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Abstract 

The literature on the incentives for R&D cooperation typically only 
deals with the factors affecting cooperative profits. This paper 
focusses on the incentives to cheat and the stability of such 
cooperative ventures in a repeated game framework. It is shown that 
incentives to cheat may result in more or less R&D than in the 
cooperative agreement and how spillovers and the nature of product 
market competition affect the stability of cooperation. While 
cooperative profits are higher with large positive spillovers, such as 
in fundamental research, our analysis shows that it may be easier to 
sustain cooperative agreements in areas with lower spillovers, such as 
applied research, because of the smaller incentives to cheat on an 
initial agreement. 
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1. Introduction 

It is well known that firms and societies may benefit substantially from 

cooperative ventures in R&D. Firms' advantages of cooperation have 

mainly been described in terms of profitability: cooperative ventures 

may increase firms' profits through the internalisation of technological 

spillovers, enhanced product market competition, the exploitation of 

complementarities, ... A wide analytical literature covers the impact of 

factors as spillovers, product differentiation, number of firms, on 

the profitability of cooperation (see e.g. Dasgupta & Stiglitz (1980), 

Katz (1986), d' Aspremont & Jacquemin (1988), Choi (1989), Suzumura 

(1989), De Bondt & Veugelers (1991), Kamien et al. (1991), De Bondt et 

al. (1992a), ... ). This literature tends to conclude that factors 

improving on cooperative profitability such as spillovers (few rivals) 

are likely to stimulate the formation of cooperative ventures in R&D. 

Besides this analytical research, the issue of success and failure of 

R&D cooperative ventures is also being dealt with in the descriptive 

literature. Kogut (1989) finds strong evidence that joint ventures are 

highly unstable. Joint ventures in R&D intensive industries tend to be 

less dissolved than in other sectors and joint ventures between partners 

who have other long term relationships proved to be more stable. 

This paper addresses the issue of the stability of such 

cooperative innovative agreements in an analytical setting. As the wide 

literature on cooperation in product markets has shown, cooperative 

conduct inherently involves an incentive to deviate from the agreement, 

in order to augment profits (see Shapiro (1989) for an overview on 

cooperation in product markets and Baumel (1990) on some different 

aspects of technological cooperation). Despite high profits, a 

cooperative venture may not persist, due to cheating incentives. The 

impact of know-how spillovers on the stability of research cooperative 

ventures has not yet been detailled extensively (De Bandt et al. 

(1992b), Veugelers & Kesteloot (1992)). (l) A natural framework to 

investigate the impact of spillovers on the degree of R&D cooperation is 

a setting of implicit cooperation with grim trigger strategies (Friedman 

(1971)). 

(1) De Bandt et al. (l992b) analyse the stability of R&D cooperation 
from the the point of view of the incentives to join or to leave an R&D 
cartel in a static dominant firm type of model. Veugelers & Kesteloot 
(1992) focus on the design of stable joint ventures in a two-period 
setting, thereby dealing extensively with cheating incentives. 
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A simple framework, with two symmetric firms, producing 

differentiated goods and undertaking innovative efforts that involve 

spillovers, is set up to illustrate the problem. Firms attempt to 

cooperate implicitly in R&D and product markets. It is shown how the 

incentive to cheat may result in higher or lower R&D efforts than 

cooperative conduct. Further it is analysed how spillovers affect 

cooperative as well as cheating profits and hence the stability of a 

cooperative agreement. Spillovers, which may improve on cooperative 

profits, thereby facilitating cooperation, may also make cheating more 

profitable (larger benefit from free riding) and hence make cooperation 

harder to sustain. The final section concludes. 

2. Framework 

2.1. Model structure 

A simple model (De Bondt & Veugelers (1991)) is used to highlight the 

nature of cheating incentives and the question of stability. The focus 

is on a symmetric duopoly, where firms produce differentiated products, 

with constant marginal costs ci. Demand for their products is: 

Pi= a - bqi - dqj with if j = 1, 2 (l) 

where Pi(%) is firm i's price (quantity) and b>O, b~ldl. 

