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An analysis of cooperative research 
and development 

Michael L. Katz* 

I analyze the effects of cooperative research, whereby member firms agree to share the costs 
andfruits of a research project before they undertake it. In this model industrywide agreements 
tend to have socially beneficial effects when the degree ofproduct market competition is low, 
when there are R&D spillovers in the absence of cooperation, when a high degree of sharing 
is technologically feasible, and when the agreement concerns basic research rather than 
development activities. I show that a royalty-free cross-licensing agreement among any number 
offirms lowers the equilibrium level of innovation even though it increases the efficiency of 
R&D through sharing. 

1. Introduction 
* Market forces provide private firms with some incentives to engage in R&D activities. 
Private firms may, however, have incentives to conduct R&D that are smaller than the 
social incentives and fail to sell (license) their R&D output to other firms in cases where 
such sales would be socially beneficial. This article examines whether allowing firms in a 
given industry to form a cooperative R&D agreement, under which the members agree to 
share the costs and outputs of an R&D project before its execution, can be an effective 
means of correcting these failures. 

There are several potential sources of market failure. Private incentives may be insuf- 
ficient because of R&D spillovers, whereby the research done by one firm can be used by 
another firm even though the latter does not receive permission (i.e., purchase a license) to 
use the inventive output. A firm conducting R&D cannot demand payment from other 
producers who benefit from its R&D through spillovers. Moreover, the innovator recognizes 
that its R&D efforts will strengthen its competitors, and this further dampens its incentives 
to conduct R&D. 

Even if there are no R&D spillovers, the innovator's inability to price discriminate 
perfectly may give rise to the two market failures I have identified. In the absence of perfect 
discrimination, the firm conducting the R&D will be unable to appropriate all of the surplus 
generated by the licensing of its R&D, and the firm will sell its R&D results at prices that 
lead to inefficiently low levels of utilization by other firms. Moreover, the failure to license 
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may lead competing firms to respond by duplicating research. Given the low costs of dis- 
tributing the knowledge generated by R&D (relative to the costs of discovery), it is inefficient 
for firms to duplicate each other's R&D activities.' 

Similarly, the problems of opportunism and asymmetric information will reduce the 
incentives to innovate and may lead to an insufficient dissemination of knowledge. As is 
well known, it may be difficult to sell information because the value of the good is hard to 
evaluate before it is transferred from the buyer to the seller, and information that has been 
"loaned" to the buyer for evaluation is difficult to recover. 

Several policies may be used to maintain firms' incentives to conduct R&D. For ex- 
ample, patent and copyright laws can be tightly written and strictly enforced to eliminate 
spillovers as much as is practicable. But this policy does nothing to alleviate the problems 
of insufficient dissemination of successful innovations. In fact, as Spence ( 1984) has pointed 
out, by limiting the degree of spillover, this approach actually may reduce the efficient 
sharing of R&D. Spillovers have the socially beneficial effect of forcing firms to share their 
R&D output. 

A second approach, which preserves the sharing of R&D output through spillovers, is 
to have comparatively lax property rights with respect to R&D output, but to use tax policies 
(e.g., expensing R&D costs) or direct subsidies to restore R&D incentives. Spence (1984) 
examined the efficacy of subsidies and concluded that they would be an effective public 
policy in markets where spillovers are high. 

There are serious shortcomings with relying on subsidies to correct failures in the R&D 
market. This policy does not overcome the problems leading to insufficient dissemination 
and thus is ineffective in markets where spillovers are weak. There may be severe monitoring 
problems as firms engage in specious R&D projects (attempting, say, to count production 
employees as research personnel) to collect subsidy revenues.2 Moreover, even when the 
policy does raise the level of true R&D, the subsidies may increase the distortions in some 
industries' incentives rather than correct them-the market failures above notwithstanding, 
several authors (e.g., Dasgupta and Stiglitz, 1980) have shown that firms may have socially 
excessive incentives to conduct R&D. Finally, raising the necessary subsidy revenues through 
the tax system will give rise to deadweight losses. 

A third policy approach is to encourage cooperative R&D efforts. This policy could be 
implemented by having a permissive antitrust treatment of R&D joint ventures, cross- 
licensing agreements, and similar arrangements among firms. Intuitively, cooperative R&D 
agreements have two beneficial effects. First, by allowing firms to share their research output, 
cooperative R&D increases the efficiency of R&D efforts and eliminates wasteful duplication. 
Second, cost-sharing provisions restore at least some of the incentives to conduct R&D. A 
cooperative R&D agreement may serve as a mechanism that internalizes the externalities 
created by spillovers while continuing the efficient sharing of information. This internalization 
is accomplished by having firms commit to payments before the R&D is conducted and, 
hence, before any spillovers can occur. 

A cooperative research agreement may have these effects in markets where ex post 

' When there are multiple research strategies for achieving a given end and returns are stochastic, there may 
be social benefits from having projects that in a sense duplicate one another. These benefits arise only when the 
successful states of the projects are not perfectly correlated. If they do not share their research results, private firms 
have incentives to conduct projects even if they are perfectly correlated. Thus, even in the case of stochastic R&D, 
firms may engage in wasteful duplication. 

2 Brown (1984) shows that the tax credit for increases in R&D activities contained in the 1981 Economic 
Recovery Act led to an increase in R&D expenditures reported on tax forms that greatly exceeded the growth in 
spending reported in Business Week's survey of R&D expenditures. 
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licensing of innovations developed by individual firms would not.3 A cooperative research 
arrangement can serve as an institutional mechanism for avoiding the problems of oppor- 
tunism and asymmetric information that arise in the sale of innovations. Firms may find 
it much easier to monitor R&D inputs (measured in dollars) than to measure R&D output 
before actually using the innovation-the latter would be required to sell innovations 
ex post. The inputs will be particularly easy to measure if there is a separate, jointly run 
research entity. In cases where all firms agree on the desired direction of R&D effort and 
managers do not derive utility from R&D expenditures for their own sake, moral hazard 
will not be a serious problem. And, when R&D output is shared completely, the output of 
this entity only has to be observed, not measured, for all firms to be sure that they are 
receiving their shares of the R&D output. 

Although a cooperative research agreement increases R&D incentives by internalizing 
the positive externalities (i.e., R&D spillovers) among firms, there is a second incentive 
effect working in the opposite direction. When cooperative research lowers the production 
costs of one firm, its competitors' profits typically are reduced: there is a negative pecuniary 
externality among firms. Thus, firms may find it in their collective interest to use a cooperative 
agreement to restrict the level of R&D conducted. 

