COOPERATION AND COMPETITION
IN A DUOPOLY R&D MARKET"

DAMIANO BRUNO SILIPO

Dipartimento di Economia Politica
Universita della Calabria,
87036 Arcavacata di Rende
Cosenza
Italy

and

AviI WEIsS

Department of Economics
Bar-llan University
52900 Ramat-Gan

|srael

" We thank Huw Dixon, John Hey and especially Gianni De Frajafor comments on a previous version of this
paper. The usua disclaimer applies. Financial support from the Italian MURST, from the Samuel Neaman
Ingtitute for Advanced Studies in Science and Technology, and from the Bar-I11an University Research Center is
gratefully acknowledged.



Abstract

In a general setting with uncertainty and spillovers in R&D activity, we consider the
incentive to cooperate among firms at any or al of the following three stages. Firms can
jointly agree on the level of R&D expenditures, they can set up joint research facilities,
and/or they can engage in an information sharing agreements, by which they agree to share
any findings with the other firm. We compare expenditures on R&D, profit levels, and
welfare levels across the different possible cooperative and competitive setups and offer
antitrust implications. Our model differs from previous analyses in three important ways.
First, most studies consider only research aimed at lowering production costs, and therefore
consider only situations where total profits fal as spillovers increase. We dlow for the
possibility of product innovation, and define the concepts of offsetting spillovers (falling total
profits) and incremental spillovers (when total profits increase as spillovers increase).
Second, we consider a wider variety of cooperation possibilities than do most prior studies.

Finally, we use far more general functional forms than isusual in the literature.



|. Introduction

It is well recognized that there is a market failure in the provision of innovations that is
related to the nature of R&D activity. The faillureis attributed to severa factors. First, thereis
uncertainty about the outcome of R&D activity. Firms that devote resources to research into a
new product or technique do not know whether they will succeed, or how long the research
will take. Second, due to spillover effects, successful firms may not be able to appropriate all
of the rents from the outcome of R&D activity. There are various ways in which imitation of
a novel idea can take place: property rights may be only broadly attributed; researchers may
move between firms transferring knowledge from successful to unsuccessful firms, and so on.
Unsuccessful firms can therefore benefit from successful R& D without paying the full cost.
One way to mitigate the detrimental effects of this market failure isto have firms cooperate in
R&D activities.

There is a considerable amount of work on the issue of how uncertainty and spillovers
affect R&D activity. In a seminal paper, dAspremont and Jacquemin (1988) compared the
cooperative and non-cooperative levels of R&D expenditure when there are spillovers from
R&D activity. They found that for a high value of the spillover parameter R& D expenditure
is higher when firms cooperate in R&D activity. The result was achieved using a simple
model, in which two firms undertake cost reduction R&D activity with no uncertainty.
Subsequent papers supported the robustness of their results over a much wider class of
models, including uncertainty in R&D activity (Choi, 1989), oligopolistic industries
(Suzumura, 1992), product innovation (Motta, 1992 and Rosenkranz, 1995) and severa
forms of cooperation in R&D (Kamien et a., 1992). All these results are based on the
assumption that the incentive to cooperate is not affected by uncertainty and spillovers. Marjit
(1991) and Combs (1992) examined the role of uncertainty on the incentive to cooperate, and
showed that cooperation will take place only when the probability of success is relatively
high. Choi (1993) studied the incentive to cooperate in a duopoly R&D market where thereis
uncertainty and spillovers. He showed that if the spillover parameter is high, cooperation in
R&D is more likely to take place, and that the cooperative level of R&D expenditure is
higher than the competitive level.

The model presented in this paper is most closely related to Choi's (1993) in that we
consider an industry with two potential producers, each attempting to “discover” a new
product or process, and we use completely genera functional forms in analyzing the issues.



Our analysis, however, differs from Choi's in two important aspects. First, we look at a
broader range of definitions of "cooperation” than did Choi. Choi assumes that cooperation
between firms means that the parties agree on how much to spend on research, but that each
firm retains sole-proprietorship of the results from the research (aside from the amount that
spills-over to the other firm). We investigate additional possibilities by analyzing the effects
of cooperation between firms at three different points in the R&D process. We alow for:
a) firms agreeing on the level of expenditures (as in Choi); b) firms setting up joint research
facilities (denoted below joint ventures), which lend themselves to the exploitation of
synergies by, for example, eliminating any duplication of research efforts;, and c) firms
entering into information sharing agreements, whereby any firm that is successful in its
research efforts is obligated to share the results with the other firm (an ex-ante cross-licensing
agreement). We do not allow for collusion in the product market. Since each of the three
types of cooperation can either exist or not, there are eight possible permutations. We
consider only six of them, since we believe that when research is conducted in the same
facilities, it would be impossible not to share the results of the research. In al cases we
assume that any agreement is costlessly enforced.*

The second major difference between our paper and Choi’s is that his conclusions are
based on the assumption that total industry profits decline as the spillover rate increases, due
to intensified competition in the product market. However, spillovers may also enlarge the
scope for use of a discovery, and if this effect dominates the former, profits can increase as
spillovers increase. To this end, we introduce the concepts of offsetting and incremental
spillovers, and show how and under what circumstances this dimension is consequential. In
this more general framework, we examine the effects of uncertainty and spillovers on the
level of R&D expenditure under the six regimes outlined above. Across these cases we
compare equilibrium levels of investment, profitability, in order to discover which setups will
be most preferred by the firms, and welfare. Although our generalized functional
specification precludes us from giving a complete ranking of all variablesin all situations, we
are able to derive severa insights. The main findings are as follows.

Firgt, it is the type of spillovers, and not merely their extent, that determine relative
desirability. Specifically, when spillovers are offsetting competition in R&D tends to be more
profitable than cooperation in R&D (through an information sharing agreement or a joint
research venture), but with incremental spillovers cooperation is often more desirable. Thisis

because cooperation leads to maximal spillovers (since any findings by one firm are shared



with the other), so if spillovers are incremental cooperation is to the benefit of the firms, and
they have an incentive to cooperate, while if they are offsetting competition is more
beneficial. The relative level of investment in R&D (cooperation vs. non-cooperation),
however, depends mostly on the extent of spillovers and not on the type of spillovers. In
addition, cooperation is often, but not always, welfare enhancing. Second, cost sharing
usually leads to increased investment, profits and welfare. Finally, joint ventures
categoricaly lead to more investment, higher profits and greater welfare than information

sharing agreements.

This paper is organized as follows. Section 2 sets up the basic model. Section 3 considers
the level of R&D expenditure and profits under three regimes without cost sharing —
competition, information sharing agreements, and joint ventures. We compare between these
setups from the producers perspective, and discuss welfare implications. Section 4
reexamines these three regimes when research costs are decided upon cooperatively, i.e., with
cost sharing. We show how this additional layer of cooperation affects behavior in each of the
three setups, and compare across the three setups with cost-sharing. The final Section
summarizes the results, and raises issues regarding antitrust considerations connected with
cooperation, and possible conflicts and concerns that may arise between the cooperating

parties. Some policy implications are aso discussed.