Firms can improve their profitability by undertaking investments 

in R&D, which lower their production costs (or increase demand) and 

which entail negative or positive spillovers on the rival's cost (or 

demand). Cost reducing R&D is typically associated with positive 

spillovers, while demand enhancing R&D may involve positive as well as 

negative spillovers. (2) 

If no R&D is undertaken, unit production costs are ci = A (i=l,2 

and A<a). Production costs may be reduced through own R&D efforts, as 

well as through the rival's R&D. The importance of the latter effect is 

captured through the parameter B, which reflects the extent of such 

technological leakage as well as the capacity of the rival to absorb 

this know-how: 

-1 :::; B :::; l (2) 

(2) Demand enhancing R&D by firm i increases demand for its own product. 
If it augments rival demand, R&D has mainly a market expansion effect. 
If it reduces rival demand, R&D has mainly a competitive, or market 
share effect (Shaked & Sutton (1990), Kesteloot & De Bondt (1992)). 
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B will typically be positive in case of cost reducing R&D, but a 

negative B may apply with demand enhancing R&D. Given the linearity of 

demand and production costs, both interpretations can be used here. ( 3 ) B 

is assumed to be technology-specific and cannot be influenced by firms. 

Innovative efforts involve diminishing returns, specified as 

increasing marginal costs of R&D. Total R&D costs are rxi2/2, whereby r 

is inversely related to the efficiency of the innovation process. 

All of this allows to specify firms' total profits Vi as follows: 

Vi= (pi-ci)·qi- fxi 2/2 = (a-A+xi+Bxj-bqi-dqj) .qi - fxi2/2 (3) 

2.2. Strategies 

Firms play this innovation and production game for an infinite number of 

periods; during every period, they decide on R&D and production 

simultaneously. ( 4 ) Production and R&D efforts are perfectly observable 

for the rival with a one-period delay. Firms want to establish a 

cooperative equilibrium in both R&D and sales, supported by 

(noncooperative) grim trigger strategies (Friedman (1971)). Strategies 

are specified as follows. The game consists of two phases: a cooperative 

phase and a punishment phase. Both firms start out in the cooperative 

phase. If one firm deviates from the cooperative outcome, both firms 

revert to the punishment phase from the next period on. The switch to 

the punishment phase is eternal: it lasts for all remaining periods of 

the game. ( 5 ) If this punishment is severe enough, it will prevent firms 

from defecting in the first place. This will be the case if profits that 

will be forgone due to the punishment offset the initial profit 

increment from deviating. In such a situation, firms will choose not to 

deviate from the cooperative equilibrium, resulting in a stable 

cooperative outcome. 

(3) It should be recognised however that this formalisation implies a 
very specific form of demand enhancing R&D (i.e. parallel shift). Hence 
this scenario cannot capture all aspects of demand creating R&D (see 
Levin & Reiss (1988) and Kesteloot & De Bondt (1992)). 
(4) The same equilibrium concept and interpretation applies if the game 
is played for a finite number of periods, but with unknown end date. 
This model does not analyse 1 strategic 1 effects of innovative 
cooperative ventures, which occur when firms decide on R&D and 
production sequentially. Furthermore the time aspect is only important 
in the sense that the game is repeated; there are no other dynamic 
linkages. 
(5) It is recognised that this is only one type of strategies that firms 
can use in a supergame setting. For other possible strategies and their 
(dis)advantages, see Abreu (1986), Tirole (1988) and Shapiro (1989). 



By sticking to the cooperative equilibrium, firms realise 

cooperative profits (Vc) for an infinite number of periods. The net 

present value of this flow of profits is Vc/(1-~), with ~ the discount 

rate (~ 1/(l+r), with r the interest rate). ( 6 ) Given that its rival is 

loyal, a firm may go for maximal profits by deviating from the 

cooperative outcome. Defection profits are indicated by vd (Vd~Vc). Such 

a defection will be punished, by reverting to the Nash equilibrium, 

whereby both firms realise punishment profits Vn (Vn:;;Vc). Given that 

detection and consequent punishment are assumed to take one period to 

unfold, the net present value of profits realised with cheating are vd + 

~Vn/(1-~). 