Whether the net incentive effect of cooperation is positive or negative largely depends 
on the strength of product-market competition. When product-market competition is intense 
and cooperative R&D reduces the costs of multiple firms, competition among these firms 
will lead them to dissipate much of the potential profits from the innovation by lowering 
product prices. In the limit, if the firms were Bertrand competitors in a homogeneous product 
market with a constant returns to scale technology and equal unit costs of production, any 
cost reduction brought about by shared R&D would cause the equilibrium price to fall by 
the full amount of the cost reduction. Consumers would appropriate all of the economic 
gains of the cooperative R&D, and firms would have no incentive to conduct R&D under 
a cooperative agreement. At the other extreme, if the firms conducting the joint R&D sold 
their final outputs in unrelated product markets, there would be no negative pecuniary 
externalities, and the net incentive effects of cooperation would be positive. For markets in 
which the firms are product-market rivals, but are less than perfectly competitive, the net 
effect of a cooperative agreement may be to raise or to lower private incentives to engage 
in R&D. 

I outline the formal model of R&D and product-market competition in which I analyze 
the effects of cooperative R&D in the next section. Sections 3 through 5 then characterize 
the equilibrium. The main welfare results appear in Section 6, where I show that as the 
degree of product-market rivalry among firms rises, there are fewer situations in which an 
industrywide cooperative research agreement will lead to increased R&D. I also establish 
conditions under which a (possibly less-than-industrywide) cooperative agreement raises 
welfare through its effects on the equilibrium level of R&D and on the costs of achieving a 
given R&D level. By eliminating the duplication of R&D projects, an agreement may raise 
welfare even though it causes an already suboptimal level of R&D to fall further. 
Section 7 interprets these welfare results in the context of specific models of product-market 
competition. Section 8 considers the role of independent R&D as a check on firms' ability 

3 Cooperative R&D also may have other advantages over ex post licensing. First, it may allow risk sharing 

among firms, which can be important to managers and, thus, to stockholders. Second, an agreement may provide 

a means by which firms can pool their resources to obtain sufficient capital to finance large R&D projects if capital 

markets are imperfect. Finally, when the output of R&D projects is stochastic, there may be greater competition 

in conducting R&D projects than in selling the output of successful projects. That is, firms may have ex post market 

power, but no ex ante market power. Under a cooperative research arrangement, firms agree on the payment before 

executing the project, and monopolistic pricing distortions are less likely to be severe. 
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to use cooperative agreements to restrict R&D competition. The article concludes by noting 
the preliminary policy implications of the analysis. 

2. The model: a four-stage game 

* I formally analyze a four-stage game in a market in which ex post licensing is infeasible 
(owing, say, to problems of opportunism and asymmetric information in licensing). First, 
in the membership stage, each firm decides whether to participate in a cooperative research 
agreement. Second, in the agreement stage, the member firms choose the R&D cost-sharing 
and R&D output-sharing rules that characterize the agreement. The firms take these rules 
as given in the third stage, the development stage, when each firm chooses its level of R&D 
effort to maximize its own profits. Finally, in the production stage, the firms choose their 
levels of output in the product market, given the production costs that they have inherited 
from the development stage. 

The firms behave noncooperatively. At each stage a firm chooses its action while taking 
its rivals' actions for that stage as given. Moreover, the firm makes its decision at one stage 
on the basis of its calculation of the resulting equilibrium in the later stages. 

Although the firms choose their R&D levels noncooperatively, we can use this model 
to examine joint ventures in research, where the firms form an independent entity to conduct 
R&D and collectively choose a level of R&D to be conducted by the cooperative laboratory. 
As I shall show, in the agreement stage the member firms collectively set the cost-sharing 
rule at a level that induces them to choose the jointly profit-maximizing levels of R&D in 
the development stage. For symmetric equilibria, the member firms have coincident interests. 
Thus, all members would give the same instructions to the joint research lab, and all members 
will agree on the optimal level for the cost-sharing rule. Given that they have set this rule 
optimally, the member firms suffer no loss of profits from decentralizing the choices of 
R&D levels. 

Since I am examining the Nash perfect equilibria of the game, I solve the game back- 
wards. In the final stage the n firms choose their output levels while taking costs as given. 
Define N-={ 1, 2, . .. , n}. Let ci denote firm i's constant marginal cost of production, and 
let V'[c] denote firm i's equilibrium profits (gross of R&D expenses) when the vector of 
production costs is c (cl, c2, ... , Ca). Denote by VJ[c] the partial derivatives of VP[c] with 
respect to a change in the costs of firm j. 

Assumption 1. (a) For every i, V1[c] = V[ci, 0(c, ..., ci-1, ci+?, ..., cA)], where 
.) is a symmetric function; (b) for every c such that i is an active producer, 

Vi[c] < 0; and (c) for every c such that i and j are active producers, i 1 j, Vj[c] 2 0. 

Several standard models of oligopoly satisfy Assumption 1. For example, it is satisfied 
by a homogeneous good market in which firms are Cournot competitors. The conditions 
of Assumption 1 also are satisfied by a differentiated product market in which rivalry is 
nonlocalized, such as the symmetric versions of the models of product differentiation de- 
veloped by Spence (1976) and Dixit and Stiglitz (1977).4 

3. R&D competition 

* Before competing in the production stage, each firm chooses its level of R&D while 
taking as given the parameters of any cooperative research agreement.5 Suppose that k firms 

4 For a model in which products are spatially differentiated along a circle (e.g., Salop, 1979), Assumption 1(a) 
is satisfied if and only if n < 4. 

5 R&D competition and the nature of spillovers are modelled as in Spence (1984). Reinganum (1981) examines 
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have formed a cooperative R&D arrangement. The remaining n - k firms are assumed not 
to be participants in any other cooperative venture. For k = n and k = n - 1, at least, this 
assumption is not restrictive. 

Let ri denote the level of firm i's R&D effort measured in dollars (i.e., the.expenses 
incurred by firm i's laboratory). If a firm is not a member of a cooperative research agreement, 
then it engages in no cost sharing, and the firm bears its own R&D costs. With a cooperative 
research agreement in effect, member firms may share the costs of their R&D efforts. Al- 
though the cost sharing could be a function of several variables (including, for example, a 
firm's revenues and unit sales in the product market), I shall consider cost-sharing rules 
that depend on only the industry vector of R&D effort, r (rl, r2, ..*, rn). 

Since I focus on symmetric outcomes, there is no loss in generality in considering linear 
cost-sharing rules.6 If firm i is a member of the cooperative agreement, its total expenditures 
on R&D are given by 

5kri +(1s ,() 
k-I jel-{il 

where K is the set of firms that are members of the cooperative agreement, sk is the share 
of the cost of its own R&D efforts that a firm must bear, and (1 - s)/(k - 1) is the share 
of another member's R&D costs that each firm must bear. 

Firm i's effective level of R&D is the sum of its own R&D expenditures and those 
expenditures of its competitors that spill over to it. The spillover rate between firms i and 
j is given by q whenever at least one of the two firms is not a member of the cooperative 
agreement. When i and j are both members of the cooperative agreement, the spillover rate 
is given by qk. There is a technological upper bound on this spillover rate, denoted by 0. I 
assume that 0 c 0 c q c 1, where b c 1 means that R&D expenditures by other firms are 
no more effective in reducing a given firm's costs than are expenditures by that firm. 

