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Chapter 5 Empirical Results 

 

This study uses both cross-sectional and pooling research designs and firm data for 

the year 2000-2003. The sample section begins with the 491 observations (278 for 

year 2001, 105 for year 2002, and 108 for year 2003). The study removed 224 

observations as respondents didn’t answer R&D information completely in the survey 

(missing data on some of the detailed R&D information). Of the three observations 

included in the III survey, the present study does not have sufficient financial data. In 

the usable sample (264 observations), most of the innovative firms adopted a R&D 

hybrid strategy (67%) while 28% only made its R&D in house and the remaining 5% 

only bought1. The final sample size contains about 254 observations (makers and 

hybrids), including 179 R&D hybrids and 75 makers. Table 5.1 presents the sample 

distribution. Since the sample size is small in year 2002 and 2003, this study only 

shows the empirical results in year 2001 in the following cross-sectional data model. 

Consistent with the statement that Taiwan’s firms emphasize fast-following and 

manufacturing capability, rather than creativity and high R&D commitment (Huang 

2002), makers are the exception rather than the norm.  

 
 

Table 5.1 Sample Distribution 

 Hybrid Maker Total 

year 2001 77 47 124 

year 2002 59 14 73 

year 2003 43 14 57 

 179 75 254 

 

                                                 
1 This situation is similar to that of Belgian company in 1993. Based on the report of Cassiman and 
Veugelers (2006), most of firms engage in hybrid (make and buy) strategy (66%), 22% adopts make 
strategy, and only 6% undertakes buy strategy.   
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Table 5.2 presents summary statistics for the measures in the study. The 

profitability (ROS, ROA, Tobin’s q, and Average q) is very similar for two groups 

(Makers vs. Hybrids). As expected, Hybrids (2.47) own diverse types of R&D human 

capital (t-value=-3.81; p<0.001) compared to Makers (2.09), lending tentative support 

for hypothesis 2. For the control variables (size, market competition position, and 

financial structure), there are few differences between Makers and Hybrids. Hybrids 

have significantly (p<0.05 and p<0.1, respectively) more growth in sales (8.03) and 

expenditures on advertising (0.023) than Makers (-0.31 and 0.005, respectively). Not 

surprisingly, R&D diversity (t-value=-4.47; p<0.001) is lower in Makers (1.82) than 

in Hybrids (2.34). More innovation intensive firms possess more accumulated patent 

counts, and therefore are less likely to acquire external technology (t-value=1.93; 

p<0.10). These results provide tentative support for hypotheses 1.1 and 1.2. While 

these two R&D sourcing strategies stand out as distinct groups, they are capricious in 

offering guidelines for future conceptual development. This study also performs the 

ANOVA tests based on another groups: Sourcing1 (H: R&D in-house together with 

three types of external sources; M2: R&D in-house together with licensing or 

technology transfers; M1: R&D in-house together with cooperation; L: R&D in-house 

only). The results of the ANOVA analysis further verify my hypotheses 3.1 (A)-(C) 

(F-statistics=5.41 with p<0.001 and 2.84 with p<0.05, respectively). As a matter of 

fact, untabulated results of Sourcing groups (F-statistics=5.00 with p<0.001 and 2.67 

with p<0.05, respectively) also confirm above findings. Accordingly, the results 

indicate that firms with a higher degree of R&D diversity, more prior experience of 

external sources, and scarce patents are more apt to undertake a R&D hybrid strategy.     
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Table 5.2 Descriptive Statisticsa 

Makers  
N=75 ROS (%) ROA (%) Tobin’s q Avg. q inverseη SIZE RANK DE SALESG ADS DIVERSITY1 PATENT LINK1
Mean 2.76 6.23 0.99  0.39 2.09 15.01 0.07 1.74 -0.31 0.005 1.82 78.14 0.61

Median  2.69 5.58  0.39  0.38 2.00 14.93 0.00 1.33 -2.85 0.00 2.00 1.00 0.00
Maximum  48.30 39.28  26.57  1.13 3.00 19.02 1.00 6.84 127.83 0.22 3.00 2597.00 4.00
Minimum -53.46 -23.76  0.00  0.01 0.00 11.60 0.00 -0.18 -39.33 0.00 0.00 0.00 0.00
Std. Dev.  18.50 11.07  3.48  0.19 0.87 1.25 0.25 1.33 25.80 0.03 1.03 394.94 1.02
Hybrids              
N=179 ROS (%) ROA (%) Tobin’s q Avg. q inverseη SIZE RANK DE SALESG ADS DIVERSITY1 PATENT LINK1
Mean 2.23 6.81 1.55  0.43 2.47 15.10 0.11 1.78  8.03 0.023 2.34 24.20 0.60

Median 4.67 5.46  0.42  0.41 3.00 14.88 0.00 1.38  3.85  0.00 3.00 2.00 0.00
Maximum 37.16 36.91  31.09  1.19 3.00 19.32 1.00 13.41  161.86  1.41 3.00 224.00 8.00
Minimum -126.56 -25.66  0.01  0.01 0.00 12.28 0.00 0.08 -54.56  0.00 0.00 0.00 0.00
Std. Dev. 17.66 8.63  3.87  0.24 0.74 1.23 0.33 1.62  30.89  0.13 0.83 49.56 1.22

              
t-statistics 0.14 -0.12 -0.97 -0.18 -3.81*** -0.80 -0.74 0.95 -2.10** -1.73* -4.47*** 1.93* 0.83

F-statistics (b)           5.00*** 1.05 2.67**
Turkey (c)           H>L,M1>L  H>M1

***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Tables 4.1-4.4 to find the variable definitions.  

b. ANOVA---Grouping Variable: Sourcing1.            c. Turkey’s Significant Differences.         

 
 

 

Table 5.3 shows the correlations for the measures in this paper. The results of 

Person-Spearman Correlations indicate the concern of collinearity between size and 

other variables in the coming regression. But Variance Inflation Factor (VIF) statistics 

for all variables (VIF<1.2) suggest that multicollinearity is not a serious threat to 

power (Kennedy 1992). 



