
Chapter 4 Research Design 

 

The study now presents the research design as follows. To avoid cognitive 

divergence, for five firms, the researcher conducts comprehensive interviews with the 

director or manager in the R&D center. This research is conducted using six databases. 

The next section portrays the definitions of measures. The end of this chapter 

describes the empirical model.  

 

4.1 Field Interviews 

 

The information gathered through the field interviews helps to find evidence 

corroborating or refuting existing hypotheses about the relation amongst contextual 

variables, R&D sourcing strategy, human capital, and firm performance. In total, the 

researcher interviews six executives (one executive in four firms, two in the other 

one). The interviewees included Vice Presidents and R&D managers in the electronics 

industry. In the sample, 49.61% of the observations belong to the electronics industry 

[Standard Industrial Classification (SIC) codes are 23, 24, 30, 53, 54, 61, 62, and 80]. 

Three firms are in the sample while the remainder is out of the sample for the purpose 

of verification. For the in-sample firms, one of them possesses the world's leading 

brand in Embedded and Applied Computing, Industrial and Network Computing, and 

Industrial Automation. The other two are the leading manufacturer of wireless 

telecommunication industries, and cable modems, ADSL modems, wireless LAN 

products, analog modems and combo cards for computers, telecommunications, 

networking and other communication industries. For the outside sample, the brand 

company is a technology leader in digital projectors, storage devices, wireless 

technologies, and electronic components industry. Another one is the leading 
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manufacturer of digital cameras and printers industry. On average, the researcher 

spends 70 minutes in each interview to discuss with the executives.  

 

Executives are more familiar than researchers and experts with the realities in the 

industries in which they operate. Their evaluations and opinions thereby are valuable 

and legitimate. Face-to-face interviews are conducted. Following the open-ended part, 

the executives are asked to characterize their firm’s position in their industry, overall 

technology level and R&D sourcing strategy. Then the fact that interviewees use in 

their evaluations and judgments the list of characteristics culled through the literature 

scanning enhances the validity of the findings and the ability to confirm the conjecture 

of this study. To enable a qualitative analysis of the data, the researcher insists that 

respondents always conclude the discussions with a summary judgment. The 

interviewees allow the sound recording for the purpose of the interview content to be 

put in order afterwards.  

 

In the field interviews with companies, the researcher found that firms do not 

acquire technology using one mode at a time. Instead, they often use a combination of 

modes simultaneously. For instance, joint ventures as a means of acquiring technology 

often include technology licensing especially when they face a novel technology 

market. Moreover, instead of highlighting substitutability among different technology 

sources, the field informants suggest that certain technology sources may be 

complementary in nature. In effect, according to most of the interviewees, firms need 

not necessarily own all relevant capabilities, as long as they have sufficient access to 

them. Such access may well be obtained through relations with outside customers or 

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

helps to substantially lower time-to-market. However, the field informants also think 
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that dedicated innovation is particularly hard to achieve under an outsourcing regime; 

instead, conducting R&D in house is the most important source of knowledge for 

hybrids. One of the most important purposes to acquire external know-how is that 

external knowledge and internal technology in combination will help hybrids build 

their ‘‘core technology.’’ Amongst the interviewees, only one firm engages in R&D 

in-house completely, while the others adopt a R&D hybrid strategy. 

 

 

4.2 Data and Sample Selection 

 

1. Data  

 

The sample consists of six sources of data:  

 

(1) 2001-2003 Taiwan Industry R&D Investment Survey (III survey): 

 

All related R&D data are collected by the Institute for Information Industry (III), 

where the Ministry of Economic Affairs, R.O.C. authorizes to conduct research on the 

‘‘Taiwan Industry R&D Investment Survey.’’ The survey is implemented in each year, 

so the researcher can test the empirical models by both cross-sectional data and 

pooling 3-year data.  

 

(2)  Taiwan Economic Journal (TEJ): 

 

The present study obtains all financial information data from the TEJ database. It 

is identical to the way that the Compustat database is collected. 
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(3)  Intellectual Property Office (IPO): 

 

The data of patents are obtained from Intellectual Property Office (IPO), Ministry 

of Economic Affairs, R.O.C.. There are three types of patents: invention patents, 

design patents, and utility patent. In terms of the proceedings in the patents, they can 

be divided into two groups: applied patents and approval patents. This study uses the 

above patent category in accumulation. 

 

(4)  2000-2002 listing of the Bechmark Business (CW): 

 

A 2000-2003 listing of the Bechmark Business was compiled by Common Wealth 

(CW), Taiwan’s leading magazine. The list is compiled in each year. The companies 

in the ranking are based on their forward-looking ability, innovation ability, etc. the 

researcher collects market competition ranking from this database. 

 

(5)  The listing of Technology Fast 500 Asia Pacific 2004(DTT): 

 

Another data source to get the market competition ranking is the listing of 

Technology Fast 500 Asia Pacific 2004. A listing of Technology Fast 500 Asia Pacific 

2004 is compiled by Deloitte Touche Tohmatsu (DTT). The companies in the ranking 

are based on their average growth rate 400 percent over last three years. The Asia 

Pacific Technology Fast 500 Program is administered by the Technology, Media & 

Telecommunications (TMT) industry practice of DTT, one of the world's leading 

professional services organizations in more than150 countries. 
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(6)  United Daily News and Commercial Times (UDN&CT):  

 

The UDN&CT database used in this analysis contains detailed public disclosure 

about the firm’s experience of acquiring R&D from the external source in the 

newspaper. The database of the United Daily News covers the news of the United 

Daily News, Economic Daily News, Min Sheng Daily, United Evening News, and Star 

News. Furthermore, the research uses Commercial Times to confirm and replenish the 

above-mentioned information of experience of the external R&D acquisition from 

Database of the United Daily News. The researcher utilizes this database to search the 

key words of the experience of external source from year 1998-2002.  

 

2. Sample Selection: 

 

This study uses both cross-section and pooling-data research designs for the year 

2000-2003. In order to be included in the sample, a firm must: 

 

(1) be listed in the III survey, which is limited to top 900 listed companies; 

(2) have a complete financial data reported in TEJ1.  