Letting zi denote the effective level of R&D from which firm i benefits, both directly 
and through spillovers, 

zi ) = ri + X ri (2) 
jEN-{i} 

for a nonmember, and 

Z(r) = r, + Ok z rj + (3) 
jeK-{ i} lhEN-K 

for a member of the cooperative agreement. 
There is a deterministic relationship between firm i's marginal cost and its effective 

level of R&D: ci = c[zi]. I assume that this function has the following properties. 

Assumption 2. For every z E R+ c, [z] E (c, c], where c and c c(O) both are positive and 
finite. c[ * ] is twice continuously differentiable with: (a) c' < 0; (b) c" > 0; (c) c'[z] -a 

as z 0; and (d) c'[z] 0 as z oo. 

The following assumption greatly simplifies the exposition by ensuring that it is not 
an equilibrium for all firms to set their R&D levels at 0 and cease production in the output 
market. 

the effects of cooperative R&D in an elegant model of a duopolistic patent race. In her model, unlike the one 
considered here, there is a single "winner" of the race, and the prize awarded to the winner is independent of the 
R&D level of the losing firm. 

6 Firms might choose a nonlinear sharing rule in a market in which the second-order conditions would be 
violated if the firms tried to support the collectively preferred outcome with a linear rule (see footnote 7). Even in 
this case, at the relevant margin, the first derivative of the sharing rule would have the same value as that calculated 
in the text. 
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Assumption 3. VI[C-] > 0, where c- (, c .. ., 5). 

This assumption states that if no firm does R&D, all n firms will produce and make positive 
profit. 

I restrict attention to "symmetric" outcomes: in equilibrium all member firms have 
identical levels of effective R&D equal to Zk, and all nonmembers have effective R&D levels 
equal to Z-k. Let Ck denote the n-vector with C[Zj] in the ith entry if firm i is a member and 
with c[z-] there if firm i is a nonmember. For k > 0, define p[cI V=[cl/Vi[ckI for i # I 
and i and j both members of the cooperative agreement. For k = 0, in which case there are 
no members of the cooperative agreement, define p[ck] 3V[ckl/ V[cj ] for any i # j. By 
Assumption 1 and the restriction to symmetric outcomes, p[C ] is independent of i and j 
and p[cl < 0. 

The first-order conditions for an equilibrium in the R&D stage are 

3[Ck]{ 1+ (k-1 )4kp[Ck]}C [Zk] + f c [Z-] I Vj[Ck]-Sk< O(4 
jEN-K 

for a member firm, and 

Vi[C ] [Z k]+ + z Vy[CI]C [Z-k] + X) E Vi [Ck]C [Zk]_1< (5 V~[lclc'zl]+ ~ ~ V4cc[ + + ) j - 1 < 0 (5) 
jEN-K-{i} hIzK 

for a nonmember firm, with strict inequality in each case only if ri = O.' 
When all n firms in the industry cooperate, there are no nonmembers, and the first- 

order equilibrium condition for zn is 

V [cn]c'[z ]{1 +//(n- l)p[c ]}-s = (6) 

if Zn is positive. By Assumptions 2(c) and 3, there exists a corner solution at zn = 0 if and 
only if 1 + (n - )p[c] 0. 

Does cooperation raise R&D? In the absence of an agreement, all firms are nonmembers. 
By equation (5), zo, the equilibrium level of R&D, satisfies 

VJ[co]cC[zo]{ 1 + (n - l)kp[c]} -1= 0 (7) 

if zo is positive. Again by Assumptions 2(c) and 3, if and only if 1 + (n - l)p[c-] < 0 is 
there a corner solution with zo = 0. 

Comparing the equilibrium conditions, equations (6) and (7), one obtains the following 
proposition. 

Proposition 1. Under Assumptions 1-3, if 1 + (n - l)p[c-] > 0 and all n firms form a 
cooperative agreement, then there exists a pair of symmetric equilibria such that the sign 
of zn - zo is equal to the sign of 

(1-sn){1 +(n- 1)4np[C0]} +(4O-n)sn(n- )p[c 0]. (8) 

If 1 + (n - l)4p[-] < 0, then 1 + (n - 1)4np[-] < 0, and there exist equilibria with 
zo =0= Zn. 

Proof: Suppose that all of the firms in the cooperative venture had R&D levels equal to zo. 
Then substitution of equation (7) into the left-hand side of equation (6) yields 

V[c ]c'[z ]{ I + /(n- 1)p[c0]}-Snf= 1 +(n- 1) p[c ] 
+ (n -lfrkp[c0] .(9 

7 The higher the level of R&D, the lower are a firm's costs, the greater is its output, and thus the greater are 
the benefits to the firm from a given unit cost reduction. As Dasgupta and Stiglitz (1980) have noted, this effect 
may outweigh the diminishing returns in the "production" of cost reductions. Although this potential nonconvexity 
raises interesting issues, I assume directly that the first-order conditions are sufficient to determine an equilibrium. 
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By rearranging terms one can show that the sign of the right-hand side of equation (9) is 
given by the sign of expression (8). Suppose that expression (8) and, hence, both sides of 
equation (9) are positive at z0. By Assumption 2 the left-hand side of equation (9) is negative 
for all sufficiently large values of z. Thus, there exists some z' greater than zo that satisfies 
the first-order equilibrium condition. A similar argument holds for the case where expression 
(8) is negative. Q.E.D. 

For 1 + (n - 1)qp[cJ] > 0, Proposition 1 shows that when firms share R&D costs but 
the degree of R&D output-sharing is unaffected (i.e., s' < 1 and q)' = q)), there exist equilibria 
with z' > zo. Since each firm considers only its own share of its R&D costs when choosing 
its R&D level, the firms are, in effect, subsidizing each other and thus stimulating R&D 
efforts. 

At the other extreme, when firms sign royalty-free cross-licensing agreements, which 
increase R&D output sharing but not R&D cost sharing (i.e., qY > X and Sn = 1), there 
exists a pair of equilibria with z' < zo. Although the sharing leads to a greater level of 
effective R&D per dollar spent, this effect is dominated by the fact that each firm makes a 
smaller R&D expenditure because it recognizes that its R&D lowers rivals' costs. 

Suppose there is less than industry wide cooperation. Changes in the R&D levels of 
member firms will affect the R&D levels of nonmember firms. To determine the slope of 
the reaction curves, it is necessary to put greater structure on the reduced-form profit function 
by signing the second derivatives. The natural assumption is the following one. 

Assumption 4. (a) For every c such that i is an active producer, V'i[c] > 0; and (b) for every 
c, V',[c] ? 0 for i # j. 

Proposition 2. Suppose that 0 = 0. Under Assumptions 1-4, if Sk is less (greater) than 
1- 4/k(k - l)p[c0], then there exists a pair of equilibria with Zk > Zo > Z-k (Zk < Zo < Z- . 

