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Abstract: 

We explore how substitutability between internal and external R&D influences the business conduct of 

innovative firms with regard to R&D approaches and investments in competitive and cooperative 

innovation games. To this purpose, we develop a duopoly model which incorporates the assumption of 

substitutability arising between internal and external R&D due to diseconomies of scope in firms using 

different innovation mechanisms. Most results of our model are qualitatively different from those of 

earlier models of R&D with exogenous spillovers or endogenous absorptive capacity determined by R&D 

approaches.  

We find that firms are likely to adopt the same research approach regardless of whether they cooperate 

or compete in R&D. The two versions of our model make the same prediction concerning the specificity 

of the firm’s R&D agenda. The cooperative equilibrium entails always either a higher or a lower level of 

individual R&D output relative to the non-cooperative case. Developing innovations exclusively in-house 

provides the advantage of higher efficiency of R&D investments and induces higher technological progress 

than opening some of one’s knowledge to other firms and tapping into external sources of knowledge. 

We find a tension between the knowledge disclosures resulted from the R&D generality of a firm’s 

research approach and the protections of innovation returns facilitated by the R&D specificity of its 

research approach that arises as a paradox for firms. The finding of a positive association between the 

choice of a firm to be connected with the R&D environment and the appropriability of its innovation 

returns is understood to be consistent with the empirical result of a paradox of openness that firms open 

to external sources of innovation face. 

We expect that the probability of cooperation in R&D is increasing in the strength of legal intellectual 

protection. Firms that are more effective in strategically protecting their valuable knowledge through the 

choice of research approaches are more inclined to start a research joint venture. 
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1. Introduction 

Substitutability is one case of how internal and external R&D strategies interact in the 

generation of innovation. Substitutability between two innovation activities means that the 

marginal return to one activity decreases as the intensity of the other increases (Cassiman and 

Veugelers, 2006; Milgrom and Roberts, 1990, 1995; Topkis, 1998). Two sources of 

substitutability between internal and external R&D are switching costs (Rothaermel and Hess, 

2007) and diseconomies of scope (Hess and Rothaermel, 2011). Substitutability in innovation 

can be caused by switching costs between different innovation modes (internal R&D, external 

knowledge sources) and diseconomies of scope associated with using different innovation 

mechanisms to access technology in tandem. The transaction costs literature tends to view the 

alternative scenarios of internal knowledge generation and external knowledge sourcing for 

innovation as substitutes (Williamson, 1985; Pisano, 1990). This is because of its emphasis on 

the relative costs of conducting innovation activities in-house or externally. Such relative costs 

determine whether it is efficient for firms to develop innovation internally or search for 

knowledge externally. 

A considerable number of empirical studies found hard evidence of a substitution effect 

between internal R&D and external technology sourcing activities. The two innovation strategies 

for sourcing external knowledge are technology acquisition on the market and cooperation in 

R&D. Serrano-Bedia et al. (2018) provide a review of the empirical studies on the nature of the 

relationship between different innovation knowledge sources, i.e., complementary or substitute 

relationships between available knowledge sources for a firm (internal, contractual 

arrangements in the market, and cooperation). The authors find numerous studies providing 

rigorous evidence on the substitutive relationship between internal and external knowledge 

sources. Given the accumulation of empirical evidence in favor of the substitutability hypothesis 

between internal and external knowledge sources, it is surprising that little attention has been 

devoted to its theoretical and public policy implications. 

Laursen and Salter (2006) presented some empirical evidence in favor of the hypothesis that 

searching for knowledge that firms access internally and externally are substitute activities, and 

subsequent work has produced considerably more. The importance of substitutability in R&D 

strategy is confirmed by Tsai and Wang (2009), and Berchicci (2013). The common features of 

these three papers are that a firm’s innovation performance is derived from using internal and 

external sources with firms tapping into external sources of knowledge through R&D 

contracting, and the substitutability between internal and external sources is measured through 

product innovation. Other papers studying the existence of substitutability on innovation 

performance between some innovation knowledge sources (internal, external (contracted 

R&D), and/or cooperation) employing different measures of innovation performance present 

evidence that suggest that this is indeed the case. The results from the studies by Beneito (2006) 

and Hagedoorn and Wang (2012) confirm previous evidence for substitutability between 

internal and external sources of knowledge for incremental product innovations (utility models) 

and for product and process innovations (patents), respectively. Love and Roper (1999, 2001), 

Jirjahn and Kraft (2012), and Guisado González et al. (2014) find evidence of substitutability in 

product innovation performance when firms combine in their R&D strategies internal and 

cooperation innovation knowledge sources. 

The empirical literature on the nature of interaction between internal and external knowledge 

sources in innovation development is inconclusive, producing mixed results (Ennen, E., Richter, 

A. 2010; Hagedoorn and Wang, 2012). Thus, while some studies provide support for the 
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complementarity hypothesis between internal development and external knowledge sourcing, 

other studies suggest the existence of a substitutability relationship between them. Still other 

studies found no conclusive empirical evidence on internal and external R&D activities and their 

effects on innovation performance for product innovations (Schmiedeberg, 2008) and for 

process innovations (Vega-Jurado et al., 2009; Krzeminska and Eckert, 2016). The idea that firms 

benefit from complementing internal with external knowledge sources is well accepted in the 

literature (e.g., Arora and Gambardella, 1990; Cassiman and Veugelers, 2006), but most studies 

on complementarity of R&D activities focus on product innovations rather than process 

innovations (Krzeminska and Eckert, 2016). New empirical evidence suggests the likely existence 

of a contingent relationship between internal and external knowledge sources in shaping a firm’s 

innovative output instead of a clear-cut answer to the question of whether different innovation 

knowledge sources are complementary or substitute factors (Serrano-Bedia et al., 2018). 

The main objective of this paper is to explore how substitutability between internal and external 

R&D influences the business conduct of innovative firms with regard to R&D approaches and 

investments in competitive and cooperative innovation games. The empirical justification for 

the notion of sourcing knowledge internally and externally as substitute mechanisms to advance 

innovation is provided by the evidence reviewed above. To this purpose, we develop a duopoly 

model which incorporates the assumption of substitutability arising between internal and 

external R&D due to diseconomies of scope in firms using different innovation mechanisms, and 

with that we extend the previous analysis on strategic R&D investments with exogenous 

spillovers and endogenous absorptive capacity. To our knowledge, this study is among the first 

to investigate this topic in a game-theoretic setting. Due to the assumption that sourcing 

knowledge internally and externally are substitute mechanisms, most results of our model are 

qualitatively different from those of earlier models of R&D with exogenous spillovers or 

endogenous absorptive capacity determined by R&D approaches. Empirical evidence exists that 

provides large support for our theory. 

The main conclusions we reach are the following. We find that firms substitute internal sources 

of innovation for external sources as exogenous spillovers increase to manage the diseconomies 

of scope associated with sourcing for knowledge both internally and externally. We focus on the 

generality of R&D performed by a firm as a way to take knowledge from external sources. We 

find a tension between the knowledge disclosures resulted from the R&D generality of a firm’s 

research approach and the protections of innovation returns facilitated by the R&D specificity 

of its research approach that arises as a paradox for firms. The finding of a positive association 

between the choice of a firm to be connected with the R&D environment and the appropriability 

of its innovation returns is understood to be consistent with the empirical result of a paradox of 

openness that firms open to external sources of innovation face. Furthermore, competing firms 

become less efficient in searching for new knowledge and undertake less innovation than 

cooperating ones as they increase the scope of their innovation activities. Moreover, 

cooperation in R&D with competitors in the output market will always lead to either higher or 

lower R&D expenditures for any level of spillovers. Finally, scope diseconomies caused by 

cognitive and informational constraints on corporate management lead firms to re-think their 

boundaries following the use of internal and external sources of knowledge concurrently.  

The key results in our theoretical model appear to be consistent with the evidence gathered and 

analyzed in a large amount of empirical studies of R&D investments and spillovers posing 

different research questions. We found no previous game-theoretic study usually making no 

built-in assumption on the relationship between the use of external sources of knowledge and 
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internal R&D such as external knowledge sources and internal R&D could be used as substitutes 

or complements in the innovation process (i.e., it is assumed that internal and external R&D 

activities are independent from each other) that were validated by that kind of evidence. 

Overall, our theoretical framework provides an inclusive interpretation of fragmentary and 

sometimes contradictory evidence suggesting the importance of the hypothesis of 

substitutability between internal and external R&D in the analysis of business conduct of 

innovative firms. 

We draw interesting implications of our findings for public policy towards R&D. We question 

both the effectiveness of a recommended government intervention in literature, the active 

promotion of research joint ventures (RJVs), in restoring incentives to undertake R&D and to 

share information and increase social welfare, and the desirability of putting in place an effective 

intellectual property right system as a policy support instrument as regards R&D investment in 

the context of this study. Another question we pose is whether R&D subsidies stimulate private 

R&D expenditures. 

Public policies whose goal is to increase appropriability of R&D results in order to encourage 

firms competing in R&D to innovate more and raise welfare when knowledge spillovers are high 

are likely to have minor consequences. Under the R&D competitive mode, firms will not respond 

in the expected way to an increase of patent protection in technological and organizational 

environments in which internal and external knowledge sources are substitutes, providing no 

additional incentives to innovate and further enhance technological progress. Firms may even 

invest more in R&D as knowledge spillovers increase in such environments. The industry’s 

technological progress will therefore decrease with R&D appropriability under the R&D 

competitive mode. Thus, we argue that policies aiming at increasing appropriability may 

unexpectedly induce firms to innovate less, defeating the purpose of such interventions. 

Economic arguments used in policy making that RJVs attain higher technological progress and 

industry performance in the production cost reduction dimension relative to the case where 

firms conduct their R&D activities non-cooperatively when knowledge spillovers are high appear 

not to always hold true in a setting for scope diseconomies in knowledge searching. The two 

modes of organizing R&D under consideration, independent R&D and cooperative R&D, differ 

performance-wise in innovation and welfare. Given that social welfare depends on the 

generality of R&D approaches and the level of R&D outputs, it is not clear that welfare is always 

raised by a cooperative agreement. Thus, we argue that the mode of R&D consisting of 

cooperation in the setting of firms’ R&D budgets, i.e., firms form a RJV, may fall behind the 

duopoly outcome of independent R&D in terms of innovation and welfare regardless of the level 

of exogenous spillovers.  

The stance of scholars, policy makers and politicians that government can play a role in 

encouraging positive technological externalities to enhance social welfare by providing subsidies 

for R&D activities appears not to be correct in the context of our study. We expect that a policy 

of using only a R&D subsidy may have no effect in this study if knowledge spillovers are 

effectively absent in the market. The potential effectiveness of a R&D policy with subsidies is 

definitely lower when technological spillovers implied by the firms’ choices of their research 

approaches are low. Firms have incentives to select firm-specific R&D approaches in order to 

minimize information flows to rivals whether they act independently or cooperatively. 
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The remaining of the paper is organized as follows. In the next section, the game-theoretical 

model of R&D is described. In section 3, the formal analysis of firms’ R&D approach and 

investment behavior under R&D competition and R&D cooperation is made. The comparative-

statics implications of the competitive innovation game are studied. Finally, section 4 discusses 

public policy implications and concludes the paper. All proofs are contained in Appendix. 

