
Chapter 6 Conclusions and Suggestions 

6.1 Conclusions  

 

 This study aims to contribute to the literature of supermodularity by focusing on 

two issues that are relatively neglected: (1) differential value drives of R&D sourcing 

strategy; (2) the diverse performance impacts of R&D sourcing strategy, and R&D 

sourcing strategy-human capital fit. The former addresses what mechanisms or 

underlying drivers influence the innovating firm to undertake its R&D sourcing 

strategy, while the latter specifies whether complementary elements (R&D sourcing 

strategy and R&D human capital) have synergistic effects. Specifically, the present 

study investigates the relationships to performance of R&D sourcing strategy, and 

R&D sourcing strategy-human capital fit.  

  

 First, the association between performance and R&D sourcing strategy in relation 

to contextual variables and R&D human capital is determined by the analytical model 

coupled with field interviews with managers. To avoid cognitive divergence, for five 

firms, this study conducts comprehensive interviews with the director or manager in 

the R&D center. Next, capitalizing on a unique database of the 2001-2003 Taiwan 

Industry R&D Investment Survey containing more detailed information available on 

the R&D activities to verify the theoretical model, the researcher tests the empirical 

results by cross-sectional and pooled data models. The present study taps performance 

by considering the accounting- and marked-based performance outcomes such as 

ROS, ROA, Tobin’s q, and Average Tobin’s q lagged by one year. The R&D hybrid 

strategy is implemented by dichotomy category adopted commonly by innovation 

strategy literature, quantification category and ordinal category of external knowledge 

acquisition novel to current studies while defined very broadly to include any internal 
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R&D and external technology source. As for R&D human capital, the current study 

discriminates the single-type from multiple-type based on the three varieties of R&D 

experts. 

 

The present study shows that an innovating firm will prefer to implement the 

R&D hybrid strategy when the higher degrees of the R&D diversity and fewer counts 

of patents are exhibited. Perhaps most important, the compelling evidence is that 

over-/under- external R&D sourcing affects more adversely/positively firm 

performance. The effect is more significant in market-based performance than 

accounting-based performance. Moreover, the associations between R&D sourcing 

strategy and a firm’s performance are contingent on the use of R&D human capital. 

The innovative firms with hybrid/make strategy are more/less likely to own diverse 

types of R&D expert, and such alignment between R&D sourcing strategy and R&D 

human capital thus improves both accounting- and market-based performance. The 

perspective of this study is matching sourcing configuration with enterprise 

development requirements. When all three elements are in place and working 

harmoniously, a dramatic improvement in firm’s performance is delivered. This 

argument is consistent with both transaction cost paradigm that discriminating 

alignment of transactions with strategy leads to more efficient outcomes (Coase 1937; 

Williamson 1975, 1985), and the assertion of economics literature (supermodularity 

model) that firm performance is a function of coherent alignment between strategy 

and structural elements of an organization (Chandler et al. 1962; Milgrom and 

Roberts 1990a, 1990b, and 1995). Those effects are noticeable and more pronounced 

in the pooled data model than cross-sectional model.  
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6.2 Implications 

  

The analysis generates significant implications for why firms that are attempting 

to become more innovative still fall prey to innovation argued by the results of 

practitioners’ survey and academic studies. Of paramount importance highlighted by 

the findings of the current study are that absorptive capacity significantly influences 

the interplay between R&D sourcing strategy and performance. The quest to develop 

absorptive capacity must be for rigorous R&D staff selection rather relying on good 

luck. As pointed out by Siggelkow (2002), misperceptions of the interaction between 

complementary activities tend to be more detrimental than misperceptions of the 

interaction between substitute activities. Flawed decisions on R&D human capital 

particularly undermine organization performance. Innovative firms employing R&D 

experts specializing in diverse R&D areas can more easily harness, absorb, and 

transfer new ideas or technology from R&D hybrid strategy. Accordingly, without 

contemplating the role of R&D human capital, the existing empirical literature is, not 

surprisingly, unable to provide hard evidence on complementarities in the innovation 

strategy. In this sense, imposing more structure on the interaction effects (such as 