 

 

4.3 Measures 

1. The determinants of R&D sourcing strategy.  

 

                                                 
1 TEJ includes the following industries: Electronic, Automobile, Conglomerate, Chemical & 
Biotechnology, Electric & Machinery, Glass & Ceramics, Rubber, Others, Plastics &Chemical, 
Appliance & Cable, Textiles, Wholesale & Retail, Paper & Pulp, Food, Steel & Iron, Cement, 
Transportation , Construction and Tourism. 
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(1) Dependent variable. 

i. R&D Sourcing Strategy: 

 

Most empirical work in transaction cost economics measures the governance choice 

as a discrete event: firms choose either to make or buy. A functionally similar set of 

activities, however, can be wholly or partially obtained from the external source 

(Pisano 1990). In order to measure the boundary choice more accurately, the 

researcher measures the percentage of R&D involving an external source. These 

measures are obtained from Taiwan Industry R&D Investment Survey (III survey). 

The survey separated the R&D sourcing strategy into 5 parts: in-house, cooperation, 

merge and acquisition, licensing, and technology transfer. Following Poppo and 

Zenger (1998), the researcher classifies the firm’s innovation strategy as a Make if the 

entrepreneur claimed to do R&D activity through 100% own R&D spending in-house.  

External source involves cooperation with others, acquisition, licensing and 

technology transfer. The researcher also constructs a dichotomous measure of the 

make or hybrid choice: A dummy variable for R&D strategy is equal to 1 if adoption 

involves at least one type of external sources. As a third measure of boundary choice, 

the researcher distinguishes R&D acquisition from R&D external sources. The 

complete information on budgets in the survey allows the researcher to get a reliable 

classification. A variable for R&D strategy is equal to 0 if adoption is completely 

in-house, and 1 if adoption includes one type of external sources, and 2 if adoption 

includes two types of external sources, and 3 if adoption includes three types of 

external sources. Another variable for R&D strategy is equal to 0 if adoption is 

completely in-house, and 1 if adoption is in-house and cooperation, and 2 if adoption 

in–house and licensing or technology, and 3 if adoption includes three types of 

external sources. Adopting both the quantification variable and dummy variables is 
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beneficial to clarify the relationship between R&D sourcing strategy and its 

contextual variables. Those proxy variables were the dependent variable for exploring 

the hypotheses 1.1-1.3. 

 

(2) Independent variable. 

i. R&D Diversity: 

 

Hypothesis 1.1 concerns the R&D diversity. Information on the type of R&D 

investment from III survey allowed the researcher to construct two measures R&D 

diversity: diversity and diversity1. The variable diversity equals 1 if the firm chose at 

least two types of R&D investment based on R&D budget. That is, the structure of 

entrepreneur’s R&D spending has at least two types of R&D input: research the new 

product and technology, improve production technology, and improve process 

expenditure, and 0 otherwise. The variable diversity 1 is equal to 1 if the R&D 

investment includes two types of, 2 if the R&D investment includes three types. 

Adopting different structure of dummy variables is useful to clarify the relationship 

between the firm’s R&D sourcing strategy and its R&D diversity. 

 

ii. The number of patents: 

 

In accordance with studying hypothesis 1.2, the patent is obtained from the 

Intellectual Property Office (IPO), Ministry of Economic Affairs, R.O.C.. The number 

of the patents was used as the proxy variables. The premise of using the quantitative 

public data about intellectual property rights is that it captures a firm’s propensity to 

enforce intellectual property rights and is a negotiation chip of the acquiring external 

technology process. Furthermore, Trajtenberg (1990) finds that un-weighted or simple 
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patent counts are a better measure of innovative inputs. 

 

iii. Previous Experience of the R&D external sources: 

 

To test hypothesis 1.3, it is necessary to construct a variable that would measure a 

firm’s experience of R&D external source. Using the data from UDN&CT, the 

researcher searches the key word, such as licensing, alliance, equity collaboration, 

technology transfer, mergers and acquisitions, to identify whether firms have 

experienced acquisition of external R&D by obtaining firms’ media news releases. A 

dummy variable is equal to 1 if firm’s experience involves an external source. Another 

proxy variable is the number of the firm’s previous experience with external sources. 

Adopting both the quantification variable and dummy variables is beneficial to clarify 

the relationship between R&D sourcing strategy and its contextual variables. 

According to the definition of cooperation project in National Science Council in 

Taiwan, the term is 1~3 years. The search period for keywords of this study is from 

1998 to 2002.    

 

(3)Controls: 

 

Several control variables are included in this multivariate analysis to characterize 

the firm and industry.  

 

i. Rank. 

 

 Market leaders are more likely to ‘‘go alone’’ to protect firm-specific know-how, 

while laggards may be willing to team up to try to leapfrog industry leaders (Oxley 
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and Sampson 2004). To control the market competition, the present study uses a 

qualitative and composite measure of market leadership, based on a 2000-2003 listing 

of the Bechmark Business compiled by Common Wealth (CW), Taiwan’s leading 

business focused magazine, and a listing of Technology Fast 500 Asia Pacific 2004 

compiled by Deloitte Touche Tohmatsu (DTT). Specifically, the researcher creates a 

dummy variable ranks that is equal to 1 if the company appears in the list of CWTLM 

or DTT, or zero otherwise.  

 

ii. Size. 

 

Another firm variable which should be controlled is size. Some studies reported the 

scale advantages to innovation for large firms (Schumpeter 1942; Cohen and Levin 

1989) while others found the innovative behavior is independent of firm size (Cohen 

and Klepper 1996; Galia and Legros 2004). The researcher takes the log of the 

number of employees and assets to control for the effect of a firm’s size. 

 

iii. Ads. 

 

 Ads are the annual expenditures on advertising deflated by net sales. The 

researcher includes this variable as a control for the ability of the firm to offer 

potential complementary marketing and sales expertise (Dushnitsky et al. 2005).  

 

iv. Salesg. 

 

Salesg refers to sales growth rate measured by the change in sales revenue this 

period from last period and scale it by net sales revenue last period (Capon et al. 
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1990). Firms with high rate of sales growth are active to pursue higher growth and 

thus more likely to pursue more internal R&D as well as external know-how.  

 

v. International. 

 

A dummy variable equals 1 if the licensing or technology transfers cross 

international borders. The interviewees suggest that most of Taiwan firms rely upon 

import of international technology. 

 

vi. Industry dummy. 

 

There are four industry dummy variables including: food, textile, chemical, and 

electronics industries. 