II. TheMode —Basic Setup

Consider two firms undertaking R&D activity, that must decide whether to cooperate
and how much to spend on R&D activity. The purpose of the R&D efforts is to discover a
new product or process, and if afirm's R&D efforts are successful, i.e,, if it has discovered
the product or process, it can not reap any additional benefit by discovering the results of the
other firm’s R&D activities since these will be redundant.? Cooperation can be undertaken in
the R& D market only, since local antitrust laws prohibit cooperation in the product market. In
the absence of cooperation between the firms and in the absence of spillovers, success in
R&D activities on the part of a single firm will result in a monopoly in the product market,
while if both firms succeed, there will be competition between the firms. If, however, the
patent system does not guarantee perfect appropriability, research results may spill over to the
rival firm who will then be able to appropriate part of the benefits from the innovation even
though its own research efforts were unproductive (it will be able to produce an imperfect



substitute). Denoting the degree of spillovers in the project by o, a 0[0], define R (o) as
the expected revenue to the successful firm, Rz(a) the expected revenue to the unsuccessful

firm, and R, the expected revenue to the duopolist in the case where both firms succeed,

either independently or cooperatively. We proceed as in Choi (1993), and make the following
natural assumptions

Rl@) _q. 9 Rla)

Nﬂmmmnkﬂ)dda T >0; (i) R,(0)=0;

and (i) R (1) =R,(1) = Rs.

Part (i) of Assumption 1 states that spillovers are detrimental to the successful firm but
help the unsuccessful firm. Part (ii) states that the expected revenue of the unsuccessful firm
is zero if there are no spillovers since it does not participate in the product market.® Part (iii)
says that the revenue with cooperation and discovery is equal to the revenue of each duopolist

in the case of noncooperative discovery (by at least one duopolist) and complete spillovers.*

In contrast to Choi (1993), we introduce the possibility that spillovers can increase or
reduce total industry profits. We thus define:

9 [R(a)+ R, (@)
Jda

Definition 1:  Spillovers are incremental if >0, and they are

o [R@+R@)] _

ffsetting if
orfsetting | 9

The above definition states that an increase in the degree of spillovers can increase total
industry revenue by enlarging the scope of use of a discovery (on this point see Marjit 1990,
and Levin and Reiss, 1988), or it may reduce total industry revenue, due to intensified
competition in the product market (Choi, 1993). When the former effect dominates the latter,
we call the spillovers "incremental”, and we call them "offsetting" if the reverse is true.
Spillovers are most likely to be incremental in the case of product innovations, rather than
process innovations, since in this case it is more plausible that market demand increases with
the number of the firms that market the innovation. Moreover, incremental spillovers are
more likely in the case of complementary goods than in the case of close substitutes. Finally,
spillovers are more likely to be incremental when they take place across industries rather than

within an industry (for intra-industry spillovers see Bernstein and Nadiri, 1988).



We assume that the results of R&D activity are uncertain. Denote by P(x) the

probability of successif the firm invests x in the project. Following Choi (1993), we make the

following natural assumption:
Assumption 2: P'(x)=0; P"(x)<0; P'(0)=o0; and P'(c0) =05

Firms must decide whether or not to cooperate. Cooperation can occur at any or al of
three stages. Firms can agree on the level of spending on research (as per Choi), they can
choose to conduct the R&D using joint research facilities, and they can choose to share the
outcomes of their research efforts® This yields eight possible cooperation configurations.
However, two of these can be eiminated, since the use of joint research facilities

automatically results in the sharing of research outcomes.

We proceed as follows. We first develop and compare the three cases without spending
synchronization — full competition, information sharing only, and research joint ventures (in
which information is also shared automatically). In our comparison we address the issues of
the level of R&D expenditures, the relative profitability from the firm's perspective, and
welfare. We then allow for joint spending decisions, and show how this affects the previous
analysis. The six cases are shown in Table 1 in the order in which they will be analyzed.
Figure 1 shows all the comparisons made in the paper, and indicates the sections in which the

comparisons appear.

[11. Competition, I nformation Sharing Agreements, and Resear ch Joint Ventures

A. Competition (C)

We consider first the case where there is no cooperation. If firms compete on al fronts,
the expected net profit of firmi is’

®  EN? =P )Pl JRu(@)+ @~ POP; R (@) + POs P R~

The first term is the probability that the first firm alone is successful in its research efforts
times the income the firm gets if it alone discovers, and thus earns monopoly profits (given
the level of spillovers). The second term is the probability that only the other firm discovers
times the income realized in this instance, and the third term shows the probability that both
firms discover times the income in that case. If neither firm discovers, revenues are zero. The

cost of theresearch isincurred in all cases.



Firm i chooses the optimal level of expenditure on the project from maximization of (1)

with respect to x; for given x;. Thefirst order condition for amaximum is

@ G-= dE“ = P ()R @) - Plx, YR (@) + Ry(@) - Ry)] -1=0,

where X° = X° (xJ : Rl( ) Rz( ) R3) is the solution to (2).% An analogous condition holds for
firmj.

Totally differentiating (2) with respect to x; and x; , we have

dX ()()(Rl +R2 )
ax; P& JRla)- Pl R(@) +R2 Rs)

by the second order conditions. Moreover,

d(d)j—x/:jxi)< 0 if ED'()(])Z - p"(xj)P(xj)gRl(aH R,(@)-R,)>-P" (Xj)Rl(a)’

R)

which will occur except in extreme instances.” If this condition holds, there is guaranteed to
be a unique and symmetric Nash equilibrium in the R&D competitive game. If this condition
does not hold there may also be non-symmetric equilibria. We focus on the symmetric

equilibrium.
Given the Nash equilibrium, we now confirm the following proposition.
Lemma 1. An increase in the degree of spillovers reduces the level of R&D expenditurein a
competitive R&D market irrespective of the nature of the spillovers.
The proof of thislemmais given in the Appendix.

This well-known result continues to hold even with incremental spillovers because, in
deciding the level of R&D expenditure, each firm takes into account only its own gain. Since

d R (a)/d a <0 independent of the type of spillovers that exists, each firm reduces the level

of R&D expenditure as the degree of spilloversincreases.’

B. Information Sharing Agreements (1 S)

In this case firms decide independently on the amount of resources to invest in R&D and

on the type of research to carry out, but they write an enforceable contract to share research



results with the other firm ex post.'*? Hence, both firms succeed if at least one firm
succeeds. This stylized depiction of R&D cooperation alows us to analyze the relationship
between the incentive to cooperate and the imperfect appropriability of R&D results
separately from other incentives such as the elimination of effort duplication (analyzed in
Section I11C) or the sharing of R&D costs (analyzed in Section IV and in Choi (1993)).

