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Chapter 2: Literature review 

This section reviews the literature related to R&D cooperation, R&D investments, 

R&D outputs, and financial performance, including:  1. The theoretical perspectives 

of R&D cooperation; 2. The determinants of R&D cooperation; 3. The relationship 

among R&D cooperation, R&D investments, R&D outputs, and financial 

performance-theoretical research; 4. The relationship between R&D cooperation, 

R&D investments, R&D outputs, and financial performance-empirical research; and 5. 

Extensions of this study. 

2.1 The theoretical perspectives of R&D cooperation  

2.1.1 The definitions of R&D cooperation 

Given the wide range of R&D cooperation activities, there are different kinds of 

definitions for R&D cooperation in academia. The synonyms of R&D cooperation 

used in research include R&D collaboration, research partnership, R&D consortia, 

R&D joint venture, R&D alliance, R&D strategic alliance, R&D cooperative or 

collaborative agreement, etc. For examples, research partnership is an 

innovation-based relationship that involves a significant effort in R&D (Hagedoorn, 

Link, and Vonortas 2000). R&D agreement is an agreement that regulates R&D 

sharing and/or transferring between two or more parent companies (Harabi 1998). 

Siegel (2003) defines strategic research partnership as a cooperative relationship 

involving organizations that conduct or sponsor R&D, in which there is a 

two-directional flow of knowledge between the partners. According to Teece (1992), 

R&D strategic alliance is an agreement characterized by the commitment of two or 

more firms to reach R&D goals entailing the pooling of their resources and activities. 

According to prior researchers’ viewpoints, I define R&D cooperation as a 

cooperative relationship involving two or more organizations that pool their resources 

and activities to reach an R&D goal. I summarize different definitions of R&D 

cooperation by prior researchers as follows: 
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Table 1: The definitions of R&D cooperation  

The synonyms of 
R&D 

cooperation 

Definition Author (year) 

R&D 

Collaboration  

The process of working together with 

competitors for R&D. 

Gibson and Rogers 

(1994) 

Cooperative arrangements engaging 

companies, universities, and government 

agencies and laboratories in various 

combinations to pool resources in pursuit of a 

shared R&D objective. 

Council on 

Competitiveness (1996) 

Research 

partnership 

An innovation-based relationship that 

involves a significant effort in R&D. 

Hagedoorn et al. (2000) 

R&D partnership The specific set of different modes of 

inter-firm collaboration where two or more 

firms that remain independent economic 

agents and organizations share some of their 

R&D activities. 

Hagedoorn (2002) 

R&D consortia R&D consortia are self-governing, usually 

nonprofit organizations run for the benefit of 

their members. The owners are the customers, 

and their purpose is to develop new 

technology and put it into practice. 

Corey (1997) 

R&D joint 

venture 

R&D joint ventures are operations whereby a 

legally independent and autonomously 

managed business enterprise is set up by two 

or more parent companies to run a clearly 

defined set of R&D activities in the common 

interest of the founding firms. 

Harabi (1998) 

R&D agreements R&D agreements cover agreements that 

regulate R&D sharing and/or transfer between 

two or more parent companies. 

Harabi (1998) 
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Cooperative 

agreements 

Common interests between industrial partners 

that are not connected through ownership. 

Hagedoorn et al. (2000) 

Strategic research partnerships are primarily 

entered into by high-technology alliance 

members to exercise an ‘option’ to acquire 

first mover advantage resulting from the 

emergence of a potential dominant design 

technology or process innovation. 

Hemphill and Vonortas 

(2003) 

Strategic research 

partnership 

A cooperative relationship involving 

organizations that conduct or sponsor R&D, 

in which there is a two-directional flow of 

knowledge between the partners. The 

implication is that there is a mutually 

beneficial transfer of knowledge that, in 

theory, enables all of the partners to achieve a 

strategic objective. 

Siegel (2003) 

Agreements characterized by the commitment 

of two or more firms to reach R&D goals 

entailing the pooling of their resources and 

activities. 

Teece (1992) R&D strategic 

alliance  

Strategic alliances embrace a diversity of 

collaborative forms. The activities covered 

include supplier-buyer partnerships, 

outsourcing agreements, technical 

collaboration, joint research projects, shared 

new product development, shared 

manufacturing arrangements, common 

distribution agreements, cross-selling 

arrangements, and franchising. 

Grant and Baden-Fuller 

(2004) 
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2.1.2 The classification of R&D cooperation 

R&D cooperation can come from either the public sector (e.g. universities and 

government agencies) or the private sector (e.g. companies). R&D cooperation can 

also be formal, as expressed in an official pact between the two units detailing the 

scope and nature of the cooperation; or informal, in which one individual exchanges 

information with another individual over a period of time without any written or 

official authorization to do so (Gibson and Rogers. 1994; Hagedoorn et al. 2000). 

R&D cooperation is an example of formal cooperation. However, very little is known 

about informal R&D cooperation. The classification of R&D cooperation can also be 

described as nonexclusive, exclusive, or closed. Nonexclusive cooperation tends to 

focus on technology for both collective and selective1 products used by a broad 

membership. Exclusive cooperation also pursues selective technology, but it is 

organized to advance the interests of some specific group. Closed cooperation seeks to 

develop proprietary technology, often to enhance members’ market shares in 

inter-firm and or international competition. Unlike the products of nonexclusive and 

exclusive cooperation, the more widely proprietary technology is shared, the less its 

value to any individual cooperative partner (Corey 1997). 

Finally, some R&D cooperation is structured horizontally to include firms at only 

one level of the industry (e.g. competitors). Others are organized vertically to bring 

together firms at different levels such as  suppliers or customers. For example, IC 

design industry emphasizes system on chip (SOC). SOC is an idea of integrating all 

components of a computer or other electronic system into a single integrated circuit 

(chip). However, a single company cannot own all the techniques in the system, so it 

has to obtain techniques or complete a product together through cooperation with its 

competitors. Opposite to IC design industry, system assembling companies pay more 

attention to vertical cooperation. For example, notebook OEM companies, such as 

Quanta and Compal, emphasize cooperation between suppliers and customers. They 

                                                 
1 Collective products, such as technology for improving the quality of the environment or the 
development of an industry supply infrastructure, are available to all, consortia members and 
nonmembers alike. Selective products are R&D achievements made available to individual member 
firms for such purposes as advancing operations technology, training personnel, and developing new 
products; their benefits are not easily accessible to nonmembers. Proprietary technology is intended to 
be appropriable by member only, and is usually undertaken to gain some margin of competitive 
advantage at the level of the firm (Corey 1997).  
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have to cooperate with upstream computer component suppliers to insure the 

specification and yield rate of the components, and rely on the upstream computer 

component suppliers’ help to complete system design. Upstream firms also cooperate 

with downstream firms on R&D in order to establish a closed production relationship 

with downstream customers.2  

In this paper, I focus on the influence of horizontal and vertical R&D cooperation, 

and only include formal cooperation in the private sector. Most of my research 

samples engage in closed cooperation, but still have some cases of open cooperation. 