 

2. The impact of R&D sourcing strategy on R&D human capital. 

 

(1) Dependent variable. 

 Type of R&D Expert: 

 

In accordance with studying hypothesis 2, the researcher constructs two types of 

R&D human measures, where data were gathered from III survey. One is a variable 

for the variety of R&D human equal to 1 if the R&D personnel have two types, 2 if 

the R&D personnel have three types; otherwise is zero. The R&D human either 

specializes in improving production technology, improving process expenditure, or 

creating new product or technology. Another is a dummy variable equal to 1 if the 

variety of R&D experts has more than one type; otherwise is zero. Adopting different 
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structure of dummy variables is useful to clarify the relationship between R&D 

sourcing strategy and R&D human capital. 

 

(2) Independent variable. 

R&D Sourcing Strategy: 

Concerning of the endogeneity between R&D sourcing strategy and R&D human 

capital, the researcher uses the predicted variables (instruments) of R&D sourcing 

strategy.  

 

(3)Controls: 

 

Several control variables are included in this multivariate analysis to characterize 

the firm and industry.  

 

i. Rank. 

 

 Market leaders are more likely to ‘‘go alone’’ to protect firm-specific know-how, 

while laggards may be willing to team up to try to leapfrog industry leaders (Oxley 

and Sampson 2004). To control the market competition, the present study uses a 

qualitative and composite measure of market leadership, based on a 2000-2003 listing 

of the Bechmark Business compiled by Common Wealth (CW), Taiwan’s leading 

business focused magazine, and a listing of Technology Fast 500 Asia Pacific 2004 

compiled by Deloitte Touche Tohmatsu (DTT). Specifically, the researcher creates a 

dummy variable ranks that is equal to 1 if the company appears in the list of CWTLM 

or DTT, or zero otherwise.  
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ii. Size. 

 

Another firm variable which should be controlled is size. Some studies reported the 

scale advantages to innovation for large firms (Schumpeter 1942; Cohen and Levin 

1989) while others found the innovative behavior is independent of firm size (Cohen 

and Klepper 1996; Galia and Legros 2004). The researcher takes the log of the 

number of employees and assets to control for the effect of a firm’s size. 

 

iii. Ads. 

 

 Ads are the annual expenditures on advertising deflated by net sales. The 

researcher includes this variable as a control for the ability of the firm to offer 

potential complementary marketing and sales expertise (Dushnitsky et al. 2005).  

 

iv. Industry dummy. 

 

There are four industry dummy variables including: food, textile, chemical, and 

electronics industries. 

 

3. The impact of  R&D sourcing strategy on firm performance 

 

(1) Dependent variable. 

Firm Performance: 

There are merits in the use of multiple measures of economic performance 

(Geringer et al. 2000; Qian and Li 2003).  This study thus examined two 

performance outcomes: 1) accounting-based performance: return of sales (ROS) and 

 119



return of assets (ROA), and 2) market-based performance: Tobin’s q and Average 

Tobin’s q. These performance measures were downloaded from the TEJ database. For 

verifying hypotheses 3.1 and 3.2, the researcher utilizes these as dependent variables 

in that this study wishes to focus on accounting-based performance, which depend on 

the total resources that the company has deployed (Bayus 2003). The researcher also 

uses two Tobin’s q measures for two reasons. First, market-based performance is a 

forward-looking measure expressing the stock market expectations about the firms’ 

future performance (Lang and Litzenberger 1989), which is more relevant to R&D 

sourcing strategy. Second, previous empirical literature has already shown that it is 

possible to assess the specific effect of different technology-related assets on the 

market value of the firm (Hall 1999). R&D investments are not normally capitalized, 

but are expensed to P&L accounts when incurred, so that they do not concur to the 

book value of the firm’s assets (Lev and Sougiannis 1996). This implies that, ceteris 

paribus, Tobin’s q is higher when R&D-related intangibles become a larger fraction 

of the firm’s total assets. The researcher measures Tobin’s q by the ratio of the market 

to book value of the firm’s assets for laggard one year, where the market value of 

assets equals the market value of common equity plus the book value of preferred 

stock and liability, the book value of assets equals the book value of land, building, 

machine, other equipments and inventory (Lang and Litzenberger 1989). Another one 

is the average ratio of the market to book value of the firm’s assets for two years 

(current and laggard year). Considering the laggard effect of R&D matches, the 

researcher here uses performance associations lagged by one year. For example, the 

present study posits that the optimal R&D matches in 2000 have their main impact on 

firm’s profitability in 2001. This is a relatively plausible assumption, given that R&D 

efforts may require some time to translate into innovative output and performance 

advantage.  
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(2) Independent variable. 

Residual Terms of R&D Sourcing Strategy: 

 

In order to avoid the endogeneity between firm performance and R&D sourcing 

strategy,  the researcher separates two variables for positive and negative residuals 

from the logit/OLS/order-logit models of R&D sourcing strategy to allow for potential 

differences between ‘‘over-external sourcing’’,  and ‘‘under-external sourcing’’ 

variable (  and ). For example, in logit 

model, 

_OVER SOURCING _UNDER SOURCING

1δ =  indicates the firm adopts hybrid strategy while 0δ = denotes make 

strategy. A firm undertaking extensive external source ( 1δ = ) and having an 

estimated probability of hybrid of 0.8 is assumed to have ‘‘over-external sourcing’’ 

less in hybrid strategy use than a firm with an estimated probability of 0.2 

(residual=0.2 for the former and 0.8 for the latter). Similarly, a maker ( 0δ = ) with an 

estimated probability of 0.1 is assumed to have ‘‘under-external sourcing’’ less in 

make strategy use than a maker with an estimated probability of 0.9 (residual=-0.1 for 

the former and –0.9 for the latter). This two-stage approach at least partially controls 

for endogeneity if these predictor variables (determinants) were chosen before R&D 

sourcing strategy. 

 

(3)Controls: 

 

Several control variables are included in this multivariate analysis to characterize 

the firm and industry.  

 

i. Capital Structure. 
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. The role of financial factors and corporate structure has been the most studied 

issues in the literature. de, was measured by the ratio of debt to equity as suggested by 

Jensen (1986) and Himmelberg and Petersen (1994). This variable is obtained from 

the TEJ database 

 

ii. Rank. 

