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CHAPTER 5 

EMPIRICAL RESULTS AND ANALYSIS 

 

In this chapter, we use multiple regressions with ordinary least square (OLS) 

estimators to determine the impact of innovation on firm performance. And the related 

factors that would affect firm performance are also analyzed. Followings are the 

empirical results. 

 

5.1 Descriptive Statistics 
 

5.1.1Descriptive Statistics of entire samples  
The characteristics of the sample are discussed to provide an overview of the 

Taiwanese biotechnology industry and US as well. After the descriptive statistics of 

whole samples come the descriptive statistics of sub-industries in biotechnology 

industry. 

Table 5.1 report means and standard deviations of variables which represent firm’s 

market-based performance (Tobin’s q), accounting-based performance (ROA), 

independent variables, and related control variables for the US and Taiwan 

biotechnology firms. The most extreme observations of Tobin’s q and ROA outside of 

three standard deviations of the mean are deleted in order to mitigate the influence of 

outliers.  

The Taiwanese firms, on average, tend to yield relatively lower Tobin’s q (0.70 in 

Taiwan vs. 2.36 in US). This seems to indicate that Taiwan firms have worse 

market-based performance and lack profitable investment opportunities compared to 

US firms during research period. However, the mean ROA of Taiwanese firms is 

higher than that of US firms (0.05 in Taiwan compared to -0.12).
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Table 5.1 Descriptive Statistics of Biotechnology industry in Taiwan and in US 

Descriptive statistics of study samples in Taiwan and US biotechnology industries range from 
2001 to 2005. The variables include: Tobin's q：a firm's market value divided by its 

replacement cost. Tobin's q is computed according to the methodology presented in Chung 
and Pruitt (1994). ROA represents the income before extraordinary items divided by total 
assets. R&D intensity represents the R&D expenditure divided by total assets. Patents are the 
total number that firms own registered patents in each year. Firm size is the natural logarithm 
of annual assets. Leverage represents the book value of total debt divided by total assets. 
Capital intensity represents the capital expenditure divided by total assets. Labor productivity 
is the natural logarithm value of ratio of total sales divided by total number of employees. 
 

Variables          Taiwan (N=345)                  US (N=958) 

 Mean Mean 
Tobin’s q .6962  

(.5082) 
2.3606 

(2.4012) 
ROA .0518 

(.0769) 
-.1192 
(.3349) 

R&D 
intensity 

.0260  
(.0339) 

.1582 
(.5311) 

Patents 1.0154  
(2.4664) 

22.3464 
(72.4859) 

Firm Size 
(NT Dollar) 

14.3933  
(1.1450) 

5.8760 
(2.0240) 

Leverage .3392 
(.1503) 

.4525 
(2.2287) 

Capital 
intensity 

.0619  
(.0095) 

.0433 
(.0962) 

Labor 
productivity 

15.6457  
(1.0128) 

11.8875 
(1.1417) 

 
Note: the number in parentheses below mean is the standard deviation of each variable. 
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Table 5.2 The t test of Taiwan and US entire samples 

The definitions of variables are the presented in Table 5.1. 

Variables T statistics P value 

Tobin’s q -22.576 .000 

ROA 14.969 .000 

R&D intensity -8.817 .000 

Patent -9.059 .000 

Size  93.554 .000 

Leverage  -4.520 .000 

Capital Intensity 1.673 .095 

Labor Productivity 55.469 .000 

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 

 

Through the T test, we can see if there is significant difference between the means of 

variables. The results are presented in Table 5.2. 

From Table 5.2 we can see that there are some differences between the means of 

variables in Taiwan and in US. Following we will explain these differences.  

It is interesting to note that lower Tobin’s q but higher ROA in Taiwan compared to 

US. It is especially notable of the negative ROA of US biotechnology industry. This 

might imply that short-term profitability is not the most important consideration when 

valuating biotechnology firms in US. On the contrary, the lower Tobin’s q but higher 

ROA in Taiwan biotechnology industry indicate that the market even firms have better 

short-term profitability, it doesn’t mean that they have profitable investment 

opportunities or higher market-based performance.  
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Figure 5.1 and Figure 5.2 show the market-based performance and accounting-based 

performance for Taiwan and US biotechnology industries respectively during 2001 to 

2005. Figure 5.1 summarizes the average Tobin’s q of the biotechnology industries in 

two regions. We find that during the research period mean annual Tobin’s q of the US 

firms have substantially outperformed that of Taiwan.  

Figure 5.2 shows the average ROA of the US and Taiwan biotechnology industries. It 

is interesting that the results of average ROA during the research period are contrary 

to those of the average Tobin’s q in two regions, Taiwanese firms substantially 

outperformed those firms in US.  

The results of descriptive statistics also mean some other notable differences between 

Taiwan firms and US firms. 

1. US biotechnology firms appears to place more emphasis on R&D activity than 

Taiwan biotechnology firms (R&D intensity 0.15 in US compared to R&D 

intensity 0.03 in Taiwan) and have significantly more patents (Figure 5.4) than 

Taiwan firms do. However, Figure 5.3 shows that R&D intensity in Taiwan rose 

during the five years. This means that Taiwan place more and more emphasis on 

R&D activity. 

2. US firms significantly have more patents than Taiwan firms (1.02 for Taiwan 

compared to 22.34 for US). This significant difference might be the efforts which 

each country does for R&D, the different development stages of biotechnology 

industry and the different level of protection of intangible assets in two regions. 