 145

Table 5.3 Person-Spearman Correlationsa 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
ROE (1)  1.00 0.84*** -0.37*** -0.31*** -0.02 -0.08 -0.08 -0.32*** 0.43*** -0.06 -0.01 0.05 -0.05 0.02 .087
ROA(2)  0.75**  1.00 -0.14** -0.08 -0.09 -0.12* -0.06 -0.28*** 0.46*** -.056 -0.07 -0.02 -0.14** 0.01 0.03

Tobin’s q (3) -0.08** 0.13  1.00  0.52*** 0.08 -0.31***  0.98  -0.47***  0.02  0.17**  0.65  0.65 -0.03 -0.06 -0.03
Aver q (4) -0.08** -0.26  00.7  1.00  0.01 -0.07  -0.04 -0.43***  -0.09  0.06  -0.02  -0.11 -0.08 -0.05 -0.01

inverseη  (5) -0.06 -0.16** -0.00  0.03  1.00 -0.06 -0.005 -0.03 -0.01 -0.01 0.74*** -0.03 -0.02 0.23*** 0.09
SIZE (6)  0.04  0.08 -0.10 -0.14 -0.07  1.00 0.25*** 0.28*** 0.17*** -0.34*** -0.01 0.45*** 0.22*** 0.09 0.20***

RANK (7) -0.10 -0.07  0.16*  -0.05 0.01 0.28***  1.00 -0.02 0.01 -0.09 0.03 0.19*** 0.05 0.04 0.008
DE (8)  -0.19***  -0.26***  -0.00*** -0.35** .012 0.08*** -0.04 1.00 -0.03 0.10 -0.04 -0.13** -.002 0.02 -0.06

SALESG (9) 0.37*** 0.41***  0.25***  -0.15* -0.05 0.18** 0.09 0.01 1.00 0.06 0.04 0.02 -0.005 -.142** -0.11*
ADS (10) -0.004 -0.01  0.28***  -0.11 -0.02 -0.17** 0.01 -0.05 0.07 1.00 0.08 -0.06 -0.16** -0.07 0.009

DIVERSITY1 (11) -0.07 -0.12*  0.04  -0.04 0.68*** -0.006 0.04 -0.01 0.02 0.01  1.00 0.05 0.06 0.26*** 0.04
PATENT (12)  -0.12* -0.02  0.35***  -0.11 -0.04 .035*** 0.28*** -0.10* -0.09 0.10 -0.01  1.00 0.29*** 0.05 0.27***
LINK1 (13) -0.02 -0.10* -0.00 -0.00 0-.03 0.27*** 0.01 -0.07 -0.05 0.12** 0.03 0.23***  1.00 -0.04 0.12*

HYBRID (14) -0.09 0.008 -0.06 -0.01 0.24*** 0.05 0.04 -0.06 -0.127** -0.07 0.27*** -0.12 -0.01 1.00 0.02***
MAKE% (15) -0.04 -0.005 -0.02 0.00 -0.08 0.21*** 0.04 0.04 -0.10 -0.02 -0.04 0.01  0.09 -0.12  1.00

***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
Variance Inflation Factor (VIF) statistics for all variables (VIF<1.2) suggest that multicollinearity is not a serious threat to power. 
a. Please see Tables 4.1-4.4 to find the variable definitions.  
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5.1 The Empirical Results of the Determinants of R&D Sourcing Strategy 

 

Panel A of Table 5.4 shows the results of the pooled time series and cross-sectional 

regression analyses estimating the effects of the R&D diversity, patents, and previous 

experience of the R&D external sources on the R&D sourcing strategy. In order to 

measure the boundary choice more accurately, the researcher measures the 

dichotomous measure of the make or hybrid choice (logit model), percentage of R&D 

involving an external source (OLS model), and additional two ordinal categories 

(ordered-logit models). Hypothesis 1.1 states that an innovation firm with the higher 

degrees of R&D diversity is more likely to adopt the R&D hybrid strategy. As shown 

in Panel A of Table 5.4, the coefficient for the R&D diversity is positive and 

significant in the pooled data model. Overall, this study finds evidence in favor of 

hypothesis 1.1. Hypothesis 1.2 predicts a direct effect of the counts of patents on the 

R&D sourcing strategy. The coefficient for patents is negative and significant 

irrespective of columns, indicating that an innovating firm with more patents is less 

likely to undertake the hybrid strategy. Hence, hypothesis 1.2 is confirmed. Turning 

attention to hypothesis 1.3, the study now examines whether an innovating firm 

prefers to adopt the hybrid strategy when his prior experience involves the external 

source. The coefficients for previous experience of the R&D external sources fail to 

exert significant influence on R&D sourcing strategy (in logit and ordered-logit 

models), showing that the firm’s prior experience of the R&D external sources does 

not contribute to its R&D sourcing strategy. Hypothesis 1.3 thus receives no support. 

Moreover, this study finds positive, significant coefficients for controls sales growth, 

international R&D external source, and advertising. All the coefficients above are 

estimated by QML (Huber/White) standard errors and covariance.  

 

For each model of R&D sourcing strategy, the study further compares the pooled 

data model to cross-sectional data model common to previous research for the 

purpose of examining the determinants of R&D sourcing strategy. Panel B of Table 

5.4 demonstrates a similar pattern that an innovating firm is more likely to adopt the 

hybrid strategy when innovative firms have higher degrees of R&D diversity and 

scarce patents in year 2000. These effects are noticeable more pronounced in the 

pooled data model in terms of the magnitude and significance level. Nonetheless, the 

empirical results of the cross-sectional model show that innovating firms are more 
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likely to adopt the hybrid strategy when his prior experience involves an external 

source.  

 

Taken as a whole, the aforementioned results still receive qualified support for 

hypotheses 1.1and 1.2.  
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Table 5.4 The Determinants of R&D Sourcing Strategya 

  Hypotheses 1.1-1.3 
Panel A: 

Pooled Data 
Expect 

sign 
Binary logit 

(Make) 
OLS 

(Make%) 
Ordered logit 

(Sourcing) 
Ordered logit 
(Sourcing1) 

  1=R&D hybrid 
0=R&D maker 

R&D 
hybrid% 
(1-100%) 

0= R&D maker 
1=in-house & one type of 

external source 
2= in-house & two types of 

external source 
3= in-house & three types of 

external source 

0= R&D maker 
1=in-house& cooperation 
2= in-house& license or 

technology transfer 
3= in-house & three types of 

external source 

C  -1.93 0.06   
  (0.19) (0.82)   

DIVERSITY1 + 0.26 0.03 0.15 0.38 
  (0.02)** (0.07)* (0.07)* (0.00)*** 

PATENT - -0.14 -0.01 -0.06 -0.07 
  (0.00)*** (0.00)** (0.09)* (0.01)*** 

LINK1 + -0.06 -0.01 0.06 -0.10 
  (0.60) (0.54) (0.43) (0.34) 

SIZE  0.10 0.00 -0.01 0.06 
  (0.28) (0.87) (0.80) (0.35) 

RANK  0.49 0.03 0.29 0.52 
  (0.18) (0.61) (0.28) (0.04)** 

SALESG  0.01 0.00 0.00 0.01 
  (0.15) (0.01)*** (0.20) (0.00)*** 

INTERNATION  3.91 0.37 2.51 2.23 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** 

ADS  0.00 0.00 0.00 0.00 
  (0.02)** (0.89) (0.30) (0.31) 
  Including industry dummies: Electronics, Chemicals, Food, and Textile.  

