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Chapter 1: Introduction 

1.1 Research background 

Innovation 1  has been shown to have significant effects on economic 
development in both academia and practice. In 1934 the well-known economist 
Schumpeter emphasized that innovation is a critical force that drives economic growth 
(Schumpeter 1934). Innovation is also one of the central points in Peter Drucker’s 
publications, “The Practice of Management” and “Innovation and Entrepreneurship” 
(Drucker 1954, 1985), in which he wrote, “The economy is forever going to change 
and is biological rather than mechanistic in nature. The innovator is the true subject of 
economics.” Intellectual property nowadays in fact receives a lot more attention, 
because innovation has become the most important resource, replacing land, 
equipment, and raw materials, in the knowledge economy (Lev 2004; Cukier 2005). 
As much as three-quarters of the value of U.S. publicly-traded companies comes from 
intangible assets. Alan Greenspan, former Chairman of the U.S. Federal Reserve, also 
pronounced:  “The economic product of the United States has become predominantly 
conceptual” (Cukier 2005). 

 Innovation in technology industries shows several interesting trends. First, 
information technology (IT) has become so complicated that firms are more willing to 
accept the innovation of others. Second, consumers are demanding “interoperability”2 
and common standards rather than proprietary systems, which means that different 
firms’ technologies must work together smoothly. Third, information technology and 
telecommunications also rely on “network effects,” suggesting that as more people 
use a system, interoperability among  different technologies becomes essential 
(Cukier 2005). Therefore, innovative activity, especially in high-technology industries, 
is increasingly cooperative.  

Externalities also exist in innovation process. Externalities occur when a firm 
invests in research and development (R&D) that spills over to other firms, including 
competitors. Thus, any one firm benefits from other firms’ research. In this way, 
innovative companies will limit their new investments in R&D if they see a decreased 
likelihood of being able to make exclusive use of the results of their efforts (e.g. 

                                                 
1 Innovation is a creation (a new device or process) resulting from study and experimentation (Webster 

dictionary, http://www.websters-online-dictionary.org/). Innovation is also the implementation of a new 

or significantly improved idea, good, service, process, or practice that is intended to be useful.  
 
2 Interoperability is defined as the ability of software and hardware on multiple machines from multiple 
vendors to communicate (Webster dictionary, http://www.websters-online-dictionary.org/). 
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Spence 1984). On the other hand, if imitator firms can use the public stock of 
technological knowledge, then they reduce the level of effort invested in innovation 
(e.g. Levin and Reiss 1988; Henderson and Cockburn 1996). Therefore, externalities 
decrease both innovators’ and imitators’ incentives to invest in R&D (e.g. Kamien, 
Muller, and Zang 1992; Martin 2002).  

A proper mechanism3 is needed to encourage firms, or the incentives to innovate 
will be distorted. According to prior literature (e.g. Kamien et al. 1992), R&D 
cooperation4 can restore firms’ incentive to engage in R&D, as it 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 resources (e.g. Jacquemin 
1988; Kamien 1992). Therefore, the cooperation between academies and industries 
(e.g. the cooperation between Taiwan’s Industrial Technology Research Institute 
(ITRI) and its high-technology industries) and the cooperation in inter-industry and 
intra-industry (e.g. the technology transfer between AUO, IBM Japan, and Matsushita)  
represent popular phenomena. 

1.2 Research motivation 

Starting with the work of D’Aspremont and Jacquemin (1988) and Kamien et al. 
(1992), a large number of theoretical research papers have emerged over the past 
decade attempting to formalize a firm’s private incentives to engage in horizontal 
R&D cooperation5 with horizontal knowledge spillovers (Ishii 2004). Researchers 
frequently use oligopoly models that allow for strategic interactions between firms. 
Although there are differences in assumptions across the various models, the results 
are quite robust: while non-cooperative R&D levels decrease with an increase in 
knowledge spillovers, it has been shown that cooperative R&D investments, outputs, 
and social welfare tend to increase with the increase in spillovers (e.g. Veugelers 
1998).  