Hall (2002) asserted that the development of patent and intangible property 

protection by government can help an industry to develop. Although, Taiwan 

government develops related laws and measures to protect intangible property 

actively in these years, there is still a lot of space to improve (Gao, 2004). 
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3. The descriptive statistics show that the US firms are reported to have higher debt 

leverage than that of Taiwanese firms (0.45 in US vs. 0.34 in Taiwan).  

4. Taiwanese firms show higher ratios for capital intensity. The reason could be that 

Taiwanese biotechnology industry just began starting up, it needs to invest a lot in 

equipments, machines, and so on. As a result, Taiwan firms have higher capital 

intensity than US firms do. This might be also due to Taiwanese government’s 

strategy. Taiwanese government provides various kinds of subsidiaries and 

projects to help biotechnology firms strengthen their R&D ability. So Taiwan 

firms have more budgets to establish and invest in equipments such as 

laboratories. 

5. Taiwan biotechnology firms have higher labor productivity than US firms do. 
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Figure 5.1  Average Tobin’s Q in Taiwan and US 

The vertical axis displays the average q ratio of firms in biotechnology industry and the 
horizontal axis shows the year correspondingly. ■ represents the average q ratio of Taiwan, 
and ■ represents the average q ratio of US.  
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Figure 5.2  Average ROA in Taiwan and US 
The vertical axis displays the average ROA (return-on-asset) of firms in biotechnology 
industry and the horizontal axis shows the year correspondingly. ■represents the average 
ROA in Taiwan, and ■ represents the average ROA in US. 
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Figure 5.3  Average R&D intensity in Taiwan and US 
The vertical axis displays the average R&D intensity (total R&D expenditures to total assets) 
of firms in biotechnology industry and the horizontal axis shows the year correspondingly. ■ 
represents the average R&D intensity in Taiwan, and ■ represents the average R&D intensity 
in US. 
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Figure 5.4  Average number of patents in Taiwan and US 

The vertical axis displays the number of patents of firms in biotechnology industry and the 
horizontal axis shows the year correspondingly. ■ represents the average number of patents in 
Taiwan, and ■ represents the average number of patents in US. 
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5.1.2 Descriptive Statistics of sub-industries in Taiwan Biotechnology industry  

From Table 5.3 you can obviously find that Tobin’s q of biotech& health care industry 

is double than that of biochemical industry. And ROA of biotech& health care 

industry is also a little higher than that of biochemical industry.  

With the raise of living standard and the longer life expectancy, the health care and 

medical treatments are becoming important gradually. Our nationals pay more and 

more attention to health care recently. Consequently, the demand in biotech& health 

care industry is increasing and the prospects of biotech& health care industry are 

brightening. This might be the reason that Tobin’s q of biotech& health care industry 

is double than that of biochemical industry. And this also means that biotech& health 

care industry has more profitable investment opportunities. 

According to the yearbook of biotechnology industry 2006, the main business of most 

biotech& health care firms is producing medical appliances including diagnostic 

devices, therapeutic equipments and so on. And the prime revenue comes from agency 

and OEM/ODM. The survey from ITIS project says that almost 50% of biotech& 

health care firm’s revenue comes from agency or OEM/ODM. As a result, firms can 

have great short-term profits (accounting-based performance) by agency and 

OEM/ODM. So the ROA of biotech& health care industry is not bad.  

As for the biochemical industry, many firms make efforts on pharmacy, biofoods, and 

fertilizers and so on, especially focus on biosimilar medicines and biofoods such as 

CHINA CHEMICAL & PHARMACEUTICAL and SINPHAR, and GRAPE KING. 

Developing biosimilar medicines and biofoods can bring good short-term revenues to 

firms and the demand is increasing. Because the effects of original medicines have 

been known and approved by market, developing biosimilar medicines can save a lot 

of initial R&D investment. Besides, it is much easier for biosimilar medicines to enter 

market successfully and soon. And the cost of developing and producing biosimilar 
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medicines is not as high as developing new drugs. This results in good short-term 

profits (namely ROA here) for these firms in biochemical industry. So many firms 

turn to develop biosimilar medicines and biofoods instead of developing new drugs. 

The average R&D intensity in biotech& health care industry is double than that in 

biochemical industry. The average number of patents in biotech& health care industry 

is also much higher than that in biochemical industry. As many firms in biochemical 

industry now are developing or producing biosimilar medicines, biofoods or some are 

manufacturing fertilizers, the expenditure spent on R&D is far less compared to that 

spent on developing new therapies, diagnostic devices, medical appliances in 

biotech& health care industry.  

Taiwan biotech& health care firms are making a lot of efforts on developing their own 

technical patents in order to avoid infringing foreign firm’s patents or intellectual 

properties. This is why biotech& health care firms have more patents on average. 
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Table 5.3 Descriptive Statistics of Biochemical and Biotech & Health Care 

Industries in Taiwan 

Descriptive statistics of study samples in Taiwan biochemical and biotech & health care 
industries range from 2001 to 2005. The variables include: Tobin's q, ROA, R&D intensity, 
Patents, Firm size, Leverage, Capital intensity and Labor productivity. The meaning of each 
variable is already explained in previous Table 5.1. 
 

Variables   Biochemical industry(N=233)  Biotech& Health Care industry (N=112) 

 Mean Mean 
Tobin’s q .6253 

(.0248) 
1.2588 
(.1124) 

ROA .0463 
(.0042) 

.0623 
(.0172) 

R&D 
intensity 

.0233 
(.0020) 

.0516 
(.0051) 

Patents .8619 
(.1454) 

2.1058 
(.4069) 

Firm Size 
(NT Dollar) 

14.5232 
(.0710) 

13.3019 
(.0931) 

Leverage .3402 
(.0093) 

.3127 
(.0145) 

Capital 
intensity 

.0372 
(.0081) 

.0641 
(.0077) 

Labor 
productivity 

15.7321 
(.0606) 

8.1367 
(.1034) 

 
Note: the number in parentheses below mean is the standard deviation of each variable. 
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Table 5.4 The t test of Taiwan biochemical and biotech& health care industries 

The definitions of variables are the presented in Table 5.1. 