 

 Market leaders are more likely to ‘‘go alone’’ to protect firm-specific know-how, 

while laggards may be willing to team up to try to leapfrog industry leaders (Oxley 

and Sampson 2004). To control the market competition, the present study uses a 

qualitative and composite measure of market leadership, based on a 2000-2003 listing 

of the Bechmark Business compiled by Common Wealth (CW), Taiwan’s leading 

business focused magazine, and a listing of Technology Fast 500 Asia Pacific 2004 

compiled by Deloitte Touche Tohmatsu (DTT). Specifically, the researcher creates a 

dummy variable ranks that is equal to 1 if the company appears in the list of CWTLM 

or DTT, or zero otherwise.  

 

iii. Size. 

 

Another firm variable which should be controlled is size. Some studies reported the 

scale advantages to innovation for large firms (Schumpeter 1942; Cohen and Levin 

1989) while others found the innovative behavior is independent of firm size (Cohen 

and Klepper 1996; Galia and Legros 2004). The researcher takes the log of the 

number of employees and assets to control for the effect of a firm’s size. 
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iv. Industry dummy. 

 

There are four industry dummy variables including: food, textile, chemical, and 

electronics industries. 

 

4. The impact of the alignment between R&D sourcing strategy and R&D human 

capital on firm performance 

 

(1) Dependent variable. 

Firm Performance: 

There are merits in the use of multiple measures of economic performance 

(Geringer et al. 2000; Qian and Li 2003).  This study thus examined two 

performance outcomes: 1) accounting-based performance: return of sales (ROS) and 

return of assets (ROA), and 2) market-based performance: Tobin’s q and Average 

Tobin’s q. These performance measures were downloaded from the TEJ database. For 

verifying hypothesis 3.1 and 3.2, the researcher utilizes these as dependent variables 

in that this study wishes to focus on accounting-based performance, which depend on 

the total resources that the company has deployed (Bayus 2003). The researcher also 

uses two Tobin’s q measures for two reasons. First, market-based performance is a 

forward-looking measure expressing the stock market expectations about the firms’ 

future performance (Lang and Litzenberger 1989), which is more relevant to R&D 

sourcing strategy. Second, previous empirical literature has already shown that it is 

possible to assess the specific effect of different technology-related assets on the 

market value of the firm (Hall 1999). R&D investments are not normally capitalized, 

but are expensed to P&L accounts when incurred, so that they do not concur to the 

book value of the firm’s assets (Lev and Sougiannis 1996). This implies that, ceteris 
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paribus, Tobin’s q is higher when R&D-related intangibles become a larger fraction 

of the firm’s total assets. The researcher measures Tobin’s q by the ratio of the market 

to book value of the firm’s assets for laggard one year, where the market value of 

assets equals the market value of common equity plus the book value of preferred 

stock and liability, the book value of assets equals the book value of land, building, 

machine, other equipments and inventory (Lang and Litzenberger 1989). Another one 

is the average ratio of the market to book value of the firm’s assets for two years 

(current and laggard year). Considering the laggard effect of R&D matches, the 

researcher here uses performance associations lagged by one year. For example, the 

present study posits that the optimal R&D matches in 2000 have their main impact on 

firm’s profitability in 2001. This is a relatively plausible assumption, given that R&D 

efforts may require some time to translate into innovative output and performance 

advantage.  

 

(2) Independent variable. 

Alignment: 

 

In order to avoid the endogeneity between firm performance and R&D human 

variables in relation to R&D sourcing strategy, the researcher utilizes predicted 

variable of R&D human capital in the determinants of R&D human capital. That is, 

the predicted values are obtained from binary logit, OLS, and ordered-logit model. 

 

(3)Controls: 

 

Several control variables are included in this multivariate analysis to characterize 

the firm and industry.  
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i. Capital Structure. 

 

. The role of financial factors and corporate structure has been the most studied 

issues in the literature. de, was measured by the ratio of debt to equity as suggested by 

Jensen (1986) and Himmelberg and Petersen (1994). This variable is obtained from 

the TEJ database 

 

ii. Rank. 

 

 Market leaders are more likely to ‘‘go alone’’ to protect firm-specific know-how, 

while laggards may be willing to team up to try to leapfrog industry leaders (Oxley 

and Sampson 2004). To control the market competition, the present study uses a 

qualitative and composite measure of market leadership, based on a 2000-2003 listing 

of the Bechmark Business compiled by Common Wealth (CW), Taiwan’s leading 

business focused magazine, and a listing of Technology Fast 500 Asia Pacific 2004 

compiled by Deloitte Touche Tohmatsu (DTT). Specifically, the researcher creates a 

dummy variable ranks that is equal to 1 if the company appears in the list of CWTLM 

or DTT, or zero otherwise.  

 

iii. Size. 

 

Another firm variable which should be controlled is size. Some studies reported the 

scale advantages to innovation for large firms (Schumpeter 1942; Cohen and Levin 

1989) while others found the innovative behavior is independent of firm size (Cohen 

and Klepper 1996; Galia and Legros 2004). The researcher takes the log of the 
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number of employees and assets to control for the effect of a firm’s size. 

 

iv. Industry dummy. 

 

There are four industry dummy variables including: food, textile, chemical, and 

electronics industries. 

 

The definitions of all variables are set out in Tables 4.1 - 4.4.
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Table 4.1 Definitions of Variables in the Determinants of R&D Sourcing Strategy 

Variables Description Data source
Dependent Variable 
 
δ (OLS) 

The percentage of R&D involving an external source. External 
source involves cooperation with others, acquisition, licensing 
and technology transfer. 

III survey

 
δ  
(ordered-logit) 

A variable for R&D strategy is equal to 0 if adoption is 
completely in-house, and 1  if adoption includes one type of 
external sources, and 2 if adoption includes two types of 
external sources, and 3 if adoption includes three types of 
external sources.  

III survey

 
δ  
(ordered-logit) 

A variable for R&D strategy is equal to 0 if adoption is 
completely in-house, and 1 if adoption is in-house and R&D 
cooperation, and 2 if adoption in–house and licensing or 
technology transfers, and 3 if adoption includes three types of 
external sources at least.  

III survey

 
δ (binary-logit) 

A dummy variable for R&D strategy is equal to 1 if adoption 
involves at least one type of external sources; Else =0.   