 

2. Model description 

In this section, we present a description of the model which is centered on the formulation of 

the effective R&D level. The detailed representation of the remaining part of the model as well 

as the derivation of its equilibrium results are provided in Appendix. 

A simple duopoly model can be set up to highlight the role of substitutability between the 

innovation mechanisms of sourcing new knowledge internally and externally. We propose a 

three-stage game with the same timeline and strategic choice variables as in Kamien and Zang 

(2000), and Wiethaus (2015). In the game’s first stage, the two firms choose simultaneously their 

research approaches and in the second stage their levels of R&D output. Firms sell homogenous 

products to the final consumer in the third stage of the game, and the output level of each 

duopolist is chosen non-cooperatively. Kamien and Zang´s, Wiethaus‘, and our duopoly model 

set-ups only differ in the firm’s effective level of cost reduction. 

Firms can improve their market profitability by making R&D investments that reduce the unit-

costs of production. We posit that the effective level of unit-cost reduction of firm 𝑖 is given as 

𝑋𝑖 = (1 − 𝛿𝑖𝛿𝑗)𝑥𝑖 + 𝛽𝛿𝑖𝛿𝑗𝑥𝑗,  𝑖 = 1, 2,  𝑖 ≠ 𝑗 .     (1) 

The effective cost reduction of firm 𝑖 depends not only on its own knowledge produced or 

reduction in its unit production costs, 𝑥𝑖, but also on the other firm’s knowledge generated or 

unit cost reduction, 𝑥𝑗, via intermediate or final spillovers respectively, 𝑖, 𝑗 = 1, 2 and 𝑖 ≠ 𝑗. R&D 

activities are associated with positive spillovers. A firm’s R&D output leaks out to its rival at an 

exogenous rate 0 ≤ 𝛽 ≤ 1, but shared R&D output is only partly assimilated and absorbed by 

the rival firm. The absorptive capacity of a firm is dependent upon the firms’ choices of R&D 

approaches 0 ≤ 𝛿𝑖 ≤ 1 and 0 ≤ 𝛿𝑗 ≤ 1 by firms 𝑖 and 𝑗, respectively. However, the direct gains 

(i.e., knowledge assimilation or cost reductions) from accessing outside sources of R&D are not 

costless. Firms may be adversely affected when conducting in-house R&D activities or bear costs 

in terms of loss of in-house R&D performance whenever they select broader (more similar) 

research approaches to keep them closer connected with their R&D environment. It is worth 

noting that models of absorptive capacity in terms of research approaches traditionally assume 

that the choice of research design is purely strategic, so there are no-cost reasons for choosing 

one line of research to pursue rather than another (Katsoulacos and Ulph, 1998; Kamien and 

Zang, 2000; Wiethaus, 2015). On the directions for further research, Kamien and Zang (2000) 

suggest that it would be more realistic to suppose that R&D costs depend on the R&D approach 

chosen though.  

There is a trade-off between searching for new knowledge internally and externally that each 

firm 𝑖 faces in its choice of R&D approach 𝛿𝑖. For absorption of external R&D one needs the 

generality of firms’ R&D approaches, while for exploitation of internal innovative possibilities 
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the specificity of firms’ R&D approaches is more important. The important challenge for 

management is therefore to balance innovation and imitation. The economic trade-offs facing 

firm managers when there is a choice among multiple R&D approaches as illustrated in 

representation (1) can be grounded on one motive for substitutability between different 

mechanisms to innovation, that is, diseconomies of scope associated with using different 

innovation mechanisms in combination.  

To justify the modelling choice of representation (1) and the underlying economic trade-off 

between innovation and absorption, we focus on the case where there are diseconomies of 

scope which are managerial in nature, and possibly large ones. A firm is likely to endure 

production disadvantages when conducting R&D to produce innovation and imitation. These 

disadvantages could result from the joint use of managerial inputs. In that case, its R&D 

production process involves diseconomies of scope. The cognitive and informational constraints 

imposed on firm management are exacerbated as firms increase the scope of their innovation 

activities. Scope diseconomies can offer each firm a difficult choice. In the extreme, each firm 

may have to choose between different innovation mechanisms representative of activities firms 

use to access knowledge in a discriminating fashion. Firm innovation from a managerial 

perspective can be regarded as a constrained optimization problem (Rothaermel and Hess, 

2007). In high-technology industries, firms face essentially limited managerial resources. This 

problem is particularly important when different innovation mechanisms can be substitutes for 

one another. Their simultaneous use by a firm might imply a decrease of its innovative output 

at the margin. It is sufficient for a substitutive relationship to take place that using one 

innovation activity marginally decreases the benefit from using another (Hess and Rothaermel, 

2011). The reason for this argument stems from the potential diseconomies of scope associated 

with using different mechanisms to access knowledge and innovate. Diseconomies of scope can 

be motivated by managerial constraints (Belleflamme and Peitz, 2015).  

We suppose that the supply of managerial resources to a firm is fixed at a given amount. Firms 

face a finite capacity to allocation attention of decision-makers to search activities. Attention 

plays an important role in identifying important ideas for innovation and absorption. The 

quantity of relevant ideas to be implemented in the production site of a firm is a function of the 

amount of attention allocated to search activities and the number of new ideas discovered by 

all firms. The amount of attention allocated to internal and external sources of knowledge is 

denoted by 𝑟𝑖, required to implement its chosen R&D orientation. Firms use different R&D 

strategies, choosing between innovate and imitate. Thus, decision-makers of firm 𝑖 allocate the 

amount 𝑟𝑖𝑖 of its scarce managerial resource to look for innovative ideas within the organization, 

and the remaining amount 𝑟𝑖𝑗 to look to see what others are doing. We assume that the tightly-

constrained resource endowment of firm 𝑖 is equal to 1: 𝑟𝑖𝑖 + 𝑟𝑖𝑗 = 1. We set the number of 

units of managerial time and effort available to the firm equal to one, which is the minimum 

strictly necessary to ensure that the firm has sufficient resources to fully use one innovation 

mechanism, either internal or external knowledge sourcing. Several organizational literature 

studies argued that organizational attention is a valuable and scarce resource in organizations 

(Simon, 1957; Cyert and March, 1963; March and Simon, 1993). Organizational scholars noticed 

the importance of attention as a scarce resource for determining firm behavior. 

Firm 𝑖‘s effective cost reduction can for example be written as  
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𝑋𝑖 = 𝑟𝑖𝑖𝑥𝑖 + 𝛽𝑟𝑖𝑗𝑥𝑗 ,  𝑖 = 1, 2,  𝑖 ≠ 𝑗 .      (2) 

In this interpretation of a firm’s effective R&D activity, 𝑥𝑖 represents the amount of knowledge 

generated by firm 𝑖, and 𝑟𝑖𝑖𝑥𝑖 refers to the cost reduction obtained by innovation efforts 𝑟𝑖𝑖. The 

marginal productivity of firm 𝑖’s managerial effort to absorb 𝑟𝑖𝑗 is assumed to be constant too. 

Beath et al. (1998) introduce a two-stage process whose first R&D output is knowledge produced 

and final R&D is lower unit costs. Corresponding to the first stage is a process of search and 

discovery, and corresponding to the second stage is a process of combining pieces of knowledge 

into a specific form. Knowledge serves as an input that determines the amount of R&D output 

at the second stage. 

Managerial attention pays off by bringing innovation-relevant ideas and discoveries into the 

firm. The flow of new ideas from external sources that are selected for development is enabled 

by the attention allocated to external knowledge sources and depends on the way management 

links the firm’s internal to external R&D. External linkages play an important role in developing 

absorptive capacity. Establishing absorptive capacity through connectedness to external sources 

of knowledge can help a firm to access and acquire knowledge from those sources (Lim, 2009). 

The role of attention to external sources of ideas is allowing the firm to develop its absorptive 

capacity for innovation (Koput, 1997). If the attention allocated to both internal and external 

sources is very little, the firm may not be able to develop absorptive capacity. R&D is important 

to build absorptive capacity since the ability to exploit external R&D is as function of own R&D 

(Cohen and Levinthal, 1990). The firm must dedicate R&D effort only to establishing absorptive 

capacity. Intensity of effort is crucial to put an effective absorptive capacity in place.  

The benefits arising from the utilization of external knowledge reflect the absorption efforts that 

make possible the imitation of the rival’s ideas and are conditional upon the connectedness with 

the R&D environment pursued by firms. Building this form of absorptive capacity involves a 

significant amount of managerial attention. The degree of firms’ connectedness pursued makes 

absorption costs critical to the imitation of a fraction of external knowledge. Higher values for 

𝑟𝑖𝑗 are likely to bring about an increase in the degree of connectedness. We define the degree 

of connectedness between firms, 𝛿𝑖𝑗, as the product of firms’ R&D designs, 𝛿𝑖𝑗 = 𝛿𝑖𝛿𝑗, which is 

consistent with the way firms’ connectedness is characterized by Wiethaus (2005). For 

simplicity, we assume a directly proportional relationship between 𝛿𝑖𝑗  and 𝑟𝑖𝑗: 𝛿𝑖𝑗 = 𝑟𝑖𝑗. We can 

use the assumption that 𝑟𝑖𝑗 is increasing in 𝛿𝑖  contingent on 𝛿𝑗  to eliminate the two parts of 𝑟𝑖 

to obtain 𝑋𝑖  as a function of 𝛿𝑖𝛿𝑗. Absorption efforts 𝑟𝑖𝑗 are transformed into imitation results, 

𝛽𝛿𝑖𝑗𝑥𝑗, as a function of exogenous parameter 𝛽 and also firm 𝑗’s R&D output 𝑥𝑗: 𝛿𝑖𝑗𝛽𝑥𝑗 = 𝑟𝑖𝑗𝛽𝑥𝑗. 

By eliminating 𝑟𝑖𝑖 and 𝑟𝑖𝑗  in (2) (that is, substituting from 𝑟𝑖𝑖 = 1 − 𝑟𝑖𝑗 and 𝑟𝑖𝑗 = 𝛿𝑖𝑗), we obtain 

expression (1) above.  

In particular, if 𝛿𝑖𝑗 = 0, as either 𝛿𝑖 = 0 or 𝛿𝑗 = 0, firm 𝑖’s effective R&D activity reduces to own 

R&D: 𝑋𝑖 = 𝑥𝑖. When compared with the case of joint production of innovation and absorption, 

equation (2), a firm specializing in innovation generates more innovative output from given 

𝑥𝑖with the same fixed amount of production inputs than would a firm producing innovation and 

imitation. It becomes clear that joint production entails a loss, so diseconomies of scope in R&D 

activities are present in (2).  
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Consider a situation where firm 𝑖 chooses the narrow firm-specific R&D orientation 𝛿𝑖 = 0. 