Variables T statistics P value 

Tobin’s q -5.512*** .000 

ROA -.713 .477 

R&D intensity -4.934*** .000 

Patent -2.862*** .005 

Size 10.131*** .000 

Leverage 1.568 .118 

Capital Intensity -2.013** .045 

Labor Productivity 65.795*** .000 

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 

 

From Table 5.4 we really can see some differences between the means of variables in 

Taiwan biochemical and biotech& health care industries. As mentioned above, the 

demand in biotech& health care industry is increasing and the prospects of biotech& 

health care industry are brightening. This might results in Tobin’s q of biotech& 

health care industry is double than that of biochemical industry. 

As mentioned before, many firms in the biochemical industry engage in producing 

biosimilar medicines, so the expenditure spent on R&D is far less compared to that 

spent on developing new therapies, diagnostic devices, medical appliances in 

biotech& health care industry. As a result, the average R&D intensity in biochemical 

industry is significantly less than that in biotech& health care industry. 

As most biotech& health care firms are making a lot of efforts on developing their 
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own technical patents in order to avoid infringing foreign firm’s patents or intellectual 

properties, firms in biotech& health care industry have significantly more patents than 

firms in biochemical industry. 
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5.1.3 Descriptive statistics of sub-industries in US biotechnology industry 

From Table 5.5 we can see some specific characteristics of biochemical industry and 

biotech& health care industry. They have similar values of Tobin’s q, around 2, and 

negative ROAs. According to Tobin (1969), firm with the q ratio higher than 1 means 

that this firm has profitable investment opportunities. So both sub-industries have 

profitable investment opportunities and better market-based performances than 

accounting-based performances, ROAs.  

For the biochemical industry, most sample firms engage in pharmaceutical businesses 

(around 80%) such as Amgen and Pfizer and some portions of biofoods. Although 

most firms still don’t turn into profits, the value-added of new medicine is extremely 

high and the sales of US pharmaceutical industry is the largest in the global market 

indicating the large potential markets (ChemMedChem9). Therefore, the biochemical 

industry is full of commercial opportunities and profitable investment opportunities.  

As for biotech& health care industry, American government has focused on nation’s 

health care for a long time and according to the survey provided by Hambrecht & 

Quist LLC10, the total health care expenditures account for 13％of American GDP. 

For instance, the income of home medical equipment market was 57.7 billion US 

dollar and would increase to 82.2 billion US dollar in 200811. With the aging of 

population and the increase in obesity group, people who suffer from chronic diseases 

such as cardiovascular diseases increase rapidly and the demand for curing and 

preventing these diseases is also increasing. There are large potential demand and lots 

of investment opportunities in biotech& health care industry. This is the reason that 

this industry has a high q ratio. As the technology become mature gradually, there are 

                                                 
9 ChemMedChem is owned and supported by European chemical society. 
10 Hambrecht & Quist Capital Management, LLC ("HQCM"), a registered investment adviser based in Boston, 

Massachusetts, is currently the investment adviser for two closed-end equity funds, H&Q Healthcare Investors 
and H&Q Life Sciences Investors. The Funds invest in small emerging growth equities, both public and private, 
in the healthcare and life sciences industries. 

11 張映慈(2006)，居家照護用醫電產業之發展契機，工研院 IEK 生醫組. 
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more and more similar products in market causing the decrease in price and gross 

profits. But firms still have to invest a lot in R&D to develop new technology and 

product or they can’t avoid price war. The decrease in profits but vast amount of R&D 

expense might lead to negative ROA. 
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Table 5.5 Descriptive Statistics of Biochemical and Biotech& Health Care 

Industries in US 

Descriptive statistics of study samples in US biochemical and biotech& Health Care 
Industries range from 2001 to 2005. The variables include: Tobin's q, ROA, R&D intensity, 
Patents, Firm size, Leverage, Capital intensity and Labor productivity. The meaning of each 
variable is already explained in previous Table 5.1.  

 

Variables    Biochemical industry (N=321) Biotech& Health Care industry (N=637) 

 Mean Mean 
Tobin’s q 2.2705  

(1.9803) 
2.3904 

(2.6089) 
ROA -.0834   

(.2935) 
-.1323 
(.3547) 

R&D 
intensity 

0.1420  
(.1812) 

.1637 
(.6489) 

Patents 48.7557  
(118.8647) 

9.4695 
(22.3417) 

Firm Size 
(US Dollar) 

6.6125  
(2.3656) 

5.5060 
(1.7142) 

Leverage .5466  
(.3312) 

.4098 
(2.7686) 

Capital 
intensity 

.0366  
(.0302) 

.0470 
(.1176) 

Labor 
productivity 

12.2861  
(1.1485) 

11.6691 
(1.0967) 

 
Note: the number in parentheses below mean is the standard deviation of each variable. 
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Table 5.6 The t test of US biochemical and biotech& health care industries 

The definitions of variables are the presented in Table 5.1. 