R&D sourcing strategy vs. its determinants, and R&D human capital vs. R&D 

sourcing strategy) in the performance model or jointly estimating those structures 

provide fruitful paths to future research. The findings of this study are complementary 

to the perspective of avoiding the loss of control power in the external 

relationship—transaction cost economics. Moreover, absorptive capacity is of vital 

importance for catch-up economies such as Taiwan relying heavily upon external 

know- how acquisitions. The interviewees regarded ad hoc using R&D human capital 

with varying expertise as an effective ‘infrastructure’ of absorbing outside technology 

without calling into question. With supporting and supplementing their R&D sourcing 
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strategy with diverse types of R&D experts, undertaking R&D sourcing strategy 

provides much-needed flexibility to cope with changes in demand and helps to 

substantially lower time-to-market. 

 

Additionally, the present study finds compelling evidence that R&D sourcing 

strategy is more relevant to the forward-looking measure (Tobin’s q and average 

two-year Tobin’s q) than accounting-based performance (ROS and ROA). Effectively 

absorbing external technology through the distinct types of R&D experts provides a 

positive association to firm performance irrespective of the short-term or 

forward-looking measures. This is consistent with the views that there are merits in 

the use of multiple measures of economic performance (Geringer et al. 2000; Qian 

and Li 2003).  

 

Anecdotal evidence indicate that Taiwan’s firms adopt a ‘‘defensive patent 

strategy,’’ which includes applying for and accumulating patents to avoid the coming 

patent infringement lawsuits, and Taiwan’s innovative inventions are mostly 

concentrated on the innovation of new processes rather than on the innovation of new 

product technologies. Furthermore, prima facie evidence indicate that the competitive 

advantage of Taiwan’s companies is to combine, integrate or apply its internal R&D 

efforts in improving process, production technology and the new product with 

external technology (R&D diversity). Linking the two perspectives, the present study 

confirms the above arguments and suggests that firms undertake R&D hybrid strategy 

as taking advantage of economies of scope in R&D and lacking patent counts. The 

findings of the current study highlight the importance of R&D learning spillovers and 

intellectual assets management in Taiwan. Utilizing Taiwan as a sample provides a 

natural setting to prove the findings of the analytical model of Bessen (2003) that 
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firms license aggressively when the patent standard is low. It is necessary that 

regulators and firms build the ‘‘patent map’’ to understand the trends of world patents. 

By doing so, each industry easily accesses critical patents for taking advantage of 

R&D sourcing strategy. Those provide additional evidence for practitioners, academia, 

and regulators as a reference.  

 

   Although previous research has elaborated the concept of supermodularity, there 

is little systematic evidence of the performance implications of R&D sourcing 

strategy. Providing further evidence that the firms in which its R&D sourcing strategy 

is aligned with the contextual factors and human capital use will outperform firms 

lacking such an alignment, the findings of this research that the aforementioned 

effects are especially salient in the pooled data model is complementary to the prior 

studies using the cross-sectional data design. With the pooled data, one can increase 

the theoretical leverage on a question. It may be more appropriate to generalize to the 

population by pooling units over time, and increase the statistical leverage: pooling 

increases the degree of freedom which improves the efficiency of econometric 

estimates.  

 

 

6.3 Limitations  

 

As with all research, this study is not without limitations. In particular, this study 

has made several simplifying assumptions in the model formulation. For example, 

following Gallini (1984) and Nahm (2004), the researcher assumes the success of a 

make strategy is exogenous without loss of generality. Following the findings from 

Bessen (2003), the researcher ignores other penalties such as those imposed by 
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preliminary injunctions. Those settings are somewhat different from portrayal of  

reality. The limitations are natural directions for future research.  

 

Accounting- and market-based performance utilized by this study is an objective 

but may be a confounding measurement. However, using only new product revenue to 

measure the innovation is not comprehensive1. The data of new product gained by the 

questionnaire is limited to the subjectivity of the respondent (Joseph and Kalwani 

1998; Huang 2003). Researchers encounter the problem that successful innovation 

might not be reported as patents due to the concerns of competitions while they use 

the patent data to capture the innovation performance (Basberg 1987; Ernst 2001; Hall 

et al. 2005). Given those limitations, good performance measures for technological 

innovation need to be constructed in the future.  