When compared with a broad orientation, a narrower one provides the advantage of higher 

efficiency of internal R&D, in the sense that the firm’s technological improvement obtained with 

any level of its own R&D expenditures is higher. However, a narrower orientation decreases the 

flexibility of the firm as to the accessibility of external knowledge. The disadvantage of the purely 

idiosyncratic orientation is that the level of effective cost reduction which is attained by the firm 

coincides uniquely with its own R&D output. Conversely, firms’ R&D orientations that are broad, 

i.e., 𝛿𝑖 > 0 and 𝛿𝑗 > 0, imply a favorable opportunity for capturing the technological 

opportunities arising from external sources of innovation. There is connectedness between 

firms if and only if both firms select broad orientations. 

Kamien and Zang (2000) consider four versions of their game of R&D and absorptive capacity, 

denoted versions 1-4, in which firms are able to cooperate or act independently at each of the 

first two stages. Decisions are made non-cooperatively at the third stage. Firms do not cooperate 

in setting their output quantities in any version. The authors conclude that developing and 

maintaining both versions 1, 2, and versions 3, 4 leads to redundancy, i.e., there is no additional 

insight gained about market behavior at the first two stages of the game by using versions 3 and 

4. The same applies in our model too. In the theoretical literature on R&D cooperation 

employing two-stage models, ‘non-cooperative conduct’ applies to competition in R&D and in 

product market, whereas ‘cooperation’ usually applies to cooperation in R&D and competition 

in the market (De Bondt, 1996).  

We consider only the fully non-cooperative case, version 1, where all strategic variables research 

approach 𝛿, R&D output 𝑥 and output-quantity 𝑞 are chosen independently, and the partially 

cooperative case, version 2, where firms cooperate in the choice of their R&D approaches and 

levels, though they continue to compete at the third stage. We emphasize the contrast between 

R&D competition and R&D cooperation by considering versions 1 and 2. 

 

3. Formal analysis 

In this section, we analyze how differences in business conduct may affect the choice of research 

approach and the incentive to innovate, we explore how optimal R&D approaches and outputs 

determine technological progress and are affected by changes in exogenous spillovers, and we 

compare the private incentives to better appropriate the benefits of one’s own innovation and 

to start a RJV in different equilibria under R&D competition. 

The stage 1 equilibrium of the game is either an interior equilibrium or a corner equilibrium. If 

the equilibrium is a corner solution, the two firms would be both adopting purely idiosyncratic 

R&D approaches, 𝛿 = 0, whereas if the equilibrium is an interior solution, the firms would be 

selecting broad approaches, 𝛿 > 0. Let 𝐼 denote the equilibrium with interior (positive) solution, 

the case in which firms adopt broad research approaches, and let 𝐶 denote the equilibrium with 

corner (zero) solution, the case in which firms adopt narrow firm-specific R&D approaches. We 

label versions with associated types of stage-1 equilibrium with superscripts 𝑔 = 1,2, and ℎ =

𝐼, 𝐶, respectively. 

Proposition 1 characterizes stage-1 equilibria when firms choose their R&D approaches 

independently in version 1, and when firms choose their approaches cooperatively in version 2. 
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We omit firm subscripts in all propositions of this paper as we are interested in symmetric 

solutions. 

Proposition 1: The non-cooperative stage-1 game of version 1 exhibits two symmetric Nash 

equilibria for all 0 ≤ 𝛽 ≤ 1: an interior solution, 0.57735 ≤ 𝛿1(𝐼) ≤ 1, and a corner solution 

𝛿1(𝐶) = 0. The cooperative stage-1 game of version 2 exhibits one symmetric equilibrium for all  

0 ≤ 𝛽 < 1, 𝛿2(𝐶) = 0, and a multiplicity of equilibria at 𝛽 = 1, 𝛿2(𝐶) = 0, 0 < 𝛿2(𝐼) ≤ 1. 

This proposition states that, in an equilibrium, firms may choose intermediate levels of 

generality of the research approach 𝛿 at the initial stage of the game if they act independently. 

In fact, the interior solutions for 𝛿 depart significantly from the extreme values 0 and 1 in the 

unit-interval of the generality of the research approach for high 𝛽. In particular, the optimal level 

𝛿1(𝐼) = 0.57735 at 𝛽 = 1 is close enough to the middle point 0.5. Looking at expression (1) from 

the perspective of firms, generality and specificity of R&D approaches seem to be in conflict with 

each other. The intermediate levels of 𝛿 chosen by firms in non-cooperative equilibrium reveal 

that firms do strike a balance between generality and specificity. The second non-cooperative 

equilibrium if for narrow firm-specific R&D approaches, 𝛿1(𝐶) = 0. Moreover, cooperating firms 

adopt purely idiosyncratic R&D approaches because they can best internalize the beneficial 

effects of internal technological opportunities. By inspection of the first-order condition for 

optimal degree of generality of firms’ research approach, given the absence of strategic 

interaction between firms at the game’s first stage, it is evident that 𝜋𝑖 + 𝜋𝑗 is maximized at 𝛿 =

0. The choice of 𝛿 is independent of the exogenous spillover parameter. It follows from this that 

firms are likely to adopt the same research approach 𝛿 = 0 in the two modes of R&D 

organization, regardless of whether they cooperate or compete in R&D. Importantly, the two 

versions of our model make the same prediction concerning the specificity of the firm’s R&D 

agenda.  

Our findings reflect the preference of some firms for closed innovations as part of their 

innovation strategy. A “closed” innovation is an innovation developed by the firm itself without 

incorporating external knowledge. That innovative firm follows a strategy of relying exclusively 

on internal R&D resources and protecting systematically its own intellectual property from its 

rivals. A “closed” firm is a firm that does not engage in external knowledge search or 

collaboration.   

There is supportive evidence for our prediction that stronger appropriability increases the 

probability of only developing innovation within firm boundaries. Cassiman and Veugelers 

(1999) analyze Belgian firms to find that small firms are more likely to source technology 

exclusively externally or internally. Small firms do not have a diversified portfolio of R&D projects 

and cannot realize the same economies of scale and scope in-house as larger firms. On the 

contrary, large firms are more likely to both make and buy technology to the degree that scale 

advantages in R&D can be generated when performing research internally. By following an 

innovation sourcing strategy ‘make or/and buy’, the innovative firm takes the decision to 

produce technology itself (Make) or to source technology externally (Buy). The authors also 

show that when the benefits of R&D are appropriated strategically, firms may want to avoid 

exclusive external sourcing. Strong appropriation affects negatively the decision to source 

exclusively externally. The mechanisms of strategic appropriation include secrecy, complexity of 

technology, or lead time over competitors. 
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The firm’s accumulation of skills in a specific mechanism central to innovation and specialized 

R&D capabilities provides indirect support for our prediction. Note that, in our model, managers 

face a choice among multiple R&D orientations, only one of which has a long-term relationship 

with the accumulation of firm-specific R&D assets after being selected and implemented. Using 

data on biotechnology R&D projects that established pharmaceutical companies have 

sponsored, Pisano (1990) find that a firm will be more likely to be involved in only internal R&D 

when it has accumulated more internal R&D experience in the relevant technology. The 

accumulation of R&D expertise relatively early reduces the costs of undertaking subsequent 

projects internally in the same product R&D area. Small-numbers bargaining hazards stemming 

from specialized R&D capabilities have consequences for the organization of R&D. In a study of 

the diffusion of technological innovation in the banking industry based on a sample of large 

commercial banks in the United States, Pennings and Harianto (1992) find that some firms have 

chosen to develop new technologies internally, while other organizations have innovated 

through either acquisitions or joint ventures. The direction of a firm’s innovative efforts evolved 

greatly from the skills and abilities which it has accumulated over time. The firm chooses to use 

the innovation mechanism in which it has built up some capacity. 

Our analysis appears to contradict Wiethaus’ (2005) finding that competing firms may choose 

fairly broad (identical) R&D approaches for all 𝛽. In a symmetric Nash equilibrium, the optimal 

degree of generality of firms’ research approach is 0.9403462 ≤  𝛿 ≤ 1; it satisfies 𝛿 = 1 for all 

𝛽 < 0.884251.  Our equilibrium results also contradict the previous finding by Kamien and Zang 

(2000) who found that cooperating firms adopt purely broad R&D approaches in order to 

maximize information flows between each other. Both studies by Kamien and Zang, and 

Wiethaus (2005) implicitly treat specificity of R&D approaches as only a problem for a firm’s 

absorptive capacity instead of also an innovative opportunity.  

In each version of the game, the stage-1 and stage-2 first-order conditions for a representative 

firm can be written as functions of symmetric 𝛿, 𝑥 and of 𝛽, respectively: 

𝜕𝜋𝑖
𝜕𝛿𝑖

⁄ (𝛿, 𝑥(𝛿, 𝛽), 𝛽) = 0 and 
𝜕𝜋𝑖

𝜕𝑥𝑖
⁄ (𝛿, 𝑥, 𝛽) = 0. In a symmetric equilibrium, the R&D 

approach and output functions can be written as 𝛿(𝛽) and 𝑥(𝛿, 𝛽), respectively. Using optimal 

𝛿(𝛽)  in equilibrium 𝑥(𝛿, 𝛽), gives 𝑥(𝛿(𝛽), 𝛽). 

The next proposition compares the equilibrium R&D output for (partially) cooperative firms to 

the equilibrium R&D outputs for non-cooperative firms.  

Proposition 2: Consider the non-cooperative stage-2 equilibria and the stage-2 cooperative 

equilibrium in versions 1 and 2, respectively. We have the following ranking of output levels: 

𝑥2(𝛿2(𝐶)(𝛽), 𝛽) > (=)𝑥1(𝛿1(𝐼)(𝛽), 𝛽), for all 0 ≤ 𝛽 < 1 (at 𝛽 = 1); 

𝑥1(𝛿1(𝐶)(𝛽), 𝛽) > 𝑥2(𝛿2(𝐶)(𝛽), 𝛽), for all 0 ≤ 𝛽 ≤ 1. 

Proposition 2 implies that the cooperative equilibrium entails always either a higher or a lower 

level of individual R&D output relative to the non-cooperative case. The result follows 

straightforwardly by comparing the first-order conditions for stage-2 equilibrium for versions 1 

and 2 given the stage-1 equilibria in the two modes of R&D organization. In maximizing the 

industry’s profits after choosing the R&D approach 𝛿 = 0, each cooperating firm takes into 

account the positive incentive to innovate 𝑞𝑖 𝜕𝑞𝑖 𝜕𝑥𝑖⁄  at the same time that it internalizes the 
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negative externality 𝑞𝑗 𝜕𝑞𝑗 𝜕𝑥𝑖⁄  it imposes on the other firm and accordingly reduce efforts to 

innovate. Nevertheless, the incentive to secure a competitive advantage from innovation, 

𝜕𝑞𝑖 𝜕𝑥𝑖⁄ , in the cooperative case with the corner solution 𝛿2(𝐶) can exceed the counterpart 

incentive for the non-cooperative case with an interior solution 𝛿1(𝐼) to such an extent that 𝑥2 ≥

𝑥1 for any level of spillovers.  