Variables T statistics P value 

Tobin’s q -.556 .578 

ROA 1.705* .089 

R&D intensity -.542 .588 

Patent 5.745*** .000 

Size 7.114*** .000 

Leverage .789 .430 

Capital Intensity -2.090** .037 

Labor Productivity 8.154*** .000 

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 

 

As the technology in biotech& health care industry becomes mature gradually, there 

are more and more similar products in market causing the decrease in price and gross 

profits. But firms still have to invest a lot in R&D to develop new technology and 

product as firms in biochemical industry do, or they can’t avoid price war. The 

decrease in profits but vast amount of R&D expense might lead to firms in biotech& 

health care industry have worse ROA than firms in biochemical industry do. 

On average firms in biochemical industry have significantly more patents than those 

in biotech& health care industry. 
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5.2 Correlation Analysis 

 
Table 5.7 and Table 5.8show the Pearson correlations among the variables employed 

in this study. Correlation analysis is used to examine the correlation between two 

variables. Two variables are correlated with each other if the result is significant. In 

other words, correlation indicates the strength and direction of a linear relationship 

between two random variables. In general statistical usage, correlation refers to the 

departure of two variables from independence, although correlation does not imply 

causation. A correlation report can also show a second result of each test - statistical 

significance. In this case, the significance level will tell you how likely it is that the 

correlations reported may be due to chance in the form of random sampling error. For 

example, X, Y, and Z are three random variables. X and Y are significantly and 

positively correlated. This means X and Y are really correlated with each other not 

due to random sampling error. However, this doesn’t mean increase in X can increase 

Y and doesn’t mean increase in Y can increase X, either. On the other hand, X and Z 

are not significantly correlated. These two results tell us that Y can capture more 

information about X than Z does. 

The empirical results show that Tobin’s q is statistically significantly and positively 

correlated with patent in Taiwan and in US. This means that patent is really correlated 

with Tobin’s q not due to random sampling error. R&D intensity is significantly and 

positively correlated with Tobin’s q in Taiwan. In sum, R&D intensity and patent can 

capture additional information about expectation of firm’s performance. 

It is normal that R&D intensity is negatively correlated with ROA in both two regions 

because R&D expenditures will reduce current profits. And patent is positively and 

significantly correlated with ROA in Taiwan and in US. The two proxy variables of 

innovation, R&D intensity and patent counts, really capture relative information about 
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firm performance. 

The relationship between ROA and size is opposite to the relationship between 

Tobin’s q and size. Size is significantly positive correlated with ROA but negatively 

with Tobin’s q in US. And firm size has positive and significant association with 

ROA but has non-significant and negative association with Tobin’s q in Taiwan. 

Capital intensity is significantly negative related with Tobin’s q and significantly 

positive correlated with ROA in Taiwan. As for the leverage, it is significantly 

negative related with ROA in US and significantly negative related with Tobin’s q in 

Taiwan. Finally, the labor productivity has significant and positive association with 

both Tobin’s q and ROA in US. And labor productivity is significantly and positively 

correlated with ROA in Taiwan. 

Overall, main independent variables and most control variables are significantly 

correlated with firm performance. This implies that these variables can really capture 

some important information about firm’s future and current performance.  

In addition to the Pearson correlations analysis, Variance Inflation Factor (VIF) test 

the multicollinearity among variables. The results is presented in Tables 5.9. The VIF 

does not appear to be a serious problem because it is under the acceptable value 

(VIF<10). Hence, it suggests that there is no multicollinearity problem among the 

variables tested in this study.  



 80

Table 5.7 Correlations among dependent, independent, and control      
variables in US  

 

US biotechnology industry 

 1 2 3 4 5 6 7 8 

1 Tobin’s q 1        

2 ROA .022 1       

3 R&D 
intensity 

.056 -.330(**) 1      

4 Patent .074(*) .106(**) -.025 1     

5 Firm size -.094(**) .379(**) -.155(**) .417(**) 1    

6 Leverage -.060 -.082(*) .868(**) .005 .039 1   

7 Capital 
intensity 

.011 .010 .601(**) -.011 -.014 .746(**) 1  

8 Labor  
productivity 

.079(*) .479(**) -.120(**) .176(**) .338(**) .029 .005 1 

 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 
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Table 5.8 Correlations among dependent, independent and control      
variables in Taiwan 

 

Taiwanese biotechnology industry 

 1 2 3 4 5 6 7 8 

1 Tobin’s q 1        

2 ROA .369(**) 1       

3 R&D 
intensity 

.243(**) -.240(**) 1      

4 Patent .150(**) .133(**) .130(*) 1     

5 Firm size -.099 .187(**) -.455(**) .153(**) 1    

6 Leverage -.205(**) -.029 -.115(*) -.073 .210(**) 1   

7 Capital 
intensity 

-.230(**) .217(**) -.301(**) .092 .276(**) -.077 1  

8 Labor 
  productivity 

-.002 .423(**) -.535(**) -.091 .502(**) .258(**) .011 1 

 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 



 82

Table 5.9 Examination of multicollinearity  

Table 5.9 shows the degree of multicollinearity among independent variables. If the VIF 
(variance inflation factor) is greater than 10 then the multicollinearity exists among 
independent variables. 
 

 VIF  

Independent variables Taiwan US 
R&D intensity 1.698 5.183 
Patent 1.108 1.235 
Firm size 1.653 1.519 
Leverage  1.104 7.160 
Capital intensity 1.234 2.347 
Labor productivity 1.760 1.178 
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5.3 Heteroscedasticity Test 

An important assumption of the classical linear regression model is that the 

disturbances appearing in the population regression function are homoscedastic; that 

is, they all have the same variance. If this assumption is not fulfilled, the estimated 

coefficients of parameters are no longer best and the variances are not the minimum. 

And we should apply estimation method GLS (Generalized least squares) instead of 

OLS. We adopt White’s heteroscedasticity test to detect if heteroscedasticity is 

presented in some situations.  