Log likelihood  -106.36*** -18.442*** -226.53*** -280.03*** 
Observation  254 254 254 254 

Obs with Dep=0  75  75 75 
Obs with Dep=1  179  179 179 

. 
   Hypotheses 1.1-1.3 

Panel  B: 
Cross-Sectional Data  

 Binary logit 
(Make) 

OLS 
(Make%) 

Ordered logit 
(Sourcing) 

Ordered logit 
(Sourcing1) 

(year 2001) Expect 
sign 

1=R&D 
hybrid 

0=R&D 
maker 

R&D hybrid% 
(1-100%) 

0= R&D maker 
1=in-house & one type 

of external source 
2= in-house & two types 

of external source 
3= in-house & three 

types of external 
source 

0= R&D maker 
1=in-house& 
cooperation 
2= in-house& license or 

technology transfer 
3= in-house & three      

types of external 
source 

DIVERSITY1 + 0.30 0.06 0.39 0.41 
  (0.04)** (0.12) (0.05)** (0.04)** 

PATENT - -0.10 -0.03 -0.15 -0.14 
  (0.03)** (0.09)* (0.07)* (0.06)* 

LINK1 + 0.11 0.01 0.29 0.24 
  (0.34) (0.06)* (0.07)* (0.09)* 
  Including controls shown in Panel A of Table 5.3 

Log likelihood  -75.97 -68.69 -150.83 -151.54 
Observation  124 124 124 124 

Obs with Dep=0  47 47 47 47 
Obs with Dep=1  77 77 77 77 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.  

a. Please see Table 4.1 to find variable definition. 
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5.2 The Empirical Results of the Impact of R&D Sourcing Strategy on R&D          
Human Capital 

 

Panel A of Table 5.5 shows the results of the pooled time series and cross-sectional 

regression analyses estimating the impacts of the firm’s R&D sourcing strategy on the 

type of its R&D manpower. Hypothesis 2 states that innovative firms with R&D 

hybrid strategy are more prone to own diverse types of R&D experts. As predicted, 

the coefficients for the predicted value of R&D sourcing strategy are positive and 

highly significant.  

 

Regarding the ordered-logit model, the unreported results of variables in which the 

researcher is interested are consistent with that in Panel A of Table 5.5. The dependent 

variable (Multiple1) is equal to 1 if the firm hires two types of R&D experts, 2 if the 

firm hires three types of R&D experts. The R&D experts specialize either in 

improving production technology, improving process expenditure, or creating new 

product or technology. The (untabulated) estimated coefficients for 
^
δ (Make), 

^
δ ’(Make%), 

^
δ ’’(Sourcing1), and

^
δ ’’’(Sourcing) are highly significant (5.59 with 

p<0.01, 2.04 with p<0.01, 0.13 with p<0.05, and 0.10 with p<0.05, respectively). All 

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

covariance.  

 

The researcher compares the pooled data model to cross-sectional data design. The 

results of Panel B of Table 5.5 are analogous to those of Panel A of Table 5.5. Again, 

these effects are ad hoc salient in the pooled data model. This study also tries to 

consider exogeneity treatment in Panel C. The results without considering 

endogeneity between R&D sourcing strategy and its determinants show the similar 
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patterns with those with endogeneity in Panel A. Taken together, the results thus 

provide the support for hypothesis 2.  
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Table 5.5 The Impact of R&D Sourcing Strategy on R&D Human Capitala 

Panel A:  Hypothesis 2 
Pooled Data Expected sign Logitb (1=more than one type of R&D experts; 0=Else) 

C  2.43 3.14 3.04 3.85 
  (0.29) (0.13) (0.16) (0.05)** ^

δ  (Make) + 3.68    
  (0.00)***    ^

δ  (Make%) +  0.00   
   (0.05)**   ^

δ  (Sourcing1) +   1.50  
    (0.03)**  ^

δ  (Sourcing) +    0.30 
     (0.01)*** 

SIZE  -0.19 -0.07 -0.15 -0.14 
  (0.18) (0.59) (0.27) (0.24) 

RANK  0.59 0.86 0.63 0.63 
  (0.48) (0.22) (0.37) (0.30) 

ADS  -2.91 -1.52 -2.30 -1.90 
  (0.07)* (0.18) (0.10)* (0.09)* 
  Including industry dummies: Electronics, Chemicals, Food, and Textile. 

Log likelihood  -101.40*** -110.52*** -104.32*** -108.26* 
Observation  254 254 254 254 

Obs with Dep=0  43 43 43 43 
Obs with Dep=1  211 211 211 211 

 
Panel B:  Hypothesis 2 

Cross-Sectional Data  Logitb (1=more than one type of R&D experts; 0=Els) 
(year 2001) Expected sign  

^
δ  (Make) + 5.03    

  (0.00)***    ^
δ  (Make%) +  0.76   

   (0.05)**   ^
δ  (Sourcing1) +   0.28  

    (0.06)*  ^
δ  (Sourcing) +    0.32 

     (0.10)* 
  Including controls shown in Panel A of Table 5.5 

Log likelihood  -48.48 -54.31 -56.83 -54.51 
Observation   124 124 124 124 

Obs with Dep=0  25 25 25 25 
Obs with Dep=1  99 99 99 99 

 
Panel C: Pooled Data Expected sign Logitc (1=more than one type of R&D experts; 0=Else) 

