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Chapter 6: Conclusions 

6.1 Conclusions and implications 

Innovation is complex, costly, and risky and incurs externalities. R&D 

cooperation is deemed as a proper mechanism to encourage firms to innovate 

(Kamien et al. 1992). The purposes of this dissertation are to extend the prior 

theoretical and empirical studies to establish a research framework of the R&D 

cooperation—innovation—financial performance chain. I apply the two-industry, 

n-firm Cournot competition models to examine theoretically the relationship between 

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

use Taiwan’s high-technology industry as a research sample and empirically test my 

research hypotheses. 

Empirical results and implications are summarized as follows: 

1. The determinants of R&D cooperation 

I find that firm-level factor (absorptive capacity) and industry-level factor 

(knowledge spillovers) specified in this study explain a moderate amount of the 

variance in R&D cooperation intensity. The empirical results show that absorptive 

capacity has a positive impact on the frequency of R&D cooperation. Prior research 

also indicates that external knowledge is not ‘manna from heaven’, and firms need an 

absorptive capacity to assimilate and exploit knowledge (e.g. Kamien and Zang 2000). 

Therefore, to engage in R&D cooperation and learn from other innovators, companies 

should encourage employees to strengthen their abilities. The empirical results also 

support the argument that an increase in knowledge spillovers, especially in 

high-technology industry, tends to increase frequency to collaborate in R&D. Based 

on prior research, when large knowledge spillovers exist, it is impossible for the 

innovator to appropriate all of the benefits from an innovation (e.g. Miyagiwa and 

Ohno 2002). Thus companies are more willing to cooperate in R&D because 

externality problems can be internalized (e.g. Goel 1995; Veugelers 1998). For 

example, when knowledge spillovers are high, R&D outputs are easily copied by 

other manufacturers. Therefore, a company has an incentive to carry on R&D 

cooperation, such as the cooperation between Sony vs. Samsung, and Sharp vs. LG on 

CFL-LCD.  
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Under high uncertainty, firms may be more likely to engage in R&D cooperation 

because of the benefits such as pooling risk and uncertainty (Choi 1993). Firms use 

partnerships to reduce risk and uncertainty when collaborating with competitors as 

well as with suppliers and buyers (Caloghirou et al. 2003). However, inconsistent with 

prior literature, the empirical results do not support the hypothesis. I suspect that 

Taiwan high technology companies may adopt different strategy from western 

companies, i.e. engaging in R&D activity independently, under high environment 

uncertainty. For example, GIGABYTE and ASUS have called off the joint venture on 

March 22, 2007. GIGABYTE explained the confusion of clients and suppliers, 

together with the uncertainty of both internal and external environment has lead to this 

decision. R&D cooperation may also exist nonlinear relationships under different 

scenarios of uncertainty. Additionally, the reason for the lack of association between 

uncertainty and R&D cooperation intensity may be that the uncertainty measure is 

improper and does not capture the real definition of this construct. Therefore, future 

research should measure the accuracy and consistency of uncertainty in conjunction 

with the intensity of R&D cooperation.  

The results also show that if R&D cooperative firms have a greater absorptive 

capacity, they are more likely to cooperate with suppliers, customers, and competitors 

simultaneously. For example, MediaTek Inc. and Global Mixed-mode technology Inc. 

are both the leader in graphics processing and power management, respectively. They 

cooperate to establish SOC and also cooperate with the upstream EDA tool suppliers 

and downstream wafer manufacturing and packaging/testing companies to insure the 

yield rate of the products. Finally, they cooperate with BenQ to integrate their chips 

with BenQ’s products. Companies with lower absorptive capacity have fewer chances 

to engage in this type of research alliance. Moreover, when firms face higher 

knowledge spillovers, R&D cooperative firms increase their propensity to engage in 

generalized cooperation to internalize spillover externalities. Therefore, the ability of 

knowledge sharing is the main reason of forming network organization and 

generalized R&D cooperation is preferred over other cooperative models.  