A proof of Proposition 2 appears in the Appendix. I assume that q5 = 0 because of the 
difficulty in characterizing equilibrium in a market with positive spillovers between firms 
that are not both members of the cooperative venture. Note that since the costs of the 
member and nonmember firms may move in opposite directions, this result does not state 
whether total industry costs rise or fall. 

4. The choice of sharing rules 

* Before choosing their R&D levels, the member firms choose the R&D cost- and output- 
sharing rules while taking into account the resulting equilibria in the development and 
production stages. The firms are restricted to choosing X E [4, k] and s E [0, ST], where it 
is assumed that firms can require members to bear their own costs of R&D: s3 - 1. 

Given symmetry, all firms in an industrywide arrangement want to choose d/' and s' 
to maximize industry profits. In some markets, industry profits gross of R&D costs will 
fall as a result of a cost-reducing innovation (e.g., 2{f1 + (n - l)p[c, c, ..., c]} > 0 
in the symmetric case). For example, Seade (1983) has shown that for symmetric firms 
in a homogeneous-good, conjectural-variations model this case arises if and only if the 
industry marginal revenue curve is upward sloping. When even costless R&D lowers indus- 
try profits, it is not in the firms' collective interest to conduct R&D, and they will choose 
the sharing rules that minimize the amount of R&D conducted in the subsequent stage. 
As shown by Proposition 1, raising the spillover rate and the own-cost-sharing rate both are 
ways to reduce equilibrium R&D. Thus, under Assumptions 1 and 2, if for every c E (c, c], 
1 + (n - l)p[c, c, .. ., c] < 0, profit-maximizing firms will set d/' = k) and sf = s-. 

Turning to cases in which R&D may be collectively profitable, we have the following 
proposition. 



534 / THE RAND JOURNAL OF ECONOMICS 

Proposition 3. Suppose that for every c E (c, c], 1 + (n - l)p[c, c, ..., c] > 0. Under 
Assumptions 1-3, if the firms form an industrywide cooperative R&D agreement, then: (a) 

n= 5); and (b) Sn equals the minimum of ST and 

1 +(n- l)kp[c ] 

{ 1 + (n- l)p[Cn]} { 1I+ (n - )}*(0 

Proof. Suppose to the contrary that on < c. Then for any positive value of Sn, it would be 
profitable to raise o/n while lowering s' in a way that holds z' constant. The original choice 
of on could not have been optimal. Therefore, q' = c/. 

Now, consider the cost-sharing rule, given on. Industry profits are 

iX[r] z { IV[c(zl(r)), c(z2(r)), . . , C(Zn(r))]-rs} (1 1) 
iEN 

Differentiation of equation ( 11) with respect to ri yields 

di7r 
d- 

= V'[c]c'[zi]{l +(n- 1)q}{l +(n- I)p[c]} 1, (12) 

where I have made use of the fact that Vik = Vi for symmetric outcomes. Suppose that the 
firm faces a sharing rule given by expression (10). Then, by equations (6) and (12), at cn 
the firm's private R&D incentive, dV1/dri, is equal to Sn times the collective incentive, 
dir/dri, and both are equal to zero. The choice of s given by expression (10) internalizes the 
spillover and pecuniary externalities, and it induces the joint-profit-maximizing level of 
R&D. Hence, the firms will choose it if it is feasible. Q.E.D. 

There are cases in which the firms would like to set Sn greater than one as a means of 
contracting the amount of R&D conducted. If 0 - 0 = k, for example, only cost sharing 
is feasible, and by expression (10) the firms would have incentives to set 

sn = 1/{1+(n-l)p[Cn]}> 1 for p[cn ]<0. 

If s- < 1, then there exists a range of values of ? for which the firms will be up against this 
ceiling; that is, the firms will sign royalty-free cross-licensing agreements. 

Proposition 3 also identifies conditions under which the firms will choose an R&D 
joint venture where, in effect, the firms set up an independent research facility and share 
equally in its costs. If X = 1, the firms will set Sn = 1 /n and "instruct" the joint venture to 
conduct the joint-profit-maximizing amount of R&D. 

The same argument used for the case of an industrywide agreement can be applied to 
show that when there is less than complete participation, profit-maximizing firms will choose 

k= . The choice of the R&D cost-sharing rule will not be the same as when there is 
industrywide participation, however, even when 4 = 0. Let irk[rk, r-] denote the profits of 
a member firm, and let r*(rk) denote the nonmember firms' response to the member firms' 
R&D level. The cooperating firms will set s to maximize 7rk[rk(s), r*(rk(s))], where rk(s) and 

r*(rk(S)) are the next-stage equilibrium levels. 

Under Assumptions 1-4, if X = 0, nonmember R&D is a nonincreasing function of 
the R&D level of member firms. When nonmember R&D is a decreasing function of the 
R&D level of member firms, member firms will set s at a level that is lower than the one 
at which w7rk[rk(s), r*(rk(s))]/Ork = 0. Essentially, the member firms can act as a von Stack- 
elberg leader in the R&D stage through their choice of Sk in the prior stage of the game, 
and they will subsidize each other to induce the nonmember firms to cut back their R&D. 

By the same argument used for Proposition 3, one can prove the following proposition. 

Proposition 4. Suppose that k firms form a cooperative venture in a market in which 
I= 0. Under Assumptions 1-4: (a) Ik = k; and 
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(b) sk< {l + (k- 

- 
I[C O]}{ +( -1 (13) 

Proposition 4 implies that if full sharing is feasible (i.e., X - 1), then the members will set 
sk< /k. 

5. The membership decision 
* Finally, consider the membership decision. Since the n-firm agreement maximizes in- 
dustry profits, firms will form an industrywide arrangement if side payments (with respect 
to membership decisions) are feasible. Such payments may be infeasible, however. In the 
absence of side payments, one must examine which values of k are sustainable as Nash 
equilibria in the membership game. This equilibrium concept corresponds to an institutional 
structure in which membership in the cooperative arrangement cannot be blocked by other 
firms. Recall that I assume that there is at most one cooperative agreement in the industry. 

It is useful to compare this problem with that of cartel formation in the output market. 
D'Aspremont et al. (1983) consider an arrangement under which the member firms restrict 
output and raise price, to the benefit of all firms in the industry. The authors show that 
each firm would prefer that all of its rivals join the cartel, but that it be able to free-ride on 
their cutback in output. Despite the incentives for free-riding, the authors prove that there 
always exists some strictly positive cartel size that is a Nash equilibrium. Applying their 
method of argument to the present model, one can obtain a similar result. 

Proposition 5. Under Assumptions 1 and 2 there exists an equilibrium membership size, 
k*, with 2 < k* < n. 

Proof Let w1n[k] and irout[k] denote the profits of a member firm and a nonmember firm, 
respectively, under the profit-maximizing k-firm agreement. Define 7r"U'[1] as the profits 
earned by any given firm when there is no cooperative agreement. Given the institutional 
structure, k* must satisfy two conditions. First, no member wants to drop out, rXin[k*] 
> 7r?ut[k* - 1]. Second, for k* < n, no nonmember wants to join, 7rout[k*] 2 7rin[k* + 1]. 