 

Table 5.10 White’s test on the heteroscedasticity in Taiwan and in US 
biotechnology firms 

The “statistic” in the following table is a value which is approximate chi-square value. And if 
the statistic exceeds the critical chi-square value at the 0.05 level of significance, there is 
heteroscedasticity presented.  

 Statistic P-value 

Regressions of Taiwan total samples,

Tobin’s q is dependent variable 
31.0792 .2679 

Regressions of Taiwan total samples,

ROA is dependent variable 
29.2266 .3700 

Regressions of US total samples, 

Tobin’s q is dependent variable 
32.75 .2053 

Regressions of US total samples, 

ROA is dependent variable 
28.72 .3747 

 

The results in Table 5.10 show that there is no heteroscedasticity presented in any 

regressions. Therefore, we can use OLS estimation to determine the relationship 

between innovation and firm’s performance.  
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5.4 Results of Regression 

In this section we use multiple regressions to determine the relationship between 

innovation and firm’s performance. Besides, we also use Chow-test to examine if 

there is structural difference between Taiwan and US markets. 

 

5.4.1 Results of entire samples in Taiwan and in US  

This section examines the influence of innovation (measured by R&D intensity and 

patent) on Tobin’s q and ROA of whole sample firms in Taiwan and in US. As 

discussed earlier, the control variables are analyzed in each regression. Our research 

objective is to investigate whether the impacts of innovation on firm performances 

differ in Taiwan and in US. Findings are reported separately.  

Table 5.11 and Table 5.12 show regression results of Tobin’s q and ROA of firms in 

Taiwan and US. The results show that after controlling for potential factors which 

might influence a firm’s performance, the relationship between R&D intensity and the 

firm’s Tobin’s q is positive and significant at the 0.01 level both in Taiwan and in US. 

The result suggests that R&D plays a critical role in determining Tobin’s q in Taiwan 

and in US biotechnology industries. This is consistent with previous study (Erickson 

and Jacobson, 1992). This also means increase in R&D investments will increase 

firm’s profitable investment opportunities in both regions. In recent study, Boer (1994) 

demonstrates that R&D is the key to establish competitive advantage and market 

value in a dynamic global economy. 

The number of patents has a significant and positive effect on Tobin’s q in both 

regions. Since patent is the indicator of firm’s innovation, this is consistent with our 

hypothesis that innovation is positively correlated with firm’s market-based 

performance. Additionally, patent is the concrete and real result from R&D, its 

contribution to firm’s performance is more certain. (Megna and Klock, 1993). 
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Table 5.11 Multiple regressions of Tobin's q and ROA on R&D intensity, patent 
and control variables in Biotechnology industry in Taiwan  
Table 5.11 represents the impact of each independent and each control variable on Tobin’s q 
and on ROA in biotechnology industry in Taiwan. The variables include: Tobin's q：a firm's 
market value divided by its replacement cost. Tobin's q is computed according to the 
methodology presented in Chung and Pruitt (1994). ROA represents the income before 
extraordinary items divided by total assets. R&D intensity represents the R&D expenditure 
divided by total assets. Patents are the total number that firms own registered patents in each 
year. Firm size is the natural logarithm of annual total assets. Leverage represents the book 
value of total debt divided by total assets. Capital intensity represents the capital expenditure 
divided by total assets. Labor productivity is measured by the natural logarithm value of ratio 
of total sales divided by total number of employees. 

11611511411311211111 laprdcapinlevsizepatRDQ ββββββα ++++++=              

11611511411311211111 laprdcapinlevsizepatRDROA ββββββα ++++++=  

The meanings of symbols are presented in section 4.4 emirical model. 
 

Biotechnology industry in Taiwan 

Dependent variable: Tobin’s q ROA 

R&D intensity 
.354*** 
(5.774) 

-.034 
(-.561) 

Patent 
.075** 
(2.448) 

.155*** 
(3.044) 

Firm size 
.013 

(.246) 
-.054 

(-.891) 

Leverage 
-.164*** 
(-3.170) 

-.097* 
(-1.904) 

Capital intensity 
-.183*** 
(-3.225) 

.205*** 
(4.121) 

Labor productivity 
.266*** 
(6.250) 

.485*** 
(7.846) 

F-statistics 16.614*** 19.668*** 

Observations 345 345 

 

Numbers in parentheses are t-statistics.  

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 
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Table 5.12 Multiple regressions of Tobin's q and ROA on R&D intensity, patent 
and control variables in Biotechnology in US 

Table 5.12 represents the impact of each independent and each control variable on Tobin’s q 
and on ROA in US. The variables include: Tobin's q, ROA, R&D intensity, patents, firm size, 
leverage, capital intensity and labor productivity. The definitions of these variables are the 
same in previous Table 5.11. The following is the regression equation： 

22622522422322222122 laprdcapinlevsizepatRDQ ββββββα ++++++=              

22622522422322222122 laprdcapinlevsizepatRDROA ββββββα ++++++=  

The meanings of symbols are presented in section 4.4 emirical model. 
 

Biotechnology industry in US 

Dependent variable: Tobin’s q ROA 

R&D intensity 
.507*** 
(7.228) 

-.730*** 
(-12.925) 

Patent 
.098*** 
(2.847) 

.035*** 
(11.111) 

Firm size 
-.601*** 
(-2.286) 

.150*** 
(4.891) 

Leverage 
-.083** 
(-7.280) 

.487*** 
(7.336) 

Capital intensity 
.132*** 
(2.785) 

.066** 
(1.727) 

Labor productivity 
.168*** 
(5.034) 

.332*** 
(12.347) 

F-statistics 16.069*** 111.690*** 

Observations 958 958 

 

Numbers in parentheses are t-statistics.  