Table 2 summarizes the different classifications of R&D cooperation. 

 

 

Table 2: The classifications of R&D cooperation  

Classifications Description 

1. Public vs. private sector 

cooperation 

R&D cooperation can come from either the public 

sector (e.g. universities and government agencies) or 

the private sector (e.g. companies). 

2. Formal vs. informal 

cooperation 

R&D cooperation can also be formal, as expressed in 

an official pact between the two units detailing the 

scope and nature of the cooperation; or informal, in 

which one individual exchanges information with 

another individual over a period of time without any 

written or official authorization to do so. 

3. Open vs. closed 

cooperation 

Nonexclusive cooperation tends to focus on technology 

for both collective and selective products used by a 

broad membership. Exclusive cooperation also pursues 

selective technology, but it is organized to advance the 

interests of some specific group. Closed cooperation 

seeks to develop proprietary technology, often to 

enhance members’ market shares in inter-firm and 

international competition. 

                                                 
2 Please refer to Appendix D for more information about R&D cooperation. 
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4. Horizontal vs. vertical 

cooperation 

R&D cooperation can be structured horizontally to 

include firms at only one level of the industry (e.g. 

competitors). Others are organized vertically to bring 

together firms at different levels such as suppliers or 

customers. In addition, generalized cooperation 

(cooperating with supplier, customer, and competitors 

simultaneously) is also a widespread form of R&D 

cooperation. 

2.1.3 The benefits of R&D cooperation 

The economic reason for the formation of  R&D cooperation is the anticipation 

of a greater benefit through R&D partners than any benefit arising if the partners were 

to undertake the same activities independently, that is, cost-benefit analyses (Corey 

1997). Several types of potential benefits of R&D cooperation can be identified as 

follows. First, the cost of R&D continues to escalate, taking it beyond the point at 

which any one company could afford the requisite R&D investment. Therefore, cost 

sharing opportunities are prime motivators in the formation of consortia for the 

development of collective and selective R&D products in noncompetitive domains 

(Corey 1997). Learning from failures is also offered as a benefit of R&D consortia. If 

ten companies invest in a risky technology and it fails, then each company learns what 

not to do at one-tenth the cost (Gibson and Rogers 1994). Second, sharing 

complementary technical knowledge is often the purpose of consortia that are formed 

to develop proprietary technology to advance competitive advantage (Corey 1997). 

Third, risk reduction opportunities provide an incentive for collaboration on 

large-scale projects with a relatively high degree of uncertainty. In addition, risk 

reduction can provide the opportunity to monitor technological advances in 

competitors’ R&D activities (Corey 1997). Fourth, synergy allows an R&D 

consortium with many researchers and resources to enjoy certain benefits that each of 

its member firms acting alone could not achieve (Gibson and Rogers 1994). By using 

coalitions, a firm can benefit from a broader scope of activities without spending 

precious resources to enter new market segments (Porter 1986). Choi (1993) also 

indicates that the benefits of research joint venture are as follows: pooling of risk and 

financial resources under market imperfections in capital market, complementary 

assets owned by different firms, prevention of duplicative research effort, and 
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coordination of research technology choices, etc. Table 3 summarizes the benefits of 

R&D cooperation. 

Table 3: The benefits of R&D cooperation  

Benefits Author (year) 

Cost sharing opportunities are prime motivators 

in the formation of consortia for the 

development of collective and selective R&D 

products in noncompetitive domains.  

Corey (1997) 

Benefits to MCC (Microelectronics and 

Computer Technology Corporation) included 

improved financing and access to low-cost 

manufacturing. 

Gibson and Rogers 

(1994) 

1. Cost sharing 

Learning from failures is also offered as a 

benefit of R&D consortia. If ten companies 

invest in a risky technology and it fails, then 

each company learns what not to do at 

one-tenth the cost. 

Gibson and Rogers 

(1994) 

When companies share information completely 

the R&D process can be divided up into small 

bits so that the cost of duplicating fruitful and 

fruitless approaches is avoided. 

Kamien, Muller, 

and Zang (1992). 

2. Avoiding 

duplication R&D 

Avoiding duplication of effort. Scotchmer (2005) 

Technology know-how for joint technology 

development. 

Gibson and Rogers 

(1994) 

Sharing complementary technical knowledge is 

often the purpose of consortia that are formed to 

develop proprietary technology to advance 

competitive advantage. 

Corey (1997) 

3. Sharing 

complementary 

technology 

Sharing technical information that might be 

hidden if firms compete.  

Scotchmer (2005) 
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Risk reduction opportunities provide an 

incentive for collaboration on large-scale 

projects with a relatively high degree of 

uncertainty.  

Corey (1997) 

Risk reduction can provide the opportunity to 

monitor technological advances in competitors’ 

R&D activities. 

Corey (1997) 

4. Risk reduction 

A firm may decide to enter into a technology 

alliance that has significant technological or 

market uncertainties attached to it. 

Hemphill and 

Vonortas (2003) 

Coordination of research technology choices. Choi (1993) 

Synergy allows an R&D consortium with many 

researchers and resources to enjoy certain 

benefits that each of its member firms acting 

alone could not achieve. 

Gibson and Rogers 

(1994) 

5. Synergy 

Delegating effort to the more efficient firms. Scotchmer (2005) 

2.1.4 Theoretical perspectives on R&D cooperation 

There is a vast literature that attempts to explain, from a theoretical perspective, 

why firms engage in R&D cooperation and what are the results of such cooperation to 

the partners, industry, and society, respectively. Hagedoorn et al. (2000) distinguish 

three theoretical perspectives on R&D cooperation: transaction costs, strategic 

management, and industrial organization theory. First, transaction cost theory is used 

to explain why an R&D cooperation is formed. One must determine why participating 

organizations have a cost advantage over the market or a hierarchical organization 

form of operation for R&D activity (Hagedoorn et al. 2000). Technological 

transactions in the marketplace can have high transaction costs. Internal R&D limits 

these costs, but blocks the access to specialized resources in other firms. Through 

R&D cooperation, firms can get access to these specialized resources, while at the 

same time allowing for the transfer of technology and knowledge at lower transaction 

costs (Oerlemans and Meeus 2001).  
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Second, strategic management scholars use five approaches to discuss strategic 

technical alliances as below: 

1. Competitive force: Cooperation is seen as a means of shaping 

competition by improving a firm’s comparative competitive position. By 

using coalitions, a firm can react swiftly to market needs and bring 

technology to the marketplace faster (Porter 1986). 

2. Strategic network: The network is a new form of organization and 

strategy. Multiple cooperative relationships of a firm can be the source of 

its competitive strength. Strategic networks can achieve efficiency, 

synergy, and power (Hagedoorn et al. 2000). 

3. Resource-Based View: The resources of sustained competitive advantage 

are firm resources that are valuable, rare, and not easily substitutable. 