2. The impact of R&D cooperation on R&D investments, R&D outputs, and 

financial performance 

R&D cooperation is a proper mechanism that can restore firms’ incentives to 

engage in R&D. Through cooperation in R&D, the externality problem can be 
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internalized, which will have a positive impact on R&D levels and profitability when 

spillovers are high (e.g. Goel 1995; Veugelers 1998). Prior research also indicates that 

R&D cooperation accelerates the speed of innovation with less risk (e.g. Jacquemin 

1988; Kamien 1992). Taking R&D cooperation between suppliers and customers as 

an example, for  encouraging downstream manufacturers to accept and provide more 

complete products or techniques, the suppliers have the incentive to invest more R&D 

to produce more R&D outputs and financial performance. In this study, the empirical 

results confirm that R&D cooperation does encourage Taiwan’s high-technology 

firms to invest more resources on R&D, and also leads to higher R&D outputs and 

financial performance. 

Empirical results show that generalized cooperation can lead to higher R&D 

outputs and profits relative to other R&D cooperation types when knowledge 

spillovers are higher. Therefore, according to this finding, R&D cooperation does not 

mean higher R&D outputs and financial performance. In this study, only generalized 

cooperation can exert the full advantage of network organization and is regarded as a 

preferable type of R&D cooperation under high knowledge spillover. In addition, 

compared with horizontal cooperation, vertical and generalized cooperation leads to 

higher R&D investments. Atallah (2002) states that horizontal R&D cooperation is 

involuntary and undesirable because innovative firms have to face their competitors. 

Therefore, horizontal cooperative companies may not be willing to invest too much in 

R&D relative to vertical cooperation and generalized cooperation. The technique is 

usually the key that the companies win the battle, and is the resource that the 

enterprises protect intentionally. Without having enough trust, how does everyone 

guarantee to frankly and earnestly cooperate with each other, and not steal techniques 

from each other? Therefore, a trust relation based on  long-term business interaction 

is the foundation of knowledge sharing. 

The impact of R&D cooperation on financial performance is mediated by R&D 

outputs, but not by R&D investments in all time periods. Taking CHI Research as an 

example, it is a worldwide leader in intellectual property consulting and has 

developed a patent index36 that evaluates firms’ potential value. Having a higher 

patent index can indicate that a company is more innovative, with the possibility of 

                                                 
36 Patent index includes the number of patents a company holds, the number of citations by later patent 
applications (citation index), references a patent makes to scientific papers, the median age of patents 
cited in an application (technology cycle time), etc. 
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greater future profits. Based on CHI’s system, its pick outperformed the Nasdaq 

composite index in 7 of 10 years and the Standard & Poor’s 500 stock index in 8 of 10 

years over the 1990-1999 period (Barker 2002). This supports that R&D outputs 

explain a larger portion of performance than R&D investments and are a superior 

leading indicator of future financial performance (e.g. Jaffe 1986; Narin and Noma 

1987; Deng et al. 1997; Werner and Souder 1997; Ernst 2001; Hirschey et al 2001; 

Cukier 2005; Hall et al. 2005; Scotchmer 2005; Tsai and Wang 2005). Finally, I also 

find that the impact of R&D cooperation on R&D investments, R&D outputs, and 

financial performance differs across different industry sectors. 

    Table 29 summarizes the conclusions and implication of this study: 

Table 29: Summary of conclusions and implications 

Research topic 1: The determinants of R&D cooperation 

Research hypotheses 

 

Empirical 

results 

Implications 

H1: The greater the 

absorptive capacity, the 

greater the intensity will 

be for engaging in R&D 

cooperation. 

Support The empirical results show that absorptive capacity has 

a positive impact on the frequency of R&D 

cooperation. Prior research also indicates that external 

knowledge is not ‘manna from heaven’, and firms need 

an absorptive capacity to assimilate and exploit 

knowledge (Kamien and Zang 2000). Therefore, in 

order to engage in R&D cooperation, companies should 

strengthen employees’ ability to learn from others, 

which supports the theory of absorptive capacity 

proposed by Cohen and Levinthal (1989). 

H2: The greater the 

knowledge spillovers, the 

greater the intensity will 

be for engaging in R&D 

cooperation.  

Support  When knowledge spillovers are high, R&D outputs are 

easily copied by other manufacturers. Company has an 

incentive to carry on R&D cooperation, such as the 

cooperation between Sony vs. Samsung, and Sharp vs. 