A cooperative outcome will be stable, if the following inequality 

holds for both firms: 

vc 
~ vd 

f.J-Vn 
* 

vd-vc 
- -- + or f.L ~ ~ (4) 
1-f.L 1-~ vd-vn 

If inequality (4) is satisfied, there is a stable cooperative 

equilibrium: given the threat of the punishment, it is more profitable 

for each firm to stick to the cooperative equilibrium, rather than to 

deviate. 

2.3. Equilibrium 

A scenario of R&D as well as output cartelisation (in the terminology of 

Kamien et al. (1991)) is envisaged. The cooperative outcome is obtained 

by solving the following optimisation problem: 

max 
ql, q2 
Xl, X2 

(5) 

whereby both firms decide on R&D and output levels simultaneously. 

Optimal cooperative R&D and sales levels, as well as the corresponding 

cooperative profits, are summarised in table I. ( 7 ) 

Given that a rival is loyal (produces qc and realises an amount xc 

of R&D), a firm may increase its profits by deviating from the 

cooperative outcome in both q and x. Defection profits for firm i, while 

firm j remains loyal, are obtained as follows: 

S.t. qj = qC Xj =XC 
-------------------------
(6) Since firms are symmetric, firm-specific subscripts are omitted. 
(7) Second order conditions require [b(l-B) + B(bB-d)]/2(b2-d2)<r. 

(6) 
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It can easily be seen that, once a firm decides to cheat, it is 

optimal to cheat in R&D as well as in output, because this results in 

higher defection profits. 

A deviation triggers the punishment for the remaining part of the 

game. During the punishment, 

equilibrium is established:( 8 ) 

max vi 
qi, Xi 

the noncooperative (Cournot-Nash) 

i = 1,2 (7) 

This Nash punishment is executed in innovative efforts as well as 

in the product market, since a more severe punishment (compared to a 

punishment in one variable) is more likely to prevent cheating. 

Table I summarises R&D, sales and profit levels for all states of 

the game. 

Table I: Equilibrium R&D efforts, sales and profits 

R&D efforts sales profits 
(x) (q) (V) 

(a-A) (l+.B) rxc rxc2[2f(b+d)-(l+.B)2] 
cooperation -------------- - - - --------------------

(c) 2f(b+d)- (l+.B) 2 l+B (l+B) 2 

(a-A)[f(2b+d)-(l+B)] 
rxd rxd2(2bf-l)/2 defection -----------------------

(d) (2bf-1)[2f(b+d)-(l+.B)2] 

(a-A) 
rxn rxn2(2bf-l)/2 punishment -------------

(n) r(2b+d)-Cl+.B) 
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Firms will stick to the cooperative equilibrium when they are 

sufficiently patient, that is, if their discount factor is higher than 

* ~ , being the minimal discount factor for which the cooperative outcome 

can be sustained with eternal Cournot-Nash punishments and equaling: 

[f(2b+d)-l-BJ2 - (2bf-l)[2f(b+d)-(l+B)2] 
* ~ --------------------------------------------------------- (8) 

[ r c 2b+d) - l- .B J2 - t c 2br -1) [ 2r c b+d) - c 1 +.B) 2 J 1 [ r c 2b+d) -1- B J l z 

* To this minimal discount factor corresponds the maximal interest rate r 

(Deneckere (1983)): 

* r 
(2bf-l)[2f(b+d)-(l+.B)2] 

[f(2b+d) -1-.B J2 

which depends critically on spillovers and product differentiation. 

(9) 

(8) Second order conditions are fulfilled if f>l/2b and Seade (1980) 
stability conditions require f(2b+d)-l-B>O. 