It is no longer adequate to keep designating 𝜕𝑞𝑗 𝜕𝑥𝑖⁄  as the apropriability term in R&D 

cooperation because the sign of this derivative does not depend on the value of 𝛽, nor does it 

change the relative magnitudes of 𝑥2 and 𝑥1. The sign of the difference between the cooperative 

R&D investment level and the non-cooperative investment level, 𝑥2 − 𝑥1, can be different from 

the sign of 𝜕𝑞𝑗 𝜕𝑥𝑖⁄ . In addition, there does not exist a threshold value of 𝛽, above which the 

cooperative level of individual R&D 𝑥2(𝛿2(𝐶)(𝛽), 𝛽) is greater than the non-cooperative level 

𝑥1(𝛿1(𝐼)(𝛽), 𝛽), strictly less than one. In actual fact, in the remaining admissible pairwise 

comparison 𝑥2(𝛿2(𝐶)(𝛽), 𝛽) vs. 𝑥1(𝛿1(𝐶)(𝛽), 𝛽), there is no such an intermediate threshold 

value of 𝛽 in the unit interval as well. 

Some evidence exists to support the result that the equilibrium cooperative R&D output level 

either exceeds or falls behind the non-cooperative output level. Estimating the impact of the 

joint R&D consortium Sematech on R&D spending, Irwin and Klenow (1996) find that Sematech 

members reduced their R&D investment compared with non-members. Without distinguishing 

between types of cooperative partners, Konig et al. (1994) find a positive effect of cooperation 

on R&D investment. The forms of R&D cooperation include customers, suppliers and 

universities. Kaiser (2002) finds that RJVs tend to increase research expenditures of German 

firms. On average, cooperating firms spend 18.3 percent more on innovation than non-

cooperating firms. This is the central finding of the study by Kaiser. The model of research effort 

does not distinguish between horizontal cooperation (cooperation among competitors) and 

vertical cooperation (cooperation between a firm and its supplier or/and customers). An 

insignificant positive impact of horizontal cooperation on the R&D intensity of German firms is 

shown in Inkmann (2000). 

It was shown by the existing literature on R&D spillovers (e.g., d’Aspremont and Jacquemin, 

1988) that the sign of the so-called appropriabiliy term, which depends on the extent of 

technological spillovers capturing the exogenous conditions of appropriability of R&D results, 

determines by itself the relative magnitudes of individual R&D investments in cooperative R&D 

and independent R&D. If 𝜕𝑞𝑗 𝜕𝑥𝑖⁄ > 0, then when firms cooperate in their R&D investments 

they increase them so as to increase the positive externality on each other. Each firm 

participating in such a cooperative agreement has an incentive to increase R&D investments 

when its rival does so. 

The prediction that cooperation in R&D results always in either higher or lower R&D investment 

per firm than non-cooperation in R&D contradicts a number of previous findings derived from 

theoretical models in which firms produce and sell perfect substitutes in a Cournot market. 

Several theoretical studies have found a critical intermediate spillover level. It is well-known the 

critical spillover level in d’Aspremont and Jacquemin (1988) that determines whether a RJV 

generates more R&D output than a non-cooperative setting. Based on a model assuming that 

no effort is required to absorb external R&D, d’Aspremont and Jacquemin found that the critical 
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value on the spillover rate is 0.5. We would expect this finding from the early literature on 

exogenous R&D spillovers to be confirmed by the model of endogenous absorptive capacity 

presented by Wiethaus (2005). As shown in Grunfeld (2003), absorptive capacity effects of own 

R&D increase the critical rate of spillovers. The introduction of absorptive capacity as a function 

of innovation increases this critical rate of spillovers from 0.5 to about 0.618.  

The next corollary compares the effective cost reductions that result from the choices of narrow 

and broad research designs. The effective R&D is an important determinant of dynamic 

economic performance at the firm level (De Bondt, 1996). By the definition of effective cost 

reduction with symmetry restrictions on variables, 𝑋 = (1 − (𝛿)2 + 𝛽(𝛿)2)𝑥, where the 

expression of the form 1 − (𝛿)2 + 𝛽(𝛿)2 represents the effective R&D per unit of output 

generated. A firm makes a certain amount of technological progress 𝑋 through a combination 

of own R&D output or discovery it makes itself and any R&D spillover it receives from its rival, 

both of them conditioned by the choices of research designs. Spillovers and appropriability are 

determined endogenously by the firms’ decisions with respect to R&D approaches, which are 

the first-stage strategic variables of the model. In the context of homogeneous-product Cournot 

oligopoly, the endogenous variable output-quantity 𝑞 can be expressed as a function of the 

effective R&D. The effects of spillovers and research approaches on firm output will reflect the 

dependence of the amount of cost reduction 𝑋 on the spillovers and research designs. Sales 

turnover is the total amount of products or services sold by a firm during a particular period of 

time. It is habitually expressed in monetary terms as sales revenue but can also be in total units 

of goods or services sold. 

To study the effects of firms’ choices of R&D approaches on the firm innovative performance 𝑋, 

we compare an interior equilibrium with a corner equilibrium at the game’s first stage. The 

following is the only possible pairwise comparison: version 1 (with interior solution) vs. version 

1 (with corner solution). In version 1 both firms compete at the first and second stages. In 

addition, write 𝑋(𝛿(𝛽), 𝑥(𝛿(𝛽), 𝛽), 𝛽) for  [1 − (𝛿(𝛽))2 + 𝛽 (𝛿(𝛽))2]𝑥(𝛿(𝛽), 𝛽). 

Corollary 1: Consider the equilibria with an interior solution and a corner solution for R&D 

approach for version 1. We have the following rankings of the levels of effective R&D per unit of 

output generated, individual R&D output and effective cost reduction: 

1 − (𝛿1(𝐶)(𝛽))
2

+ 𝛽 (𝛿1(𝐶)(𝛽))
2

> (=)1 − (𝛿1(𝐼)(𝛽))
2

+ 𝛽 (𝛿1(𝐼)(𝛽))
2
, 0 ≤ 𝛽 < 1 (𝛽 = 1); 

𝑥1(𝛿1(𝐶)(𝛽), 𝛽) > 𝑥1(𝛿1(𝐼)(𝛽), 𝛽), for 0 ≤ 𝛽 ≤ 1. 

Hence,  

𝑋(𝛿1(𝐶)(𝛽), 𝑥1(𝛿1(𝐶)(𝛽), 𝛽), 𝛽) > 𝑋(𝛿1(𝐼)(𝛽), 𝑥1(𝛿1(𝐼)(𝛽), 𝛽), 𝛽), for 0 ≤ 𝛽 ≤ 1. 

Corollary 1 states that developing innovations exclusively in-house induces higher technological 

progress than opening some of one’s knowledge to other firms and tapping into external sources 

of knowledge. This result is driven by the conditional role of research approaches in the effective 

cost reductions of each possible case. From Proposition 1, 𝛿1(𝐶) < 𝛿1(𝐼), and the first-order 

conditions for stage-2 equilibrium, it follows that individual R&D output, 𝑥, and hence effective 

R&D, 𝑋, are higher for 0 ≤ 𝛽 ≤ 1 when firms choose narrower research designs at the first 
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stage. A decrease in 𝑋 with an increase in 𝛿 must reflect both a decrease in 1 − (𝛿)2 + 𝛽(𝛿)2 

and in 𝑥. The spillover parameter 𝛽 and the degree of connectedness (𝛿)2 together determine 

individual R&D output and effective cost reduction. The classification of the levels of effective 

R&D reflects the ordering of the levels of R&D output and effective R&D per unit of output 

generated in the single possible pair of cases.  

The innovative performance of firms is adversely affected by the flow of knowledge between 

firms only possible with a broad R&D approach, 𝛿 > 0. Absorptive capacity motivates the search 

for new knowledge from external sources, but the overall innovative performance of firms goes 

down as a result of combining the internal and external sources of knowledge. On the contrary, 

a firm-specific R&D approach, 𝛿 = 0, provides the advantage of higher efficiency of R&D 

investments, in the sense that the firm’s technological improvement obtained for any given level 

of its own R&D expenditures is higher. Hence, the effective cost reduction becomes equal to 

internal R&D, 𝑋 = 𝑥. With full firm-level appropriability, 𝛿 = 0, firms rely exclusively on internal 

knowledge sources. Instead, if we compare version 1 to version 2, given the discussion of the 

previous propositions it immediately follows that 𝑋(𝛿2(𝐶)(𝛽), 𝑥2(𝛿2(𝐶)(𝛽), 𝛽), 𝛽) >

(=) 𝑋(𝛿1(𝐼)(𝛽), 𝑥1(𝛿1(𝐼)(𝛽), 𝛽), 𝛽), for 0 ≤ 𝛽 < 1 (𝛽 = 1), as competing firms are less efficient 

in searching for new knowledge and perform less innovation than cooperating ones when they 

adopt broad R&D approaches. 

Our finding that searching among external actors and sources can affect negatively the 

innovative performance of firms is confirmed by several empirical studies. Using data from the 

UK Innovation Survey, 2001, Laursen and Salter (2006) explore the relationship between the 

openness of firms’ external search strategies and their innovative performance to find that 

searching widely and deeply is curvilinearly (taking an inverted-U shape) related to performance. 

The authors measure the independent variables reflecting the innovative performance of firms 

as fractions of the firm’s turnover. They expect that firms that draw widely and deeply from 

external sources to be more innovative. However, they expect to find that if a firm engages in 

too many search channels or relies in too many deep exchanges and collaborations with external 

actors, it will experience lower innovative performance. Maintaining wide and deep links 

requires resources and managerial attention. Moreover, obtaining the data for her study from 

the UK Community Innovation Survey, 2007, Dikova (2015) examines how innovation 

performance is affected by the use of internal and external sources of knowledge. The author 

measures the variables of innovation performance as shares of the company’s turnover relating 

to the sales of products. She finds that it would not be efficient for firms to invest in both, since 

these investments do not add to innovation performance. Firms pursuing incremental 

innovation may be well advised to focus on internal sources of knowledge while dispensing with 

time and effort in establishing and maintaining links to external sources of knowledge.  