LG on CFL-LCD. The empirical results support the 

argument that an increase in knowledge spillovers 

tends to increase intensity to collaborate in R&D, 

especially in the high-technology industry. 
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H3: The greater the 

uncertainty, the greater 

the intensity will be for 

engaging in R&D 

cooperation. 

Not Support Prior research shows that firms are more likely to 

engage in R&D cooperation under high uncertainty 

because of the benefits such as pooling risk and 

uncertainty (Choi 1993). Firms use partnerships to 

reduce risk and uncertainty when collaborating with 

competitors as well as with suppliers and buyers 

(Caloghirou et al. 2003). However, inconsistent with 

prior literature, the empirical results do not support the 

hypothesis. Taiwan high technology companies may 

adopt different strategy from western companies under 

high environment uncertainty. R&D cooperation may 

also exist nonlinear relationships under different 

scenarios of uncertainty. Therefore, future research 

should focus more on this issue.  

H4a: The greater the 

absorptive capacity, 

the greater the 

intensity will be for 

engaging in 

generalized R&D 

cooperation relative 

to other cooperation 

types. 

Support The results show that if R&D cooperative firms have a 

greater absorptive capacity, they are more likely and 

able to cooperate with suppliers, customers, and 

competitors simultaneously. For example, MediaTek 

Inc. and Global Mixed-mode technology Inc. are both 

the leader in graphics processing and power 

management, respectively. They cooperate to establish 

SOC and also cooperate with the upstream EDA tool 

suppliers and downstream wafer manufacturing and 

packaging/testing companies to insure the yield rate of 

the products. Finally, they cooperate with BenQ to 

integrate their chips with BenQ’s products. Companies 

with lower absorptive capacity have fewer chances to 

engage in this type of research alliance. Therefore, the 

ability of knowledge sharing is the main reason of 

forming network organization. 
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H4b: The greater the 

knowledge 

spillovers, the 

greater the intensity 

will be for engaging 

in generalized R&D 

cooperation relative 

to other cooperation 

types. 

Support When firms face higher knowledge spillovers, R&D 

cooperative firms increase their propensity to engage in 

generalized cooperation to internalize most of the 

competitive externalities, compared with other 

cooperation types. To exert the full advantage of 

network organization, generalized cooperation relation 

should be formed. Therefore, generalized R&D 

cooperation is preferred over other cooperative models.

H4c: The greater the 

uncertainty, the 

greater the intensity 

will be for engaging 

in generalized R&D 

cooperation relative 

to other cooperation 

types. 

Not Support Contrary to prior research, uncertainty has no specific 

relationships with different types of R&D cooperation. 

The possible explanation might be that Taiwan high 

technology companies adopt different strategy from 

western companies under high environment 

uncertainty. R&D cooperation may also exist nonlinear 

relationships under different scenarios of uncertainty.  

Research topic 2: The impact of R&D cooperation on R&D investments, R&D outputs, and 

financial performance 

Research hypotheses Empirical 

results 

Implications 

H5a: Higher R&D 

cooperation 

intensity leads to 

higher R&D 

investments.  

Support  R&D cooperation is a proper mechanism that can 

restore firms’ incentives to engage in R&D. Through 

cooperation in R&D, the externality problem can be 

internalized, which will have a positive impact on 

R&D levels when spillovers are high (e.g. Goel 1995; 

Veugelers 1998). In addition, for encouraging 

downstream manufacturers to accept and provide more 

complete products or techniques, the suppliers have the 

incentive to invest more R&D. 
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H5b: Higher R&D 

cooperation 

intensity leads to 

higher R&D 

outputs.  

Support  Research results show that R&D cooperation leads to 

significantly higher R&D outputs. Prior research also 

indicates that R&D cooperation not only accelerates the 

speed of innovation with less risk, but also produces 

synergetic effects through the combination of new 

information, teams of specialists, and expertise (e.g. 

Jacquemin 1988; Kamien 1992).  

H5c: Higher R&D 

cooperation 

intensity leads to 

higher financial 

performance. 

Support  The leaking of firms’ knowledge to competitors has a 

negative impact on the firms’ own profitability, thus 

reducing the incentives for investing in R&D (e.g. 

