Derivation of the opportunistic R&D expenditure x°P

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, x°P of any opportunist firm 7 is
one that maximizes its expected returns indicated below:

(1 = p)lsmi(xi, x7) + (1 = $)mi(xi, x°P)] + prioxi, 7).
or:

((1=p)(1 = $)mi(xi, xP)) + (p + (1 = p)s)mi(x;, X). (6')

Thus, x°P is the R&D expenditure that satisfies the following
condition:

(1-21=9 7= 1 o 1= ) P 0,
(7)
Now we will derive the value of
omi(x;, x")
(9)C,‘ '

Recall that :
(i, ¥) = (a = g = q))ai — (¢ — x> - b(xf)”z)ql- ~ X

oni(x;, x")

1 0q;
o (wz- - ax) !

Now, since firm i will be maximizing its profit in the final
market, we know that at equilibrium Jg;/0x; = 0. Therefore,
the above first order necessary condition becomes:
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Omitxi,x) (L 04\ (8)
ﬁxi 2\/-771 8xi
Recall from Equation (2) that at equilibrium :

- (MP@-0)+ ()"0 -1))

qi(xi, x') = =+ 3
Then,

dq;  (2b—1)

O0x; 0/X;

Substituting this in Equation (8”) we have :

87t,~(xl~, Xr) . r 2—-b
a7)@_q,(x,,x)(?’\/fl) 1.

Then, substituting for the value of ¢;(x;, x"), we can write the
above as:

oni(x;, x") _ (a—c)(2 —b)+Vx(2b — 1)(2 — b)
axi 9\/971 /
(%)
(5+4b — b?)

9

From equation (3") we know that
87’[,‘ 1 (2 — b>
=q¢—|—) -1
0x; VX3
Substituting for the value of ¢;, we can write :

87t,-(xl~, XOP) _ (a — c)(2 — b) _ (7 —b+ bz) (10/)

0x; 9/Xi 9
Now substituting the value of
(. Xt (x:. xOP
om;(x;, x") and om;(x;, x°P)

ox; ox;
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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 x°P as given below :

x°P

(a—c)(2—b)+ (ﬁ@b— H2-b)(p+(1 —p)s)
[(1=p)(1=5)(T=b+b)]+[(p+ (1—p)s)(5+4b—D?)]

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 ref-
erences 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’ sec-
tion).

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 in-
ferred 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).
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