Access to external complementary resources may be necessary in order to 

fully exploit the existing resources and develop sustained competitive 

advantages (Teece 1986). Alliances, including R&D cooperation, can 

facilitate access. 

4. Dynamic capabilities: Dynamic capabilities are defined as the firm’s 

ability to integrate, build, and reconfigure internal and external 

competence to address rapidly changing environments (Teece, Pisano, 

and Shuen 1997). Inter-firm cooperation can be viewed as a vehicle for 

organizational learning (Hamel and Prahalad 1989; Mody 1993) and for 

entering new technological areas (Dodgson 1991).  

5. Strategic options to new technologies: This approach to explaining 

cooperation complements the dynamic capabilities approach by 

considering how managers can determine prospectively the set of 

resources and capabilities necessary for superior future performance in 

uncertain market environments (Sanchez 1993). Cooperation may assist 

companies to gain valuable experience and increase their exposure to 

related markets and their ability to sense and respond to new 

opportunities (Kogut 1991). 

Third, industrial organization scholars have long been interested in the resource 

allocation and economic welfare effects of inter-firm cooperation in R&D. The 
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models can essentially be categorized into two categories: non-tournament models 

and tournament models: 

1. Non-tournament models: The vast majority of the theoretical work on 

cooperative R&D has followed the non-tournament approach (e.g. 

D’Aspremont and Jacquemin 1988; Kamien et al. 1992; Atallah 2002; 

Ishii 2004). The literature is replete with strategic, static, multistage 

models comparing the performance of cooperative and non-cooperative 

industrial setups in the presence of imperfectly appropriable, 

cost-reducing R&D. A consistent finding is that R&D competition seems 

better in the absence of knowledge spillovers, while R&D cooperation 

performs consistently better under the higher rate of knowledge spillovers. 

The mathematical modeling of this study follows non-tournament 

approach. 

2. Tournament models: Tournaments models emphasize the timing of 

innovation where the winner of an innovative race (often takes the forms 

of a patent race) earns the right to an exogenously or endogenously 

determined monopolistic return. The winner shares the available 

information with the loser means that partnership will not form unless it 

is subsidized. In addition, firms choose to cooperate fully when they 

undertake complementary R&D, while they share no information outside 

the partnership if they undertake substitutive R&D. 

I summarize the theoretical perspectives on R&D cooperation as Table 4: 

Table 4: Theoretical perspectives on R&D cooperation 

Theory Categories 

1. Transaction cost: Why 

participating organizations 

have a cost advantage over 

the market or a 

hierarchical organization 

form of operation for 

R&D activity. 

Through R&D cooperation, firms can get access to the specialized 

resources of other firms, while at the same time allowing for the 

transfer of technology and knowledge at lower transaction costs 

than transactions through the market place (Oerlemans and Meeus 

2001).  
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1. Competitive force: Cooperation is seen as a means of shaping 

competition by improving a firm’s comparative competitive 

position. By using coalitions, a firm can react swiftly to market 

needs and bring technology to the marketplace faster (Porter 

1986). 

2. Strategic network: Multiple cooperative relationships of a firm 

can be the source of its competitive strength. Strategic networks 

can achieve efficiency, synergy, and power (Hagedoorn et al 

2000). 

3. Resource-Based View: The resources of sustained competitive 

advantage are firm resources that are valuable, rare, and not 

easily substitutable. Access to external complementary 

resources may be necessary in order to fully exploit the existing 

resources and develop sustained competitive advantages (Teece 

1986). Alliances, including R&D cooperation, can facilitate 

access. 

4. Dynamic capabilities: The primary focus is on the mechanisms 

by which firms accumulate and deploy new skills and 

capabilities, and on the contextual factors that influence the rate 

and direction of this process. Inter-firm cooperation can be 

viewed as a vehicle for organizational learning (Hamel and 

Prahalad 1989; Mody 1993) and for entering new technological 

areas (Dodgson 1991).  

2. Strategic management 

scholars: Five approaches 

are used to discuss 

strategic technical 

alliances. 

5. Strategic options to new technologies: This approach to 

explaining cooperation complements the dynamic capabilities 

approach by considering how managers can determine 

prospectively the set of resources and capabilities necessary 

for superior future performance in uncertain market 

environments (Sanchez 1993). Cooperation may assist 

companies to gain valuable experience and increase their 

exposure to related markets and their ability to sense and 

respond to new opportunities (Kogut 1991). 
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1. Non-tournament models: The vast majority of the theoretical 

work on cooperative R&D has followed the non-tournament 

approach. Strategic, static, multistage models comparing the 

performance of cooperative and non-cooperative industrial 

setups in the presence of imperfectly appropriable, 

cost-reducing R&D are abundant in the literature. A consistent 

finding is that R&D competition seems better in the absence of 

knowledge spillovers, while R&D cooperation performs 

consistently better under the higher rate of knowledge 

spillovers. The mathematical modeling of this study follows 

non-tournament approach. 

3. Industrial organization: 

Recent theoretical 

literature has depended 

heavily on game-theoretic 

tools and formal 

mathematical modeling. 

2. Tournament models: Tournaments models emphasize the timing 

of innovation where the winner of an innovative race earns the 

right to an exogenously or endogenously determined 

monopolistic return. The winner shares the available 

information with the loser means that partnership will not form 

unless it is subsidized. In addition, firms choose to cooperate 

fully when they undertake complementary R&D, while they 

share no information outside the partnership if they undertake 

substitutive R&D. 

2.2 The determinants of R&D cooperation 

Ample empirical research and examples exist covering the incentives of 

engaging in R&D cooperation. Using Microelectronics and Computer Technology 

Corporation as a case, Gibson and Rogers (1994) summarize the motivations to form 

R&D consortia, including the following: efficiencies of shared cost and risk, 

exploration of new concepts, pooling scarce talent, sharing research or manufacturing 

facilities, desire for research synergy, diversification of a technology portfolio, 

developing frameworks into which other technology modules or tools can fit, setting 

standards, marketing products, pre-competitive sharing of research results, industrial 

organization and accelerated technology development, big science and large projects, 

infrastructure development, and facilitating technology transfer or partnering, whether 

domestic or foreign. Using a database of European research joint ventures (RJVs), 



 21

Hernan, Marin, and Siotis (2003) find that R&D intensity, industry concentration, firm 

size, technological spillovers, and post-RJV participation all positively influence the 

probability of forming RJVs. Belderbos, Carree, Diederen, Lokshin, and Veugelers 

(2004) explore the determinants of innovating firms’ decisions to engage in R&D 

cooperation. They observe that the determinants of R&D cooperation differ 

significantly across cooperation types. The positive impacts of firm size, R&D 

intensity, and incoming spillovers are weaker for competitor cooperation. Based on 

German manufacturing enterprises, Fritsch and Lukas (2001) analyze the propensity 

to maintain different forms of R&D cooperation with customers, suppliers, 

competitors and public research institutions. According to their results, enterprises 

that maintain R&D cooperation relationships tend to be relatively large and have a 

high share of R&D.  