Using data on the objective performance of R&D projects between large pharmaceutical firms 

and biotechnology partners, Hoang and Rothaermel (2005) investigate how alliance experience 

contributes to joint R&D project performance. The authors find that partner-specific alliance 

experience has a negative, marginally significant effect on joint project performance. Project 

success indicating successful completion of a new drug development project resulting in FDA- 

and/or EMEA-approved new drug was uses as a proxy for the performance of collaborative R&D 

projects. Partner-specific experience refers to the depths of knowledge search within a given 
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alliance. Xu et al. (2013) use a data set of pharmaceutical firms in the United States to find that 

competitor alliance participation weakens the effect of internal technological strength on radical 

product innovation. This suggests that internal and external sources of innovation may be seem 

as substitutes to each other for radical innovation development. Innovation development was 

measured by counting the total number of approved new drugs by the FDA. 

We now turn to an investigation of the comparative-statics implications of our model. We need 

a few considerations and definitions before stating the main comparative-statics results of this 

section. Firms have incentives to manage the flows of information to and from competitors. The 

ability to protect proprietary technological knowledge from leaking to other firms depends on 

the firm’s innovation activities such as the choice of research approach, and the appropriability 

conditions in the industry. Legal protection is assumed to be an industry variable, rather than a 

firm-specific characteristic. Through their research approaches, firms are able to affect their 

appropriation capabilities. We only use strategic protection through the choice of (a narrower) 

research approach as a firm-level variable. The strategic choice variable R&D approach denotes 

generality of a firm’s R&D agenda. The larger (smaller) 𝛿𝑖, the more general (specific) is the R&D 

approach pursued by firm 𝑖. Some models of Industrial Organization suggest that firms attempt 

to manage the external information flows, trying to maximize incoming spillovers while at the 

same time minimizing outgoing spillovers (Cassiman et al., 2002; Martin, 2002; Amir et al., 2003).  

Spillovers are commonly assumed to be a parameter 𝛽 that is exogenously given. One can 

interpret 𝛽 as a parameter that is inversely related to appropriability or the degree of patent 

protection. Patenting constitutes an appropriation mechanism of R&D results, so if patent 

protection becomes stronger (weaker), then 𝛽 decreases (increases). Let institutional 

appropriability in the industry be defined by the difference 1 − 𝛽. The portion 1 − 𝛽 of new 

technology is assumed to be protected by patents and thus can effectively be controlled by its 

legal owner. From (1), total spillover per unit of R&D output generated is defined by the product 

𝛽𝛿𝑖𝛿𝑗. Hence, we define total technological knowledge protection as 1 − 𝛽𝛿𝑖𝛿𝑗. The strength of 

firm 𝑖’s appropriability strategy is implicitly defined by protection 1 − 𝛽𝛿𝑖𝛿𝑗. By the 

representation of firm 𝑗’s effective R&D in (1), a decrease in the degree of generality of firm 𝑖’s 

research approach, 𝛿𝑖, by reducing firm 𝑖’s knowledge leakage to firm 𝑗, increases the 

appropriability of the returns from the innovation by the innovator, firm 𝑖.  

Proposition 3: Consider the non-cooperative equilibrium with interior solution for R&D 

approaches, version 1. We have: 

𝛿1(𝐼)(𝛽) is everywhere decreasing in 𝛽; 

𝛽 (𝛿1(𝐼)(𝛽))
2
 is everywhere increasing in 𝛽. 

Indeed, 

There is an increasing concave relationship between 𝛿1(𝐼)(𝛽) and (1 − 𝛽); 

There is an increasing concave relationship between 𝛿1(𝐼)(𝛽) and ( 1 − 𝛽 (𝛿1(𝐼)(𝛽))
2

). 

Proposition 3 states that the equilibrium value of the research approach 𝛿 is monotonically 

decreasing in the exogenous spillover parameter 𝛽 in version 1, in which firms compete at stages 

1 and 2 of the game. The research approach 𝛿 decreases in 𝛽 from 1 down to the intermediate 

level 𝛿 = 0.57735 at 𝛽 = 1. This result implies that the generality of R&D performed by the firm 
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is an increasing function of legal appropriability. Furthermore, the total spillover 𝛽(𝛿)2 is 

increasing in 𝛽 despite the decreasing behavior of 𝛿. These two results imply that there a 

positive association between 𝛿 and (1 − 𝛽(𝛿)2). Hence, the degree of R&D generality of firms’ 

research approach is positively related to the level of appropriability in the industry for the 

entire range of the spillover parameter. Indeed, the generality of R&D performed by the firm 

shows an increasing and concave relation to both legal and total appropriability of R&D. High 

degrees of R&D generality are associated with decreasing positive levels of total appropriability. 

In our model, both R&D generality and appropriability are choices made by the firm. It might be 

that there is a declining marginal utilization of the firm-specific method of protection as the 

degree of R&D generality increases, alternatively it might be that the level of appropriability 

presents an increasing positive marginal effect on the degree of R&D generality.  

The assumption of scope diseconomies implies that firms substitute internal knowledge sources 

for external sources as exogenous spillovers increase in order to satisfy constraints on 

managerial attention that are exacerbated by increased firm scope. Firms increase the scope of 

their innovation activities by developing and maintaining internal and external links to 

knowledge sources concurrently. Increasing R&D generality is the approach firms use to 

establish external linkages and build connectedness to external sources of knowledge. R&D 

generality can help firms to take knowledge from external sources. However, it also leads to 

unintended knowledge spillovers, limiting firms’ ability to protect their own knowledge. We find 

a tension between the revelation of some parts of proprietary knowledge by adopting a more 

general R&D approach and the protection of one’s own knowledge from being copied by 

competitors by adopting a more specific approach. This tension comes to live as a paradox that 

firms understand. With higher exogenous spillovers, the fear of providing costless benefits to 

rivals leads to a decrease in the level of generality of firms’ research approach in order to reduce 

technology transfer to rivals. 

Our findings reflect some concerns of firms that are likely to become “open” innovators by 

engaging with external sources of innovation but face the “paradox” of openness. Managers 

make their firms open to different external organizations in order to access external knowledge 

in their innovation activities, but also have to protect their own knowledge against being 

imitated by rivals. The more open these innovative firms are in terms of their external 

knowledge exchange, the more they see the protection of their core knowledge as relevant. 

There is evidence supporting the claim that there is a positive association between openness for 

innovation and appropriability of innovation benefits, and we interpret our theoretical result on 

the relationship between the degree of R&D generality and the level of appropriability to be 

consistent with this empirical result.  

The measures of generality of the R&D approach and openness of firms’ external search 

strategies can both be based on external sources of innovation. The generality of the R&D 

approach is empirically proxied by Kaiser (2002). In his econometric analyzes of German firms, 

it is assumed that the more general a firm’s research approach is, the more heterogeneous its 

information sources are. The proxy variable is constructed as the number of information sources 

a firm regards as important for the innovation process. The available information sources include 

customers, suppliers, competitors, and several other public and private institutions. In turn, 

Laursen and Salter (2006) develop two concepts indicating the openness of individual firms’ 

external search strategies. The first concept refers to external search breadth and it is defined 

in terms of the number of external sources that firms rely on their innovative activities. The 

second concept refers to external search depth, which is defined as the extent to which firms 
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draw deeply from the different external sources. The authors use two proxies as measures of 

openness in terms of external search strategies, breadth and depth, that reflect the importance 

of external sources to innovative performance too. The list of external sources of innovation 

includes suppliers, clients, competitors and general institutions in the innovation system. The 

findings of this study imply that the firms using external sources of knowledge in a larger number 

and to a larger extent tend to be more open than others. 

Based on empirical analysis of data from 2005 UK Innovation Survey, Laursen and Salter (2014) 

explore how firms’ degree of openness for innovation is related to the strength of their 

appropriability strategy. The measure of the overall strength of the firm’s appropriability 

strategy combines responses on the degree of importance to the firm of different methods of 

protection. It includes formal methods, such as patents, registration of design, trademark, as 

well as informal methods, such as secrecy, lead time and product complexity. The aspects of 

firm openness examined are the breadth of the firm’s search efforts, and the range of types of 

partner organizations in formal collaborations for innovation. The authors find that overall 

appropriability strategy has a concave relationship with external search breadth and innovation 

collaboration breadth. That is, there is a concavity association (in terms of decreasing positive 

marginal effects) between appropriability and openness in the entire appropriability strategy 

scale. Using data drawn from the 2003 Innovation in Australian Business Survey, Huang et al. 

(2014) investigate how openness actually affects a firm’s management of appropriability 

regimes to recoup benefits from its innovation. The authors find that the degree of openness is 

curvilinearly related to the scope of appropriability regimes. The degree of openness is 

measured by the breadth of external knowledge sources and the scope of inter-organizational 

collaborations that a firm is involved with, and the measure of the scope of appropriability 

regimes combines both formal and informal methods of intellectual property protection. Formal 

methods include patent, and copyright or trademark, and informal methods include secrecy, 

and complexity of product design. 

Arora et al. (2016) use data from the 2012 Survey of Innovation and Patent Use and the 2009 

UK Community Innovation Survey to assess the link between patenting and openness (external 

sourcing). The openness is defined by the number of different types of the firms’ external 

collaborators. Firms cooperate in innovative activities with organizations such as suppliers of 

equipment, clients or customers, competitors, and universities and other higher education 

institutions. The results show a positive association between patenting and openness. The 

relationship between patenting and collaboration in innovation is stronger for technology 

leaders than for follower. The authors treat both patenting and external sourcing (openness) as 

jointly-determined decisions made by firms. The increase in patenting due to openness is higher 

for leading firms than for followers. Zobel et al. (2016) analyze how the patent stock of new 

entrants in industries shaped by systemic innovation influences their subsequent openness in 

innovation. Openness in innovation is measured by the number of inter-organizational 

relationships that a firm enters in a given year. The results suggest that patents have a strongly 

positive effect on technology-intensive relationships that focus on joint scientific research, while 

relationships that are of decreasing technology intensity are gradually less affected by the new 

entrant’s patent stock. 

We proceed with the comparative-statics analysis of R&D output, in which we assume that R&D 

approaches and outputs depend on the exogenous parameter 𝛽. As is easily verified, the non-

cooperative equilibrium R&D output 𝑥1(𝛿, 𝛽), is decreasing in 𝛿 and 𝛽. As for the cooperative 

case, 𝑥2(𝛿, 𝛽) is decreasing in 𝛿 too, but is increasing in 𝛽. Let 
𝐼𝑀

𝐼𝑁
(𝛿(𝛽), 𝑥(𝛿(𝛽), 𝛽), 𝛽) denote 



16 
 

the ratio of imitation costs to innovation costs. We define 
𝐼𝑀

𝐼𝑁
(𝛿(𝛽), 𝑥(𝛿(𝛽), 𝛽), 𝛽) as 

 (𝛿(𝛽))2 𝑝𝑟

(1− (𝛿(𝛽))
2

) 𝑝𝑟+ 
𝛾

2
 (𝑥(𝛿(𝛽),𝛽))

2, where 𝑝𝑟  refers to the price of the scarce resource 𝑟. 

The non-cooperative first-order conditions for optimal degree of generality of research 

approach and level of R&D output have the following comparative-statics properties: 

Proposition 4: Consider the non-cooperative equilibrium with an interior solution for R&D 

approaches in version 1. We have: 

𝑥1(𝛿1(𝐼)(𝛽), 𝛽) is strictly increasing in 𝛽 for 𝛽 ∈ [0,1]. 