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 
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For all ROA regressions, R&D intensity is negatively correlated with ROA but only 

significant in US. The reason that R&D intensity is not significant correlated with 

ROA in Taiwan could be that Taiwan biotechnology firms don’t invest enough in 

R&D to influence current accounting earnings (ROA). It is not surprising that R&D 

intensity is negatively associated with ROA because the R&D expenditure will reduce 

current profitability. The benefits of R&D are long-term in nature and could adversely 

affect current profitability. These results are consistent with earlier studies (Cui and 

Mak, 2002).  

Patent has significant effect on ROA both in Taiwan and in US. Patent can be used as 

a “weapon” when firms make their strategies. Firms use patents to protect their new 

products from being imitating and to maintain their competitive edges. Through 

authorizing the patent rights, firms can also earn a huge amount of royalty. All of 

these can improve firms accounting profits. For example, IBM charges its users a lot 

of royalty and earns average 1 billion US dollar every year. TSMC (Taiwan 

Semiconductor Manufacturing Company) accused SMIC (Semiconductor 

Manufacturing International Corporation) of tort in August, 2006 and asked one 

hundred and seventy five million US Dollar as compensation. Besides, in these years, 

Taiwan government has provided biotechnology firms with favorable measures such 

as tax reduction and subsidiaries.12 These measures really help biotechnology firms 

bring their innovation (such as patents) into market more efficiently. Since their 

innovation can be commercialized, they make profits. In industry, innovation depends 

on a variety of activities ranging from formalized R&D to production engineering. It 

has been stressed that innovation is not a linear process going from R&D activities to 

the eventual commercialization of products. On the contrary, the elements of 

innovation interact throughout the various stages to weave a complex web of 
                                                 
12 http://biotech.nsc.gov.tw 
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relationships (OECD, 1991, 1992; D Archibugi, M Pianta - Technovation, 1996). 

Compared to R&D investment, patent is already a kind of concrete R&D results or 

outputs. Through authorizing patent right, firms have considerable income 

immediately.  

Table 5.11 and Table 5.12 point out some similarities and some distinct differences on 

the effects of other control variables on the Tobin’s q and ROA of a firm between 

Taiwan and US. 

From Table 5.11 and Table 5.12, it is apparent that firm size has no significant effect 

both on Tobin’s q and on ROA in Taiwan. Firm size has statistically significant and 

positive association with ROA in US. It seems to imply that larger firms have better 

accounting profits in US. Large firm may enjoy the benefits from economies of scale 

and have better profits. But firm size has a significant but negative effect on Tobin’s q 

in US. This might be about the sunk-cost theory：Large firms invest much more in 

fixed assets and have more sunk cost than the small firms do. Usually, large firms’ 

fixed cost and sunk cost will exceed income in several years. In contrast with large 

firms, small firms can have earnings in several years and then they will increase 

investment in fixed assets gradually. For this reason, investors would have lower 

expectation of large firms’ performance (Luis, 1995). Overall, firm size is not a key 

determinant for investors when evaluating firm performance in Taiwan but firm size 

does affect firm performance in US.  

Capital expenditure is one of the most important factors for industries with high 

capital investment and represents a firm’s commitment to building its technological 

base and upgrading its productive capacity. Capital intensity has significant and 

positive impact on the Tobin’s q and ROA of firms in US. Other studies (Zahra and 

Fescina, 1991) also assert positive linkage of capital expenditure with firm’s future 

performance in US. According to Chung, Wright and Charoenwong (1998), if capital 
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expenditures are positively associated with firm performance, this means investors 

think that firms have valuable investment opportunities. Consequently, investors have 

higher expectation of firms’ future performance when firms increase capital 

investment. With efficient utility of capital investment, firms can get extra outputs 

then improve firm performance (Santanu, 2003). Capital intensity has a significant 

and positive effect on ROA in Taiwan and in US as well because these biotechnology 

firms may utilize their capital investment efficiently. More effective use of capital will 

ensure the firm to maintain a competitive posture in its industry (Lee and Shim, 1995). 

Nevertheless, capital intensity is significantly negative related with Tobin’s q in 

Taiwan. This means firms in biotechnology industry in Taiwan may have no profitable 

investment opportunities. Although firm increases capital investment, it doesn’t 

benefit the market-based performance.  

Leverage, however, generates a greater negative impact on the Tobin’s q regardless of 

different economic environment. Firms having higher leverage may have more 

serious agency problems: diverging interests between shareholders and debt-holders. 

This problem results in that leverage is negatively associated with performance 

(Jensen and Meckling, 1976; John and Henri, 1995). According to Ross and 

Westerfield, when a firm has debt, conflicts of interest arise between stockholders and 

bondholders. Because of this, stockholders are tempted to pursue selfish strategies, 

imposing agency costs on the firm. These strategies are costly, because they lower the 

market value of the whole firm. These strategies may be: 1. Incentive to take large 

risks; 2. Incentive toward underinvestment; 3. Shortsighted investment; 4. Reluctance 

to liquidate. Besides, high leverage could prevent firm from raising additional funds 

for productive R&D projects and then firm could be less competitive in the long-run 

(Lee and Shim, 1995). 

Leverage is positively related with ROA in US but negatively related with ROA in 
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Taiwan. In US, firms can borrow money to invest in profitable projects and bring in 

profits. As mentioned before, US biotechnology firms have profitable investment 

opportunities. However, Taiwan biotechnology firms don’t have as many profitable 

projects as US firm do. Therefore, even firms borrow more money, they can’t bring in 

profits through investing in profitable projects.  