^
δ  (Make) + 1.17    

  (0.00)***    ^
δ  (Make%) +  1.54   

   (0.06)*   ^
δ  (Sourcing1) +   0.67  

    (0.01)***  ^
δ  (Sourcing) +    0.52 

     (0.01)*** 
  Including variables shown in Panel A of Table I5.5 

Log likelihood  -106.21 -1027.53 -106.78 -106.46 
Observation  254 254 254 254 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.2 to find the variable definitions.  
b. With considering endogeneity between R&D sourcing strategy and its determinants. 
c. Without considering endogeneity between R&D sourcing strategy and its determinants. 
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5.3 The Empirical Results of the Impact of R&D Sourcing Strategy on Firm 
Performance 

 

Before the formal analysis of the performance implications of R&D sourcing 

strategy, this study uses a common Heckman two-stage model to correct potential 

sample selection bias. The sample selection is for whether firms do R&D actively or 

not (dependent variable=1 if R&D performer; =0 if non-R&D performer). In the first 

stage, the R&D equation is estimated by logit regression; the research regresses 

whether the firm innovates on the following independent variables: size, export 

intensity, fixed assets, financial structure, and industry dummies (electronics, food, 

textile, and chemicals industries). The independent variables above are suggested by 

the interviewees. This procedure is similar to Veugelers and Cassiman (1999). Results 

from the first-stage logit model are used to generate a selection correction index (the 

inverse Mills ratio). The index is then included in the model of R&D sourcing strategy 

as an independent variable. The first-stage results are presented in Appendix B. The 

present study finds positive, significant coefficients for firm size, export intensity, 

financial structure, and two industry dummy (electronics and chemicals) as well as a 

negative and significant estimated coefficient for fixed assets.  

 

The Panel A of Table 5.6 reports the performance regressions using the residuals 

from the R&D sourcing strategy model. The coefficients on positive residuals 

[OVER_EXTERNAL] have a negative expected sign since they represent adopting 

too much external sources. The expected sign of the coefficients on negative residuals 

[UNDER_EXTERNAL] are positive following the same logic of the positive 

residuals, which is positive. The empirical models are tested by a 1-year time lag 

between residual terms and the dependent variables. In the pooled data design, for the 

measures of accounting-based performance one coefficient on the positive residual 
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terms [OVER_EXTERNAL (Make)] is found to be negative and significant (-6.74 

with p<0.02), and another one on the negative residual terms [UNDER_EXTERNAL 

(Sourcing1)] is found to be positive and significant (4.69 with p<0.07) in ROA 

model—as expected hypothesis 3.1. For two stock return measures (Tobin’s q and 

average two-year Tobin’s q), except for OVER_EXTERNAL (Make%) and 

UNDER_EXTERNAL (Make%), the remainder is generally found to exert 

statistically significant and sign-correct effect on market-based performance. 

Under-/over- external R&D sourcing is positively/ negatively associated with 

market-based performance.  

 

One possible explanation for the lack of support for hypothesis 3.1 in 

accounting-based performance is that the impact of R&D sourcing strategy on 

accounting-based performance needs more time to be reflected. To explore this 

possibility, the empirical models are tested by a 2-year time lag between residual 

terms and the dependent variables. I find that the insignificant untabulated results 

remain. Actually, untabulated results of exogenously regressing profitability on R&D 

sourcing strategy and controls also show the lack of support for hypothesis 3.1 

regardless of a 1-year or 2-year time lag (all p’s>0.5). 

 

As for the cross-sectional data design shown in Panel B of Table 5.6, the 

coefficients on the negative residual terms [UNDER_EXTERNAL (Sourcing1)] are 

found to be significant but do not follow the predicted sign in both ROS and ROA 

models (-12.53 with p<0.05, and -7.37 with p<0.05, respectively). The researcher 

finds positive and significant coefficients for the controls of firm size and financial 

structure whereas a negative and significant coefficient for market competition. All 

above coefficients are estimated by White Heteroskedasticity-Consistent Standard 
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Errors and Covariance. 

 

Note most of the coefficients on the residual terms are significantly different from 

zero in the market-based performance model, demonstrating that R&D sourcing 

strategy is more associated with the market-based performance than the 

accounting-based performance. The present study thus finds consistent evidence to 

support hypothesis 3.1 for particularly market-based performance. There are two 

possible explanations. First, market-based performance is a forward-looking measure 

expressing the stock market expectations about a firms’ future performance, 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. Moreover, 

the coefficients for inverse Mill’s ratio are not statistically significant in all models, 

revealing the correction does not affect the main conclusions analogous to the results 

of Cassiman and Veugelers (2006).  

 

Another possible explanation for the weak support for hypothesis 3.1 in the 

accounting-based performance model may be that previous research has largely 

overlooked the significant existence of the alignment of R&D sourcing strategy and 

R&D human capital. This study addresses how the type of R&D human capital is an 

essential source of performance implications of R&D sourcing strategy in the next 

section.   
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Table 5.6 The Impact of R&D Sourcing Strategy on Firm Performancea 

Panel A:  Hypothesis 3.1 
Pooled Data Expected 

sign 
ROSb ROAb 

C  -63.99 -64.73 -65.14 -66.17 -11.09 -12.49 -11.44 -12.74 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.12) (0.08)* (0.11) (0.10)* 

OVER_EXTERNAL (Make) - -8.13    -6.74    
  (0.13)    (0.02)**    

UNDER_EXTERNAL (Make) + 0.77    3.22    
  (0.86)    (0.31)    

OVER_EXTERNAL (Make%) -  -4.44    -2.46   
   (0.57)    (0.57)   

UNDER_EXTERNAL (Make%) +  3.51    2.08   
   (0.76)    (0.74)   

OVER_EXTERNAL (Sourcing1) -   0.28    -3.75  
    (0.95)    (0.15)  

UNDER_EXTERNAL (Sourcing1) +   1.62    4.96  
    (0.75)    (0.07)*  

OVER_EXTERNAL (Sourcing) -    3.55    -0.43 
     (0.42)    (0.86) 

UNDER_EXTERNAL (Sourcing) +    -3.00    -0.33 
     (0.52)    (0.90) 

SIZE  4.09 4.12 4.11 4.07 1.12 1.15 1.17 1.14 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.02)** (0.01)*** (0.01)*** (0.02)**

RANK  -8.74 -8.02 -8.08 -7.67 -3.76 -2.94 -3.56 -2.93 
  (0.01)*** (0.02)** (0.02)** (0.03)** (0.08)* (0.15) (0.10)* (0.14) 