3. Innovative efforts 

It is first detailled how innovative efforts during several stages of 

the game respond to variations in spillovers. Next, the innovative 

investment levels are compared across the states of the game. 

oxc/613 > 0 

sign (6xd/5B) 

5xn/5B > 0 

sign (2f[b+B(2b+d)] - (l+B)Z) 

(lOa) 

(lOb) 

(lOc) 

as can be derived from the expressions in table I. Fig. l summarises the 

tendencies for a numerical example, whereby firms sell substitutes. C9 ) 

Fig. 1: Innovative efforts 

Insert Fig. 1 here 

That cooperative R&D decisions increase with spillovers is fairly 

obvious and well established in the literature. Higher spillovers, which 

are internalised in a cooperative setting, simply increase R&D returns. 

But the response of cheating and punishment R&D investments to 

variations in spillovers is less obvious. 

Cheating R&D may increase or decrease with spillovers. In case of 

positive spillovers, higher technological leakage augments the 

opportunities to free ride on rival R&D, thereby making a given 

innovative investment more profitable. But with negative spillovers, the 

loyal firm's R&D will decrease the cheater's profits. Hence a cheater 

may increase its innovative efforts in response to augmenting negative 

spillovers (larger I B I), in order to offset the detrimental impact of 

rival R&D on its own profits. According to (lOb), this will only occur 

for large negative spillovers. For small negative spillovers, a 

defecting firm will still increase its innovative efforts in order to 

take advantage of the higher profit opportunities. 

Cournot-Nash innovative efforts increase with spillovers, contrary 

to the standard intuition that spillovers reduce R&D investments, 

because of reduced appropriation possibilities (cf. Spence (1984)). The 

direct effect of higher spillovers will be to stimulate firms' 

innovative efforts, because of augmenting R&D returns. But this positive 

impact is partially offset by an indirect effect: as spillovers are 

larger, firms anticipate that their know-how will leak out, thereby 

(9) For all numerical examples, a-A=lOO, b=2, d=l and f=l. 
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reducing the rival's costs and hence augment rival's sales, which \vill 

have a negative impact of the first firm's profits. (lOc) reveals that 

the (negative) indirect effect of spillovers is outweighed by the 

(positive) direct impact. Furthermore cooperative innovative efforts 

respond more strongly to variations in spillovers than do cheating or 

punishment innovative efforts, because all spillover effects are 

internalised in a cooperative setting. Comparing the response of 

cheating and punishment innovative efforts to larger (positive) 

spillovers, it is clear that cheating R&D will respond stronger to 

variations in the degree of spillovers than punishment efforts (where an 

indirect negative effect counteracts the direct effect). (lO) 

Cheating on a cooperative agreement, to improve on profits, may 

result in higher or lower innovative efforts and sales than under a 

cooperative agreement: 

sign (xc xd) sign (B d/2b) (lla) 

sign (qc qd) sign (B dr) (llb) 

Whether cheating results in more or less R&D expenditures than 

cooperation depends on the interaction between the nature and degree of 

product differentiation and the nature and magnitude of R&D spillovers. 

8 

In order to simplify the interpretation of this result, suppose 

first that firms can keep their know-how proprietary: there are no 

spillovers (B=O). In such a situation, cheating will result in more 

(less) R&D and sales than cooperating if firms produce substitutes 

(complements). A defector will augment its sales, in order to augment 

its share of the output market, if substitutes are sold (cf. Deneckere 

(1983)). In the presence of innovative opportunities, a cheater will 

increase its R&D efforts, because more R&D allows it to reduce its 

marginal production costs (or augment demand for its product), and hence 

augment its profits per unit of sales. The larger sales (due to cheating 

in the output market) are an additional stimulus to increase R&D 

efforts. Clearly cheating in R&D, which reduces marginal production 

costs, or raises demand, enhances cheating opportunities (larger sales) 

in the product market. In case of complementary products, a defecting 

firm will choose to cut back its R&D expenses. This reduction in R&D 

will diminish total R&D costs, but will not substantially affect sales, 

(10) Since the sales and R&D efforts of a loyal firm are given for a 
cheating firm, this indirect effect does not occur during cheating. 



since complements are sold. The defecting firm can, so to speak, given 

that it will sell less, free ride on its rival's sales of complements. 