Labor productivity is significant and positive related to Tobin’s q in Taiwan and in US. 

Furthermore, labor productivity has a significantly positive impact on ROA in both 

markets. Increasing in labor productivity can improve firm performance ( Hambrick 

and Schecter, 1983). For instance, Japanese companies sustain growth of sales and 

superior position in market by higher quality of labor force ( Lee and Shim , 2001).  
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5.4.2 Results of sub-industries in Taiwan  

Results of Biochemical Industry 

Both R&D intensity and the number of patents have significant and positive effects on 

Tobin’s q. However, R&D intensity has no significant effect on ROA but patent has a 

significant and positive effect on ROA. 

Many sample firms in biochemical industry devote themselves to pharmacy and the 

demand of medicines or therapies increases because the aging of population and 

nations care about health more. However, the domestic demand market is not big 

enough, only with excellent innovation ability can firms develop new medicines or 

therapies and enter international market. After entering international market, firms 

will have much bigger potential market and then comes more profitable investment 

opportunities. In addition, the value-added of developing new medicines is extremely 

high. Therefore, innovation can benefit firm’s market-based performance and bring 

more profitable investment opportunities. 

As many of sample firms in Taiwan biochemical industry switch to pharmacy doing 

ODM/OEM or biosimilar medicines and to biofoods, the expenditure of initial R&D 

investment doesn’t account for a large amount of revenue. As a result, R&D intensity 

doesn’t significantly affect firm’s accounting-based performance. Most Taiwan firms 

still don’t have ability to develop a new drug and commercialize it, they just work on 

a small part of the whole process of developing new drugs then sell these technical 

patents or technologies to foreign sizable firms. So the patent also has a significant 

and positive effect on ROA. 
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Table 5.13 Multiple regressions of Tobin's q and ROA on R&D intensity, patent 
and control variables in Taiwan biochemical industry 
Table 5.13 represents the impact of each independent and each control variable on Tobin’s q 
and on ROA in Taiwanese biochemical industry. The variables include: Tobin's q, ROA, R&D 
intensity, patents, firm size, leverage, capital intensity and labor productivity. The definitions 
of these variables are the same in previous Table 5.11. The following is the regression 
equation： 

1111611115111141111311112111111111 laprdcapinlevsizepatRDQ ββββββα ++++++=         

1111611115111141111311112111111111 laprdcapinlevsizepatRDROA ββββββα ++++++=      

The meanings of symbols are presented in section 4.4 emirical model. 
 

Biochemical industry in Taiwan 

   Dependent variable Tobin’s q ROA 

R&D intensity 
.431*** 
(6.083) 

-.014 
(-.212) 

Patent 
.031*** 
(5.300) 

.103* 
(1.746) 

Firm size 
.017 

(.240) 
-.010 

(-.154) 

Leverage 
-.160** 
(-2.604) 

-.084 
(-1.411) 

Capital intensity 
-.010 

(-.181) 
.054 

(.962) 

Labor productivity 
.226*** 
(3.045) 

.482*** 
(6.744) 

F-statistics 7.893*** 11.828*** 

Observations 233 233 

 

Numbers in parentheses are t-statistics.  

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 
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Results of biotech& health care industry 

In Taiwan biotech& health care industry only the number of patents can significantly 

affect Tobin’s q. The R&D intensity can’t significantly influence Tobin’s q in Taiwan 

biotech& health care industry. However, the R&D has a significantly negative impact 

on firm’s accounting-based performance, ROA. As for the number of patents, patent 

doesn’t significantly affect ROA.  

It takes a long time and high risk to develop new medical appliances. Besides, the 

regulations and laws are so complicated and not sound that it costs firms much more 

time and money from the initial R&D investment to getting the concrete results or 

commercializing new products. Therefore, when firm already has concrete results, 

these concrete R&D results, namely patents here, can benefit firm’s performance. 

Although nationals place more and more emphasis on health care and the demand is 

increasing, the domestic demand market is still not big enough and the market share 

of import products is very high. In addition, the domestic firms’ abilities of R&D and 

the quality of their products fall behind foreign firms. All these difficulties result in 

that firms earn their major revenues by OEM/ODM and agency in order to survive 

and to be break-even. Therefore, the innovation ability or the commitment to R&D 

cannot contribute to firm’s market-based performance and cannot increase profitable 

investment opportunities at present. But when firm has concrete R&D results, namely 

patent, the concrete results can contribute to firm’s market-based performance and 

increase firm’s profitable investment opportunities. 

Firms still actively develop new medical appliances to avoid tort foreign firm’s patent 

rights so the huge amount of R&D expenditures will reduce accounting earnings and 

affect accounting-based performance negatively. And the income from loyalty is little 

so cannot significantly contribute to accounting earnings, either. Most income still 

comes from ODM/OEM and agency ( Chen, 2006). 
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Table 5.14 Multiple regressions of Tobin's q and ROA on R&D intensity, patent 
and control variables in Taiwanese biotech& health care industry 
Table 5.14 represents the impact of each independent and each control variable on Tobin’s q 
and on ROA in Taiwanese biotech& health care industry. The variables include: Tobin's q, 
ROA, R&D intensity, patents, firm size, leverage, capital intensity and labor productivity. The 
definitions of these variables are the same in previous Table5.11. The following is the 
regression equation： 

1212612125121241212312122121211212 laprdcapinlevsizepatRDQ ββββββα ++++++=         

1212612125121241212312122121211212 laprdcapinlevsizepatRDROA ββββββα ++++++=      

The meanings of symbols are presented in section 4.4 emirical model. 
 