Spence 1984; Veugelers 1998). Previous literature 

indicates that R&D cooperation has a positive impact on 

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

Veugelers 1998). In this study, the empirical results 

confirm that R&D cooperation does lead to higher 

financial performance for Taiwan’s high-technology 

firms. 

H6a: Generalized R&D 

cooperation leads to 

higher R&D 

investments relative 

to other cooperation 

types if knowledge 

spillovers are 

“large” (7h+5v>2). 

 

Moderate 

support 

Compared with horizontal cooperation, vertical and 

generalized cooperation leads to higher R&D 

investments. Atallah (2002) states that horizontal R&D 

cooperation is involuntary and undesirable because 

innovative firms have to face their competitors. 

Therefore, horizontal cooperative companies are not 

willing to invest too much in R&D relative to vertical 

cooperation and generalized cooperation. Without 

having enough trust, however, it is hard for companies 

to frankly and earnestly cooperate with each other. 

H6b: Generalized R&D 

cooperation leads to 

higher R&D outputs 

relative to other 

cooperation types if 

Support Empirical results show that generalized cooperation 

can lead to higher R&D outputs relative to other R&D 

cooperation types when knowledge spillovers are 

higher. This further confirms that generalized 

cooperation is a preferable type of R&D cooperation to 
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knowledge 

spillovers are 

“large” (7h+5v>2). 

others under high knowledge spillovers. 

H6c: Generalized R&D 

cooperation leads to 

higher financial 

performance relative 

to other cooperation 

types if knowledge 

spillovers are 

“large” (7h+5v>2). 

Support  Empirical results show that generalized cooperation 

can lead to higher profits relative to other R&D 

cooperation types when knowledge spillovers are 

higher. Therefore, according to this finding, R&D 

cooperation does not mean higher financial 

performance. In this study, generalized cooperation is 

regarded as a preferable type of R&D cooperation 

under high knowledge spillovers, and R&D 

cooperation types do matter to the performance of 

R&D cooperation. 

H7a: R&D investments 

are positively 

related with 

financial 

performance. 

Not support 

H7b: R&D outputs are 

positively related 

with financial 

performance. 

Support  

1. From the theory of industrial organization, society 

exists at an optimal R&D level. Increasing R&D 

investments will definitely increase discovery 

probability, but will also increase the industry’s 

aggregate R&D cost associated with R&D 

duplication (Shy 1996). Therefore, persistently 

investing in R&D may not definitely bring benefit 

to a company. Huang and Liu’s (2005) research 

also support this argument. 

2. Simply investing in R&D alone is not enough to 

achieve breakthrough performance and sustain a 

competitive advantage. The ability to innovate and 

generate R&D outputs determines the profitability 

of the company. 

H8a: The impact of R&D 

cooperation 

intensity on 

financial 

performance is 

Not support The impact of R&D cooperation on financial 

performance is mediated by R&D outputs, but not 

R&D investments in all time periods. Taking CHI 

research as an example, it uses the patent index to 

evaluate firms’ potential value and suggests that having 
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mediated by R&D 

investments. 

H8a: The impact of R&D 

cooperation 

intensity on 

financial 

performance is 

mediated by R&D 

outputs. 

Support  

a higher patent index can indicate that a company is 

more innovative, with the possibility of greater future 

profits (Barker 2002). This justifies that R&D outputs 

explain a larger portion of performance than R&D 

investments and are a superior leading indicator of 

future financial performance (e.g. Jaffe 1986; Narin 

and Noma 1987; Deng et al. 1997; Werner and Souder 

1997; Ernst 2001; Hirschey et al 2001; Cukier 2005; 

Hall et al. 2005; Scotchmer 2005; Tsai and Wang 

2005).  

 

6.2 Research limitations  

Model limitation 

(1) The limitation of D’ Aspremont and Jacquemin (1988) and Kamien et al. (1992) is 

that R&D is treated as being deterministic — that is, without considering technical 

uncertainty. Therefore, if a firm is willing to invest in R&D, it can then obtain a 

certain cost reduction (Martin 2002). This limitation also exists in my model. 