R&D cooperation can be considered to restore private incentives, because of 

internalizing the knowledge spillovers between cooperating firms (e.g. D’Aspremont 

and Jacquemin 1988; Kamien et al. 1992; Ishii 2004). Peters and Beck (1997-98) 

analyze the role of knowledge spillovers between automakers and suppliers in vertical 

corporate networks, both theoretically and empirically. In the empirical results they 

find evidence for the importance and effects of the transfer of technological 

information between manufacturers and their suppliers in the R&D process to develop 

and produce a custom-tailored good. Cassiman and Veugelers (2002) empirically 

explore the effects of knowledge flows on R&D cooperation. They discover that there 

is a significant relation between external information flows and the decision to 

cooperate in R&D. Firms that generally rate available external information sources as 

more important inputs to their innovation process are more likely to be actively 

engaged in cooperative R&D agreements. At the same time, firms that are more 

effective in appropriating the results from their innovation process are also more 

likely to cooperate in R&D. Kaiser (2002a) uses innovation survey data from the 

German service sector to explore research expenditures and research cooperation. The 

main results show that RJVs are more widespread among vertically-related firms than 

among horizontally-related firms. An increase in horizontal spillovers tends to 

increase incentives to collaborate in R&D. In addition, R&D efforts are larger under 

RJV than under R&D competition with a sufficiently large spillover. Sakakibara and 

Dodgson (2003) evaluate the role that strategic research partnerships (SRPs) play in 
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Asia and conclude that SRPs are formed to facilitate technological diffusion in Taiwan. 

Milliou (2004) analyzes the impact of R&D information flow on the incentives of 

innovation and social welfare under vertical integration. His results show that R&D 

information flow has a positive impact on innovation, outputs, and profits for 

R&D-integrated firms, but a negative impact for the R&D non-integrated firm. 

Absorptive capacity and uncertainty3 are also deemed as crucial factors that 

influence the decision of R&D cooperation. Bayona, Garcia-Marco, and Huerta (2001) 

test firms’ motivations for cooperative R&D using Spanish firms that carried out 

R&D activities. The results obtained therein suggest that firms’ motivations for 

cooperative R&D include technology’s complexity and the fact that innovation is 

costly and uncertain. To undertake cooperative R&D, it is necessary to have certain 

internal capacities in this area. Becker and Dietz (2004) investigate the role of R&D 

cooperation in the innovation process. The results suggest that joint R&D is used to 

complement internal resources in the innovation process, enhancing the innovation 

input and output. The intensity of in-house R&D (absorptive capacity) also 

significantly stimulates the probability and the number of joint R&D activities with 

other firms and institutions. Caloghirou et al. (2003) investigate partnership 

performance and find that partnership success depends on the closeness of the 

cooperative research to the in-house R&D efforts of the firm, as well as on the firm’s 

effort to learn from the partnership and its partners. Sakakibara (2002) investigates 

economic and strategic incentives of R&D cooperation. She finds that a firm’s R&D 

capabilities, network formation through past consortia, encounters with other firms in 

the product market, age, and past participation in large scale consortia also positively 

affect its tendency toward  consortia formation. Corey (1997) indicates that the 

risk-reduction opportunities provide an incentive for collaboration on large-scale 

projects with a relatively high degree of uncertainty. Another form of risk reduction 

that a collaborative venture provides is the opportunity to monitor technological 

advances in competitors’ R&D programs. Caloghirou et al. (2003) also find that firms 

use partnerships as vehicles of risk and uncertain reduction by collaborating with 

competitors as well as with suppliers and buyers. 

Mathews and Cho (2000) indicate the importance of collaborative research 

                                                 
3 Risk represents the degree of uncertainty (Chatterjee 2003). Thus, I use the word ‘risk” and the word 
‘uncertainty’ interchangeably. 
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relationships for the development of the industry in Taiwan. However, very little 

research has focused on R&D cooperation activity because of data availability. In this 

study I  provide a comprehensive analysis of R&D cooperation within  Taiwan’s 

high-technology industries. Furthermore, a common feature in the prior R&D 

cooperation literature is the absence of uncertainty. Therefore, in addition to the 

factors used in Sakakibara’s research, I  discuss the relationship between uncertainty 

and R&D cooperation. 

See Table 5 for a literature summary of the determinants of R&D cooperation.  
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Table 5: Literature summary of the determinants of R&D cooperation  

Author/Year Research topic Research method Research conclusion and research implication 

Atallah (2002) Author studies vertical 

R&D spillovers between 

upstream and downstream 

firms.  

1. Analytical research. 

2. The model includes 

two vertically related 

industries, with 

horizontal spillovers 

within each industry 

and vertical spillovers 

between the two 

industries. 

Research conclusion: 

Author finds that vertical spillovers affect R&D investments 

directly and indirectly through their influence on the impact of 

horizontal spillovers and R&D cooperation. In addition, no 

matter what type the cooperation is, vertical spillovers always 

increase R&D efforts and welfare.  

Research implication: 

Based on the two vertical industry model, Atallah (2002) 

includes four R&D scenarios: R&D competition, vertical 

R&D cooperation, horizontal R&D cooperation, and 

generalized R&D cooperation. In this study I adopt his R&D 

cooperation scenarios in my theoretical model. 

Cassiman and 

Veugelers 

(2002) 

Authors empirically 

explore the effects of 

knowledge flows 

1. Empirical research. 

2. The data are drawn 

from the Community 

Research conclusion: 

They discover that there is a significant relation between 

external information flows and the decision to cooperate in 
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Author/Year Research topic Research method Research conclusion and research implication 

(knowledge spillovers) on 

R&D cooperation.  

Innovation Survey 

(CIS) conducted in 

Belgian 

manufacturing firms 

in 1993. 

R&D. Firms that generally rate available external information 

sources as more important inputs to their innovation process 

are more likely to be actively engaged in cooperative R&D 

agreements. At the same time, firms that are more effective in 

appropriating the results from their innovation process are 

also more likely to cooperate in R&D. 

Research implication: 

Authors use survey data to explore the effects of knowledge 

flows on R&D cooperation and suggest that incoming 

spillovers and appropriability have important effects on R&D 

cooperation. In this study I will use archival data to test the 

determinants of R&D cooperation. 

Kaiser (2002a) Author uses innovation 

survey data from the 

German service sector to 

explore research 

expenditures and research 

1. Empirical research.  

2. The empirical 

analysis is based on 

the survey data of the 

Mannheim 

Research conclusion: 

The main results show that RJVs are more widespread among 

vertically-related than horizontally-related firms. An increase 

in horizontal spillovers tends to increase incentives to 

collaborate in R&D. In addition, R&D efforts are larger under 
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Author/Year Research topic Research method Research conclusion and research implication 

cooperation. Innovation Panel in 

the Service Sector 

(MIP-S). 