In the case of an IS, firm i's expected net profit is
3 ENY= [P(Xi )(1_ P(Xj ))+ (L-P(x ))P(Xj )+ P(x )P(Xj )]R3 =X,

where the superscript s denotes information sharing. The first order conditions for a

maximum are

@ =25 p(re)- P(x, )R, -1=0,

0%;

where X° = iis(x i R3) is firm i's optima amount of R&D expenditure when firms share the

results of R&D activity. Since with an IS the spillover parameter is always at its maximum,
spillovers do not affect the amount of R&D expenditure in an 1S. Rather, such expenditures

are affected by the size of total industry profits created by the innovations (i.e., 2R;).

Comparing the level of R&D expenditure in the two cases above we have
Lemma 2. The level of R&D expenditure is higher with competition in R&D activity than
with information sharing agreements.

Proof: In asymmetric Nash equilibrium, conditions (2) and (4) become, respectively,

5 6 =Pk)e-rk)R@)+PR)IR - R (@)]-1=0

and,
6 L=PE)-pP)R-1=0

Assume a =1. From Assumption 1, R, =R,(1)= R (1), so substituting into (5) and
comparing (5) and (6), it is straightforward to conclude that X° = X*>. On the other hand, if

O<a <1, L' isunaffected, but since >0, then G'(@)>0. Since

0 G'/d x <0, condition (5) is satisfied if and only if X° > X°.
Q.ED.



This result is well known, and is intuitive since with competition the firm appropriates
most (and in some instances al) of the rents that accrue from its research efforts, while with
an information sharing agreement the rents are shared equally, so the incentive to carry out
research is diminished.”® Note, though, that this is one of the results that contrasts sharply
with the results in d’/Aspremont and Jacquemin (1988) and Choi (1993) who showed that the
level of R&D expenditure is higher with cooperation when spillovers are high. The reason for
the discrepancy in predictions lies in the definition of cooperation, since in those models the
level of R&D expenditures is what is determined cooperatively. Their results will be shown
to hold in this case in Section IV below.

We turn now to the more interesting question of the circumstances under which
duopolists prefer to cooperate in R&D. Cooperation is preferred if and only if the firm's
expected net profit under cooperation is higher than its expected net profit when there is no
cooperation in R&D activity. The condition for firm i to prefer cooperation via an

information sharing agreement to no cooperation is

S L T

As clear from (7), the equilibrium profit of a competitive firm depends on the degree of
spillovers, while that of the cooperative firm does not. In addition, when spillovers are
complete both research efforts and profits are equivalent under the two regimes (Lemma 2).
To compare expected profits with less than complete spillovers, then, we evauate the
derivative of the expected profits in the non-cooperative case with respect to changes in the

degree of spillovers.

Totally differentiating the right hand side of (7), we have

dENS _QEMS dk° , dEMS dX  JEM?
= + + .

da 0% da  9%X{ da  Jda

(8)

By the envelope theorem, thefirst term on the right hand side of (8) is zero.

With respect to the second term, from Lemma 1 we know that d)“(f/da<0.

Differentiating from (7),

(9) ‘ZE—;F = —P()?iC)P'(Rf)(Rl(a)+ R,(a)-Ry)+ P'(ijc)Rz(a).
I

10
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It is clear from (9) that when a =0, L <0 since R,(0)=0, and that when a =1,

X
i

¢ [
dEﬂi >0. Thus, there exists a value of O0<a <1 such that dEAri‘ <0 if a<a,
oX; 0%

(o} (o}
IENT _ g it a=a, and BN S0 it a>a M Accordingly, the second term in (8) is

% %

positiveif a <a and negativeif a >a .
The third term in (8) denotes the direct effect of a on firm i's profit. By Definition 1,

C C
9B S0 if spillovers are incremental, and IEM;

<0 if they are offsetting (since we are

changing only a and not the amount of research or the probability of success).

Combining these effects, for a >a and offsetting spillovers, an increase in the degree
of spillovers reduces the expected profit of the competitive firm. Conversely, if a <a and
spillovers are incremental, the expected profit of the competitive firm increases as the degree
of spillovers increases. If, however, a <a and spillovers are offsetting, or if a>a and
spillovers are incremental, the sign of (8) depends on the relative strength of these two

counteracting effects.

Given this, we now stipulate

Proposition 1. If spillovers are sufficiently high and are offsetting, then firms prefer
competition to an information sharing agreement. Conversely, if spillovers are sufficiently
low and are incremental, then firms tend to prefer an information sharing agreement to

competitive research programs.

(Proof in Appendix.)

These results are demonstrated in Figures 2 and 3, each of which show three different
paths for expected competitive profits. Figure 2 shows the situation with offsetting
spillovers. The first two panels show the case where competition is always preferred to
cooperation because of the spillovers. Thisresult is natural, since, with offsetting spillovers,
total profits fall with an increase in the number of firms producing the good, so the incentive
to achieve a monopoly position is great. The third panel presents a case where for low

amounts of spillovers cooperation is preferable, but once spillovers become too high,

11



competition ensues. Note that the level of spillovers at which the change occurs must be less
than &, as defined above, since the slope of the expected profit must be positive at that point.
For this to be the case, it must be that when spillovers are low, competitive firms invest
heavily in R&D in order to attempt to capture monopoly profits, so it is preferable to
cooperate in order to cut down on excessive R&D expenditures. When spillovers are great
research expenditures are closer to the cooperative level, so this consideration is

inconsequential.

In Figure 3 incremental spillovers are presented. The first panel shows a case in which
cooperation is always preferred due to the incremental nature of the spillovers. In the second
panel cooperation is preferable only for low values of the spillover parameter, since for high
values, most of the incremental benefits from multiple producers have aready been realized
because of the gpillovers, and the benefits from increased research expenditures in
competition outweigh the benefit from cooperation. Panel 3 shows the case where the second
part of Proposition 1 does not hold - competition is aways preferred, due to the great benefit
to be gained by increased R& D expenditures.

C. Research Joint Ventures (JV)

As an dternative to information sharing agreements, firms can conduct cooperative
R&D by undertaking research joint ventures, that is, by conducting R&D in only one research
lab or coordinate their research strategies as well as sharing the results of R&D activity.™ In
this instance, the probability of one firm succeeding is not independent of the actions of the
other. This form of cooperation alows the two firms to save costs due to the presence of
complementary assets and the elimination of any duplication of effort. Despite this we
continue to maintain the assumption that firms decide upon their levels of investment
independently, and discuss how joint determination of investment expenditures affect the

results in the next Section.