DE  5.04 4.86 4.92 4.90 2.03 1.90 1.96 1.92 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)***

INVERSE MILLERS  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
  (0.31) (0.31) (0.32) (0.37) (0.86) (0.86) (0.70) (0.99) 
  Including industry dummies: ELECTRONICS, CHEMICALS, FOOD, and TEXTILE 

 
Adjusted R-squares  0.25 0.24 0.24 0.24 0.13 0.11 0.12 0.11 

F-value  7.70*** 7.40*** 7.43*** 7.47*** 4.01*** 3.45*** 3.90*** 3.53***
Observation  254 254 254 254 254 254 254 254 
Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.3 to find the variable definition.  
b. Laggard 1-year.  
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Table 5.6 The Impact of R&D Sourcing Strategy on Firm Performancea (continued) 
Panel A:  Hypothesis 3.1 

Pooled Data Expected 
sign 

Tobin’s qb Avg.  qc 

C  17.67 17.37 17.82 17.79 10.76 10.37 10.71 10.57 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)***

OVER_EXTERNAL (Make) - -0.91    -0.73    
  (0.14)    (0.28)    

UNDER_EXTERNAL (Make) + 1.62    0.94    
  (0.03)**    (0.10)*    

OVER_EXTERNAL (Make%) -  -1.49    -0.73   
   (0.27)    (0.36)   

UNDER_EXTERNAL (Make%) +  2.76    0.73   
   (0.23)    (0.52)   

OVER_EXTERNAL (Sourcing1) -   -2.25    -1.22  
    (0.02)**    (0.03)**  

UNDER_EXTERNAL (Sourcing1) +   2.02    1.11  
    (0.06)*    (0.06)*  

OVER_EXTERNAL (Sourcing) -    -2.77    -1.48 
     (0.01)***    (0.01)***

UNDER_EXTERNAL (Sourcing) +    2.59    1.38 
     (0.02)**    (0.02)**

SIZE  -1.05 -1.02 -1.02 -1.00 -0.62 -0.61 -0.60 -0.58 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)***

RANK  2.63 2.81 2.54 2.59 1.39 1.52 1.38 1.38 
  (0.02)** (0.01)*** (0.00)*** (0.02)** (0.00)*** (0.01)*** (0.00)*** (0.02)***

DE  -0.08 -0.11 -0.08 -0.09 -0.05 -0.06 -0.06 -0.06 
  (0.46) (0.35) (0.58) (0.41) (0.53) (0.30) (0.48) (0.27) 

INVERSE MILLERS  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
  (0.18) (0.24) (0.43) (0.32) (0.30) (0.21) (0.40) (0.31) 
  Including industry dummies: ELECTRONICS, CHEMICALS, FOOD, and TEXTILE 

 
Adjusted R-squares  0.15 0.15 0.17 0.18 0.19 0.18 0.17 0.11 

F-value  5.15*** 5.00*** 5.53*** 5.97*** 5.54*** 5.34*** 5.86*** 6.21***
Observation  254 254 254 254 254 254 254 254 
Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.3 to find the variable definition.  
b. Laggard 1-year..  
c. Average (current year, laggard 1-year). 

  
 
 
 
 
 
 
 



 157

Table 5.6 The Impact of R&D Sourcing Strategy on Firm Performancea (continued) 
Panel B:  Hypothesis 3.1 

Cross-Sectional Data  
 (year 2001) 

Expected  
sign 

ROSb ROAb 

OVER_EXTERNAL (Make) - -18.17    0.04   -12.74
  (0.40)    (0.99)   (0.10)*

UNDER_EXTERNAL (Make) + -0.20    0.80    
  (0.97)    (0.76)    

OVER_EXTERNAL (Make%) -  -0.19    0.08   
   (0.99)    (0.96)   

UNDER_EXTERNAL (Make%) +  1.81    1.65   
   (0.93)    (0.57)   

OVER_EXTERNAL (Sourcing1) -   9.57    3.02  
    (0.24)    (0.48)  

UNDER_EXTERNAL (Sourcing1) +   -12.53    -7.37  
    (0.05)**    (0.05)**  

OVER_EXTERNAL (Sourcing) -    4.69     
     (0.57)     

UNDER_EXTERNAL (Sourcing) +    -7.51    -0.43 
     (0.26)    (0.86)
  Including control variables showed in Panel A of Table 5.6. 

 
Adjusted R-squares  0.11 0.11 0.05 0.02 0.06 0.07 0.02 0.06 

F-value  2.87*** 2.64*** 2.45*** 2.47*** 2.62*** 2.48*** 2.03** 1.77*
Observation  124 124 124 124 124 124 124 124 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.3 to find the variable definition.  
b. Laggard 1-year.  

 

Table 5.6 The Impact of R&D Sourcing Strategy on Firm Performancea (continued) 
Panel B:  Hypothesis 3.1 

Cross-Sectional Data  
 (year 2001) 

Expected  
sign 

Tobin’s qb Avg. qc 

OVER_EXTERNAL (Make) - -0.03    -0.01    
  (0.45)    (0.81)    

UNDER_EXTERNAL (Make) + 0.01    0.02    
  (0.79)    (0.77)    

OVER_EXTERNAL (Make%) -  -0.01    0.06   
   (0.93)    (0.59)   

UNDER_EXTERNAL (Make%) +  -0.09    -0.13   
   (0.46)    (0.43)   

OVER_EXTERNAL (Sourcing1) -   -0.01    -0.02  
    (0.85)    (0.71)  

UNDER_EXTERNAL (Sourcing1) +   0.00    -0.02  
    (0.94)    (0.80)  

OVER_EXTERNAL (Sourcing) -    0.00    -0.02 
     (0.92)    (0.68) 

UNDER_EXTERNAL (Sourcing) +    0.00    -0.01 
     (0.94)    (0.86) 
  Including control variables showed in Panel A of Table 5.6. 