RJV than under R&D competition with a sufficiently large 

spillover. 

Research implication: 

The types of R&D cooperation of my study are the same with 

those of Kaiser’s research. This makes my research results are 

more comparable with Kaiser (2002a)’s.  

Sakakibara 

(2002) 

Author investigates 

economic and strategic 

incentives of R&D 

cooperation and focus on 

factors that affect a firm’s 

rate of participation in 

R&D consortia. 

1. Empirical research.  

2. Research sample 

includes 312 Japanese 

firms in 74 industries 

between 1969 and 

1992. 

Research conclusion: 

She finds that a firm with weak competition and higher 

spillover has a higher rate of R&D cooperation. A firm’s R&D 

capabilities, network formation through past consortia, 

encounters with other firms in the product market, age, and 

past participation in large scale consortia also positively affect 

its tendency at consortia formation. 

Research implication: 

A common feature in the prior R&D cooperation literature is 

the absence of uncertainty. Therefore, in addition to the 
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Author/Year Research topic Research method Research conclusion and research implication 

factors used in Sakakibara’s research, I discuss the 

relationship between uncertainty and R&D cooperation. 

Sakakibara and 

Dodgson 

(2003) 

Authors evaluate the role 

that strategic research 

partnerships (SRPs) play 

in Asia. 

1. Descriptive research. 

2. Asian countries 

include Korea, Japan, 

and Taiwan. 

Research conclusion: 

Authors indicate that the networks created among small 

Taiwanese firms through their research links with research 

organizations and conclude that SRPs are formed to facilitate 

technological diffusion in Taiwan.  

Research implication: 

Mathews and Cho (2000) indicate the importance of 

collaborative research relationships for the development of the 

industry in Taiwan. However, very little research has focus on 

R&D cooperation activity because of data availability. In this 

study I provide a comprehensive analysis of R&D cooperation 

on Taiwan’s high-technology industries. 
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2.3 The relationship between R&D cooperation, R&D investments, R&D 

outputs, and financial performance-theoretical research 

Knowledge spillovers are known as “knowledge externalities”, meaning the 

involuntary leakage or voluntary exchange of useful technological information (Bondt 

1996). Information spillovers between competing firms are often involuntary, whereas 

spillovers between buyers and sellers are one instance of a voluntary exchange of 

information. The leaking of firms’ knowledge to competitors has a negative impact on 

the firms’ own profitability, thus reducing incentives for investing in R&D (e.g. 

Spence 1984; Veugelers 1998). Through cooperation in R&D, this externality 

problem can be internalized, which will have a positive impact on R&D levels and 

profitability when spillovers are high (e.g. Goel 1995; Veugelers 1998). 

  D’Aspremont and Jacquemin (1988) pioneered theoretical research in R&D 

cooperation by introducing a two-stage duopoly model to formalize firms’ incentives 

to engage in R&D cooperation. Over the past decade more research has emerged 

related to R&D investments in a cooperative situation compared to non-cooperation 

(e.g. Kamien et al. 1992; Steurs 1995; Petit and Tolwinski 1999; Cassiman and 

Veugelers 2002). Kamien et al. (1992) analyze the effects of R&D cartelization and 

the effects of research joint ventures on firms, finding that when research joint 

ventures (RJV) cooperate in R&D decisions, the result is the highest consumer surplus 

and producer surplus.  Vonortas (1994) suggests that R&D cooperation allows 

members to coordinate their actions in pre-competitive research, which can restore 

firm incentives for both pre-competitive research and development in the presence of 

high knowledge spillovers. Petit and Tolwinski (1999) also find that the creation of 

research joint ventures actually improves social welfare and is beneficial to the firms 

involved. Likewise, welfare levels with industry-wide cooperation are always higher 

than in the R&D competition case (Veugelers 1998). Steurs (1995) analyzes the 

impact of intra-industry and inter-industry knowledge spillovers on the level of 

strategic R&D investments, output, profits and total welfare. The results show that 

inter-industry cooperation is more socially beneficial than cooperation in single 

industry firms (intra-industry cooperation).  

Recent research studies have focused more on vertical R&D cooperation. The 

difference between horizontal R&D cooperation and vertical R&D cooperation is that 

while horizontal R&D cooperation may mitigate competition between firms and is 
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often closely monitored by regulators, vertical cooperation is less likely to hinder 

competition (Atallah 2002). Geroski (1995) finds that the rich information flows that 

connect innovation producers and users (upstream/downstream spillovers) seem to be 

much more important than pure information externalities that arise between 

horizontally related firms. Harhoff (1996) investigates why suppliers engage in 

vertical R&D cooperation and create knowledge spillovers strategically. The 

analytical results suggest that high levels of knowledge spillovers induce downstream 

firms to improve product quality and reduce R&D cost. The effects cause an increase 

in downstream outputs and thus stimulate the demand for suppliers’ intermediate 

goods. Under four R&D scenarios: R&D competition, horizontal intra-downstream 

and intra-upstream industry R&D cooperation, and vertical inter-industry R&D 

cooperation, Inkmann (2000) shows that vertical R&D cooperation is usually the only 

stable equilibrium — that is, no firm has an incentive to choose any other R&D 

scenario. Ishii (2004) indicates that vertical RJV yields the largest social welfare when 

vertically-related firms can coordinate their R&D decisions and fully share useful 

knowledge. 

The standard framework of R&D cooperation in prior analytical literature 

considers two vertically-related industries (upstream and downstream industries) with 

two identical firms in each industry. In this paper I extend D’Aspremont and 

Jacquemin’s (1988) models and use a more general market structure, including 

upstream and downstream industries with n firms in each industry. I also apply their 

effective R&D investment assumption. In Kamien et al. (1992)’s model, most 

propositions and corollaries obtained for quantity-settings (Cournot competition) 

continue to hold in the price-competition setting (Bertrand competition). Therefore, in 

this paper I apply only quantity competition models. Regarding the types of R&D 

cooperation, Inkmann (2000) applies the following R&D scenarios: R&D competition, 

horizontal R&D cooperation, and vertical R&D cooperation. In this study I extend his 

setting and include generalize R&D cooperation in my theoretical model and 

empirical test. In addition, following the approach proposed by Steurs (1995), I use 

numerical simulations to compare the ranking of R&D investments, R&D outputs, 

and financial performance in different scenarios. 

See Table 6 for related literature summary of the relationship between R&D 

cooperation, R&D investments, R&D outputs, and financial performance.



 30

 

Table 6: Literature summary of the relationship between R&D cooperation, R&D investments, R&D outputs, and financial 

performance-theoretical research  

Author/Year Research topic Research method Research conclusion and research implication  

D’Aspremont 

and Jacquemin 

(1988) 

D’Aspremont and 

Jacquemin pioneer 

theoretical research in 

R&D cooperation by 

introducing a generalized 

two-stage duopoly model 

to formalize firms’ 

incentives to engage in 

R&D cooperation. 