Alternatively, suppose there is no product market competition. 

This would be the case if firms produce independent goods, or if a firm 

cooperates with a research institute. In this setting, coordination of 

R&D efforts is aimed at reducing production costs (or increasing 

demand), but there are no further (cooperative) gains to be realised in 

the product market. If firms sell independent products (d=O), positive 

spillovers will imply that a defecting firm cuts back on its R&D 

expenditures, since it can free ride on its rival's innovative efforts. 

By cooperating, the firm had in fact increased its innovative efforts 

beyond its private optimum, because it internalised the benefits for its 

rival. Negative spillovers would have the reverse effect: by increasing 

its innovative efforts beyond the cooperative optimum, a defecting firm 

will reduce its own production costs, thereby augmenting its own profits 

(and reducing its rival's). In this case, cooperation implied too few 

R&D from the individual firm's perspective. 

With spillovers and product market rivalry, both previous effects 

are combined. For some scenarios the results are straightforward: if 

firms produce substitutes (complements), a cheating firm will diminish 

(increase) its R&D expenditures in the presence of negative (positive) 

spillovers. But the impact of defecting behavior upon innovative efforts 

is less clearcut under the other circumstances, whereby firms produce 

substitutes with positive spillovers or if rivals market complements 

with negative spillovers. In this situation, the net impact depends upon 

the relative strength of the degree of product market competition versus 

the nature of R&D spillovers, as clarified by (lla). 

For firms selling substitutes, produced with positive spillovers, 

the intuition is as follows. As spillovers are large relative to the 

degree of product differentiation (B>d/2b), the free riding effect 

(resulting in less R&D) will dominate the market competition effect 

(resulting in more R&D, with substitutes), implying that a defector cuts 

back on its R&D efforts, compared to a loyal firm. As spillovers are 

small, relative to the degree of differentiation (B<d/2b), either 

because there is few technological leakage (low B) or products are good 

substitutes (d close to b), the free riding effect is outweighed by the 

market competition effect, such that a cheater increases its innovative 

efforts. A similar argument can be set up if firms produce complements 

with negative spillovers. 

9 
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This interactive impact of technological spillovers and the degree 

of product market competition on innovative efforts is not restricted to 

the difference between cooperative and cheating innovative efforts, but 

has also been noted in other scenarios. In a two-stage model of 

strategic competition, De Bandt & Veugelers (1991) show that this same 

critical spillover rate (B=d/2b) determines the relative size of 

simultaneous versus sequential noncooperative innovative efforts and 

versus precompetitive innovative efforts (R&D in a scenario with R&D 

cooperation but output competition). 

Likewise, it can be established that the punishment phase, aimed 

at reducing profits, (a noncooperative equilibrium) may involve more or 

less R&D than the cooperative outcome. It is easily obtained that: 

sign (xc xn) sign [B- d/(2b+d)] 

sign (qc qn) sign [B(l+B) - df] 

(12a) 

(12b) 

In case firms market substitutes (complements), punishment innovative 

efforts become smaller than cooperative R&D efforts, for a lower 

spillover rate (B=d/(2b+d)) than do cheating innovative efforts 

(B=d/2b). Whereas this critical spillover rate is different in both 

cases, a similar dependence upon the interaction between spillovers and 

product market competition can be noted. 

Finally, for any given level of B, innovative efforts during the 

punishment phase are lower than those of a cheating firm: 

xd > xn (13) 

This occurs because of the perceived higher profit opportunities for a 

cheating firm. In this situation, the (loyal) rival is selling a (low) 

cooperative production level, while a Cournot-Nash firm sells a higher 

output at a lower price. Hence these higher returns on R&D result in 

larger innovative efforts for the cheating firm. 

4. The stability of cooperative ventures 

The stability of the cooperative agreement is related to * r ' the maximal 

interest rate required to support the cooperative venture. The higher 

r*, the less patient firms have to be, in order to make it a profitable 

strategy to stick to the cooperative outcome. 