We do not model the cost savings from the JV explicitly. Rather, we make the following

assumption, which captures the "spirit" of these cost savings:
Assumption 3: P(2x) >1-(1- P(x))? Ox.

This assumptions states that for the same level of expenditures on research in each
regime, the probability of success under a JV is greater than the probability of success by at

12



least one firm when research is carried out independently. This means that by avoiding
duplication of efforts, the JV increases the probability of success for any given size

investment. We assume that this relationship holds for changes aso, so that:
Assumption 3a: P'(2x) > P'(x)(1- P(x)) Ox

This assumption means that at each level of investment, an additional dollar spent in ajoint
venture is more productive than an additional dollar in separate research facilities. This
assumption continues to capture the essence of avoiding the duplication of efforts. Note that
Assumptions 3 and 3awill be used only when comparing a JV to other forms of organization.

InaJV, firmi’s expected profit is
(10 ENY=Plx +x )R, -,

and the first order condition for amaximum is

oEMy _ P,(AV

i
From (11) we obtain firm i's optimal level of R&D expenditure, X' = X’ (xj : RS) when firms

form a research joint venture. Note that each firm still determines its own level of

expenditures. In what follows, we assume a symmetric Nash equilibrium.

Comparing investment levels in a JV with those in competition and an IS agreement, we

arrive at the following proposition.

Proposition 2. There exists a value of a, denoted &, 0<d <1, such that if a >a then

A

XY > X > x°, with equality when a =1, if a =4 then %V =x°> &%°, and if a <d then

(Proof in Appendix.)

One implication of this proposition for antitrust policy isthat the general belief that
cooperation in research between firms leads to alessening of research efforts, is not

necessarily true. Rather, it depends on the type of cooperation and on the degree of spillovers.

Consider now expected profits. In evaluating a JV, we consider the payoff functions
when firms behave symmetrically. We begin by comparing aJV to an IS. Comparing (3) and
(20), the condition for aJV to be preferred to an IS in equilibriumis:

13



(12) ENY = P& )R, - &¥ > EN° = %P(&S)(l— p(xe)+ P(xsf SURES

From this condition it is easy to show that:
Proposition 3. A JV is always preferred to an | S agreement.

(Proof in Appendix.)

This occurs because in both cases information is aways shared, while in a JV synergies
in research are also realized. Thus a JV can be viewed as an IS with the additional benefit of

avoiding the duplication of costs.

Compare now a JV with competition. The condition for preferring aJV to competition is:
13)  ENY =Plx)R, - %' 2 EN° = P( Ji- P(x° )[R (0) + R, ()] + P(x°F R, - 5.

Unfortunately, this does not allow for a full ranking without further specification of the
functions. However, some insight can be attained, and is presented in the following

proposition.

Proposition 4. A JV will be preferred to competition when spillovers are incremental and
low (a <a). Competition will tend to be preferred over a JV when spillovers are offsetting

and high (a = @), and the probability of success in research effortsis low.

(Proof in Appendix.)

Proposition 4 shows that the choice between a JV and competition in R&D depends on
the nature and magnitude of spillovers. Offsetting spillovers provide an incentive to compete
in R&D because they increase the relative value of being the sole producer. By contrast, if
spillovers are incremental, there are benefits to be had by the presence of multiple producers,
so firms do not have strongly conflicting interests. In this instance, cooperation is of
particular importance when spillovers are low because the gain from cooperation is great,
while if spillovers are high cooperation adds little. Cases other than those stated in the
proposition require more precise functional specification in order to evaluate whether a JV or

competition is more profitable.

14



D. Welfare

There are three welfare-related issues that differ across the different regimes. Thefirst is
the amount of R&D conducted. The results of this research determines whether the product
will be available, so this welfare issue is unrelated to the welfare issues once the product
exists (the amount of competition). There are three parties that stand to gain from the
existence of the product — the two producers and consumers. This means that firms do not
reap the full benefits from their research efforts, and so under-invest in R&D.*® Thus, the
more R&D carried out, the closer the economy will be to the optimal level of R&D, and the
greater will be welfare. The second issue is related to competition in the product market — the
more competition the better off the economy from a welfare perspective. The third issue is

the possibility of cost-savings from joint ventures. Denoting welfare in competition, 1S

agreements and Vsby W°, W* and W", respectively, we can conclude:
Proposition 5. a) WY>W?; b) if a >4 then WY>WE€; ¢) if a =1 then W=W?3.

(Proof in Appendix.)

In al other cases clear conclusions cannot be reached without more precise functional
specifications. In particular, when comparing welfare in competition and an IS when a <1,
we note that the former has more research, but there are less spillovers. Thus, neither is

clearly superior.

V. Cost Sharing Agreements

We now add the possibility of cost sharing agreements to our previous analysis. We
assume that expenditures can be costlessly monitored. As is intuitively clear, cost sharing
makes the firms more profitable, and so will be desired by firms. Such setups, however, may
be untenable because of monitoring difficulties and/or because of lega (antitrust)
prohibitions as discussed in the next Section. In our development below we compare each
case with its parallel case without cost sharing, and compare between the three regimes with
cost sharing. In al that follows, we denote cost sharing by a second superscript c.

15



A. Competition with Cost Sharing

With cost sharing, but competition in al other stages, expected profits are given by:
(14 EN® =Px)L- PR (@) + 1-P(x)P(x)R, (@) + P(x)P(x)R, — .
The optimal level of R& D expendituresis then found through the first-order condition:

0EN
[)4

(15) = P’()?CC IRl(a)+ R,(a)- 2P(§<°C)(Rl(a)+ R,(a)- Rg)] -1=0.

Comparing investment levels with those in competition without cost sharing, we arrive at

the following:

Lemma 3. Thereexistsa valueof a , denoted a, O<a <1, suchthat if a <a then

X¢> X if a=a then X° =X%, andif a >a then X° < X*.

(Proof in Appendix.)

Comparing profit levels, we find that:

Lemma4. EN® = EN®, with equalitywhen a =a .

Proof: When X° =X® (14) and (1) are identical, so profits under the two regimes are equal.
If X°#X% itisclear that EM* > EMN®°, since the investment level is chosen so that, at X,
OEM* /ax=0. Q.ED.

The logic behind this result is immediate. Since the firms with cost sharing can always

choose the level of investment chosen without cost sharing, their profits cannot fall below
those without cost sharing. Lemmas 3 and 4 are the same as the results in Choi (1993).

B. Information Sharing Agreements with Cost Sharing

In this case the firm's expected profits are:
(16) EN< = [2P(x)— P(X)ZJR3 - X,
and in equilibrium:
an 2pP(E=fi-pPE=)R, =1.
Comparing an IS with cost sharing with and IS without cost sharing, it is immediate to show

that:

16



Lemmab. Xx* >x°%,and EN* >ENS.