Hence, 

𝑋(𝛿1(𝐼)(𝛽), 𝑥1(𝛿1(𝐼)(𝛽), 𝛽), 𝛽) is strictly increasing in 𝛽 for 𝛽 ∈ [0,1]; 

𝐼𝑀

𝐼𝑁
(𝛿1(𝐼)(𝛽), 𝑥1(𝛿1(𝐼)(𝛽), 𝛽), 𝛽) is strictly decreasing in 𝛽 for 𝛽 ∈ [0,1]. 

Proposition 4 states that in the non-cooperative game of R&D, version 1, the R&D output 

function 𝑥(𝛿(𝛽), 𝛽) can be everywhere increasing in the value of the spillover parameter 𝛽, 

even though the level of individual R&D output is decreasing in 𝛽 alone, i.e., the direct effect 

from 𝛽 is represented by the partial derivative 
𝜕𝑥(𝛿, 𝛽)

𝜕𝛽⁄ < 0. The spillover parameter 𝛽 is 

also able to influence 𝑥 through the optimal choice of research approach 𝛿. It is the endogenous 

choice of 𝛿 that makes possible the change of sign of the relationship between 𝛽 and 𝑥. 

Furthermore, the effective R&D level can be increasing in 𝛽. The level of effective R&D per unit 

of output generated, 1 − (𝛿)2 + 𝛽(𝛿)2, is increasing in 𝛽 as, by Corollary 1, total spillover 𝛽(𝛿)2 

is increasing in 𝛽. This result together with the behavior of 𝑥 explain how 𝑋 changes in 𝛽, i.e., 

the direct effect from 𝛽 and the indirect effect from differences in 𝛿 are represented by the 

partial total derivative 
§𝑥(𝛿(𝛽), 𝛽)

§𝛽⁄ > 0. Finally, the effect of an increase of the spillover 

parameter on the ratio of imitation costs to innovations costs is the following: an increase in 𝛽 

reduces imitation costs relative to innovation costs. 

Kaiser (2002) finds that R&D generality has an inverse U-shaped effect on R&D expenditures. 

The inverse U-shaped effect is somewhat in contrast to our theoretical prediction of a negative 

effect of the generality of a firm’s R&D approach. An empirical investigation of the impact of 

R&D spillovers on R&D intensity by Inkmann (2000) confirms another prediction made by our 

theory. Inkmann finds significant negative effects of intra-industry spillovers on R&D intensity 

of German firms, for all firms except those engaged in a horizontal R&D cooperation. In Kaiser 

(2002), the estimation results indicate a significantly positive impact of horizontal spillovers on 

innovation intensity. There are significant differences in this determinant of innovation 

expenditure between cooperating and non-cooperating firms. The parameter estimate for non-

cooperating firms is significant at the usual significance levels whereas the analogous estimate 

for cooperating firms is not. 

We compare and contrast our interior equilibrium results to those found in other theoretical 

studies. Most of these models assume homogenous goods and a Cournot duopoly market where 

just two firms compete against each other. Two predictions immediately drawn from the 

d’Aspremont and Jacquemin (1988) and Wiethaus (2005) models are that an increase in 

exogenous spillovers leads to both a decrease in R&D expenditures under R&D competition and 

an increase in R&D expenditures under R&D cooperation. The cooperative equilibrium level of 
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R&D output in version 2 of our model behaves in the expected way as a function of 𝛽 whether 

or not firms invest in absorptive capacity (d’Aspremont and Jacquemin, 1988; Leahy and Neary, 

2007). So does the non-cooperative level of R&D output in version 1. As economists in general 

have long argued (Spence, 1984; d’Aspremont and Jacquemin, 1988; Cohen and Levinthal, 

1989), we expect from R&D competition in version 1 that increases in exogenous spillovers 

discourage R&D. The appropriability problem widely discussed in the literature cause firms to 

underinvest in R&D because they cannot completely internalize the social benefits from private 

innovation in the presence of technological spillovers.  

In addition, an empirically testable hypothesis of the Kamien and Zang (2000) model is that an 

increase in the generality of a firm’s R&D approach leads to an increase in R&D expenditures if 

the R&D approach is already sufficiently general (Kaiser, 2002).  

There are still a few more findings contrary to our model’s predictions. In a homogeneous-

product Cournot competition setting, De Bondt et al. (1992) show that the effective level of R&D 

increases in 𝛽 for 𝛽 ∈ [0,0.5] and decreases in 𝛽 for 𝛽 ∈ [0.5,1] when firms compete on R&D. 

Effective non-cooperative R&D will be maximized at the intermediate spillover 𝛽 = 0.5. 

Moreover, by distinguishing between imitative R&D and innovative R&D, Hammerschmidt 

(1999) shows that firms will invest more in absorptive R&D and less in inventive R&D if 

exogenous spillovers increase under R&D non-cooperative. Wiethaus (2006) confirms 

Hammerschmidt’s results when firms compete on R&D. The ratio of imitation/absorption efforts 

to innovation efforts is increasing in the spillover parameter 𝛽. The equilibrium results are 

described by numerical solutions.  

Finally, we compare the levels of firm profits in different equilibria under R&D competition in 

order to explore the market incentives for firms to strengthen the appropriability of their R&D 

results, and analyze how the incentives to form a RJV change if spillovers are taken into account. 

The earlier theoretical literature on R&D investments and spillovers in the sense of unintended 

knowledge transfer treats industry-wide appropriability as an exogenous phenomenon beyond 

the control of firms. In reality spillovers and appropriability are not completely exogenous to 

firms operating in the industry. R&D appropriability and total spillover are strategic choices of 

firms. The research approaches chosen by firms affect their ability to absorb spillovers from 

other firms through firms’ connectedness. Usable external R&D gives rise to spillovers which are 

inversely related to the appropriability of the benefits of R&D. In the limit, the absence of 

effective spillovers, with the product 𝛽(𝛿)2 set equal to zero, means either full institutional 

appropriability in the industry, 𝛽 = 0, or complete firm-level appropriability, 𝛿 = 0. With 𝛿 =

0, firms rely entirely on internal knowledge sources.  

Imposing symmetry on equilibrium solutions, the profit function can be written as 𝜋(𝛿, 𝑥, 𝛽). 

We can use function 𝑥𝑔(𝛿𝑔(ℎ)(𝛽), 𝛽) to eliminate 𝑥 to obtain 𝜋(𝛿𝑔(ℎ)(𝛽), 𝛽) =

𝜋(𝛿𝑔(ℎ)(𝛽), 𝑥𝑔(𝛿𝑔(ℎ)(𝛽), 𝛽), 𝛽), 𝑔(ℎ) = 1(𝐼), 1(𝐶), 2(𝐶). On the one hand, if firms observe 

that an equilibrium R&D approach level offers higher profits than the other in version 1, they 

want to choose that stage-1 equilibrium. In other words, the driving force is the profit 

differential between stage-1 equilibria. If profit differential 𝜋(𝛿1(ℎ)(𝛽), 𝛽) − 𝜋(𝛿1(ℎ′)(𝛽), 𝛽) is 

positive (negative), firms will go from ℎ′ to ℎ (in the opposite direction), ℎ, ℎ′ = 𝐼, 𝐶. On the 

other hand, an RJV is formed only if the level of profit firms earn with R&D cooperation is higher 

than without cooperation, 𝜋(𝛿1(ℎ)(𝛽), 𝑥2(𝛿1(ℎ)(𝛽), 𝛽), 𝛽) − 𝜋(𝛿1(ℎ)(𝛽), 𝛽) > 0, ℎ = 𝐼, 𝐶. In 

particular, 𝜋(𝛿1(𝐶)(𝛽), 𝑥2(𝛿1(𝐶)(𝛽), 𝛽), 𝛽) = 𝜋(𝛿2(𝐶)(𝛽), 𝛽), as 𝛿2(𝐶) = 𝛿1(𝐶) = 0 by 
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definition of corner solution. Incentives to start a RJV increase (decrease) with increasing 

(decreasing) differences in profits. 

This brings us to the next proposition stating the qualitative incentives to form a RJV when firms 

pay either special or little attention to protecting their proprietary knowledge, and the ranking 

of profit differentials as a function of exogenous spillovers. This ranking of profit differentials 

translates an opposite ranking of profit levels in interior symmetric equilibria under R&D 

competition. 

Proposition 5: Consider the equilibria with an interior solution and a corner solution for R&D 

approach in version 1, and the equilibrium with a corner solution for R&D approach in version 

2. We have the following: 

Effects of competition in R&D on incentives to better appropriability: 

𝜋(𝛿1(𝐶)(𝛽), 𝛽) − 𝜋(𝛿1(𝐼)(𝛽), 𝛽) < 0 for all 𝛽. 

Effects of better appropriability on incentives to form a RJV:  

- Impact of legal protection on relative returns to cooperation: 

𝜋(𝛿2(𝐶)(𝛽), 𝛽) − 𝜋(𝛿1(𝐼)(𝛽), 𝛽) is strictly decreasing in 𝛽 for 𝛽 ∈ [0,1].  

- Impact of strategic protection on relative returns to cooperation: 

𝜋(𝛿2(𝐶)(𝛽), 𝛽) − 𝜋(𝛿1(𝐶)(𝛽), 𝛽) > 𝜋(𝛿2(𝐶)(𝛽), 𝛽) − 𝜋(𝛿1(𝐼)(𝛽), 𝛽) ≥ 0 for all 𝛽. 

Hence, 

𝜋(𝛿2(𝐶)(𝛽), 𝛽) − 𝜋(𝛿1(𝐶)(𝛽), 𝛽) > 𝜋(𝛿1(𝐼)(𝛽), 𝑥2(𝛿1(𝐼)(𝛽), 𝛽), 𝛽) − 𝜋(𝛿1(𝐼)(𝛽), 𝛽) ≥ 0 for 

all 𝛽. 

Proposition 5 means that competition in R&D has a negative effect on the effectiveness of 

strategic protection and R&D appropriation. It is never privately profitable for competing firms 

to improve the appropriability of results of their innovation process, as the profit differential 

between strong and loose strategic protection is always negative. Through the choice of their 

research approaches, firms affect their appropriability capabilities. Competing firms, because of 

the choice of narrow firm-specific research approaches, better appropriate the results from their 

innovation. This decreases the profitability of competing firms and hence makes the 

effectiveness of protection of results at the first stage less likely to occur, irrespective of the 

level of exogenous spillovers. Moreover, the relative profits to cooperation over competition 

are increasing in the strength of legal protection (1 − 𝛽). Thus, we expect that the probability 

of cooperation in R&D is increasing in the strength of formal intellectual protection. Finally, firms 

that are more effective in strategically protecting their valuable knowledge through the choice 

of research approaches are more inclined to start a RJV. Firms always have marginal incentives 

to cooperate in R&D, irrespective of whether or not they select narrow research approaches. 