At the risk of simplifying too much, it could be argued that the 

* level of r is determined by two separate factors: an ex ante incentive 

to join the cooperative agreement and an ex post incentive to cheat on 



the agreement. In a world of perfect foresight, firms will of course 

incorporate both factors in their initial decision to cooperate or not, 

but disentangling both effects may clarify the results. Higher 

cooperative profits (Vc) increase the probability of the formation of a 

cooperative venture. Whereas Vc determines the (ex ante) likelihood of 

cooperative ventures, the level of cheating (Vd) and punishment (Vn) 

profits, relative to cooperative profits, affect the (ex post) incentive 

t d . t f t' t vd and vn hence determl'ne the o ev1a e rom a coopera 1ve agreemen . 

probability that a cooperative venture will persist. 

The framework developed here allows to analyse how know-how 

spillovers (B) affect the stability of tacit cooperation. It can be 

established that: 

sign or*/oB sign [d/(2b+d) - B] (14) 

which is illustrated in Fig. 2, for firms marketing substitutes. 

Fig. 2: Stability of cooperation 

Insert Fig. 2 here 

As long as B is smaller than d/ ( 2b+d) , it becomes easier to 

sustain the cooperative outcome as B grows larger. For B larger than 

d/(2b+d), cooperation becomes increasingly difficult, as spillovers grow 

larger. 

The intuition behind this result may be clarified by analysing how 

profits respond to variations in the spillover rate B:(ll) 

oVc/oB > 0 

sign (oVd/oB) sign {2f[b+B(2b+d)] - (l+B)Z) 

(15a) 

sign (oxd/oB)(l5b) 

6Vn/oB > 0 (15c) 

Fig. 3 shows these tendencies for a numerical example, where firms 

produce substitutes. 

ll 

(11) The impact of the nature and degree of product differentation (d/b) 
upon the stability of cooperation was analysed by Deneckere (1983), in a 
framework where firms operate only in one product market (no R&D 
opportunities). 
Note that cooperative profits are always higher 
despite the fact that cooperative innovative 
identical, or lower then punishment R&D levels, 
< than d/(2b+d). Profits are still higher, 
cooperation in product markets, where the 
cooperative price. 

than punishment profits, 
efforts can be higher, 
depending upon B >, = or 
because there is also 

output is sold at the 



Fig. 3: Profits 

Insert Fig. 3 here 

As noted elsewhere (Dasgupta & Stiglitz (1980), d' Aspremont & 

Jacquemin (1988), Kamien et al. (1991), De Bondt & Veugelers (1991), De 

Bondt et al. (1992a), ... ) , the ex ante incentive to form a cooperative 

venture is an increasing function of B, since cooperative profits rise 

with B. What remains to be established is the impact of B on cheating 

opportunities, and consequently on the ex post persistence of the 

cooperative venture. Cheating and punishment profits will respond to 

variations in spillovers in the same >vay as cheating and punishment 

innovative efforts (see table I): cheating profits decrease with 5 in 

case of substantial negative spillovers, and increase with B as 

spillovers are larger, (l 2 ) while the punishment becomes less severe as B 

grows larger. Hence, in the spillover range for which cheating profits 

decrease in B, cooperation will become easier as spillovers grow larger, 

since cooperative profits rise more substantially in B than punishment 

profits. For the spillover range whereby defection profits increase with 

B, it depends on the relative size of the incentive to form a 

cooperative venture (increasing cooperative profits) versus the 

incentive to deviate from the agreement (larger cheating and punishment 

profits). Our analysis shows that for negative to small positive 

spillovers and with substitutes, the first effect is outweighed by the 

second effect, thereby making the cooperative outcome more stable. For 

this spillover range, increasing spillovers do not only augment 

cooperative profits, but they additionally make it easier to sustain the 

cooperative outcome. For large positive spillovers however, the 

increasing cheating incentive dominates, thereby making it harder to 

support the cooperative outcome. The critical spillover rate is again 

related to the degree of product market competition (B=d/(2b+d)). 