Proof: To find the investment levels we must compare:
(18) 2P Ji-P[r=)R = P(xJi-P(X)R -

Since P'>0 and P" <0, it isclear that X* > X°. Profits are also greater with cost sharing
since the level chosen without cost sharing is available with cost sharing, and is rejected in

favor of ahigher, and more profitable, investment level. Q.E.D.

The reason there is more investment with cost sharing than without is because there is
less free riding, and the reason profits are greater is because, as above, the level of investment

chosen without cost sharing could always be chosen with cost sharing.

Comparing competition with cost sharing, with IS with cost sharing, we find that:

Proposition 6. When a =1, X* =X*. When a <1, if spillovers are incremental and the

probability of success is lower than %2, or spillovers are offsetting and the probability of

successis greater than %2, then X* > X“. In all other casesthe signisnot clear.

(Proof in Appendix.)

Note that this result is different from the case when there was no cost sharing
(Lemma 2), where there was aways more research with competition than with cooperation.
The reason for the difference is that under the current regime the competitor is matching each
dollar of research expenditures with a dollar of his own, so spillovers become less
problematic. Nevertheless, it is clear from the proof that it is still likely that there will always
be more investment in competition than with an IS. Such a determination, however, cannot be

made in such a generalized setting.

Turning to a comparison of profits, we have:

Proposition 7. With cost sharing, competition and an IS are identical when a =1. When
a <1, an IS is preferred if spillovers are incremental, and competition is preferred if

spillovers are offsetting.

(Proof in Appendix.)
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Thisresult islogical. Recall that costs are shared in either case, and that each firm has an
ex-ante equivalent probability of discovering. Therefore, when spillovers are offsetting the
firms, ex-ante, prefer as little spillovers as possible, and so prefer competition. Conversely,
when spillovers are incremental, they are better off, ex-ante, with full spillovers, so

cooperation is the preferred venue.

C. Research Joint Ventureswith Cost Sharing

Expected profits with a vV and cost sharing are:
(19) EN"=P@2x)R, - x.
The first order condition for amaximum is given by:
(20) 2P'(2%°)R, =1.

Comparing (20) and (11) it isimmediate to conclude that:

Lemma6. X* >x",and ENY > EN".

Proof: From (20) and (11) we see that 2P’(2>A<VC )R3 = P'(2>A<v )Rg. Thus, it is clear that the first

part of the Proposition holds. The second part holds since, as in Lemmas 4 and 5, the cost
sharing firms could have chosen to have the same level of expenditures as they did without
cost sharing. Q.E.D.

Comparing aJV with cost sharing with an IS with cost sharing, we see that:

Lemma7. X* >Xx*,and EN™ > EMN*.
Proof: Comparing (20) and (17), we need:
2P (28" )R, = 2P' (3= J1- P(3=)R,.
and from Assumption 3ait is clear that this can only occur if X* > X*.

Since there is cost sharing, it is clear that EM™ (x =X"*)>EN* (x = >“<S°) Consequently,

it is sufficient to show that EM*° (x = RS°)> EN* (x = %% ). This amounts to showing that:

P2s=)R, - %= > [2P(§<S°)— p(x=) ]RS —%=,

which holds by Assumption 3. Q.E.D.
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The logic behind this result is that ajoint venture has an advantage over an IS since it has
al the benefits of an IS, plus the added benefit of cost-savings. Note that this is exactly

anaogous to Proposition 3 and parts of Proposition 2.

Our final comparison is between a JV with cost sharing and competition with cost

sharing.

Lemma 8. If a) spillovers are incremental and the probability of success is lower than ¥%;

b) spillovers are offsetting and the probability of success is greater than Y2 or c) a =1,

then X* > X*.

(Proof in Appendix.)

Note that there is no instance in which we can conclusively state that there is more
research in competition than in a JV, and, in fact, this may never occur. However, without

specifying the functions a more precise statement is not available.

Finally comparing profits under a JV with cost sharing and competition with cost sharing

we get:

Proposition 8. If spillovers are incremental, firms prefer a JV with cost sharing to

competition with cost sharing. A JV is also preferred with offsetting spilloversif a islarge.

(Proof in Appendix.)

Note that the situation with offsetting spillovers is not, in general, clear. Since costs are
shared, there are two issues affecting the choice between the regimes. With a JV there are
cost savings, and, in addition, there are maximum spillovers. When spillovers are incremental
both of these effects favor a JV over competition, so the result is clear. With offsetting
spillovers, however, there is a tradeoff between the two effects, and the relative desirability
cannot, in genera, be discerned. If, however, spillovers are large, the benefit from

competition is mitigated, and cooperation becomes more profitable.
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D. Welfare

Because the probability of success function is concave, it would seem that there would
be a distinct advantage to cost sharing, since it will maximize the probability of success for
any given size investment. Nevertheless, in equilibrium there was always an equal amount of
R&D done by the two firms, so cost sharing does not increase efficiency from this
perspective. Thus, no new welfare issues arise when cost sharing is added. The issues to be
considered, then, are the level of expenditures, the amount of competition in the product
market, and cost savings. We divide the welfare comparisons into two propositions, the first
showing how cost sharing affects welfare, and the second comparing the different alternatives

with cost sharing.

Proposition 9. Cost sharing increases welfare, except in the case of competition with low

spillovers when the converse occurs.

Proof: Spillovers and cost savings are unaffected by the presence of cost sharing, so the only
determining factor is the level of investment. The proposition is thus shown to hold by
Lemmas 3, 5 and 6. Q.E.D.

Proposition 10. a) WY >W*; b) W* >W* if spillovers are incremental and there is at

most a 50% probability of success, if they are offsetting and there is at least a 50%

probability of success, or if a =1; and ¢) W% >W if spillovers are incremental and if at

most a 50% probability of success, or spillovers are offsetting and there is at least a 50%
probability of success (W =W “when a =1).

Proof: a) With both aJV and an IS there are complete spillovers, but with a JV there are cost

savings, and from Lemma 7 there ismore researchina JV thaninan IS.

b) A JV has higher spillovers, cost savings, and according to Lemma 8, more R&D

expenditures under the conditions stated in the proposition.

¢) When a <1 there is more competition in the product market with an IS, and from
Proposition 6 there is a'so more research under the conditions stated in the proposition. When

a =1 an IS and competition are identical. Q.E.D.