Most theoretical studies in R&D cooperation deal with horizontal cooperative 

                                                 
3 Three instruments are usually considered to restore firms’ incentives to engage in R&D:  (1) tax 
policies and direct subsidies, (2) patents and licensing, and (3) ex-ante R&D cooperation. While the 
first two instruments require government intervention to determine taxes and subsidies or to strengthen 
property rights, R&D cooperation is assumed to work through private incentives, because of the 
possibility to internalize R&D spillovers between cooperating firms (Katz and Ordover 1990). 
4 R&D cooperation is defined as joint operation or action with R&D (Webster dictionary, 
http://www.websters-online-dictionary.org/). I also use the word “R&D cooperation”, “R&D 
collaboration”, “research partnership”, and “research joint venture”, etc, interchangeablely. For a more 
detailed description of R&D cooperation, please see Chapter 2.  
5 Horizontal R&D cooperation means R&D cooperation between competing companies, while vertical 
R&D cooperation indicates R&D cooperation between buyers and suppliers. Generalized cooperation 
reflects the complexity of R&D cooperation, which firms may be adopting more than one structure 
simultaneously (Atallah 2002). 
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R&D, with vertical cooperative R&D receiving little attention until recently (e.g. 
Atallah 2002; Ishii 2004). Cooperative relationships between final-goods 
manufacturers and input suppliers are crucial for successful innovation (Ishii 2004). 
Vertical R&D cooperation is desirable and is often voluntary under buyer-seller 
relationships, whereas horizontal R&D cooperation is involuntary and undesirable, 
because innovating firms have to face their competitors (Atallah 2002). Furthermore, 
the network relationships between firms become more complex, and the opportunities 
of engaging in R&D cooperation simultaneously among competitors, customers, and 
suppliers are getting more popular. Therefore, vertical R&D cooperation and 
generalized R&D cooperation should merit more attention from researchers. 

Several studies also indicate that R&D cooperation provides future benefits (e.g. 
Kamien et al. 1992; Hagedoorn and Schakenraad 1994; Belderbos, Carree, and 
Lokshin 2004; Ishii 2004). Kamien et al. (1992) indicate that a research joint venture 
(RJV) that cooperates in its R&D decisions yields the highest consumer and producer 
surplus. Ishii (2004) points out that a RJV yields the largest social welfare. However, 
the direct relationship between R&D cooperation and financial performance does 
raise doubts because R&D cooperation must also invest in R&D and generate R&D 
outputs in order to lead eventually to profit generation. Therefore, I argue that R&D 
cooperation does not imply automatically higher levels of financial performance, and 
the impact of R&D cooperation on financial performance is mediated by R&D 
investments and R&D outputs (forward-looking measures). The relationship between 
R&D cooperation, R&D investments, R&D outputs, and financial performance needs 
further examination.  

1.3 Research purposes and research questions 

The purposes of this study are to extend prior theoretical framework and to 
introduce two industries, n-firm-per-industry models. In addition, I examine the 
determinants for engaging in R&D cooperation and the performance of R&D 
cooperation. I also provide a hypothetical framework for the R&D cooperation — 
innovation — financial performance chain (See Figure 5).  

Mathews and Cho (2000) show that the importance of R&D cooperation activity 
is instrumental in explaining the successful development of Taiwan’s high-technology 
industries. Taiwan’s high-technology industries are highly competitive and play a 
major role in the world, due to the successful business model of highly vertical 
disintegration (or vertical specialization).6 Nevertheless, Taiwan has received little 
                                                 
6 Vertical disintegration indicates industrial decentralization. Vertical disintegration spreads the risks 
and costs of R&D investments across multiple firms. In addition, every segment of production operates 
independently, and so the degree of specialization is high and the management difficulty is relatively 
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attention because of the problem of difficult data collection. In this study, I use 
Taiwan’s high-technology industries as a research sample and empirically test the 
research hypotheses. The results provide companies, industries, and academia with a 
more comprehensive view of R&D cooperation and innovation activity in Taiwan’s 
high-technology industries. 

  The research questions are as follows:  

1. Do absorptive capacity, knowledge spillovers, and uncertainty affect the intensity 
of R&D cooperation? 

2. Does R&D cooperation result in higher R&D investments, R&D outputs, and 
financial performance?7 

3. How do different R&D cooperation types influence the determinants of R&D 
cooperation? 

4. How do different R&D cooperation types influence the performance of R&D 
cooperation? 

5. Is the effect of R&D cooperation on financial performance mediated by R&D 
investments and R&D outputs?  

                                                                                                                                            
lower. Vertical disintegration also enhances a firm’s ability to identify and respond quickly to potential 
market niches. 
7 In contrast with R&D cooperation, R&D competition (or noncooperative R&D) means that each firm 
noncooperatively chooses its level of R&D. Regarding the measurement of R&D cooperation and R&D 
competition, please refer to variable measurement. 
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1.4 Significance of the research 

This study contributes significantly to both academia and practice:   