It will be easiest to sustain the cooperative agreement if 

B=d/(2b+d). When firms would produce complements, cooperation is easiest 

with small to moderate negative spillovers. Firms producing substitutes 

(d>O) implies that cooperation will be easiest with small positive 

spillovers, a situation more predominant in areas of applied research. 

While cooperative profits are higher with large positive 

spillovers, such as in fundamental research, our analysis shows that it 

may be easier to sustain cooperative agreements in areas with lower 

(12) The critical spillover rate can be derived from (lSb). 
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spillovers, such as applied research, because of the smaller incentives 

to cheat on an initial agreement. This finding may illustrate why, in 

Japan, more successful R&D cooperation is observed in applied research 

rather than in basic research. It is documented that MITI for instance, 

stimulating R&D cooperation between Japanese firms in the computer 

industry, has been very successful in hardv;rare (w·here the technology is 

more appropriable, corresponding to a low B) and not successful at all 

in software, where the technology is less appropriable (Sinha & Cusumano 

(1991)). (l 3) 

Governments are right in stimulating cooperative ventures more in 

basic than in applied research, because of the (potentially) higher 

gains for society, but they should realise that such gains do not always 

materialise because of the higher instability of such ventures! 

5. Conclusions 

This paper has analysed the incentives to cooperate in R&D in a repeated 

game setting, in the presence of spillovers. It was shown how innovative 

efforts and the stability of a cooperative agreement depend on the 

interaction between technological spillovers and product market 

competition. 

Although the simple framework used in this paper proved very 

useful to highlight the nature of cheating incentives and the crucial 

impact of spillovers on the stability of cooperative ventures, 

tendencies that were not noted before, it is recognised that this 

framework is far to simple to catch all relevant aspects of the 

stability of cooperation in R&D. A supergame setting proved to be a 

useful tool to typify cheating incentives and their impact on innovative 

efforts, but is clearly not suited to capture the full dynamics of R&D 

cooperation. 

The present scenario should be extended to include uncertainty: 

firms may have incomplete information about the 1 type' of rivals; the 

output of the R&D process and the throughput from R&D to cost reductions 

may be unobservable, making it more difficult to detect cheating. 

13 

'R&D cooperation 1 was modelled as a simple coordination of R&D 

decisions in order to maximise joint profits, but several other 

(13) Sinha & Cusumano (1991) demonstrate a similar result in a patent 
race setting. In our setting, the result is due to the repeated 
interactions and hence cheating incentives, while in theirs it is 
attributed to the existence of complementary skills. 



organisational forms of R&D cooperation can be thought of. Firms could 

form a research joint venture, thereby setting up a separate firm to do 

R&D (and perhaps produce). Such alternative forms of R&D cooperation may 

prove more or less stable than a simple coordination of R&D decisions, 

because other punishment strategies may be specified in these scenarios, 

such as shutting down the joint venture, or the loyal partner taking 

over the joint venture. (Veugelers & Kesteloot (1992)). 

In the present setting, spillover rates were exogeneously 

determined: given a certain (exogeneously set) B, know-how automatically 

spills over from one firm to another. It may be interesting to analyse 

the stability of R&D cooperation in a setting where this information 

transfer is determined endogeneously, such as in a situation where firms 

decide to share their (independent) R&D results (or not). Such a setting 

(as used by Baumol (1990)) may be particularly interesting in 

oligopolistic markets, because it allows to incorporate different 

mechanisms to prevent cheating (such as cross licensing) and more 

credible punishments may be specified than in the standard supergame 

with grim trigger strategies. Loyal firms may decide to withhold their 

R&D results only from defectors, but not from loyal firms (since loyal 

firms keep on cooperating during the 'punishment phase'). Such a 

punishment will hurt the defector substantially, but will not be as 

harmful for the punishers as the standard reversion to an eternal 

Cournot-Nash equilibrium, thereby making it more credible. 
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Fig. 1: Innovative efforts 16 
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Fig. 2: Stability of cooperation 
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Fig. 3: Profits 
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