Comparing these results with those in Proposition 5, we are more able to determine

welfare rankings with cost sharing than without, but we still cannot give a complete ranking.
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V. Summary of Results and Discussion

In this paper we considered cooperation among firms involved in R&D activities with
spillovers and uncertainty. We used more generalized functional forms than usual in the
literature, and considered the possibility of cooperation at any or al of the following three
stages. Firms can jointly agree on the level of R&D expenditures, they can set up joint
research facilities, and/or they can engage in an information sharing agreement, by which
they agree to share any findings with the other firm. One of the novelties of our research is
that we introduce the concepts of offsetting and incremental spillovers. An offsetting
spillover is the usual situation (and the situation considered by most prior researchers), in
which spillovers makes the profits of the benefiting firm increase less than the profits of the
discovering firm fall. This tends to occur when the firms are in direct competition in the
product market (for example, compare the profits of a monopolist to those of Cournot
competitors). An incremental spillover occurs when we alow for the possibility that
spillovers may increase total industry profit. Thisis likely to arise when the product of R&D
activity can be exploited in different directions. In this case, there is a new incentive to
cooperate in R&D due to the creation of additional markets by the increase in the number of
producers.’” On the other hand, if spillovers reduce profit, there is a strategic incentive for
non-cooperative firms to behave aggressively in order to get the monopoly profit arising from

the innovation.

Table 2 summarizes the results. A clear pattern emerges. First, when spillovers are
offsetting competition tends to be preferred to cooperation, but with incremental spillovers
cooperation tends to be more desirable. This is intuitive, for the reasons discussed in the last
paragraph. This same tendency, however, does not exist when considering the level of
investment in R&D, where the type of spillovers has little effect, but the extent of spillovers

is often crucid.

Other patterns also emerge. Cost sharing usualy leads to increased investment, profits
and welfare. Cooperation in a joint venture without cost sharing is generally welfare
enhancing, but can be more or less profitable and more or less investment oriented than
competition. With cost sharing, however, cooperation tends to be more profitable and leads
to more investment. A similar pattern holds for a comparison of an IS agreement and

competition, with the caveat that welfare comparisons are more difficult to make when there
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is no cost sharing. Finally, joint ventures lead to more investment, higher profits and greater

welfare than information sharing agreements.

In principle, al of these implications, and any additional insight that can be derived from
Table 2, is empirically testable. Thus, for instance, we are more likely to see cooperation in
research efforts when spillovers are incrementa (such as when there are multiple uses for the
discovery) than when they are offsetting (such as when the research is geared at lowering the

costs of an existing technology).

Care must be taken, however, in taking these conclusions to the extreme. For instance,
the model suggests that we should never see an IS agreement since a JV is superior, and there
should almost always be cost sharing. And yet there are many instances in which firms
cooperate without using joint research facilities, and without sharing costs. Thus, it would
seem that we could conclude that the model is wrong. To understand why such a conclusion

would be erroneous, we must |ook beyond the model presented, and consider other issues.

Governments tend to not trust cooperation between firms. The fear is that while
cooperation in R&D may increase the probability of discovery, cooperation at the research
stage of the process could well turn into collusion at the production stage. Thus, any type of
cooperation is viewed skeptically, and is often not permitted. But even assuming cooperation
is permitted, some types may seem more conducive to collusion than others. Thus, for
instance, when engaged in a joint venture, members of the different firms spend much time
and effort working in tandem, and this type of contact may create particularly fertile ground
for discussions and decision-making in other realms (such as price setting). Information
sharing, on the other hand, requires a less intimate setting, and thus may be preferred by
authorities. Thus, we may see IS agreements flourish despite their inferiority.

Firms aso tend not to trust one another. Thus, firms may feel that in a joint venture they
will be giving away too many of their secrets, and prefer to stay at arms length. Similarly,
cost sharing without a joint venture may require that each firm monitor the accounting books
of the other firm —aclear intrusion into their private matters. Even if firms are willing to bear
this intrusion, the monitoring process itself may be problematic. Issues of questionable cost
alocations, fabrication of expenditures, and overstatement of efforts could plague the
relationship. Each firm has a clear incentive to agree on a high level of investment, and then
spend less. And, from an antitrust perspective, such monitoring may be an instrument that can
pave the way to collusion. Finally, information sharing agreements may be difficult or costly
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to enforce. Although ex-ante firms desire such cooperation, ex-post the discovering firm has a
clear incentive to attempt to renege on the agreement, and enforcement through the court

system islikely to be costly and lengthy.

If any of these concerns are present, the scope of possibilities available to the firms may
be limited, and firms will have to choose from among the remaining options. For this reason
we expect to see different types of agreements in use, and for this reason it is important to

obtain as complete a ranking as possible.

The bottom line of this research, we believe, lies is its implications for antitrust
legislation and litigation. It is important to recognize the circumstances that lead to one type
of setup being superior to another (especialy from a welfare perspective). Antitrust officials
should be aware that there are often real benefits to be had from allowing certain types of
cooperation, with the exact type of cooperation depending mainly on the degree and nature of
spillovers. The challenge they face is to find ways to alow for such cooperation when it is
beneficial, while at the same time buckling down on antitrust infringements at the product

level.
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Appendix

PROOFS OF PROPOSITIONS

Proof of Lemma 1

Totally differentiating (2) we have,

JG; 0G, 9G; 9G;
d&(a) _ _9x; da Ix; da

da 4G 9G; 9G; 9G,
0% 0x; 0% 0X;

- 0G, - 0G, - 0G,
At asymmetric equilibrium 9G; _ % , 9G; _ % , and a&:—’,i,jzlz,so
da  Oda  0x;  OX; ox;  0x;
G,
sC
d%’(@)__  oda <0
da dGi+dGi
ox  OX;

i j

since %& <0 by the second order conditions,

0& = P’(>A<-° )al— P(xj ))de—(a) - P(xj )o"RZ_(a)% 0 from Assumption 1, and

oa ! oa oa
Z(X;_i = ‘P'()A(iC)P'(Xj IRl(a)"' R, (@)~ Rs]<0. QED.

i

Proof of Proposition 1

den®

As shown in the preceding discussion, when spillovers are offsetting <0, and

when a =1 profits are identical in the two regimes. Thus, in the vicinity of a =1, the first

part of the proposition follows.

For the second part of the proposition to hold, it is necessary to show that with
incremental spillovers EM°(a = 0)< EM®. Evaluating (7) a a = 0and rearranging, we find

that thisoccursif and only if

A1) PR -2P(x)R, - P(xF (R - Ry)+ P& R, < %° - 5.
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From Lemma 2 we know that X°>X°, so the RHS is positivee. We denote

P(x°)=P(%*)+A, A>0.Rewriting (A1):

w0 Pl )R -2 )+ AR - Pl AR R <5
From Assumption 1, R(@)=R@)=R,, so if spillovers are incrementa

R (a)+R,(a)<2R,0a <1. Thus, the first term on the LHS is negative. The second term can

be positive or negative, depending on how productive are the additional expenditures under
competition (A ), the probability of success, and the difference between monopoly revenues
and competitive revenues. In particular, if monopoly profits are far greater than competitive

profits (R, >>R;), P(x) is high or A is low, then the second term will be certainly be

negative, and EIN® > EM°. In addition, even if this term is positive, but not big enough to

overcome the other terms, (A2) continuesto hold. Q.E.D.