 

Hypothesis 1.3 receives no support in pooled data design by the number of firm’s 

previous experience of external source and a dummy variable representing the firm 

has the prior experience of external source to be the proxy variables. One possibility 

is the prior experience search is too short (3 years). Additionally, to distinguish the 

effectiveness of each prior experience of external source provides a plausible 

explanation for the findings of this study. Due to the data limitations, the researcher 

leaves this area to future research.  

  

                                                 
1 Based on Schumpeter’s (1942) category, the guideline of the Oslo Manual (the standard of OECD) 

defines two types of technology innovation: product innovation and process innovation. Community 

Innovation Survey (CIS), the most popular database of innovation, is based on this definition. The 

empirical evidence of Cassiman and Veugelers (2002a), Rouvinen (2002), and Galia and Legros (2005) 

are provided by CIS data. 
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6.4 Suggestions  

 

In terms of the nature of R&D activities, one can divide the R&D into two 

categories: basic R&D and applied R&D. Broadly speaking, recruiting talents from 

other corporations and buying ‘technological materials’ should be included into the 

external technology acquisition in addition to R&D cooperation with others, licensing, 

technology transfer, and mergers and acquisitions. However, the present study works 

without these previous investigations due to the data limitations. The researcher 

therefore feels that the most important avenue for future research is to include these 

investigations. 

 

This study finds the positive impact of R&D diversity on R&D sourcing strategy 

by defining the R&D diversity as investments in improving production technology, 

improving process expenditure, and creating new products. The results of the current 

study are consistent with prior studies that complementarities between products and 

process innovation exists (Geroski et. 1993; Rouvinen 2002; Miravete and  

2006). A testable implication that follows directly from the present paper is to use the 

data from the plant level (Klette 1996), project level (Henderson and Cockburn 1996) 

and the number of technologies (Pisano 1989) to re-examine hypothesis1.1.  

Pernias

 

The results of the present study demonstrate that firms are more likely to adopt the 

R&D hybrid strategy as they lack accumulated patent counts. Wu and Lin (2001) 

pinpointed that Taiwan is very active and competitive in patent invention and 

innovation, but industrial added-value of manufacturing not as strong as other 

assessed countries. The concern is that the research of application development or 

process improvement is not sufficient in the R&D investment of the state-of-the-art 
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key products and innovation technology. The future research can use the accumulated 

number of patent applications granted in at least two of U.S., Japan, Europe markets 

(Henderson, and Cockburn 1996) to examine hypothesis 1.2. Jung and Imm (2002) 

indicate that Taiwan companies do not necessarily apply their new R&D results for 

the domestic patents, but most of them will choose to apply for foreign patents. This 

study would like to compare the results for the Taiwan case against those for other 

catch-up economies with the phenomenon of scarcity of R&D inputs, key patents and 

financial resources. Divergence in results could be due to different populations of 

sample firms or industry structure, but more interestingly they could also be due to 

differences in the R&D policies with these economies. This would allow the present 

study to provide more accurate policy recommendations. 

 

One of executives in the field interview offers de facto evidence that his previous 

company with R&D hybrid strategy was fraught with utilization of R&D human 

capital processing the same stock of knowledge leads to the following crash. Rational 

firms will take into account how to adjust their R&D personnel for adapting 

themselves to the forthcoming heterogeneous knowledge from R&D sourcing strategy. 

R&D sourcing strategy shapes different incentives to allocations with R&D human 

capital structure. Given the findings of the current study, the researcher believes that 

constructing other human capital measures and re-testing the hypotheses will lend 

more clear insights into performance implications of R&D sourcing strategy in 

Taiwan. It is an area ripe for future research.  

 

   Using the balanced panel data would allow one to be able to identify the existence 

of dynamic complementarities through the identification of state dependence of the 

sequence of realized types of innovations. Future research pursuing this line of 
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inquiry has great potential to make significant contributions to the performance 

implications of the innovation strategy such as dynamic innovation trajectory.  
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