Since the cooperating firms could behave as if there were no agreement (i.e., set s = I 
and X = k), it must be the case that wifl[21 ? w0?t[ 11, with strict inequality if X> A. Thus, 
if rout[2] >- r"n[3], then k* = 2. If irout[2] < 7rin[3], then k* = 3 if and only if rout[3] > wn[4]. 

This algorithm continues until either some k < n has been found that satisfies the two 
necessary conditions, or else rout[n - 1] <rin[n]. In the latter case k* = n. Q.E.D. 

For the remainder of this section, I want to focus on the question of whether k* is, in 
fact, equal to n. For an industrywide agreement, the only question is whether a member 
would find it individually profitable to leave. By remaining in a cooperative research agree- 
ment, a firm may gain from: (1) an increased intensity of spillover; (2) an increase in the 
level of R&D activity on the part of the firm(s) on which it would otherwise free-ride; or 
(3) a decrease in the effective R&D levels of its competitors. 

To calculate these benefits, one must compare the cases of k = n and k = n - 1. Because 
of the difficulties in characterizing the k = n - 1 outcome, I consider two polar cases. First, 
suppose that there is no spillover unless one is a member of the cooperative agreement, 
X = 0. In this case the nonmember firm cannot free-ride on the others; only effects (1) and 
(3) can arise. 

Lemma 1. Under Assumptions 1 and 2, if X = 0 and zn-1 > Z0, then having all n firms 
participate in the agreement is an equilibrium in the membership game. 

Proof Per firm profits are at least as large with the n-firm cooperative venture as without 
any agreement. Given that znil > z0, the nonmember firm is worse off when there is an 
(n - 1)-firm cooperative agreement than it would be in the no-agreement case, since its 
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competitors have lower costs: with a = 0 the nonmember derives no benefits from its 
competitors' R&D. Therefore, all firms' joining the agreement is a Nash equilib- 
rium. Q.E.D. 

Proposition 7 below establishes conditions under which zn-l > Z0. Lemma l and Prop- 
osition 7 can be combined to establish conditions under which an equilibrium industrywide 
agreement will exist. 

Moving to the other pole, suppose that the spillover between any two firms is complete, 
whether or not they both are members of the cooperative agreement: X = 1 = X. It might 
appear that nonmembership is a dominant strategy. It need not be. It is straightforward to 
construct examples in which 

(n- l)V'[cj]c'(0){I +(n- l)p[-j]}- 1 <O<nVs[j]c'(O){l +(n- l)p[j]} -1 

when c'(O) is finite.8 In such a market, when there is an (n - 1)-firm cooperative agreement, 
neither the members nor the nonmember will do research. But with industrywide partici- 
pation, the sharing rules will be chosen to induce research that raises the profits of all firms 
from their no-research level. In such markets k = n is an equilibrium outcome because of 
benefit (2); when a firm joins the agreement, it benefits from an increase in the level of 
R&D activity on the part of the firms on which it would otherwise free ride. 

6. Output and welfare effects 

* The formation of a cooperative research agreement can have two effects on welfare. 
First, the agreement increases sharing and thus lowers the expenditures necessary to achieve 
a given level of effective R&D. As shown above, member firms efficiently set q k at its 
maximal feasible level. Second, the formation of the agreement may affect the equilibrium 
level of effective R&D. 

For an industrywide agreement the effect on R&D can be determined by combining 
Propositions 1 and 3. Unfortunately, the resulting condition is difficult to interpret if p[c'] 
does not equal p[c']. When p[c] is constant across equilibria, however, the condition simplifies 
greatly. 

Proposition 6. Suppose that for every c E (c, 5], p[c, c, ..., C] = p, a constant, and that 
Assumptions 1-3 are satisfied. (a) If 1 + (n - 1)p < 0, then the unique symmetric equi- 
librium under industrywide cooperation entails z' = 0 < zo, with strict inequality if 
and only if 1 + (n - l)p4) > 0. (b) If 1 + (n - l)p < 0 < 1 + (n - l)po, then there exists 
a pair of symmetric equilibria with zn < z? with strict inequality if 4) < 4 or s > 1. (c) If 
1 + (n - 1)p > 0, then there exists a pair of symmetric equilibria such that the sign of 
zn-Z? is given by the sign of 

+ P. (14) 
l-4+(n- 1)4) 

The term p (= VJ7/ Vi) in Proposition 6 captures the extent to which firms dissipate the 
benefits of cooperative R&D through product-market competition. When p is large in ab- 
solute value, the gain in firm i's profits from a reduction in its costs is largely negated by 
the accompanying fall in the costs of its rivals. In this case the principal effect of cooperative 
research is to lower the product price and to raise consumer surplus, not profits. Hence, 
firms will attempt to use the cooperative arrangement to limit their R&D when product- 
market competition is intense. 

For markets in which industrywide cost reduction raises profits (i.e., 1 + (n - 1)p 
> 0), differentiation of expression (14) establishes that an increase in either the nonmember 

8 For expositional convenience I have chosen examples that violate Assumption 2(c). Examples fully satisfying 
Assumptions 1-4 can be constructed, but are more complex. 
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spillover rate, X, or the between-member sharing ceiling, X, enlarges the set of values of the 
other parameters for which an industrywide cooperative agreement raises effective R&D. 
Although raising the between-member spillover rate lowers the incentives to conduct R&D 
for any given level of cost sharing, it lowers the cost of achieving a given level of effective 
R&D. Given this cost reduction, the firms will set the cost-sharing rule at a level that 
encourages an increased level of effective R&D.9 

These findings suggest that cooperation in basic research is more likely to increase 
effective R&D than is cooperation in development activities. Basic research may have high 
spillovers in the absence of cooperation, and it may be equally useful to all firms when 
shared (i.e., X and X are near 1). When + = 1 = X, the condition that expression (14) be 
positive is equivalent to 1 + (n - 1)p > 0. Thus, an agreement can raise effective R&D if 
and only if a uniform reduction in the firms' costs raises industry profits. For development 
activities, 0 and k may be low. When 0 = 0 = X, expression (14) is equal to p, which is 
negative whenever the firms are product-market competitors. Hence, cooperation may lower 
effective R&D when the maximal level of R&D sharing is low. 

How do changes in the level of effective R&D affect welfare? For a typical model of 
the product market, an increase in effective R&D leads to a lower product price and raises 
consumer surplus. Thus, an industrywide agreement that raises the level of effective R&D 
must raise total surplus as well. 1 A cooperative agreement may raise welfare even when it 
does not increase the level of effective R&D. For example, if zn = z0, welfare is increased 
by the cost savings due to the increased efficiency in R&D that results from sharing when 
/)n > 4). If profits gross of R&D expenses and consumer surplus are continuous in z, it is 
straightforward to show that welfare rises when Zn is less than, but close to, z0. l 

Now consider the case of less-than-industrywide cooperation. Propositions 2 and 4 can 
be combined to obtain a result analogous to Proposition 6, although the condition is one- 
sided, given that Proposition 4 provides only an upper bound on the value of Sk. 