III survey

Independent Variable 
 
diversity 

A dummy variable for R&D diversity is equal to 1 if the R&D 
investment involves at least two types. The type of R&D 
investment includes improving production technology, 
improving process expenditure, and creating new products or 
technologies. 

III survey

 
diversity1 

A variable for the type of R&D diversity is equal to 1 if the 
R&D investment includes two types, 2 if the R&D investment 
includes three types. 

III survey

 
IPR 

The accumulated number of applied/approval total/invention 
patents. 

IPO 

 
link  

A dummy variable is equal to 1 if the firm has the previous 
experience of external source; Else =0. 

UDN&CT

link 1 The number of firm’s previous experience of external sources. UDN&CT
Controls 
 
ranks 

A dummy variable equals 1 if the company appears in the list 
of CW or DTT, zero otherwise.  

CW and 
DTT 

size ln (the number of employee or assets). TEJ 
salesg The rate of sales growth. TEJ 
 
international 

A dummy variable equals 1 if licensing or technology transfers 
cross international borders.  

III survey

 
ads 

The ratio of the annual expenditures on advertising to net 
sales. 

TEJ 

 
food 

A dummy variable equals 1 if the firm belongs to the food 
industry.  

TEJ 

 
textile 

A dummy variable equals 1 if the firm belongs to the textile 
industry.  

TEJ 

 
chemicals 

A dummy variable equals 1 if the firm belongs to the chemical 
industry.  

TEJ 

 
electronics 

A dummy variable equals 1 if the firm belongs to the 
electronics industry. 

TEJ 

The empirical models are presented as follows: 

0 1 2 3 4( )LOGIT diversity IPR link controls eδδ φ φ φ φ φ= + + + + +                 (4.1) 
'' '' '' '' '' ''
0 1 2 3 4( )OLS diversity IPR link controls e δδ φ φ φ φ φ= + + + + +                   (4.2)               

' ' ' ' '
0 1 2 3 4( )ORDERED LOGIT diversity IPR link controls e'

δδ φ φ φ φ φ− = + + + + +     (4.3) 
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Table 4.2 Definitions of Variables in the Impact of R&D Sourcing Strategy on 

R&D Human capital 

Variables Description Data 
source 

Dependent Variable 
 
inverseη  
(ordered-logit) 

A variable for the type of R&D human is equal to 1 if the 
R&D personnel have two types, 2 if the R&D personnel have 
three types. The R&D human specializes either in improving 
production technology, improving process expenditure, or 
creating new product. 

III survey

 
inverseη (binary-logit) 

A dummy variable for type of R&D employee is equal to 1 if 
the varying type involves more than one type of specialized 
area; Else =0. 

III survey

Independent Variable ^
δ (binary-logit) A predicted value of R&D sourcing strategy.  * 
 
δ (OLS) 

The percentage of R&D involving an external source. 
External source involves R&D cooperation, acquisition, 
licensing and technology transfer, merge and acquisition.  

III survey

 
δ  
(ordered-logit) 

A variable for R&D strategy is equal to 0 if adoption is 
completely in-house, and 1  if adoption includes one type of 
external sources, and 2 if adoption includes two types of 
external sources, and 3 if adoption includes three types of 
external sources.  

III survey

 
δ  
(ordered-logit) 

A variable for R&D strategy is equal to 0 if adoption is 
completely in-house, and 1 if adoption is in-house and R&D 
cooperation, and 2 if adoption in–house and licensing or 
technology transfers, and 3 if adoption includes three types of 
external sources at least.  

III survey

δ  
(binary-logit) 

A dummy variable for R&D strategy is equal to 1 if adoption 
involves at least one type of external sources; Else =0. 

III survey

Controls 
 

ranks 
A dummy variable equals 1 if the company appears in the list 
of CW or DTT, zero otherwise.  

CW and 
DTT 

size ln (the number of employee or size) TEJ 
ads The ratio of the annual expenditures on advertising to net 

sales. 
TEJ 

food A dummy variable equals 1 if the firm belongs to the food 
industry.  

TEJ 

textile A dummy variable equals 1 if the firm belongs to the textile 
industry.  

TEJ 

chemicals A dummy variable equals 1 if the firm belongs to the chemical 
industry.  

TEJ 

 
electronics 

A dummy variable equals 1 if the firm belongs to the 
electronics industry. 

TEJ 

 
* The predicted values of R&D sourcing strategy were obtained from: 

0 1 2 3 4( )LOGIT diversity IPR link controls eδδ φ φ φ φ φ= + + + + +                 (4.1) 
'' '' '' '' '' ''
0 1 2 3 4( )OLS diversity IPR link controls e δδ φ φ φ φ φ= + + + + +                   (4.2)               

' ' ' ' '
0 1 2 3 4( )ORDERED LOGIT diversity IPR link controls e'

δδ φ φ φ φ φ− = + + + + +     (4.3) 
The empirical models are presented as follows: 

*' ' '
0 1 3( ) hLOGIT controls eη ϕ ϕ δ ϕ− = + + + '                                (4.4) 

*

0 1 2( ) hORDERED LOGIT controls eη ϕ ϕ δ ϕ− − = + + +                    (4.5)  
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Table 4.3 Definitions of Variables in the Impact of R&D Sourcing Strategy 

on Firm Performance 

Variables Description Data 
source 

Dependent Variable 
ROA The ratio of net income to total assets. TEJ 
ROS The ratio of net income to sales. TEJ 
 
Tobin’s q 

The ratio of the market to book value of the firm’s assets for 
laggard one year, where the market value of assets equals the 
market value of common equity plus the book value of 
preferred stock, and liability, the book value of assets equals 
the book value of land, building, machine, other equipments 
and inventory. 

TEJ 

 
Avg. q 

The average ratio of the market to book value of the firm’s 
assets for two years (current and laggard year).  
 

TEJ 

Independent Variable 
_OVER SOURCING

 
Positive residuals from OLS/logit/ordered-logit models  
(δ ).  

** 

_UNDER SOURCING
 

Negative residuals from OLS/logit/ordered-logit models 
(δ ). 

** 

Controls 
 
ranks 

A dummy variable equals 1 if the company appears in the 
list of CW or DTT, zero otherwise.  

CW and 
DTT 

size ln (the number of employee) TEJ 
 
food 

A dummy variable equals 1 if the firm belongs to the food 
industry.  

TEJ 

 
textile 

A dummy variable equals 1 if the firm belongs to the textile 
industry.  