Proof of Proposition 2

Recall that in Lemma 2 we aready showed that X° > x° Oa <1 (with equality when
a=1).

In a symmetric equilibrium, optimization in aJV requires:
(A3) M'=P(2%')rR,-1=0.
Comparing (6) with (A3), and using Assumption 3a, we see that
P2x®)> P(3°Ji- P(se)) = PexY)
which can only occur if X¥ > X°.

Compare now (5) and (A3). If a =1 thenX® = X°, 0, from the last result, X' = X°. If
a =0, (5) and (A3) require that:

P/(xJa- P(xe R (0)+ P(se P30 )R, = P28V )R,

Defining R, = (1+ )\)R3 and simplifying, this can be rewritten as:
A Pre)+ PR Ja- Pz = Plox).

If X¥>X° then P’(>“<C)> P'(2>2") S0 (A4) fails. Hence, we concludethat at a =0, X° > X".
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Thus, thereexistsavalue @, 0<d <1, a which X* =X", sothat xX* > X' if a <ad, and

X<xifa>a. Q.E.D.

Proof of Proposition 3

From (12) the optimal level of investment in aJV isgiven by:
2P (2x" )R, =1.
Comparing this to the level chosen by the firm (See Equation 11) it is clear that X" is sub-
optimal. Hence, since, from Proposition 2, X'>X°, it is clear that
EI‘I"(x = )2")> EI‘I"(x = )25). Consequently, it is sufficient to show that

EI'I"(X = >“<S)> EN S(x = >“<S). This amounts to showing that:

Plox® R, - % > el Ju- plxe))+ Plsf By - 57

which, simplified, yields:
pl2s®)> 2p(x*)- P(x*F,

which holds by Assumption 3. Q.E.D.

Proof of Proposition 4

Rearranging (13), the condition for undertaking a JV becomes
0 Pi2x) O (. X=X
09 hio)re)- R ) mle)-ml< SR

and competition is preferred if the inequality is reversed.

Consider first the case where X° = X* (where a < @, see Proposition 2). In this case the
right hand side of (A5) is non-negative. If the LHS is non-positive, a JV is preferred to

competition.

From Assumption 3 we can conclude that:

p(2°)

o >2-p(%).
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Replacing this in the LHS of (A5), a sufficient (but not necessary) condition for a JV to
be preferred to competition is:

R @)+ R,(0)-2-P( )R <P [R(0)+ R, (@)-R].
Rearranging, this becomes:
(6) (1-Pl )[R (@)+ R (@)-2R] <0.

By definition when a <1, when spillovers are incrementa R (a)+ R,(a)<2R,, and the

opposite when spillovers are offsetting. Thus, if spillovers are incremental (A6) holds and a

JV is preferred to competition.

Reversing the inequality in (A5), note that if a>a the RHS is non-positive, so it
sufficient that the LHS be positive for competition to be preferred to a V. This becomes:

(A7) R(@)+R(a)- _((_7) R, > P(*JR @)+ R,(a)-R].

Because of the direction of the inequality, we cannot substitute from Assumption 3, however

we note that if X' is not too much greater than X°, %((Z—cy) <2, and the LHS of (A7) is
X

positive when spillovers are offsetting. If, concurrently, P()?C) issmall, (A7) will hold.

Q.E.D.

Proof of Proposition 5

a) This follows since, from Proposition 3, XY > X°, so a JV has more research, the same
amount of competition in the product market if discovery occurs, and cost savings from the

use of joint resources.

b) When a = d, from Proposition 2, X > X°. Thus, in this case, there is more research
with a JV, more competition in the product market (since with a JV there are full spillovers),

and cost savings.

c) When a =1, from Lemma 2, X° = X®, there are full spillovers in both regimes, and

there are no cost-savings from joint facilities. Q.E.D.
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Proof of Lemma 3

Comparing (5) and (15), we get:
(A8) P'(f(clRl(a) ( )(Rl a)+R,(a )J=
P JR.(@)+ R, (@) zP(Acc)(Rl +R2<a)—R3)].
If a =1 thisreducesto:

P(x¢ - P )= 2P (x o - P(x>)),

A A

which can only hold if X°<Xx®. |If, aternatively, a=0, (A8) becomes:
o J10)- Pl IR 0)- )= PR 020 K 0 )
If X¢ =X then thisamounts to requiring that P(R;(0)- R;)=0, which can only occur when
P=0. If X®<X% the RHS is clearly less than the LHS. Thus, equality can be attained only
if X¢>x®,
Since the functions are all continuous in a it follows that there exists a value of a for

which X¢ = &%, QED.

Proof to Proposition 6

Comparing competition and information sharing under cost sharing, we get the

following:

A9 2P (3= Ji- P(x= R, = P'(x* R, (@) + R, (@) - 2P(3= R, (@) + R, (@) - R,).

When a =1 (A9) reducestto:

29 (- Pl R = 22 (- PR

CcC

so clearly X* = X*.

To evaluate what occurs when a <1, note that the LHS of (A9) does not change when a
changes, but the RHS does. Thus, we investigate the sign of the derivative of the RHS with
respect to a . The derivative is given by:

e S K ARL S 5 CRE LS s

(AlO) 0 oa

2P fR+R-R)E
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The second and third terms are clearly positive since, by Lemma 1, investment in R&D falls
when spillovers increase. The first term can be positive or negative. It will clearly be positive
(or zero) if either of the condition in the proposition hold. Thus, in those instances, lowering
a below 1 will cause the RHS of (A9) to fall, so that investments will have to fall to bring

equality in (A9). Thus, X* > X*. If the conditions stated in the proposition do not hold the
first term in (A10) will be positive, and the derivative cannot be signed.
Q.E.D.

Proof of Proposition 7

An information sharing agreement with cost sharing will be preferred to competition

with cost sharing if:
A11) PE=)2-PE*)R, -5 > P(x* R (@)+R,(@)-P(E* R (@) + R, (@)-R,)|- %*.
Competition will be preferred if the inequality is reversed.

When a =1 itisclear from Proposition 6 that there is equality. Differentiating the RHS
of (A11) withrespect to a and using the Envelope Theorem:

N7 _ 9 Re) pfe - pli).

Since this is, by definition, positive with incremental spillovers and negative with offsetting

spillovers, the result follows. Q.E.D.

Proof of Lemma 8

From (20) and (15) we require that:

(A1) 2P'(2%° )R, = P'(5* R (@)+ R, (@)~ 2P(x* (R (a) + R.(a) - R.)]
If a =1, then (A12) becomes:
2P (28 )R, = 2P'(x* J1- P(=)|R,,

s0 X > X by Lemma3.