However, it is more likely that firms that are effective in protecting their knowledge choose to 

cooperate than ineffective firms, regardless of the level of exogenous spillovers.  

There is supportive evidence for our prediction that stronger appropriability increases the 

probability of cooperating in R&D levels. As regards appropriability by patents, a positive impact 

on the decision to cooperate in R&D in found in several empirical studies. Using a database of 

the commercialization strategies of start-up innovators, Gans et al. (2000) find that formal IPR 
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protection (e.g., patents) has a quantitatively significant effect on the probability of cooperation 

between start-ups and incumbents. An increase in the strength of formal IPR increases the 

relative returns to cooperation over competition. Using a comprehensive data of manufacturing 

firms in Japan, Nakamura and Odagiri (2005) confirms this result by predicting a positive effect 

of the extent of appropriability by patents on the probability of firms performing joint R&D. 

Similarly, using evidence from four major European countries, Abramovsky et al. (2009) find that 

cooperation is less likely in industries where legal methods of protecting the returns to 

innovation are more effective. 

In their analysis of Belgian firms, Cassiman and Veugelers (2002) find that appropriability of R&D 

results (lower outgoing spillovers to non-partners in cooperation) through legal protection do 

not significantly affect the choice of cooperation with suppliers and customers. Commercially 

sensitive information often leaks out to competitors through common suppliers or customers. 

The appropriability conditions in the industry are determined by the legal protection of products 

and processes through patents, brand names, or copyright. However, the authors show that 

higher appropriation through strategic protection significantly increases the probability of firms 

cooperating. Strategic protection of products and processes is a firm-level variable and its 

mechanisms include secrecy, complexity, or lead time. López (2008) also concludes that 

appropriability has a positive and significant impact on the probability of cooperation in R&D. 

With more effective strategic protection methods, firms control better the outflow of 

commercially sensitive information and are more likely to engage in cooperative agreements. 

Firms with very effective strategic protection methods of innovation are the only ones that share 

knowledge with their competitors. The strategic methods for protecting inventions or 

innovations comprise secrecy, complexity of design, and lead-time advantage on competitors 

A number of empirical studies provide indirect support for our finding. Note that, from 

Propositions 1 and 2, competing firms invest more in R&D when they choose firm-specific 

research approaches to better control knowledge outflows than otherwise. Relying on a 

representative sample of firms in three Information Technology industries, Colombo (1995) 

finds a significant correlation between autonomous R&D intensity and R&D cooperation. Using 

firm level data of Flemish R&D active companies, Veugelers (1997) finds that firms who spend 

more on internal R&D have a significantly higher probability of cooperation in R&D. Cassiman 

and Veugelers (2002) provide evidence that performing R&D on a permanent basis has a strong 

positive effect on the probability of cooperating in R&D. The effect of internal technological 

capacity on the probability of cooperating is less significant once corrected for endogeneity. In 

line with previous studies, Abramovsky et al. (2009) find that firms that engage in cooperative 

innovative activity also exhibit higher R&D intensity for four European countries. 

We now compare the findings of our theoretical model with the results of previous studies on 

incentives to form a RJV. Early theoretical contributions came from game theory and centered 

on the explanation of firm’s private incentives to engage in R&D cooperation (Katz, 1986; 

D’Aspremont and Jacquemin, 1988). In a homogeneous goods industry, firms competing in R&D 

would maximize individual profits at a critical spillover level. Firms could not improve on this, at 

that spillover, because investments and profits are the same under cooperation and non-

cooperation in R&D. Firms could improve on this market outcome under R&D cooperation when 

exogenous spillovers are high enough (i.e., above that critical level) though (De Bondt, 1996). 

The higher private incentives for cooperative R&D would lead to increases in R&D investments 

and in individual profits. Most theoretical literature on the relation between spillovers and R&D 

cooperation would predict that firms are more likely to start RJVs when appropriability of R&D 
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results is weak (Cassiman and Veugelers, 2002). Contrary to this conclusion, an empirically 

testable result derived by Kaiser (2002) derived from the Kamien and Zang (2000) model is that 

an increase in spillovers tend to reduce incentives to collaborate in R&D (Kaiser, 2002). Hence, 

RJVs are more likely to start the lower is the exogenous spillover parameter. 

 

4. Conclusion 

In this paper, we have explored how substitutability between internal and external R&D affects 

the market behavior of innovating firms in terms of R&D approaches and investments under 

competition and cooperation. A body of evidence supports the view that searching from 

knowledge internally and externally are substitutive R&D activities. To examine the theoretical 

implications of this view, we set up a duopoly model which incorporates the assumption of 

substitutability arising between internal and external R&D activities due to diseconomies of 

scope in firms investing in various innovation activities, thereby extending the existing work on 

strategic R&D investments with exogenous spillovers and endogenous absorptive capacity. We 

are aware that there may only be a few game-theoretic works addressing this topic. By taking 

into account in our model the assumption of internal and external sources of knowledge as 

substitutes, several qualitative results of earlier literature on R&D with exogenous spillovers or 

endogenous absorptive capacity relying on R&D approaches no longer survive. Empirical work 

has been developed that to a great extent validates the predictions of our theory. 

The main results of this paper can be summarized as follows. Our model predicts that when the 

joint pursuit of internal and external knowledge search activities produces diseconomies of 

scope, firms will respond by relying more on internal R&D and less on external R&D as 

exogenous spillovers increase. We concentrate our attention on the R&D generality of firms’ 

research approaches as a way to access to external knowledge sources. We find a tension 

between the knowledge revelations resulted from the generality of R&D performed by a firm 

and the protections of proprietary knowledge facilitated by the specificity of R&D performed by 

it that emerges as a paradox that firms face. The finding of a positive relationship between the 

choice of a firm to be connected with external sources of knowledge and the appropriability of 

its innovation benefits is regarded as being consistent with the empirical result of a paradox of 

openness that firms open to external knowledge sources understand. Moreover, increasing the 

scope of firms’ innovation activities decreases the efficiency and level of R&D under 

competition, as opposed to cooperation. Furthermore, R&D cooperation between competing 

firms will always lead to either higher or lower R&D investment levels for any level of spillovers. 

Finally, scope diseconomies caused by managerial attention constraints lead firms to reconsider 

their boundaries following the development and maintenance of both internal and external links 

to knowledge sources. 

The key predictions drawn from our theoretical framework assumptions appear to be consistent 

with the evidence from a vast body of empirical studies of R&D investments and spillovers aimed 

at answering specific research questions. Previous game-theoretic studies habitually grounded 

on the assumption that internal and external R&D activities are independent from each other 

(i.e., there is no inbuilt assumption on the relationship between external knowledge sourcing 

and internal R&D according to which internal and external R&D activities could be used as 

substitutes or complements in the innovation process) were not validated by that type of 

evidence. All and all, our theoretical model provides a comprehensive interpretation of 

fragmented and occasionally conflicting evidence suggesting that substitutability between 
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internal and external R&D is a major hypothesis to be included in an analytical study of the 

market behavior of innovating firms. 

The analysis and results of this model have interesting public policy implications, when 

considering policies that actively encourage research alliances such as RJVs among firms 

competing in the same product market, and that promote intellectual property right (IPR) 

protection such as patent policy by restoring firm incentive to conduct R&D in an attempt to 

increase social welfare. 

Given the conventional wisdom on knowledge spillovers that lack of appropriability of R&D 

results impedes innovation and technological progress, such IPR policies aim at enhancing the 

industry’s R&D investment level and technological improvement. Just the opposite appears to 

be true for the competitive case, where the incentive to innovate can in fact decrease if patent 

protection becomes weaker, i.e., the exogenous spillover parameter increases. And, once 

patents expire, it becomes most encouraging for competing firms to conduct R&D. The limiting 

case of complete lack of R&D appropriability induces the same levels of R&D output and 

technological progress as could be attained in the cooperative case. R&D cooperation induces 

the same level of R&D investment and technological progress regardless of the extent of patent 

protection. Thus, given the fact that the disincentive effects of spillovers on the industry’s R&D 

investment and technological improvement are absent for the cooperative case in environments 

characterized by substitutability in innovation knowledge sources, such IPR policies can only 

have negligible results.  

Policy recommendations to address problems of dynamic performance with high-technology 

industries known in literature, such as permitting and encouraging RJVs appear not to improve 

industry performance relative to the non-cooperative outcome in the setting for diseconomies 

of scope in knowledge sourcing. Non-cooperation in the setting of firms’ R&D budgets may 

improve welfare as compared to a cooperative R&D agreement, under which the member firms 

coordinate on both their R&D budgets and R&D approaches, provided that the degree of 

generality of research approaches pursued by independent firms is minimum. Under such 

condition, the improved industry performance of independent R&D outperforms the 

cooperative outcome, as the two modes of R&D organization can differ performance-wise in the 

same way in the traditional efficiency criteria and welfare standards. As such, we see no good 

reasons to encourage R&D cooperation in the form of a RJV among product-market competitors.  

We consider the implications of the hypothesis of substitutability between internal and external 

R&D from the viewpoint of public policy toward R&D in a second-best situation. The economy 

operates under second-best conditions because of imperfect competition in the product market. 

It is well-known that knowledge spillovers decrease the level of R&D per firm because of a free-

rider or disincentive effect. The social returns from R&D output are greater than the private 

benefits captured by innovating firms. The existence of this market failure that leads the private 

sector to underinvest in R&D is one of the main rationales for government R&D subsidies. To 

the extent that there exist R&D appropriability problems, conventional wisdom stresses the 

incentive and ability of RJVs to internalize R&D externalities in the market, at least, for high 

spillovers. Strengthening IPRs is another way to restore private R&D incentives and close the gap 

between social and private returns to R&D.  
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Contrary to prior literature, we find that when there are scope diseconomies in knowledge 

searching oligopolistic rivalry in innovation will sometimes support socially second-best R&D. In 

our welfare analysis, we use the second-best welfare function as the welfare criterion. As it 

happens, the equilibrium level of R&D output per firm under independent R&D induces the 

second-best R&D for society if firms adopt the efficient R&D approach. The competitive 

innovation game can ensure the second-best equilibrium outcome irrespective of whether 

exogenous R&D spillovers are large or small. As such, there is no justification for government 

intervention in the market to achieve the second-best social optimum. Under such condition, no 

form of market failure exists associated with R&D and innovation, so government subsidies to 

R&D play no role in fostering technological progress. If public funds are costless, then 

government R&D subsidization is a first-best policy. First-best policies do not need to be applied 

to improve welfare in the second-best world. The best outcome that any such policy can achieve 

is the second-best outcome. We consider two other policy approaches that aim at correcting 

R&D market failures through market forces and government intervention in the form of patents 

granted to industry, to conclude that the former is at best a second-best solution to 

imperfections in the market. The rank order of the latter potential policy is higher if any. Reliance 

on market power and RJVs to provide incentives to innovate, and patent rights cannot be 

effective means of correcting market failures. These results undermines the welfare case for 

promoting RJVs and definitely defeats the case for strengthening patent rights. 