TEJ 

 
chemicals 

A dummy variable equals 1 if the firm belongs to the 
chemical industry.  

TEJ 

 
electronics 

A dummy variable equals 1 if the firm belongs to the 
electronics industry. 

TEJ 

** Those variables came from the residual of Equations (4.1)-(4.3) showed in Table 4.1. 
 
The empirical models of Table 4.3 are presented as follows: 

0 1 2 3( _ ) ( _ ) ( )V OVER SOURCING UNDER SOURCING controls eβ β β β Π= + + + +     (4.6) 
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Table 4.4 Definitions of Variables in the Impact of the Alignment between R&D 

Sourcing Strategy and R&D Human Capital on Firm Performance 

Variables Description Data 
source

Dependent Variable 
ROA The ratio of net income to average total assets. TEJ 
ROS The ratio of net income to sales. TEJ 
 
Tobin’s q 

The ratio of the market to book value of the firm’s assets for 
laggard one year, where the market value of assets equals the 
market value of common equity plus the book value of preferred 
stock, and liability, the book value of assets equals the book value 
of land, building, machine, other equipments and inventory. 

TEJ 

 
Avg. q 

The average ratio of the market to book value of the firm’s assets 
for two years (current and laggard year).  
 

TEJ 

Independent Variable 
ALIGNMENT  The predicted value from binary logit model. ** 

1ALIGNMENT  The predicted value from ordered-logit model. ** 
Controls 
 
ranks 

A dummy variable equals 1 if the company appears in the list of 
CW or DTT, zero otherwise.  

CW 
and 
DTT

de Long-term debt deflated by shareholders’ equity. TEJ 
size ln (the number of employee) TEJ 
 
food 

A dummy variable equals 1 if the firm belongs to the food 
industry.  

TEJ 

 
textile 

A dummy variable equals 1 if the firm belongs to the textile 
industry.  

TEJ 

 
chemicals 

A dummy variable equals 1 if the firm belongs to the chemical 
industry.  

TEJ 

 
electronics 

A dummy variable equals 1 if the firm belongs to the electronics 
industry. 

TEJ 

** Those variables came from the residuals of Equations (4.4) and (4.5) showed in Table 4.2. 
 
The empirical models of Table 4.4 are presented as follows: 

'' '' '' '
0 1 2( / 1) (V ALIGNMENT ALIGNMENT controls eβ β β ) Π= + + +                  (4.9)      
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4.4 Econometric Model 

 

This section describes the econometric model correspondence with the theoretical 

model regarding the optimal decisions of R&D sourcing strategy, the type of R&D 

human capital (
^
, inverseδ η ) as well as the fit effect along with performance (V ). The 

analyses of this paper are carried out using the cross-sectional and pooled data models. 

Because there may be no internal evidence of the omitted variables bias in the 

cross-sectional data model, pooling increases the degree of freedom, and hence 

improving the efficiency of econometric estimates. 

 

The researcher performs the Person-Spearman Correlations and Variance Inflation 

Factor (VIF) statistics to examine the potential collinearity problem.  

 

4.4.1 The Determinants of R&D Sourcing Strategy. 

 

To test hypotheses 1.1-1.3, at the beginning, the researcher uses t statistics and 

performs the ANOVA for difference in means between makers and hybrids.  

  

Furthermore, concerning the endogeneity problem between performance and R&D 

sourcing strategy, the researcher first analyzes the relationship between the R&D 

sourcing strategy and its determinants (benchmark model). In this case, the researcher 

assumes that all firms may be moving toward their optimal R&D sourcing strategy, 

but at any point in time some firms will be ‘’off-equilibrium.’’  By this procedure, 

this study can examine performance differences through evaluating the extent to 

which performance is associated with deviations from ‘‘optimal’’ R&D sourcing 
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strategy (i.e., assume the benchmark model captures the optimal R&D sourcing 

strategy). Then the performance model is adopted to examine the performance 

differences associated with the ‘‘match ’’ between the innovation firm and its 

innovation context in Section 4.3.3. If all innovative firms in the sample are 

optimizing with regard to the R&D sourcing strategy, there should be no association 

between performance and endogenous R&D sourcing strategy, once exogenous 

determinants of this strategy are controlled in the model. That is, only misalignments2 

can be found. Over-external R&D sourcing than predicted by the benchmark model is 

negatively associated with firm performance whereas under-external R&D sourcing 

than predicted by the benchmark model is positively associated with firm performance. 

The aforementioned procedures are implemented in the cross-sectional data and 

pooled data model.  

 

The researcher utilizes Equations (4.1)-(4.3) to test the hypotheses 1.1-1.3 about the 

issue of the determinants of R&D sourcing strategy.  

 

0 1 2 3 4( )LOGIT diversity IPR link controls eδδ φ φ φ φ φ= + + + + +                  (4.1) 

'' '' '' '' '' ''
0 1 2 3 4( )OLS diversity IPR link controls e δδ φ φ φ φ φ= + + + + +                 (4.2)               

' ' ' ' '
0 1 2 3 4( )ORDERED LOGIT diversity IPR link controls e'

δδ φ φ φ φ φ− = + + + + +     (4.3) 

 

wherein δ denotes R&D sourcing strategy,  indicates R&D diversity, diversity IPR  

indicates counts of patent, and  indicates the firm’s previous experience of 

external source. The expected sign of all independent variables is positive. The above 

link

                                                 
2 The estimation is analogous to Ittner et al. (2002, 2003) where they dealt with ABC issue and 
non-financial measurement issue.   
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empirical tests are conducted by LOGIT, OLS, and ORDERED-LOGIT models. For 

distinguishing Hybrid from Maker, the researcher constructs a dichotomous measure 

of R&D sourcing strategy: less than 100% own R&D spending is coded as R&D 

hybrid strategy3, and then conducts the analysis by LOGIT model. In order to measure 

the boundary choice more accurately, the present study also measures the percentage 

of R&D involving an external source by OLS model. While these two R&D sourcing 

strategies stand out as distinct groups, they are capricious in offering categories. For 

example, the benefit provided by the cooperation contact to firm might be distinct 

from that provided by the licensing contact. Additionally, R&D in-house together with 

one type of external source might be different from R&D in-house together with more 

than one types of external source. However, both ordinary regression analysis and 

dichotomous models would fail to account for the ordinal nature of the dependent 

variables (Green 1997). The research therefore conducts ORDERED-LOGIT model. 