1. Contributions to academia: 

(1) R&D cooperation studies face the problem of difficult data collection (e.g. 
Veugelers 1998). Thus, a survey questionnaire becomes a primary tool of 
R&D cooperation research and allows easy collection of data (e.g. Kaiser 
2002a; Caloghirou, Hondroyiannis and Vonortas 2003; Chang 2003; Belderbos 
et al. 2004). However, certain limitations should be considered, as respondents 
may not understand or truly express the reality of R&D activity in firms. 
Respondents are likely influenced by the gaps between individuals’ and 
researchers’ perceptions of questionnaires. In this study I use archival data to 
prevent the deficiencies in the questionnaire survey. This is the first 
comprehensive empirical research discussing the relationships among R&D 
cooperation, R&D investments, R&D outputs, and financial performance in 
Taiwan. 

(2) In multiple linear regressions all effects are modeled to occur at a single level. 
In order to analyze the variance in outcome variables at multiple hierarchical 
levels, I employ the Hierarchical Linear Model (HLM) to examine the 
determinants of R&D cooperation. In addition, to avoid sample selection bias, 
I apply the Heckman two-step model and treatment effects model to estimate 
the probability of whether or not a firm engages in R&D cooperation. I then 
use OLS with adjusted items to estimate the impact of R&D cooperation 
intensity on R&D investments, R&D outputs, and financial performance. 
These methods will enhance the reliability of the empirical results and open 
new avenues in R&D cooperation research.  

2. Contributions to practice: 

(1) Prior literature indicates that companies concentrating on R&D cooperation 
have significantly higher profits (e.g. Hagedoorn and Schakenraad 1994; Ernst 
2001). However, I suggest that R&D cooperation does not imply automatically 
higher levels of financial performance, and leading indicators in fact drive the 
financial performance of R&D cooperation. Therefore, this study first 
addresses an integrated R&D cooperation—R&D investments—R&D 
outputs—financial performance framework and then applies the Path analysis 
to empirically test the causal relationship among  R&D cooperation, R&D 
investments, R&D outputs, and financial performance. The research results 
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may have an important application for practitioners.  

(2) Prior research discusses whether R&D cooperation impacts company’s R&D 
investments, R&D outputs, and financial performance, and what the 
motivation of R&D cooperation is. This study first points out that not every 
R&D cooperation type can improve R&D investments, R&D outputs, and 
financial performance. In addition, the intensity of R&D cooperation is also 
impacted by different R&D cooperation types.  

(3) Taiwan is deemed a core innovator internationally. Based on the World 
Economic Forum’s (WEF) “Global Information Technology Report 
2005-2006”, Taiwan is ranked seventh in the world. It is an innovation 
powerhouse, with levels of patents registration per capita exceeded only by the 
United States and Japan (Dutta, Lopez-Claros, and I. Mia 2006). Therefore, 
Taiwan has a high national competitive ability and has acquired international 
affirmation in innovation and technology aspects, especially in its 
high-technology industries. The use of  Taiwan’s high-technology industries 
in the research sample will enable the results of the relationship between R&D 
cooperation, R&D investments, R&D outputs, and financial performance to 
provide important meanings for international high-technology industries. 

1.5 Research framework 

    This study is divided into six parts. See Figure 1. 

1. Introduction: The first section explains the research background, research 
motivation, research purpose, research questions, and contributions. 

2. Literature review: This section reviews theoretical and empirical findings related 
to R&D cooperation. First of all, I discuss the definitions, the classifications, the 
benefits, and the theoretical perspectives of R&D cooperation. Second, I review 
the related papers of the determinants of participating in R&D cooperation. Third, 
I present the theoretical research and empirical research related to R&D 
cooperation, R&D investments, R&D outputs, and financial performance. I will 
further discuss the extension of this paper.  

3. Theoretical model and hypotheses development: I discuss the hypotheses related 
to the factors that influence the intensity of R&D cooperation. I then apply 
Cournot-Nash equilibrium theory to derive the hypotheses regarding the impact of 
different types of R&D cooperation on R&D investments, R&D outputs, and 
financial performance. 

4. Research method:  This section describes the conceptual framework, research 
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sample, variables measurement, and data analysis methods. 

5. Empirical results: I discuss the findings of the factors of engaging in R&D 
cooperation. I also examine the results of the relationship between R&D 
cooperation, R&D investments, R&D outputs, and financial performance.  

6. Conclusions: I conclude by reviewing the research findings, and by discussing the 
implications of this research for academia and practice, the research limitations, 
and future research.  
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Figure 1: Research framework of this study  
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