 
Adjusted R-squares  0.48 0.48 0.47 0.47 0.41 0.41 0.41 0.41 

F-value  11.00*** 11.05*** 10.90*** 10.89*** 7.45*** 7.51*** 7.59*** 7.73***
Observation  124 124 124 124 124 124 124 124 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.3 to find the variable definition.  
b. Laggard 1-year.  
c. Average (current year, laggard 1-year). 
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5.4 The Empirical Results of the Alignment between R&D Sourcing Strategy and 
R&D Human Capital on Firm Performance 

 

Panel A of Table 5.7 reveals the results of the effects of the coherence between the 

firm’s innovation available human capital and its R&D sourcing strategy on its 

performance. The hypothesis 3.2 predicts that innovative firms with an R&D 

hybrid/make strategy are more/less likely to employ diverse types of R&D human  

capital (alignment), and then have superior performance compared to those with R&D 

hybrid/make strategy but employing unique/multiple- type of R&D human capital (no 

alignment). The predicted value of the type of R&D human capital explains the 

variation of the performance model in the pooled data design. Consistent with prior 

claims, the predicted value has a significant positive association with ROA, ROS, 

Tobin’s q, and average two-year Tobin’s q, suggesting the hybrid/maker’s benefits are 

greater when R&D sourcing strategy selected is aligned with the type of R&D experts 

than when sourcing strategy is not so chosen.  

 

The coefficients for the predicted value of the type of R&D experts, however, are 

not significant from zero in the cross-sectional design shown in Panel B of Table 5.7. 

Two explanations have been advanced: the first view suggests that the lack of support 

for hypothesis 3.2 in cross-sectional data design may reflect inefficient estimates for 

the parameters that are of interest. The second explanation is that the alignment of 

R&D sourcing strategy and R&D human capital needs more time to reflect. To 

explore these possibilities, the empirical models are tested by 2-year time lag between 

the predicted value and the dependent variables. Consequently, the insignificant 

untabulated results appear regardless of pooled data or cross-sectional design (all 

p’s>0.5). The executives in the field interview describe that their new product cycle is 

less than half year. That is, a plausible explanation is that the high speed of 
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technological change spurs Taiwan’s companies to adjust quickly. The inability of 

innovating firms to absorb and adjust internal resource and external technology and 

launch new product quickly turns out to be of no value. This would reject the time lag 

concern and suggest the firms in which its R&D sourcing strategy is aligned with the 

contextual factors and human capital will outperform firms lacking such an alignment 

but the outperformance only continues one year. Accordingly, the evidence manifest 

that the pooled data design allows us to get more efficient estimates for the parameters 

that are of interest because there may be no internal evidence of the omitted variables 

bias in the cross-sectional data model (Green 1997). The researcher finds the positive 

and significant coefficients for controls firm size and financial structure whereas a 

negative and significant coefficient for market competition. This study also tries to 

consider exogeneity treatment between R&D human capital and R&D sourcing 

strategy in Panel C (the instruments is obtained from Panel C of Table 5.5). The 

results without considering endogeneity between R&D sourcing strategy and its 

determinants show the similar patterns but less statistical significance with those with 

endogeneity in Panel A. These results provide evidence that coping with endogeneity 

between R&D sourcing strategy and R&D human capital is necessary to explore the 

performance implications of R&D sourcing strategy in relation to contextual variables 

and R&D human capital. All the coefficients above are estimated by White 

Heteroskedasticity-Consistent Standard Errors and Covariance. Again, the coefficients 

for inverse Mill’s ratio are not statistically significant in all models. In summary, the 

pooling results lend support for hypothesis 3.2.  

 

Comparing Table 5.6 with Table 5.7, the present study suggests that 

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

performance than accounting-based performance. However, innovative firms with the 
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R&D hybrid/make strategy are more/less prone to employee diverse types of R&D 

experts to absorb the coming external knowledge, and further such alignment between 

R&D sourcing strategy and R&D human capital improves both accounting- and 

market-based performance. Put differently, R&D sourcing strategy is more relevant to 

the forward-looking measures (Tobin’s q and average two-year Tobin’s q) than 

short-term accounting-based measures (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. The performance implications of R&D sourcing strategy should, therefore, 

not be described without considering R&D human capital. The results are consistent 

with the supermodularity model that firm performance is a function of coherent 

alignment between strategy and structural elements of an organization. 
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Table 5.7a The Empirical Results of the Alignment between R&D Sourcing Strategy and 

 R&D Human Capital on Firm Performance b  
Panel A:  Hypothesis 3.2 

Pooled Data Expected 
sign 

ROSc ROAc 

C  -68.85 -69.80 -63.80 -64.02 -16.22 -17.02 -11.91 -12.17 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.03)** (0.02)** (0.12) (0.11) 

Alignment (Make) + 2.79    2.63    
  (0.03)**    (0.00)***    

Alignment (Make%) +  3.50    3.23   
   (0.02)**    (0.00)***   

Alignment 

(Sourcing1) 
+ 

  2.47    2.33  

    (0.06)*    (0.04)**  
Alignment (Sourcing) +    2.47    2.38 

     (0.06)*    (0.03)**
SIZE  4.19 4.22 4.01 4.03 1.22 1.24 1.07 1.08 

  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.01)*** (0.01)*** (0.02)** (0.02)**
RANK  -8.16 -8.16 -7.45 -7.44 -3.14 -3.13 -2.49 -2.48 

  (0.02)*** (0.02)** (0.03)** (0.03)** (0.10)* (0.10)* (0.24) (0.24) 
DE  4.81 4.78 4.83 4.82 1.82 1.79 1.84 1.83 

  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)***
INVERSE MILLERS  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  (0.34) (0.30) (0.13) (0.13) (0.99) (0.91) (0.78) (0.79) 
  Including industry dummies: ELECTRONICS, CHEMICALS, FOOD, and TEXTILE 

 
Adjusted R-squares  0.26 0.26 0.25 0.25 0.16 0.17 0.14 0.14 

F-value  10.42*** 10.62*** 10.10*** 10.11*** 6.08*** 6.47*** 5.26*** 5.34***
Observation  254 254 254 254 254 254 254 254 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.4 to find the variable definitions.  
b. With considering endogeneity between R&D sourcing strategy and its determinants.  
c. Laggard 1-year.  
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Table 5.7a The Empirical Results of the Alignment between R&D Sourcing Strategy and 

 R&D Human Capital on Firm Performance b (continued) 
Panel A:  Hypothesis 3.2 

Pooled Data Expected 
sign 

Tobin’s qc Avg. qd 

C  16.85 16.65 16.28 16.25 10.11 9.97 9.78 9.77 
  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)***

Alignment (Make) + 0.25    0.29    
  (0.38)    (0.11)    