All above coefficients are estimated by QML (Huber/White) standard errors and 

covariance to mitigate the unobservable heteroscedasticity problems. 

   

 

4.4.2 The Impact of R&D Sourcing Strategy on R&D Human Capital. 

 

Likewise, concerning the endogeneity problem between performance, R&D 

sourcing strategy and human capital, The researcher first analyzes the relationship 

between the R&D sourcing strategy and R&D human capital by incorporating the 

predicted values of R&D sourcing strategy into R&D human capital model. And then 

this study uses the predicted values of these non-linear regressions as instruments for 

                                                 
3Otherwise, the firm’s innovation strategy as a Make if the entrepreneur claimed to do R&D activity 
through 100% own R&D spending. 
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firm’s alignment of R&D sourcing strategy and R&D human capital in the 

performance model shown in Section 4.3.3. In doing so, the researcher may 

successfully remove the problem of unobserved firm heterogeneity. On the other hand, 

because there may be no internal evidence of the omitted variables bias in the 

cross-sectional data model, pooling increases the degree of freedom, and hence 

improves the efficiency of econometric estimates. The aforementioned procedures 

thereby are implemented in the cross-sectional data and pooled data model. 

  

The researcher applies Equations (4.4)-(4.5) to explore the hypothesis 2. 

 

^
' ' '
0 1 3( ) hLOGIT inverse controls eη ϕ ϕ δ ϕ '= + + +                            (4.4) 

^

0 1 2( ) hORDERED LOGIT inverse controls eη ϕ ϕ δ ϕ− = + +
∼

+                (4.5)  

                                       

where inverseη  / inverseη
∼

 indicates the type of R&D employees, and  
^
δ  denotes 

the predicted value of R&D sourcing strategy. Both the R&D sourcing strategy, i.e. 

which innovation activities (make strategy vs. hybrid strategy) are selected, and the 

type of R&D human capital, i.e. how many types of R&D manpower should be 

employed, are the endogenous decisions. If the firm heterogeneity in the determinants 

of the R&D sourcing strategy is correlated with the error term of the R&D human 

capital model, i.e. , then the estimated coefficients will be biased and inconsistent. 

Concerning this endogeneity problem between R&D sourcing strategy and human 

capital, the independent variable 

'
he

^
δ  in the Equations (4.4) and (4.5) is the predicted 

value of the Equations (4.1)-(4.3). The instruments mitigate the problem of 

unobserved firm heterogeneity. This approach assumes that firms, on average, have 
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correctly chosen their varying type of R&D experts, and that the estimated models 

capture the appropriate benchmark for R&D human capital given the firm’s R&D 

sourcing strategy4 . Also, the exogenous treatment of δ  is implemented in the 

econometric model of R&D human capital. The expected sign of the independent 

variables is positive in Equations (4.4) and (4.5). The above empirical tests are 

conducted by the LOGIT and ORDERED-LOGIT models. For implementing the 

absorptive capacity, the researcher discriminates the single-type from multiple-type of 

R&D experts by three types of R&D experts, and conducts the LOGIT model. 

Additionally, the difference between the one type and two types of R&D experts 

might not the same as that between two types and three types of R&D experts for 

innovative firms. The dichotomous model such as the LOGIT model would fail to 

account for this concern. This study therefore conducts the ORDERED-LOGIT model 

for the robustness. The present study takes into account the unobservable 

heteroscedasticity problems implementing QML (Huber/White) standard errors and 

covariance to estimate all above coefficients.  

 

 

4.4.3 The Impact of R&D Sourcing Strategy on Firm Performance 

 

There are two popular techniques for the strategy. One is to use the residual term. 

The other is to code a direct index. Following the former to examine performance 

differences, the researcher uses Equation (4.6) to assess the extent to which 

performance is associated with deviation from optimal R&D sourcing strategy 

implementing the OLS model [test the hypothesis 3.1].  

                                                 
4 The estimation is analogous to Ittner et al. (2003) where they dealt with ABC issue and non-financial 
measurement issue.   
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0 1 2 3( _ ) ( _ ) ( )V OVER EXTERNAL UNDER EXTERNAL controls eβ β β β Π= + + + + (4.6) 

 

where is the firm’s financial performance. It is now accepted that if we simply 

estimate performance as a function of strategy selection, parameter estimates will 

capture not only the effects of strategy, but also the firm and transaction 

characteristics that lead to strategy selection in the first place (Shelanski and Klein 

1995; Klein 2004; Sampson 2004; Cassiman and Veugelers 2006). Endogeneity 

treatment to the selection of R&D choices can be found as follows. For example, the 

researcher separates two variables for positive and negative residuals from the LOGIT, 

OLS, and ORDERED-LOGIT models [Equations (4.1)-(4.3)] to allow for potential 

differences between ‘‘over-external source’’, and ‘‘under-external source’’ 

( and ). For example, in the logit model, 

V

_OVER EXTERNAL _UNDER EXTERNAL

1δ =  indicates the firm adopts hybrid strategy while 0δ = denotes make strategy. A 

firm undertaking an extensive external sourcing ( 1δ = ) and having an estimated 

probability of hybrid of 0.8 is assumed to have ‘‘over-external sourcing’’ less in 

hybrid strategy than a firm with an estimated probability of 0.2 (residual=0.2 for the 

former and 0.8 for the latter). Similarly, a maker ( 0δ = ) with an estimated probability 

of 0.1 is assumed to have ‘‘under-external sourcing’’ less in make strategy than a 

maker with an estimated probability of 0.9 (residual=-0.1 for the former and –0.9 for 

the latter).  

 

The positive residual ( ) has a negative expected sign since 

they represent adopting too much external sourcing. The expected sign of the negative 

residual ( ) is positive following the same logic of the positive 

residuals. That is, over-external R&D sourcing than predicted by my benchmark 

_OVER EXTERNAL

_UNDER EXTERNAL
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model is negatively associated with firm performance whereas under-external R&D 

sourcing than predicted by my benchmark model [Equations (4.1)-(4.3)]. The present 

study assumes that all firms may be moving toward their optimal R&D sourcing 

strategy, but at any point in time some firms will be ‘’off-equilibrium.’’ The 

positive/negative residual term captures the match between the hybrid/make strategy 

and contextual variables.  