1. Analytical research.  

2. In the first stage, R&D 

cooperation can take 

place at the 

“precompetitive 

stage”. In the second 

stage, firms play a 

Cournot game. 

Research conclusion: 

R&D cooperative behavior can play a positive role in 

industries having a few firms and characterized by R&D 

activities generating spillover effects. 

Research implication: 

Starting with the research of D’Aspremont and Jacquemin 

(1988), a large number of theoretical research papers have 

emerged over the past decade. In this paper I extend their 

models to examine the relationship between R&D cooperation 

and firm performance. In addition, I also apply their effective 

R&D investment assumption. 

Kamien et al. 

(1992) 

Authors analyze the effects 

of R&D cartelization and 

research joint ventures on 

firms that engage in either 

1. Analytical research. 

2. Authors apply two 

stages game including 

Research conclusion: 

A research joint venture that cooperates in its R&D decisions 

yields the highest consumer plus producer surplus under 
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Author/Year Research topic Research method Research conclusion and research implication  

Cournot and Bertrand 

competition in their 

product market. 

four models: R&D 

competition, R&D 

cartelization, research 

joint venture 

competition, and 

research joint venture 

cartelization.  

Cournot competition and under most of Bertrand competition.  

Research implication: 

In Kamien et al. (1992)’s model, most propositions and 

corollaries obtained for quantity-settings (Cournot 

competition) continue to hold in the price-competition setting 

(Bertrand competition). Therefore, in this paper I  apply only 

quantity competition models. 

Steurs (1995) In the first part of the 

paper author analyzes the 

impact of intra- and 

inter-industry R&D 

spillovers on the level of 

R&D investments, output, 

profits and total welfare 

when firms compete in 

both the R&D and output 

stage. In the second part, 

he compares the 

1. Analytical research. 

2. Author extends 

D’Aspremont and 

Jacquemin (1988)’s 

framework to a 

two-industry, 

two-firm-per-industry 

model allowing for 

R&D spillovers to 

occur within industries 

as well as between 

Research conclusion: 

R&D agreements that cut across industries may be more 

socially beneficial than cooperatives whose membership 

comes from a single industry. 

Research implication: 

The ranking of R&D investments, R&D outputs, R&D 

outputs, and financial performance in different scenarios is 

difficult to interpret. Therefore, following the approach 

proposed by Steurs (1995), I use numerical simulations by 

varying spillover parameters. 
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Author/Year Research topic Research method Research conclusion and research implication  

equilibrium outcomes that 

result from R&D 

cooperation. 

industries. 

Inkmann 

(2000) 

Author introduces a 

second, vertically related 

industry into the usual one 

industry oligopoly 

framework of cooperative 

R&D investment between 

firms operating on the 

same product market. 

1. Analytical research.  

2. R&D efforts are 

affected by intra- and 

inter-industry R&D 

spillovers. Horizontal 

and vertical R&D 

cooperation scenarios 

are compared to R&D 

competition. 

Research conclusion:  

Author shows that vertical R&D cooperation is usually the 

only stable equilibrium - that is, no firm has an incentive to 

choose any other R&D scenario. 

Research implication: 

Author applies four R&D scenarios: R&D competition, 

horizontal intra-downstream and intra-upstream industry R&D 

cooperation, and vertical inter-industry R&D cooperation. In 

this study I extend Inkmann (2000)’s setting and include 

generalized R&D cooperation in theoretical model and 

empirical test.  

Ishii (2004) Author analyzes the 

impact of R&D 

cooperation in two 

vertically related duopolies 

1. Analytical research. 

2. His setting focuses on 

a case where a 

final-good 

Research conclusion: 

His results indicate that vertical RJV yields the largest social 

welfare when vertically-related firms can coordinate their 

R&D decisions and fully share useful knowledge. 
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Author/Year Research topic Research method Research conclusion and research implication  

with horizontal and 

vertical spillovers.  

manufacturer and an 

input supplier 

cooperate in their 

R&D activities in the 

presence of horizontal 

and vertical spillovers. 

Research implication: 

The standard framework of R&D cooperation in prior 

analytical literature considers two vertically-related industries 

(upstream and downstream industries) with two identical 

firms in each industry. However, these models are quite 

restrictive. In this paper I extend prior models and use a more 

general market structure, including upstream and downstream 

industries with n firms in each industry.   
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2.4 The relationship between R&D cooperation, R&D investments, R&D 

outputs, and financial performance-empirical research 

A number of empirical studies have found a positive impact of engaging in R&D 

cooperation on R&D investments and firm performance. Hagedoorn and Schakenraad 

(1994) study the effects of strategic technology alliances on company performance. 

The results indicate that companies attracting technology through their alliances, and 

companies concentrating on R&D cooperation, have significantly higher rates of 

profit. Stuart (2000) investigates the relationship between intercorporate technology 

alliances and firm performance. The findings from models of sales growth and 

innovation rate confirm that organizations with large and innovative alliance partners 

perform better than comparable firms that lack such partners. Sarkar, Echambadi, and 

Harrison (2001) also investigate the effect of alliance entrepreneurship on 

market-based firm performance. Results indicate that alliance proactiveness leads to 

superior market-based performance, and that this effect is stronger for small firms and 

in unstable market environments. From the supplier’s standpoint, Chung and Kim 

(2003) analyze the effects of supplier involvement in a manufacturer’s new product 

development on the supplier’s financial performance, innovation, and product quality. 

The results indicate that a higher level of supplier’s involvement positively impacts 

innovation and financial performance. 

Shrader (2001) employs transaction cost theory to explore factors moderating the 

relationship between collaboration and performance in foreign markets. The results 

indicate that R&D intensity and advertising intensity are significant moderators of this 

relationship. Chang (2003) investigates the innovative activities and 

inter-organizational cooperation of integrated circuits and biotechnology sectors 

across Taiwan and the UK. The results reveal that a firm’s innovative performance is 

not only shaped by internal R&D effort, but also by external links with other firms. 

Moreover, Chang (2003) argues that the latter becomes a more powerful factor in 

influencing a firm’s innovativeness. Belderbos et al. (2004) examine the impact of 

R&D cooperation in 1996 on subsequent productivity growth from 1996-1998. The 

results confirm a major heterogeneity in the goals of R&D cooperation. The 

cooperation between competitor and supplier focuses on incremental innovations, 

improving the productivity performance of firms, while university cooperation and 

competitor cooperation are instrumental in creating innovations, generating sales of 
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products, and improving the growth performance of firms. 

Based on prior literature, most research uses questionnaires as a tool to examine 

the relationship between R&D cooperation and firm performance. Hagedoorn and 

Schakenraad (1994) pioneer in R&D cooperation empirical research by using a 

systematic collective database. I follow their method to collect R&D cooperation data 

in Taiwan’s high technology industries. I also follow Stuart’s (2000) variable 

measurement and use the number of R&D cooperation to measure R&D cooperation 

intensity. Furthermore, in this study I divide R&D cooperation into horizontal 

cooperation, vertical cooperation, generalized cooperation, and R&D competition, and 

examine how different R&D cooperation types impact companies’ R&D investments, 

R&D outputs, and financial performance. Finally, according to Shrader’s results, 

R&D intensity moderates the relationship between collaboration and performance. 