Proposition 7. Suppose that k firms form a cooperative research agreement in a market in 
which + = 0 and, for every c such that for every i E N ci E (c, c-], p[c] = p, a constant. 
Under Assumptions 1-4, if 1 + (k - l)p > 0 and if 

1 +(k- )liP>?O (15) 

then there exists a pair of symmetric equilibria such that zk > Z? > Zk. 

As with an industrywide arrangement, firms will attempt to use cooperation to increase 
their R&D levels when product-market competition is weak (i.e., p is near zero) or when a 
high degree of R&D sharing is feasible (i.e., k is large). 

Welfare conclusions are difficult to draw in the case of less than industrywide coop- 
eration. An increase in the effective R&D of member firms may lead to a decrease in the 
R&D of nonmember firms. Given that welfare depends on the entire pattern of R&D levels 
across firms, it is not clear that welfare is raised by a cooperative agreement with less than 
industrywide participation that raises zk. Moreover, even if the "total" level of industrywide 
effective R&D rises in some sense, the social benefits of this increase may be outweighed 

I When the firms' choice of own-cost sharing is exogenously constrained, a high degree of cooperative spillover 
may have adverse incentive effects. 

10 The increased consumer surplus that results from more R&D is a wedge between the private and social 
incentives to innovate. Consequently, member firms will set s' above the welfare-maximizing level if feasible. Thus, 
even though firms could self-subsidize completely (ii., set s = 0), there still may be scope for government subsidization 
of R&D (subject to the problems noted earlier). Spence (1984) discusses this point further. 

" In their informal discussion of antitrust policy toward R&D joint ventures, Grossman and Shapiro (1986) 
also note the need to distinguish between changes in R&D expenditures and changes in effective R&D. 
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by the costs. In choosing their level of R&D effort, the member firms ignore the resulting 
increase in consumer surplus, which biases the firms' choice downwards, as in the case of 
an industrywide agreement. But the cooperating firms also ignore the possible decrease in 
the profits of nonmember firms, which may bias their choice upwards. The latter effect may 
dominate, and thus a cooperative agreement that leads to an increase in effective R&D may 
merely encourage socially wasteful R&D. 

Of course, when the level of R&D is not affected by the formation of the cooperative 
agreement (i.e., zk = Zo = z-), the agreement's only effect is to increase both profits and 
total surplus through the R&D cost savings that result from the greater spillover rate. And, 
as long as total surplus is continuous in zk and z-k, welfare also rises when zk and z-k are 
close to z0. 

7. Specific models of the product market 

* To this point the effects of product-market competition on development incentives have 
been summarized in terms of p[c]. To understand better the ways in which competition 
affects the incentives to conduct cooperative R&D, it is useful to consider specific models 
of the product market and to relate the value of p[c] to underlying market conditions. 

O Independent product markets. First, suppose that the firms sell their outputs in unrelated 
product markets so that p[c] = 0. When the product markets are independent, all of the 
effects of cooperation are beneficial. Since kk 4), cooperation raises the efficiency of R&D 

whenever 4 > X, and cooperation raises the equilibrium level of effective R&D for member 
firms for any positive 4. Given the independence of markets, the effective R&D levels of 
nonmembers (if there are any) cannot fall. Hence, cooperation raises welfare whenever some 
sharing of R&D is feasible. 

o A homogeneous good market. Consider the polar opposite case of a homogeneous good 
with market inverse demand P[X], where X is aggregate industry output. Suppose that the 
equilibrium price and vector of outputs are given by an n-firm conjectural variations model 
in which firm i chooses its level of output, xi, under the assumption that its competitors 
will increase their total output by 6 for every unit by which firm i increases its output. 

The first-order conditions for equilibrium are: 

xiP'[X](1 + () + P[X] - ci ' O ViEN, (16) 

with strict inequality only if xi = 0. 
Although the conjectural variations model is not a game-theoretic construction (except 

for 6 = 0), it does provide a useful parameterization of the degree of product-market rivalry 
in terms of (. When 6 = -1, firm i behaves as a price taker, while 6 = 0 corresponds to 
Cournot behavior. When all firms have equal unit costs of production, 6 = n -1 corresponds 
to a market in which all firms believe that market shares are constant, and the equilibrium 
entails joint profit maximization. I consider values of 6 between the "competitive" and 
"collusive" levels, i.e., 6 E (-1, n - 1). 

To apply Proposition 6 p must be a constant. Under what conditions will this require- 
ment be satisfied? 

Lemma 2. Suppose that the product-market equilibrium is given by a conjectural varia- 
tions model in which all n firms are active. Then p[c, c, ..., c] is independent of c if 
and only if the elasticity of the slope of demand, E XP'[X]/P'[X], is constant or, equiv- 
alently, if and only if P[ * ] is given by either: (a) P[X] = a + AX Y (with E = - 1) or 
(b) P[X] = a- + I ln X (with E =-1), where aL, A, and -y are constants. 
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A proof of Lemma 2 appears in the Appendix, where I show that p[c, c,... , c] is given 
by the following:12 

2n+ (l +6)E (7 
(l-2n)(1 + 6)E-2n(n + 6) (17) 

From equation (17) one obtains Seade's (1983) result that an industrywide cost reduc- 
tion lowers profits whenever the industry marginal revenue curve is upward sloping: 
1 + (n - l)p < 0 if and only if E < -2.'3 Hence, for E < -2, the firms will not use a 
cooperative agreement to increase effective R&D. 14 

For 1 + (n - 1)p > 0, Proposition 6 is more readily interpreted when the values of z0 
and z' are unique. Although much stronger than is necessary, the following condition is 
sufficient to guarantee that there is not more than one symmetric equilibrium for any given 
pair of cost-sharing and R&D-sharing rules. 

Condition. For every z E R+, (a) C"(Z)/C'(Z)2 > 1/{[E + l][a - c(z)]} if E 1 -1, and 
(b) C",(Z)/C(z)2 >-1/f if E =-I.15 

Using equation (17), we can state expression (14) in terms of underlying market pa- 
rameters. Differentiation of the resulting expression shows that increasing either 6 or E raises 
p and expands the set of values for the remaining parameters over which industrywide 
cooperation raises effective R&D. Raising the value of 6 corresponds to reducing the intensity 
of product-market competition, which makes the dissipation of profits through lower prices 
less severe. Similarly, Seade (1983) has shown that ceteris paribus an increase in E makes 
the equilibrium price less responsive to changes in costs. Again, the dissipation of profits 
through lower prices is attenuated. 