Alignment (Make%) +  0.42    0.44   
   (0.20)    (0.04)**   

Alignment 

(Sourcing1) 
+ 

  0.65    0.47  

    (0.06)*    (0.02)**  
Alignment (Sourcing) +    0.64    0.47 

     (0.06)*    (0.02)**
SIZE  -1.03 -1.03 -1.01 -1.01 -0.61 -0.61 -0.60 -0.60 

  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)***
RANK  2.79 2.78 2.79 2.79 1.50 1.48 1.50 1.50 

  (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)*** (0.00)***
DE  -0.09 -0.10 -0.12 -0.12 -0.06 -0.07 -0.08 -0.08 

  (0.53) (0.49) (0.43) (0.43) (0.45) (0.39) (0.35) (0.33) 
INVERSE MILLERS  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  (0.34) (0.36) (0.45) (0.44) (0.31) (0.35) (0.47) (0.46) 
  Including industry dummies: ELECTRONICS, CHEMICALS, FOOD, and TEXTILE 

 
Adjusted R-squares  0.15 0.16 0.16 0.16 0.19 0.20 0.20 0.14 

F-value  5.49*** 5.60*** 5.87*** 5.87*** 6.12*** 6.38*** 6.52*** 6.56***
Observation  254 254 254 254 254 254 254 254 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.4 to find the variable definitions.  
b. With considering endogeneity between R&D sourcing strategy and its determinants.  
c. Laggard 1-year. 
d. Average (current year, laggard 1-year).  
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Table 5.7a The Empirical Results of the Alignment between R&D Sourcing Strategy and 

 R&D Human Capital on Firm Performance b (continued) 
Panel B:  Hypothesis 3.2 

Cross-Sectional Data Expected sign ROSc ROAc 

(year 2001)    
C  -0.22    0.43    
  (0.87)    (0.70)    

Alignment (Make) +  0.64    3.29   
   (0.87)    (0.40)   

Alignment (Make%) +   0.15    2.86  
    (2.53)    (0.14)  

Alignment (Sourcing1) +    2.60    2.94 
     (0.14)    (0.12) 

Alignment (Sourcing) +    2.47    2.38 
     (0.06)*    (0.03)**
  Including control variables shown in Panel A of Table 5.7 

 
Adjusted R-squares  0.12 0.12 0.02 0.02 0.07 0.08 0.02 0.02 

F-value  2.87*** 2.89*** 2.62*** 2.62*** 3.01*** 3.52*** 2.14** 2.17**
Observation  124 124 124 124 124 124 124 124 
Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.4 to find the variable definitions.  
b. With considering endogeneity between R&D sourcing strategy and its determinants. 
c. Laggard 1-year.  

 
 

Table 5.7a The Empirical Results of the Alignment between R&D Sourcing Strategy and 

 R&D Human Capital on Firm Performance b (continued) 
Panel B:  Hypothesis 3.2 

Cross-Sectional Data Expected sign Tobin’s qc Avg. qd 

(year 2001)    
Alignment (Make) + -0.02    -0.02    

  (0.15)    (0.16)    
Alignment (Make%) +  -0.02    -0.03   

   (0.15)    (0.15)   
Alignment (Sourcing1) +   -0.03    -0.03  

    (0.10)*    (0.14)  
Alignment (Sourcing) +    -0.03    -0.03 

     (0.08)*    (0.13) 
  Including control variables shown in Panel A of Table 5.7 

 
Adjusted R-squares  0.49 0.49 0.49 0.49 0.43 0.43 0.43 0.44 

F-value  12.60*** 12.59*** 12.75*** 12.82*** 10.21*** 10.20*** 10.22*** 10.17***
Observation  124 124 124 124 124 124 124 124 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.4 to find the variable definitions.  
b. With considering endogeneity between R&D sourcing strategy and its determinants. 
c. Laggard 1-year. 
d. Average (current year, laggard 1-year). 

 
 
 
 



 164

Table 5.7a The Empirical Results of the Alignment between R&D Sourcing Strategy and 

 R&D Human Capital on Firm Performance b (continued) 
Panel C:  Hypothesis 3.2 

Pooled Data Expected sign ROSc ROAc 

C  1.95    1.94    
  (0.14)    (0.08)*    

Alignment (Make) +  2.19    2.09   
   (0.09)*    (0.04)**   

Alignment (Make%) +   2.14    2.43  
    (0.08)*    (0.03)**  

Alignment (Sourcing1) +    2.12    2.33 
     (0.09)*    (0.04)**

Alignment (Sourcing) +         
          
  Including control variables shown in Panel A of Table 5.7 

 
Adjusted R-squares  0.24 0.25 0.25 0.25 0.14 0.14 0.14 0.14 

F-value  5..87*** 5..89*** 5..62*** 5..60*** 7..08*** 7..52*** 7..84** 7..27**
Observation  254 254 254 254 254 254 254 254 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.4 to find the variable definitions.  
b. Without considering endogeneity between R&D sourcing strategy and its determinants. 
c. Laggard 1-year.  

 
 

Table 5.7a The Empirical Results of the Alignment between R&D Sourcing Strategy and 

 R&D Human Capital on Firm Performance b (continued) 
Panel C:  Hypothesis 3.2 

Pooled Data Expected sign Tobin’s qc Avg. qd 

Alignment (Make) + 0.44    0.35    
  (0.32)    (0.07)*    

Alignment (Make%) +  0.42    0.30   
   (0.20)    (0.11)   

Alignment (Sourcing1) +   0.36    0.32  
    (0.24)    (0.10)*  

Alignment (Sourcing) +    0.37    0.30 
     (0.26)    (0.12) 
  Including control variables shown in Panel A of Table 5.7 

 
Adjusted R-squares  0.15 0.15 0.16 0.16 0.19 0.18 0.20 0.20 

F-value  10.60*** 9.50*** 10.95*** 10.92*** 9.21*** 10.80*** 10.62*** 9.97***
Observation  254 254 254 254 254 254 254 254 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a. Please see Table 4.4 to find the variable definitions.  
b. Without considering endogeneity between R&D sourcing strategy and its determinants. 
c. Laggard 1-year.  
d. Average (current year, laggard 1-year). 
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5.5 Additional Analyses 

To assess the robustness of the findings, this study conducts several additional 

analyses. First, in the above statistical analyses, the R&D diversity was measured as 

the variable diversity1 equal to 1 if the R&D investment includes two types of R&D 

areas, 2 if R&D investment includes three types of R&D areas. The present study also 

performs additional analyses using an alternative binary measure of R&D diversity. 