However, more studies (e.g. Steurs 1995; Inkmamn 2000; Ishii 2004) indicate that 

R&D cooperation leads to higher R&D investments. Thus, further examination is 

needed to verify the relationship between R&D cooperation, R&D investments, R&D 

outputs, and financial performance. 

See Table 7 for related literature summary of the relationship between R&D 

cooperation, R&D investments, R&D outputs, and financial performance.  
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Table 7: Literature summary of the relationship between R&D cooperation, R&D investments, R&D outputs, and financial 

performance-empirical research  

Author/Year Research topic Research method Research conclusion and research implication 

Hagedoorn and 

Schakenraad 

(1994) 

Authors study the effects 

of strategic technology 

alliances on company 

performance.  

1. Empirical research.  

2. The statistical 

procedure used in 

study is linear 

structural modeling 

(LISREL). 

3. The sample of 

companies covers 

European, American, 

and Japanese firms 

operating in three 

industrial sectors: 

information 

technologies and 

electronics, mechanical 

engineering, and 

Research conclusion: 

The results indicate that companies attracting technology 

through their alliances and companies concentrating on R&D 

cooperation have significantly higher rates of profit. 

Research implication: 

Most research uses questionnaires as a tool to examine the 

relationship between R&D cooperation and firm performance. 

Hagedoorn and Schakenraad (1994) pioneer in R&D cooperation 

empirical research by using systematic collective database. In 

this study I follow their method to collect R&D cooperation data 

in Taiwan’s high technology industries. Furthermore, I adopt 

path analysis to analyze causal relations. 
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Author/Year Research topic Research method Research conclusion and research implication 

process industries. 

Stuart (2000) Author investigates the 

relationship between 

intercorporate technology 

alliances and firm 

performance. 

1. Empirical research. 

2. Author draws the 

sample from the 

semiconductor 

industry and focuses 

only on horizontal 

alliance. 

Research conclusion: 

The findings from models of sales growth and innovation rate 

confirm that organizations with large and innovative alliance 

partners perform better than comparable firms that lack such 

partners. 

Research implication: 

Stuart (2000) includes only horizontal cooperation in his 

research. In this study I divide R&D cooperation into horizontal 

cooperation, vertical cooperation, generalized cooperation, and 

R&D competition. In addition, I follow his variable 

measurement and use the number of R&D cooperation to 

measure R&D cooperation intensity. 

Sarkar et al. 

(2001) 

Authors investigate the 

effect of alliance 

entrepreneurship on 

market-based firm 

performance.  

1. Empirical research. 

2. Data are collected by 

mail survey. A total of 

184 companies 

responded. 

Research conclusion: 

Results indicate that alliance proactiveness leads to superior 

market-based performance, and that this effect is stronger for 

small firms and in unstable market environments. 
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Author/Year Research topic Research method Research conclusion and research implication 

Research implication: 

Most of the prior studies use survey data in R&D cooperation 

research which remain some limitations. Therefore, we need 

more archival data to support the argument and results. 

Shrader (2001) Author employs 

transaction cost theory to 

explore factors moderating 

the relationship between 

collaboration and 

performance in foreign 

markets.  

1. Empirical research.  

2. Data are collected for 

new ventures 

headquartered in the 

United States that were 

founded between 1983 

and 1988 and issued 

initial public offerings 

(IPOs) while they were 

still new ventures. 

Research conclusion: 

The results indicate that R&D intensity and advertising intensity 

are significant moderators of the relationship between 

collaboration and profitability in foreign markets; however, they 

were not significantly related to the use or nonuse of 

collaboration. 

Research implication: 

According to Shrader’s results, R&D intensity moderates the 

relationship between collaboration and performance. However, 

based on more prior research (Steurs 1995; Inkmamn 2000; Ishii 

2004), R&D cooperation leads to higher R&D investments. 

Thus, further examination is needed to verify the relationship 

between R&D cooperation, R&D investments, R&D outputs, 

and financial performance. 
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Author/Year Research topic Research method Research conclusion and research implication 

Chang (2003) Author investigates the 

innovative activities and 

inter-organizational 

cooperation of integrated 

circuits and biotechnology 

sectors across Taiwan and 

the UK.  

1. Empirical research.  

2. The research surveyes 

400 IC and 

biotechnology firms 

across the UK and 

Taiwan. One hundred 

and sixty-two 

questionnaires were 

received. 

Research conclusion: 

The results reveal that a firm’s innovative performance is not 

only shaped by internal R&D effort, but also by external links 

with other firms. Moreover, the paper argues that the latter 

becomes a more powerful factor in influencing a firm’s 

innovativeness. 

Research implication: 

Chang (2003) is one of the few researchers analyzing R&D 

cooperation in Taiwan via a postal questionnaire survey. 

However, a questionnaire survey still remains limited. Thus, in 

this study I use archival data to comprehensively investigate 

R&D cooperation and innovation activity in Taiwan’s high 

technology industries.  

Chung and 

Kim (2003) 

Authors analyze the effects 

of supplier involvement in 

a manufacturer’s new 

product development on 

the supplier’s financial 

1. Empirical research. 

2. 128 suppliers in the 

Korean automobile and 

electronics industries. 

Research conclusion: 

The results indicate that a higher level of supplier’s involvement 

positively impacts innovation and financial performance. 

Research implication: 
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Author/Year Research topic Research method Research conclusion and research implication 

performance, innovation, 

and product quality. 
“Supplier involvement in new product development” is a very 

popular phenomenon in high-technology industry. Chung and 

Kim’s (2003) results further confirm the importance of 

considering vertical cooperation in the model. 

Belderbos et 

al. (2004) 

Authors examine the 

impact of R&D 

cooperation in 1996 on 

subsequent productivity 

growth from 1996-1998.  

1. Empirical research.  

2. Research 

questionnaires include 

Dutch innovating firms 

in two waves of the 

Community Innovation 

Survey (CIS) (1996, 

1998). 

Research conclusion: 

Cooperation between competitor and supplier focuses on 

incremental innovations, improving the productivity and 

performance of firms, while university  and competitor 

cooperation are instrumental in creating innovations, generating 

sales of products, and improving the growth performance of 

firms. 