Consideration of a specific example is helpful. Suppose that there are no spillovers to 
nonmembers but that full between-member sharing is feasible: q0 = 0 and 0 = 1. Then 
expression (14) is positive if and only if E + 2n6/[(n - 1)(6 + 1)] > 0. For linear demand 
E = 0, and the industrywide agreement raises effective R&D and welfare when the firms 
are less competitive than Cournot firms. Industrywide cooperation lowers effective R&D 
when the firms are more competitive than Cournot firms. For "nearly Cournot" firms (i.e., 
6 sufficiently close to zero), welfare is increased by the savings in R&D expenditures even 
when effective R&D falls. For higher values of E, cooperation among Cournot firms raises 
effective R&D and welfare. 

Now consider the case of less than industrywide cooperation. In general, c[zkl] c[Z-k]. 
Thus, the following result, which is proved in the Appendix, shows that it is necessary to 
restrict the industry demand function further to ensure that p is a constant. 

Lemma 3. Suppose that the product-market equilibrium is given by a conjectural variations 
model in which all n firms are active. Then p[c] is independent of c if and only if market 
demand is of the form P[X] = a + ,BX, where a and ,B are constants. 16 

12 Seade (1980) shows that E + (1 + 3 + n)/(1 + 3) > 0 is necessary and sufficient for stability. Together with 
the expression for dPe/dcj given in the proof of Lemma 2, this condition implies that dPe/dcj > 0 and hence that 
V, > 0 for j # i. Thus, for stable equilibria, p > 0 if and only if V) > 0. In this case firm i would conduct no R&D, 
and would act either on its own or in cooperation with other firms. In the text I restrict attention to parameter 
values such that V' < 0. 

13 For isoelastic functions, E < -2 if and only if industry demand is inelastic. 
"4n Katz and Shapiro (1985), we obtained an analogous result that equally efficient producers would not 

license minor cost-reducing innovations to one another when E < -2. Bresnahan and Reiss (1985) also found the 
value of E to be central to their analysis of cooperation between manufacturers and retailers. 

15 These conditions can be derived from equation (A2) in the Appendix. They guarantee that the returns to 
R&D measured in terms of the reduction in unit costs, Ic'(z)l, fall quickly enough as the level of R&D rises to offset 
the fact that V'j is positive. Hence, d{ VJ'[c(z), c(z), . . ., c(z)Jc'(z)}/dz < 0 for all positive z. 

16 Arguments that zk > z' made on the basis of Lemma 3 are valid only for cases in which all firms are active 
in the product market. But if z0 > 0 and the unique equilibrium under a k-finn agreement entails shutdown by 
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For linear demand p = - 1/(n + (). Hence, Proposition 7 implies that when 0 = 0, the 
profit-maximizing k-firm cooperative agreement raises the member firms' equilibrium level 
of R&D if k > I/{n + 1 + 6 - k}. Given that some sharing of R&D results is possible (i.e., 
0 > 0), for any fixed k and 6 there is some finite n- such that for n >_ i a k-firm cooperative 
agreement will induce the member firms to conduct a greater amount of effective R&D. 
This result supports the intuition that an agreement among only a small proportion of the 
firms in an industry may not serve as a means of restricting member firms' R&D since they 
still face significant R&D competition from nonmember firms.17 

o Imperfect substitutes. Finally, consider an industry in which the firms produce goods 
that are imperfect substitutes for one another. Following Spence (1976) and Dixit and 
Stiglitz ( 1977), suppose that demand is generated by a representative consumer with utility 
function 

U[Y, XI I X2 ,** Xn] = U[Y, : A(Xj)], ( 18) 
jEN 

where y is a composite commodity of all other goods with price normalized to one. Consumer 
optimization implies that the inverse demand function faced by firm i is 

P[yx,x2,. . . ,Xn] = U2[y, z ,(Xj)]/'[Xi]UI[Y, z (Xi)]. 
jEN jEN 

One must again restrict attention to markets in which p[c] is constant over the 
relevant cost vectors. Tedious calculations show that if product-market equilibrium is 
given by a conjectural variations model in which each firm believes that its rivals would 
respond symmetrically to changes in its output level and if the utility function is of the 
form U[y, xi, x2, ..., xn] = y + [I axfl, where a, A, and y are constants, then 

jEN 

p[c, c, . . . , c] is independent of c over the set of all c such that all n firms are active producers. 
Unfortunately, the expression for p is sufficiently complicated that I was unable to sign 

its derivatives with respect to the underlying parameters. By analogy to the case of perfect 
substitutes, one would expect that an increase in the degree of competition among firms as 
captured by a decrease in 6 would lead to p's becoming more negative. This conjecture was 
supported by computer simulations.'8 

This model of demand also can be used to explore the effects that the strength of 
product differentiation has on competition and R&D incentives since : = 1 corresponds 
to the case of perfect substitutes, while y = 1 corresponds to independent product markets. 
The case of imperfect substitutes can be represented by taking both : and oy to be positive 
but each less than one. 

For any given value of y E (0, 1), an increase in d might be thought of as an increase 
in the degree of substitutability among products. In this view an increase in d corresponds 
to an increase in competition, and one would expect p to become more negative as d rises. 
For any given value of : E (0, 1), an increase in y can be viewed as a decrease in the degree 
to which competing products crowd each other in the product market. Thus, an increase 
in y should correspond to a decrease in the intensity of competition, and p should increase 
toward zero. Restricting attention to parameter values for which firms' reaction functions 
are downward sloping in quantities, both of these conjectures were supported by computer 
simulations. From Proposition 6 either a decrease in d or an increase in y expands the set 

the nonmembers (which implies that z-k = 0), it must be the case that Zk > z0. Clearly, cooperation does not raise 
zk if the unique equilibrium under a k-firm agreement entails the members' ceasing production. 

" Ordover and Willig (1985) make a similar point in a model of a patent race, where the authors (and the 
two cooperating firms in their model) ignore the behavior of nonmember firms and its effects on profits and welfare. 

18 Details of the simulations and copies of the programs will be supplied by the author upon request. 
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of values of the other parameters for which industrywide cooperation raises equilibrium- 
effective R&D. 

8. Independent R&D 

* One fear that has been voiced regarding the formation of R&D joint ventures is that 
they may serve as a mechanism for retarding the rate of innovation (U.S. Department of 
Justice, 1980). Proposition 6 demonstrates that there is a theoretical grounding for this 
concern. But Proposition 6 is based on the assumption that all of a member firm's R&D is 
subject to cost sharing at rate Sk and spillover at rate ok. More generally, however, the 
cooperative R&D agreement may be structured to allow for independent R&D (i.e., R&D 
with own-cost sharing rate s = 1 and spillover 0) even after the agreement is in effect. 

Proposition 8. Suppose that for any given // and s' there is a unique equilibrium in the 
development and production stages when all n firms form a cooperative arrangement. Under 
Assumptions 1 and 2, if independent R&D is allowed, then members of an industrywide 
cooperative arrangement cannot set s and 0 to induce a cutback in the level of effec- 
tive R&D. 