The variable diversity equals 1 if the firm chooses at least two types of R&D 

investment, and 0 if otherwise. This alternative measure yields the same pattern of 

results.  

 

 Secondly, examining the relationships between the number of patents and R&D 

sourcing strategy by substituting the accumulated counts of invention patent 

application for the accumulated counts of patent application suggests that the results 

are robust. The coefficients for innovation capacity measured by the accumulated 

counts of invention patent application remain statistically significant. Furthermore, the 

researcher utilizes the accumulated counts of granted patent and the accumulated 

counts of granted invention patent to be the proxy variable for innovation capacity. 

Another independent variable measure, patent counts with a scale by net sales, has 

been investigated in an attempt to demonstrate empirically how patent counts can 

affect firm’s R&D sourcing strategy. The empirical results still appear robust to all 

model specifications.  

 

Thirdly, the evidence presented in this paper suggests that both R&D diversity and 

the counts of patents are very relevant in influencing the R&D sourcing strategy 

through the logit model. To check for the model specification, the results of the probit 

model reveal the same pattern. 
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Fourthly, the present study incorporates the predicted value of R&D sourcing 

strategy in binary logit, order logit, and OLS models into the performance model. The 

results for complementarities of internal R&D and external know-how still do not 

appear consistent with the two-step results of Cassiman and Veugelers (2006). 

Furthermore, another potential issue is industry heterogeneity even though industry 

dummies have been controlled in the above formal analysis. For example, government 

policies experience changes with the industry. By focusing on a unique industry, it 

might be possible to perform a more careful treatment and analysis of performance 

implications of R&D sourcing strategy than the researcher has done here. In the 

sample, 49.61% of the observations belong to electronics industry whereas the rest of 

the observations in other industries are less than 8%. For 126 observations belonging 

to electronics industry, unreported results yield the same pattern.  

 

Fifthly, R&D intensity acts as a predictor for changes in outsourcing (Mol 2005). 

The R&D intensity enters into all the empirical models, with an insignificant 

coefficient. The study further substitutes the number of employees and total assets for 

the net sales variable to examine the sensitivity of size effect. The researcher tries to 

control for time dummies in the determinants of R&D sourcing strategy and human 

capital. To some extent these time dummies are picking up factors such as the 

business cycle, public policy impact, and so forth. Consequently, the time dummies 

for years 2002 and 2003 are insignificant. All aforementioned tests demonstrated the 

similar results.  

 

Lastly, the researcher constructs alternative indices, Strategy_ and Alignment_, for 

the robustness of the regression results of hypotheses 3.1 and 3.2 respectively. The 
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indices represent and capture succinctly the empirical profiles of Table 5.4 and Table 

5.5. That is an innovating firm will prefer to implement the R&D hybrid /make 

strategy when the higher/lower degrees of the R&D diversity, and less/more counts of 

patents are exhibited. Innovative firms with the R&D hybrid/make strategy are 

more/less prone to employee diverse types of R&D experts to absorb the coming 

external knowledge. 

 

Strategy_≡  diversity_alignment + patent_alignment               

Alignment_≡diversity_alignment + patent_alignment + human_alignment,  

 

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>39.87 (sample mean), and if 

make=0 and patent<39.87, and human_alignment =1 if η− =1 and make=0, 

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

study, so the signs for Strategy_ and Alignment_ are all expected to be positive. Table 

5.8 reports the regression results. Hypotheses 3.1 and 3.2 are supported because the 

partial regression coefficients for Strategy_ and Alignment_ are statistically significant 

in the expected directions. Again, the R&D Sourcing strategy is more relevant to the 

market-based performance than accounting-based performance. Compared to the prior 

study, the present study shows the association between R&D sourcing strategy, R&D 

human capital, and performance by concerning endogeneity in this relationship, and 

directing coding indices. Additionally, the current study builds a theoretical model and 

uses the pooled data design.  
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Table 5.8 The Empirical Results of Performance Impact of R&D Sourcing Strategy, and 
Alignment of R&D Sourcing Strategy and Human Capital: Sensitivity 

Analyses 
Pooled 
Data 

Expected 
sign 

ROSa ROAa Tobin’s qa  Avg. qb 

Hypothesis  H3.1 H3.2 H3.1 H3.2 H3.1 H3.2 H3.1 H3.2 
Strategy_ + 2.99  1.19  0.34  0.21  

  (0.15)  (0.07)*  (0.05)**  (0.08)*  
Alignment_ +  2.36  0.81  0.26  0.16 

   (0.09)*  (0.08)*  (0.09)*  (0.06)*
  Including control variables shown in Panel A of Table 5.6. 
   

Adjusted 
R-squared 

 0.24 0.25 0.10 0.10 0.19 0.21 0.13 0.16 

F-value  8.36*** 8.45*** 4.60*** 4.60*** 6.77*** 6.01*** 3.69*** 4.81***
Observations  254 254 254 254 254 254 254 254 

Statistics p-value is reported in parentheses.  
***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
a Laggard 1-year..  
b. Average (current year, laggard 1-year). 

 

Table 5.9 Comparison between the Prior Studies and Current Study 

 R&D sourcing  Sample Concerns 

Tsai et al. 
(2000) 

21 Self-research 
companies, 21 Internal 
development companies, 
and 17 External acquiring 
companies.  

The semi-conduct 
and computer 
manufacturing 
industry in Taiwan. 

1. Empirical study without 
endogeneity issue. 

2. Cross-sectional data design.  

Zhao et al. 
(2005) 

Internal sourcing, 
Partner-based sourcing, 
Market-based sourcing, 
and Value-chain 
sourcing.  

The manufacturing 
industry in 
Singapore. 

1. Empirical study without 
endogeneity issue. 

2. Cross-sectional data design.  

Cassiman 
and 
Veugelers 
(2006) 

237 for Make, 194 for 
Buy and 345 for Make & 
Buy.  

The manufacturing 
industry in Belgium. 

1. Empirical study with 
endogeneity issue but 
insignificant statistical findings. 

2. Cross-sectional data design. 

Present 
Study  

75 Makers vs. 179 R&D 
hybrids. 

All industries except 
for finance industry 
in Taiwan.  

1. Theoretical model and empirical 
study with endogeneity issue, 
and coding indices.  

2.  Both pooled data design and 
cross-sectional data design. 

 