Differentiating the RHS of (A12) by a , we find that

% _ F,,()A(CC)G(F%9 : R) (- op(se)).
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Since alowering in a that leads to alowering of the RHS of (A12) will cause X* to fall

further below X, we can conclude that if P(>“<°°)< 1/2 and spillovers are incremental, or

P(>2°°) >1/2 and spillovers are offsetting, then X" > X*. Q.E.D.

Proof of Proposition 8

For a JV with cost sharing to be preferred to competition with cost sharing we require,
from (19) and (14)

(A13) P(2x°)R, -%° > P(x*JR (o) + R, (a) - P(x* (R (o) + R, (ar) - R)] - X*.

When a =1 this reduces to:
P(2x" )R, - %" >[2P(x*)- P(x= IR, - %*.
We extend this equation to;
P2g=)R, - &= > P25 )R, - 5= >[2P(%*)- P(3= IR, - &*.

The first inequality holds since X" maximizes EN ", and the second holds by Assumption 3.

Thus, when a =1 aJV with cost sharing is preferred to competition with cost sharing.

Differentiating the RHS of (A13) with respect to a , and using the envel ope theorem, we
find that 9EM*/da = P(R* J1- P(x* ))w . The sign of this derivative depends on the
nature of the spillovers. If the spillovers are incremental thisis positive, so by lowering a the
profits under competition fall, so aJV continues to be more profitable. If, however, spillovers
are offsetting, it is possible that at some level of a the two are equal, so that when a is small
competition is preferred, whilewhen a islargeaJV is preferred.

Q.E.D.
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Tablel

Il c

Sharing

Research Joint

Venture

Competition

Information

VA

Investment Joint research Information
agreement facilities sharing

1 Competition

2 ISA X

3 Y X X)

4 Cost X

5 Cost-ISA X X

6 Cost-JV X X (X)

Figurel
No Cost sharing Cost sharing

IV B

Competition

Information

vV C

Sharing

Research Joint
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Table?2

R& D Expenditures, Profitsand Welfare

Comparison | Expenditures Profits Welfare
X¢ > Xx° EM° > EN°® if offsetting and high a
Cvs.S (if @ =1 then X° = X°) EN° < EN° if incremental and low a We=W*if a =1
Vvs S >R EMY > EMN® wY >Wws
X'>xifa>a EM° > EN" if offsetting, high a and low P
Vs C R<ifa<ad EN° < EMN" if incremental and low a W'>W°if aza
X>X*ifa<a W >W® if a<a
CCvs.C <R ifa>a EN*>EN°ifaza W <W® if a >
SCvs. S £ > K EM* > EMN°® W* >Ws
VC VS. V )'ivc > )'ZV El—lvc > EI—IV ch >Wv
X* > X if incrementa and P<%, EM> > EN® if incremental W* >W if incremental and P<'5,
CCvs. SC or offsetting and P>z EN< < EM® if offsetting or offsetting and P>Y»
(if o =1then X* = X*) (if a =1 then EN= = EN®) (if a =1 then W¥ =W*)
VC VS. SC )'ivc > )’ZSC El—lvc > EI—Isc ch >Wsc
VCvs.CC | %*>%%if a =1, or incremental and EN* > EN® if incremental, WY >W® if a =1, or incremental and
P<Y, or offsetting and P> or offsetting and high a P<Y, or offsetting and P>
Legend: C - Competition; S — Information sharing; V — Joint venture; CC — Competition with cost sharing; SC — Information sharing with

cost sharing; VC — Joint venture with cost sharing.

P — Probability of success.
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Footnotes

! Choi, conversely, considers the effects of monitoring costs.

2 Thisis the same setup as in Choi (1993), but it differs from the setup in Kamien et
a. (1992), where afirm’s costs are reduced by the sum of R&D effortsin the industry
when spillovers are increased to their maximal level.

3 Alternatively, one can view this as"normalizing" profitsin this case to be zero.

* This assumption differs from that in Kamien et al. (1992) in that in their paper costs
are decreased by the sum of research efforts, so that both firms succeeding differs
from only one firm succeeding with complete spillovers.

® Choi makes the additional assumption that P'(x)? + P(x)P"(x) =2 0. This is an
assumption about the degree of concavity of the cumulative probability function, and
does not hold for every function. As will be discussed below, this assumption is a

sufficient, but not necessary condition for signing a slope.
® Each of these will be described in more detail below.

’ To simplify, we assume the firms are entrants into the new market; so that there are

no profits from current production.

8 Assumption 2 ensures that a solution to Equation (2) always exists. In addition, the

second order conditions for a maximum are satisfied:

oGi/ax; = P"(xi*)[Rl(a)— P(x, J(R @)+ Ra)- RS)] <0,

*
i

since P"(x )< 0, and the expression in square brackets is positive, by the first order

condition.

® Note that this condition is not related to Choi's (1993) condition (see Footnote 4),
because here both terms in the first brackets are positive, while in Choi's condition

oneis positive and the other is negative.

19 Notice that Lemma 1 is an extension of Choi's (1993) result to the case of
incremental spillovers as well as offsetting spillovers. For the latter case Choi (1993)
proved that an increase in the degree of spillovers reduces the level of R&D

expenditure.



' Our definition of information sharing is similar to the definition in Kamien, et al.
(1992), except that in our paper firms do not avoid duplication of R&D activities,

rather, each firm decides on its own activities independently.

1213 as defined here could be implemented by exchange of researchers between the
two firms, in order to avoid the problem of incomplete communication of R&D
results.

3 In a dynamic R&D model, Reinganum (1982) made a similar argument. In a

different context Katz (1986) found results similar to ours.

 The existence of @ was shown in the text; however, there is no guarantee that it is
unigue. The following is a sufficient condition for uniqueness. Differentiating (9) and
imposing symmetry in the Nash equilibrium, we get,

c
do"'EI‘I

(A3) dic =-pef +ple)p "(”)E‘ia (Ru(r) +Ry(er) - Rs)-
P(x ) (5) 3R 1 () ) (o - plee)) ORel).

a da da

o

From Assumptions 1 and 2 and from Lemma 1 al but the first term are positive. Choi
(1993) assumes that the first term is also positive, which is a condition on the degree
of concavity of the cumulative probability function (See Footnote 1). This condition is
sufficient, but certainly not necessary. Hence, unless the first term is sufficiently
negative to overcome the other terms, (A3) is positive.

1> Our definition of aJV is equivalent to the Research Joint Venture Competition case
in Kamien et al. (1992).

18 Note that this may not necessarily hold in a dynamic framework. See, for example,
Fudenberg et al. (1983) and Grishagin et al. (2001).

1 Very recently, Martin (1995) provided theoretical support to the fact that
cooperation in the R&D market leads to tacit collusion in the product market. This

could help mitigate the loss from losing a monopoly position due to cooperation.