A formal proof of this result is omitted, but the intuition behind it is clear: if the level 
of effective R&D were lower in the cooperative-agreement equilibrium than in the no- 
agreement equilibrium, a firm would find it profitable to conduct additional indepen- 
dent R&D. 

This result underscores the importance of allowing independent R&D to prevent firms 
from using cooperative agreements as a means of subverting R&D competition. Using the 
fact that z' 2 z' when independent R&D is allowed, it follows that any profit-maximizing 
industrywide cooperative R&D agreement that allows independent R&D will not lower 
welfare relative to the no-agreement equilibrium. 

It is important to recognize that in a more general setting allowing independent R&D 
is not sufficient to ensure that a cooperative R&D arrangement will not lower the level of 
effective R&D. It is possible to have cases in which the agreement reduces the level of R&D 
and there are no incentives to conduct independent R&D. For example, if there are sub- 
stantial fixed costs in setting up an independent R&D project, and z' is near z0, then it will 
not be profitable for a firm to conduct independent R&D. 

9. Conclusion 

* In the analysis above I have assumed that a cooperative R&D agreement affects the 
product-market equilibrium only through changes in the vector of unit costs. There are, 
however, several ways in which the formation of an agreement could influence the nature 
of competition in the product market. First, there may a be a royalty scheme, whereby a 
firm's share of the costs of the cooperative R&D depends on the firm's level of output in 
the product market, and thus raises the firm's marginal costs. Second, the firms might form 
a joint venture to produce the final output. This arrangement would be the most worrisome 
if there were no independent production, since output would be chosen to maximize joint 
profits. Finally, a cooperative R&D arrangement might serve as a "chance for the guys to 
get together" to discuss means of colluding in the product market (possibly having the effect 
of raising 5). 

In all three cases the formation of the R&D joint venture may diminish product- 
market competition, which tends to lower final output and welfare for any given level of 
production costs. But, as shown above, even under a cooperative agreement, the incentives 
to conduct R&D may be insufficient because some of the gains from collective R&D accrue 
to consumers rather than to the firms. Allowing increased monopoly power in the product 
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market is one way, albeit an inefficient one, to restore the incentives to conduct R&D. The 
policy decision is similar to that of optimal patent design. 

These effects aside, the analysis of this article yields the following tentative conclusions 
about the efficacy of cooperative research as a means of improving market performance: 

(1) R&D cost sharing raises the incentives to conduct R&D. 
(2) R&D output sharing raises the efficiency of R&D, but it lowers the incentives to conduct 
it since each firm recognizes that its R&D will help its rivals. The net effect is to lower the 
equilibrium level of effective R&D. Hence, royalty-free cross-licensing agreements should 
be scrutinized carefully. 
(3) The greater the competition between firms, the less likely it is that an industrywide 
agreement will increase effective R&D. When product-market rivalry is intense, the benefits 
of lower production costs largely accrue to consumers, and firms may use a cooperative 
agreement to restrict their R&D efforts. 
(4) Cooperative R&D is most likely to have beneficial incentive effects in markets that have 
strong spillovers in the absence of cooperation. 
(5) When firms have flexibility in their choices of both R&D cost-sharing and R&D output- 
sharing rates, cooperative R&D arrangements are most likely to have beneficial effects in 
markets where a high rate of between-member spillover or R&D sharing is feasible, such 
as in basic research. 
(6) Independent R&D may be an important check on attempts to use cooperative agreements 
to restrict R&D. Antitrust authorities should be wary of agreements that attempt to limit 
the R&D that a member firm may conduct without sharing. Firms should have to prove 
that the restraint is essential to the proper functioning of the cooperative agreement. 

Appendix 

U The following facts are useful in the proofs of Lemmas 2 and 3. Summing equation (16) over Nand rearranging 
terms, we see that the equilibrium price, Pe, and total output level, Xe, are implicitly defined by 

Pe= p[Xe]= {l1/n}{ c1-(I +6)XePI[Xe]}. (Al) 
iEN 

Given equation (Al), the equilibrium price can be written as a function of just the sum of the unit costs of all of 
the active firms, pe[ z ci]. Therefore, the effect on firm i of a reduction in the costs of one of its active competitors 

iENr 

is independent of the identity of that competitor (given that the competitor is an active producer), even under 
asymmetric equilibria. 

Proof of Lemma 2. From equation (16) and the definition of V'[c], we have 

Vj = xq [{2 + hi(l + 5)E}dPe/dcj - 2dci/dcj], (A2) 

where hi is firm i's share of market output. Total differentiation of equation (Al) yields 

dPeldci = [n + ( + )( + E)]-', 

while dci/dcj is equal to zero for i # j and to one for i = j. Thus, 

2 =1 2{n+(l +6)(E+ 1)} (A3) 
p[c] {2 +hi (I + 6)E}dPeIdc 2 + hi(l + 6)E 

Tihis expression is a strictly decreasing function of E when hi = I /n. Thus, p[c, c, . . ., c] is invariant with c if and 
only if E is constant. Or equivalently, if and only if there exists some constant, T, such that P' + TXP' = 0. Letting 
G P', one obtains the equivalent linear, first-order differential equation, G + TXG' = 0, to which the solution is 
G[X] = A + (X?, where At, A, and a all are constants. Integration of G yields P[ * ]. Q.E.D. 

Proof of Lemma 3. Market shares will change as firms' production costs change relative to one another. By equation 
(A3), p[c] is a constant as hi varies if and only if E = 0, which will hold if and only if PF' 0. Q.E.D. 

Proof of Proposition 2. I shall prove this result for Sk < 1 + ok(k - l)p[c'] only. The proof for the other case is 
similar. Define 

M[z, ,zb] = V:[C]c [za]{ 1 + 1J(k -l)p[c]} -s 
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and 
N[za, zb] = Vqic]c,[zb] - 1, 

where c is a vector with c[za] in the first k entries and c[zb] in the remaining n - k entries. 
Construct sequences {f} and {gj} as follows. f' = z? = gi. By the definition of z0, N[f1, g1] = 0. But, 

by hypothesis, M[f1, g1] > 0. By Assumption 2 there exists at least one finite value off2 such that f2 > z0 and 
M[f2, g1] = 0. Now, by hypothesis, N[f2, g1] < 0. Either there exists some value of g2 such that g2 < g, and 
N[f2, g2] = 0, or else N[f2, 0] < 0. In the latter case define gt = 0 for all t = 2, 3, .... Now choose f3 such 
thatf3 > f2 and M[f3, g2] = 0. One can continue to definef and g, iteratively in this fashion. 

The sequences {f} and {g,} are monotone, bounded, and hence convergent sequences. The limit points 
satisfy the first-order conditions for an equilibrium with the k members' having R&D levels greater than z? and 
the (n - k) nonmembers' each having R&D levels less than z?. Q.E.D. 
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