REFERENCES 

Abramovsky, L., Kremp, E., López, A., Schmidt, T., Simpson, H. 2009. Understanding co-operative 

innovative activity: evidence from four European countries. Economics of Innovation and New 

Technology 18(3), 243-265. 

Amir, R., Evstigneev, I., Wooders, J. 2003. Noncooperative versus cooperative R&D with 

endogenous spillover rates. Games and Economic Behavior 42, 184-207. 

Arora, A., Athreye, S., Huang, C. 2016. The paradox of openness revisited: collaborative 

innovation and patenting by UK innovators. Research Policy 45(7), 1352-1361. 

Arora, A., Gambardella, A. 1990. Complementarity and external linkages: the strategies of the 

large firms in biotechnology. Journal of Industrial Economics 38, 361-379. 

D’Aspremont, C., Jacquemin, A. 1988. Cooperative and noncooperative R&D in duopoly with 

spillovers. American Economic Review 78, 1133-1137. 

Beath, J., Poyago-Theotoky, J., Ulph, D. 1998. Organization design and information-sharing in a 

research joint venture with spillovers. Bulletin of Economic Research 50(1), 47-59. 

Belleflamme, P., Peitz, M. 2015. Industrial Organization: Markets and Strategies. 2nd edition. 

Cambridge: Cambridge University Press. 

Beneito, P. 2006. The innovation performance of in-house and contracted R&D in terms of 

patents and utility models. Research Policy 35, 502-517. 

Berchicii, L. 2013. Towards an open R&D system: internal R&D investment, external knowledge 

acquisition and innovation performance. Research Policy 42, 117-127. 

De Bondt, R., Veugelers, R. 1991. Strategic investment with spillovers. European Journal of 

Political Economy 7, 345-366. 



23 
 

De Bondt, R., Slaets, P., Cassiman, B. 1992. The degree of spillovers and the number of rivals for 

maximum effective R&D. International Journal of Industrial Organization 10, 35-54. 

De Bondt, R. 1996. Spillovers and innovative activities. International Journal of Industrial 

Organization 15, 1-28. 

Cassiman, B., Perez-Castrillo, D., Veugelers, R. 2002. Endogenizing know-how flows through the 

nature of R&D investments. International Journal of Industrial Organization 20, 775-799. 

Cassiman, B., Veugelers, R. 2006. In search of complementarity in innovation strategy: internal 

R&D and external knowledge acquisition. Management Science 52(1), 68-82. 

Cohen, W.M., Levinthal, D.A. 1989. Innovation and learning: the two faces of R&D. Economic 

Journal 99, 569-596. 

Cohen, W.M., Levinthal, D.A. 1990. Absorptive capacity: a new perspective on learning and 

innovation. Administrative Science Quarterly 35, 128-152. 

Colombo, M.G. 1995. Firm size and cooperation: the determinants of cooperative agreements 

in Information Technology industries. International Journal of the Economics of Business 2(1), 3-

30. 

Cyert, R.M., March, J.G. 1963. A behavioral theory of the firm. Englewood, NJ: Prentice Hall. 

Ennen, E., Richter, A. 2010. The whole is more than the sum of its parts – or is it? A review of the 

empirical literature on complementarities in organizations. Journal of Management 36(1), 207-

233. 

Gans, J.S., Hsu, D.H., Stern, S. 2002. When does start-up innovation spur the gale of creative 

destruction? RAND Journal of Economics 33(4), 571-586. 

Grunfeld, L.A. 2003. Meet me halfway but don’t rush: absorptive capacity and strategic R&D 

investment revisited. International Journal of Industrial Organization 21, 1091-1109. 

Guisado González, M., Guisado Tato, M., Ferro Soto, C. 2014. Complementarity between internal 

R&D and R&D cooperation in the context of Spanish technological opportunities. Review of 

Business Management 16(53). 540-599. 

Hagedoorn, J., Wang, N. 2012. Is there complementarity or substitutability between internal and 

external R&D strategies? Research Policy 41, 1072-1083. 

Hammerschmidt, A. 2009. No pain, no gain: an R&D model with endogenous absorptive 

capacity. Journal of Institutional and Theoretical Economics (JITE) / Zeitschrift für die gesamte 

Staatswissenschaft 165(3), 418-437. 

Hess, A.M., Rothaermel, F.T. 2011. When are assets complementary? Star scientists, strategic 

alliances, and innovation in the pharmaceutical industry. Strategic Management Journal 32, 895-

909. 

Hoang, H., Rothaermel, F.T. 2005. The effect of general and partner-specific alliance experience 

on joint R&D project performance. Academy of Management Journal 48(2), 332-345. 

Huang, F., Rice, J., Galvin, P., Martin, N. 2014. Openness and appropriation: empirical evidence 

from Australian Businesses. IEEE Transactions on Engineering Management 61(3), 488-498. 



24 
 

Irwin, D.A., Klenow, P.J. 1996. High-tech R&D subsidies: estimating the effects of Sematech. 

Journal of International Economics 40, 323-344. 

Jirjahn, U., Kraft, K. 2011. Do spillovers stimulate incremental or drastic product innovations? 

Evidence from German establishment data. Oxford Bulletin of Economics and Statistics 73(4), 

509-538. 

Kamien, M.I., Zang, I. 2000. Meet me halfway: research joint ventures and absorptive capacity. 

International Journal of Industrial Organization 18, 995-1012. 

Katsoulacos, Y., Ulph, D. 1998. Endogenous spillovers and the performance of research joint 

ventures. The Journal of Industrial Economics 46(3), 333-357. 

Koput, K.W. 1997. A chaotic model of innovative search: some answers, many questions. 

Organization Science 8(5), 528-542. 

Krzeminska, A., Eckert, C. 2016. Complementarity of internal and external R&D: is there a 

difference between product versus process innovations? R&D Management 46, 931-944. 

Laursen, K., Salter, A.J. 2006. Open for innovation: the role of openness in explaining innovation 

performance among U.K. manufacturing firms. Strategic Management Journal 27, 131-150. 

Laursen, K., Salter, A.J. 2014. The paradox of openness: appropriability, external search and 

collaboration. Research Policy 43(5), 867-887.  

Leahy, D., Neary, J.P. 2007. Absorptive capacity, R&D spillovers, and public policy. International 

Journal of Industrial Organization 25, 1089-1108. 

Lim, K. 2009. The many faces of absorptive capacity: spillovers of copper interconnect 

technology for semiconductor chips. Industrial and Corporate Change 18(6), 1249-1284. 

López, A. 2008. Determinants of R&D cooperation: evidence from Spanish manufacturing firms. 

International Journal of Industrial Organization 26, 113–136. 

Love, J.H., Roper, S. 1999. The determinants of innovation: R&D, technology transfer and 

networking effects. Review of Industrial Organization 15, 43-64. 

Love, J.H., Roper, S. 2001. Location and network effects on innovation success: evidence for UK, 

German and Irish manufacturing plants. Research Policy 30, 643-661. 

March, J.G., Simon, H.A. 1993. Organizations. 2nd edition. Blackwell Publishers: Oxford. 

Martin, S. 2002. Spillovers, appropriability, and R&D. Journal of Economics 75(1), 1-32. 

Milgrom, P., Roberts, J. 1990. The economics of modern manufacturing: technology, strategy, 

and organization. American Economic Review 80, 511-528. 

Milgrom, P., Roberts, J. 1995. Complementarities and fit: strategy, structure, and organizational 

change in manufacturing. Journal of Account and Economics 19, 179-208. 

Nakamura, K., Odagiri, H. 2005. R&D boundaries of the firm: an estimation of the double-hurdle 

model of commissioned R&D, joint R&D, and licensing in Japan. Economics of Innovation and 

New Technology 14(7), 583-615. 

Pennings, J.M., and Harianto, F. 1992. The diffusion of technological innovation in the 

commercial banking industry. Strategic Management Journal 13, 29-46. 



25 
 

Pisano, G.P. 1990. The R&D boundaries of the firm: an empirical analysis. Administrative Science 

Quarterly 35(1), 153-176. 

Rothaermel, F.T., and Hess, A.M. 2007. Building dynamic capabilities: innovation driven by 

individual-, firm-, and network-level effects. Organization Science 18(6), 898-921. 

Schmiedeberg, C. 2008. Complementarities of innovation activities: an empirical analysis of the 

German manufacturing sector. Research Policy 37, 1492-1503. 

Serrano-Bedia, A.M., López-Fernández, M.C., Garciá-Piqueres, Gema. 2018. Complementarity 

between innovation knowledge sources: does the innovation performance measure matter? 

BRQ Business Research Quarterly 21, 53-57. 

Simon, H.A. 1957. Models of man: social and rational. New York: John Wiley and Sons. 

Spence, A.M. 1984. Cost reduction, competition, and industry performance. Econometrica 52, 

101-121. 

Tsai, K.H., Wang, J.C. 2009. External technology sourcing and innovation performance in LMT 

sectors: an analysis based on the Taiwanese technological innovation survey. Research Policy 

38, 518-526. 

Topkis, D.M. 1998. Supermodularity and Complementarity. Princeton, NJ: Princeton University 

Press. 

Vega-Jurado, J., Gutiérrez-Gracia, A., Fernández-de-Lucio, I. 2009. Does external knowledge 

sourcing matter for innovation? Evidence from the Spanish manufacturing industry. Industrial 

and Corporate Change 18, 637-670. 

Veugelers, R. 1997. Internal R&D expenditures and external technology sourcing. Research 

Policy 26(3), 303-315. 

Zobel, A-K., Balsmeier, B., Chesbrough, H. 2016. Does patenting help or hinder open innovation? 

Evidence from new entrants in the solar industry. Industrial and Corporate Change 25(2), 307-

331.  

Weithaus, L. 2005. Absorptive capacity and connectedness: why competing firms also adopt 

identical R&D approaches. International Journal of Industrial Organization 23, 467-481. 

Wiethaus, L. 2006. Cooperation or competition in R&D when innovation and absorption are 

costly. Economics of Innovation and New Technology 15(6), 569-589. 

Williamson, O.E., 1985. The Economic Institutions of Capitalism: Firms, Markets, Relational 

Contracting. New York, London: Free Press, Collier Macmillan. 

Xu, S., Wu, F., Cavusgil, E. 2013. Complements of substitutes? Internal technological strength, 

competitor alliance participation, and innovation development. Journal of Product Innovation 

Management 30(4), 750-762. 

 

 

 



Editorial Board (wps@fep.up.pt)
Download available at: http://wps.fep.up.pt/wplist.php

also in http://ideas.repec.org/PaperSeries.html

28

mailto:wps@fep.up.pt
http://wps.fep.up.pt/wplist.php
http://ideas.repec.org/PaperSeries.html




30