 

For robustness, this study also substitutes the predicted values from the 

probit/ORDERED-PROBIT models5 for the positive and negative residuals from the 

logit/ORDERED-LOGIT models [Equation (4.1)/ (4.3)].  

 

Compared to the residual term, coding a direct index is more intuitive. The 

researcher constructs alternative index Strategy_ for the robustness of the regression 

results of hypothesis 3.1. The index represents and captures succinctly the empirical 

profiles of hypotheses 1.1-1.3. 

 

 Strategy_  diversity_alignment + patent_alignment + link_alignment≡ 6    (4.7) 

 

wherein diversity_alignment=1 if make=0 and diversity=1, and if make=1 and 

diversity=0, patent_alignment=1 if make=1 and patent>sample mean of patent, and if 

make=0 and patent<sample mean of patent, link_alignment=1 if make=0 and link=1, 

and if make=1 and link=0; Else=0. The indices are coded according to the theory of 

this study, so the sign for Strategy_ was expected to be positive in the Equation (4.8). 

                                                 
5 The researcher uses Sourcing and Sourcing1 to be the dependent variables. According to 

(1987), it should be lent unbiased estimates. Gourieroux .et al
6 The estimation is analogous to Randall and Ulrich (2001) where they discussed the association 
between matching supply chain structure to type of product variety. 

 137



 

0 1 2( _) (V a a STRATEGY a controls e) Π= + + +                           (4.8) 

 

All above coefficients are estimated by White Heteroskedasticity-Consistent 

Standard Errors and Covariance to mitigate the unobservable heteroscedasticity 

problems. 

 

 

4.4.4 The Impact of the Alignment between R&D Sourcing Strategy and R&D 

Human Capital on Firm Performance 

 

There are two popular techniques for the alignment. One is to use the instrument. 

The other is to code a direct index. Following the former, the proxies for 

strategy-human alignment are computed by predicted value of R&D human capital. 

The instruments mitigate the problem of unobserved firm heterogeneity. This 

approach assumes that firms, on average, have correctly chosen their type of R&D 

experts, and that the estimated models capture the appropriate benchmark for R&D 

human capital given the firm’s R&D sourcing strategy7. Both the R&D sourcing 

strategy, i.e. which innovation activities (make strategy vs. hybrid strategy) are 

selected, and the type of R&D manpower, i.e. how many types of R&D manpower 

should be employed, are the endogenous decisions. If the firm heterogeneity in the 

determinants of the R&D sourcing strategy, and R&D human capital, which the study 

does not control for in the performance model, is correlated with the error term of the 

performance model, then the estimated coefficients will be biased and inconsistent.  

                                                 
7 The estimation is analogous to Ittner et al. (2003) where they dealt with ABC issue and non-financial 
measurement issue.   
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To examine performance differences, the researcher uses Equation (4.9) to assess 

the extent to which performance is associated with alignment of R&D sourcing 

strategy and R&D human capital implementing the OLS model [test the hypothesis 

3.2].  

 

' ' '
0 1 2( ) (V ALIGNMENT controls eβ β β ') Π= + + +                       (4.9)               

 

where is the firm’s financial performance, and is the predicted 

values from the LOGIT and ORDERED-LOGIT models

V ALIGNMENT

8 [Equations (4.4) and (4.5)]. 

All above coefficients are estimated by White Heteroskedasticity-Consistent Standard 

Errors and Covariance to mitigate the unobservable heteroscedasticity problems. 

 

Compared to the residual term, coding a direct index is more intuitive. The 

researcher constructs alternative index Alignment_ for the robustness of the regression 

results of hypothesis 3.2. The index represents and captures succinctly the empirical 

profiles of hypothesis2.  

 

Alignment_ diversity_alignment + patent_alignment + link_alignment + 

human_alignment

≡

9                                  (4.10)   

 

wherein diversity_alignment=1 if make=0 and diversity=1, and if make=0 and 

diversity=1, patent_alignment=1 if make=1 and patent>sample mean of patent, and if 

                                                 
8 According to (1987), it should be lend unbiased estimates. Gourieroux .et al
9 The estimation is analogous to Randall and Ulrich (2001) where they discussed the association 
between matching supply chain structure to type of product variety. 
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make=0 and patent<sample mean of patent, link_alignment=1 if make=1 and link=1, 

and if make=0 and link=0, and human_alignment =1 if inverseη =1 and make=0, 

and inverseη =0 and make=1; Else=0. The indices are coded according to the theory of 

this study, so the sign for Alignment_ was expected to be positive in the Equation 

(4.11). 

 

0 1 2( _) (V ALIGNMENT controls e) Π= + + +                        (4.11) 

 

Table 4.5 summarizes the expected results of hypotheses.
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Table 4.5 Summary of Expected Results of Hypotheses 

Panel A. Expected Sign of Hypotheses 1.1-1.3, 2, and 3.1- 3.2 
Variables Description δ  

(R&D sourcing 
strategy) 

inverseη  and 
inverseη

∼
 

(The type of R&D 
expert) 

 ^
δ  

Predicted value of R&D 
sourcing strategy. 

 
δ  R&D sourcing strategy. 

  
H 2 (+) 

R&D Diversity 
R&D Diversity1 

The type of R&D 
investment. 

 
H 1.1 (+) 

IPR 
IPR1 The number of patents H 1.2 (+) 
link 
link1 

Previous experience of 
external source. 

 
H 1.3 (+) 

 

 
Panel B. Expected Sign of Hypotheses 3.3 (A) and (B) 
Variables Description ROA,ROS, Tobin’s q, Avg. q

 
_OVER EXTERNAL  Positive residuals from the 

model of R&D sourcing strategy. 
 

H 3.1 (-) 
 

_UNDER EXTERNAL  Negative residuals from the model 
of R&D sourcing strategy. 

 
H 3.1 (+) 

 

STRATEGY_ diversity_alignment + 
patent_alignment + 
link_alignment. 

H 3.1 (+)  

ALIGNMENT  Predicted value of R&D human 
capital from the 
logit/OLS/ordered-logit  model. 

  
H 3.2 (+) 

 
 

_ALIGNMENT  diversity_alignment + 
patent_alignment + 
link_alignment + 
human_alignment. 

  
H 3.2 (+) 
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