(2) Under the consideration of reputation, opportunistic behavior will result in the 

permanent punishment of retreating from the R&D consortium. However, 

companies without continued strategic relationships probably would be more 

tempted to engage in corporate espionage. In this study, I do not consider 

“information asymmetry” in the model setting.37 

Variable measurement limitation 

(1) Both formal and informal cooperation are forms of R&D cooperation. However, I 

cannot obtain informal cooperation data from public information because of 

business confidentiality 

(2) Patent data have an inherent measurement limitation, because not all inventions 

                                                 
37 The standard models for R&D cooperation always assume “information symmetry” because the 
models will be too complex if they consider “information asymmetry” problem (Vonortas 1994; 
Geroski 1995; Steurs 1995; Harhoff 1996; Kaiser and Licht 1998; Petit and Tolwinski 1999; Inkmann 
2000; Atallah 2002; Atallah 2004; Milliou 2004; Ishill 2004; Atallah 2005). Even in D’Aspremont and 
Jacquemin’s (1988) original horizontal cooperation model, it is still hard to incorporate “information 
asymmetry” assumption. I deeply appreciate Rabah Amir for providing helpful opinions. 
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are patentable, and not all patentable inventions are patented (e.g. Basberg 1987; 

Griliches 1990; Ernst 2001; Hall et al. 2005). Therefore, using patent data may not 

capture the overall R&D outputs. In addition, citations to a given patent typically 

keep coming over long periods of time (Hall et al. 2005), but I only include them 

until the last date of the available data (May 27, 2006). 

(3) Since the financial data represent sales and profits for the entire firm, it is difficult 

to segregate just the R&D aspects (e.g. Narin and Noma 1987). Therefore, there is 

a major problem in defining the R&D aspects of a firm’s performance. 

(4) Dess and Beard (1984) classify environmental dimensions into three categories: 

environmental munificence (capacity), environmental complexity (homogeneity- 

heterogeneity, concentration-dispersion), and environmental dynamism (stability- 

instability, turbulence). I only measure uncertainty based on the dimension of 

environmental dynamism. 

6.3 Future research 

1. “Information asymmetry” is an important assumption for contemporary theory. 

Under “information asymmetry”, R&D partners may conduct opportunistic 

behavior in an R&D cooperation relationship. Although there is a high degree of 

difficulty in modeling, future researchers should try to incorporate this assumption 

into the model of R&D cooperation. 

2. To prevent imitation by other competitors, some companies would rather not 

apply for the patent to avoid the leak of technique in advance. Moreover, some 

invention can- not apply for patent, and the patent also has to be commercialized 

to create performance for the company. Therefore, researchers can adopt more 

representative measures, such as the shares of new product sales to total sales, to 

trace the relationship between R&D outputs and financial performance. 

3. In this study I collect R&D cooperation data from 1998-2001. Future research 

should cover a longer time period and more recent data in R&D cooperation 

research. 

4. The research shows the importance of institutions, such as the Industrial 

Technology Research Institute (ITRI), in encouraging technological development 

and diffusion in Taiwan through collaborative projects (e.g. Hagedoorn et al. 2000; 

Mathews 2002). The survey of the annual world competitiveness yearbook also 



 143

shows that Taiwan is assessed to do comparatively well in the extent to which 

firms collaborate with universities (e.g. Sakakibara and Dodgson 2003). Hence 

collaborating with universities or institutions is more likely to be chosen as a route 

that exhibits faster technological and product developments. It would be 

interesting to include university laboratories and government agencies as one of 

the R&D cooperation types, and examine the impact of academic R&D 

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

5. Most of the R&D cooperation studies relate to North America, Japan, and Europe 

(e.g. Veugelers 1998; Hagedoorn et al. 2000; Man and Duysters 2005). Taiwan is 

deemed a core innovator in the world. However, Taiwan has received little 

attention because of the problem of difficult data collection. In addition, the 

empirical evidence that exists to test the differences among countries is scarce (e.g. 

Man and Duysters 2005). Therefore, the comparison between Taiwan and other 

countries will be a promising avenue for R&D cooperation study. 

6. R&D cooperation behavior is a complex phenomenon. Different industries have 

different R&D patterns and engage in different types of R&D cooperation. 

Accordingly, the impacts of R&D cooperation on financial performance will be 

different, too. Future researchers still need to do more qualitative research, such as 

case study and field study, to better understand the essence and dynamic behavior 

of R&D cooperation. 

 

 