Research implication: 

The results indicate a major heterogeneity in the goals of R&D 
cooperation. In this study, I use R&D investments, R&D outputs, 
and financial performance to measure the performance of R&D 
cooperation. I also divide R&D cooperation into four types: 
horizontal R&D cooperation, vertical R&D cooperation, 
generalized R&D cooperation, and R&D competition, to 
examine the impact of different R&D cooperation types on the 
performance of R&D cooperation. 
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2.5 Extension of this study 

    Based on the literature review, this study adopts and extends the theoretical 

framework and the research method of prior research as follows: 

2.5.1 Adoption from prior research 

(1) Theoretical and research framework 

To keep the theoretical model tractable, the simplified assumptions of the models 

introduced by D’Aspremont and Jacquemin (1988) and Kamien et al. (1992) are 

maintained. The main assumption is that the firms play a two-stage game. In the R&D 

stage, the firms simultaneously decide on their level of R&D investments. In the 

output stage, the firms in each industry decide on the quantity they will produce and 

sell on the market. By backward induction, I derive the subgame perfect Nash 

equilibrium. 

 Based on the two vertical industry models, Atallah (2002) includes four R&D 

scenarios: R&D competition, vertical R&D cooperation, horizontal R&D 

cooperation, and generalized R&D cooperation. In this study I adopt his R&D 

cooperation scenarios in my theoretical model.  

 I also follow the approach proposed by Steurs (1995) to simulate and 

compare the equilibrium R&D investments, R&D outputs, and profits for 

different cooperative scenarios.  

(2) Research method 

 Hagedoorn and Schakenraad (1994) pioneer in R&D cooperation empirical 

research by using a systematic collective database. In this study I follow 

their method to collect R&D cooperation data in Taiwan’s high technology 

industries.  

 To capture the frequency and intensity of R&D cooperation, I follow Stuart’s 

(2000) approach and use the number of R&D cooperation to measure R&D 

cooperation intensity. 

 Prior studies only measure uncertainty as the dispersion from the mean and 

do not detect the ordering of the data points. However, it is unable to detect 

variation from a trend line. Therefore, I apply Dess and Beard’s (1984) 
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approach to solve this problem.. 

2.5.2 Complement of prior research 

(1) Theoretical and research framework 

 Incremental to prior literature (e.g. D’Aspremont and Jacquemin 1988; 

Kamien et al. 1992; Inkmann 2000; Atallah 2002; Ishii 2004), this paper 

introduces two-industry, n-firm-per-industry models to facilitate 

generalization of analytical results. 

(2) Research method 

 Few empirical papers comprehensively examine the direct and indirect 

relationships among R&D cooperation, R&D investments, R&D outputs, 

and financial performance, and most of them use survey data to test the 

theoretical hypothesis (e.g. Peters and Becker 1997-98; Bayona et al. 2001; 

Cassiman and Veugelers 2002; Becker and Dietz 2004; Belderbos et al. 

2004). In this study I develop an integrated R&D 

cooperation—innovation—financial performance framework and apply path 

analysis to analyze the direct and indirect relationships among R&D 

cooperation, R&D investments, R&D outputs, and financial performance.  

 This paper first includes four types of R&D cooperation, including 

horizontal R&D cooperation, vertical R&D cooperation, generalized R&D 

cooperation, and R&D competition, to empirically test how they influence 

companies’ R&D investments, R&D outputs, and financial performance in 

Taiwan high-technology industry. I also examine how the intensity of 

different types of R&D cooperation is influenced by three factors: 

knowledge spillovers, uncertainty, and absorptive capacity. 

 To avoid sample selection bias, I apply the Heckman two-stage model and 

treatment effects model to test the impact of R&D cooperation on R&D 

investments, R&D outputs, and financial performance. In addition, to 

incorporate multiple level variables into an empirical test, I use the HLM 

(Hierarchical linear model) to examine the determinants of R&D 

cooperation. 

 Taiwan is a core innovator internationally, according to the World Economic 

Forum (WEF). However, few studies examine the relationship between 
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R&D cooperation and firm performance in Taiwan with small databases (e.g. 

Chang 2003; Sher and Yang 2005). This study is the first to use Taiwan’s 

high-technology industries as a research sample and to thoroughly explore 

the relationships among R&D cooperation, R&D investments, R&D outputs, 

and financial performance in Taiwan.  

 In this study I argue that higher frequency of inter-industry or intra-industry 

strategy alliance implies higher knowledge spillovers among firms. 

Therefore, I first use the number of strategy alliance for each industry to 

proxy knowledge spillovers. In addition, a common feature in the prior R&D 

cooperation literature is the absence of uncertainty. Therefore, I will discuss 

the relationship between uncertainty and R&D cooperation in this paper. 

See Table 8 for the summary of the extension of this study.  
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Table 8: Summary of the extension of this study  

Item  Adoption from prior research Complement of prior research  

Theoretical 

and 

research 

framework

 

1. To keep the theoretical model tractable, the simplified 
assumptions of the models introduced by D’Aspremont 
and Jacquemin (1988) and Kamien et al. (1992) are 
maintained.  

2. In this study I adopt Atallah’s (2002) four R&D 
cooperation scenarios, including R&D competition, 
vertical R&D cooperation, horizontal R&D cooperation, 
and generalized R&D cooperation, in my theoretical 
model. 

3. I follow the approach proposed by Steurs (1995) to 
simulate and compare the equilibrium R&D investments, 
R&D outputs, and profits for different cooperative 
scenarios.  

This paper introduces two-industry (upstream and downstream 
industries), n-firm-per-industry models to facilitate 
generalization of analytical results. 

 

Research 

method 

 

1. In this study I follow Hagedoorn and Schakenraad’s (1994) 
method to collect R&D cooperation data in Taiwan’s high 
technology industries.  

2. I follow Stuart’s (2000) approach and use the number of 

1. In this study I develop an integrated R&D 
cooperation—innovation—financial performance 
framework and apply path analysis to analyze the direct 
and indirect relationships between R&D cooperation, R&D 
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Item  Adoption from prior research Complement of prior research  

R&D cooperation to measure R&D cooperation intensity. 

3. I apply Dess and Beard’s (1984) approach to measure 
uncertainty which considers variation from a time trend. 

 

investments, R&D outputs, and financial performance.  

2. This paper first includes four types of R&D cooperation, 
including horizontal R&D cooperation, vertical R&D 
cooperation, generalized R&D cooperation, and R&D 
competition, to empirically test how they influence 
companies’ R&D investments, R&D outputs, and financial 
performance in Taiwan high-technology industry. I also 
examine how the intensity of different types of R&D 
cooperation is influenced by three factors: knowledge 
spillovers, uncertainty, and absorptive capacity. 

3. To avoid sample selection bias, I apply the Heckman 
two-stage model and treatment effects model to test the 
impact of R&D cooperation on R&D investments, R&D 
outputs, and financial performance. In addition, to 
incorporate multiple level variables into empirical test, I 
use the HLM (Hierarchical linear model) to examine the 
determinants of R&D cooperation. 

4. This study is the first to use Taiwan’s high-technology 
industries as a research sample and thoroughly explores the 
relationships between R&D cooperation and firm 
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Item  Adoption from prior research Complement of prior research  

performance in Taiwan. 

5. In this study I first use the number of strategy alliances for 
each industry to proxy knowledge spillovers. In addition, I  
discuss the relationship between uncertainty and R&D 
cooperation. 

 

 