Biotech& Health Care industry in Taiwan 

   Dependent variable Tobin’s q ROA 

R&D intensity 
.044 

(.451) 
-.449*** 
(-5.705) 

Patent 
.305*** 
(3.290) 

.078 
(1.052) 

Firm size 
.102 

(.906) 
.095 

(1.054) 

Leverage 
-.318*** 
(-3.838) 

-.047 
(-.699) 

Capital intensity 
.078 

(.935) 
.102 

(1.516) 

Labor productivity 
.318*** 
(3.178) 

.359*** 
(4.461) 

F-statistics 9.453*** 23.558*** 

Observations 112 112 

 

Numbers in parentheses are t-statistics.  

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 
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The comparisons between biochemical and biotech& health care industries in 

Taiwan 

In biochemical industry, the R&D intensity and the number of patents both have 

significant and positive effects on Tobin’s q. However, only the number of patents has 

a significant and positive effect on Tobin’s q in biotech& health care industry. 

As mentioned before, although firms in biotech& health care industry work hard on 

developing their own patents and products to avoid tort foreign firms’ patents, the 

related regulations and laws are so complicated and so time-consuming to pass 

through that it takes even more risk from the initial R&D investment to getting the 

concrete results or commercializing new products. As a result, only firm has concrete 

results like patent, it can have better market-based performance and more profitable 

investment opportunities. 

The impacts of innovation on ROA are also a little different in two sub-industries. 

R&D intensity only in biotech& health care industry has a significant but negative 

effect on ROA while the number of patents has a significant and positive effect on 

ROA only in biochemical industry. Most firms in biochemical industry engage in 

pharmaceutical businesses and mainly work on biosimilar medicines so the R&D 

expenses are not big enough to affect ROA significantly. The income from royalty is 

just a very small part of total income so the number of patents doesn’t improve 

accounting earnings significantly.  
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5.4.3 Results of sub-industries in US  

Results of biochemical industry in US 

Both R&D intensity and the number of patents have significantly positive effects on 

Tobin’s q. This result is the same with previous studies. As for the ROA, R&D 

intensity has a significantly negative influence on ROA while patent has a negative 

but not significant impact on ROA. 

There is a large portion of sample firms in biochemical industry engage in 

pharmaceutical business and most of them are small businesses. It costs a lot and has 

to take extremely high risk to develop a new medicine or a new therapy. Firm has to 

burns money to invest in initial R&D investment, and it takes a long time to test the 

effects or outcomes of new drugs again and again. Only after passing through the 

strict standards set by FDA（Food and Drug Association）can a new medicine enter the 

market. That is why R&D intensity has a significantly negative effect on the 

accounting-based performance, ROA.  

However, the added-value of developing new drugs is extremely high, firms can make 

a considerable sum of money just with few kinds of medicines entering market. For 

instance, Amgen, the biggest biomedicine firm in the world, only has four or five 

drugs in the market. Besides, once a firm develops a new medicine or therapy 

successfully, the technological development can catapult this firm, even a not notable 

small firm, into a prominent scientific position. Then it will become the worthy 

investment target. For instance, Amgen spent 16 billion US dollar to purchase 

IMMUNEX in order to get its rheumatoid arthritis medicine. This is the reason that 

innovation (measured by R&D intensity and the number of patents) has a significant 

and positive effect on Tobin’s q.  

Finally, as for the relationship between patent and ROA is not significant but negative. 

Because the related expenses of applying a new patent and maintaining it are so big. 
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According to the United State Patent and Trademark Office regulations, the total 

amount of application a patent in the first year is around 10000 US dollar. And firm 

has to pay the huge maintenance fees every 3.5 years. The distribution of the number 

of patents gather in some big firms, most medium and small firms own far fewer 

patents even don’t have any patent. And the related application and maintenance fees 

for big firms are double than those for medium and small firms. As a result, these a lot 

expenses will reduce firm’s accounting profits.  
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Table 5.15 Multiple regressions of Tobin's q and ROA on R&D intensity, patent 
and control variables in US biochemical industry 

Table 5.15 represents the impact of each independent and each control variable on Tobin’s q 
and on ROA in US biochemical industry. The variables include: Tobin's q, ROA, R&D 
intensity, patents, firm size, leverage, capital intensity and labor productivity. The definitions 
of these variables are the same in previous Table5.11. The following is the regression 
equation： 

2121621215212142121321212212112121 laprdcapinlevsizepatRDQ ββββββα ++++++=         

2121621215212142121321212212112121 laprdcapinlevsizepatRDROA ββββββα ++++++=      

The meanings of symbols are presented in section 4.4 emirical model. 
 

Biochemical industry in US 

   Dependent variable Tobin’s q ROA 

R&D intensity 
.351*** 
(5.037) 

-.611*** 
(-18.330) 

Patent 
.213*** 
(3.583) 

-.003 
(-.097) 

Firm size 
-.329*** 
(-4.809) 

.126*** 
(3.860) 

Leverage 
.147*** 
(2.615) 

-.275*** 
(-10.249) 

Capital intensity 
.125** 
(2.415) 

.036 
(1.438) 

Labor productivity 
.322*** 
(4.826) 

.234*** 
(7.338) 

F-statistics 14.443*** 232.000*** 

Observations 321 321 

 

Numbers in parentheses are t-statistics.  

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 
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Results of biotech& health care industry in US 

The R&D intensity and the number of patents are both significantly positive related to 

Tobin’s q. As for the ROA, R&D intensity is significantly negative related to ROA 

while patent is significantly positive related to ROA. 

The degree of competition in US biotech& health care industry already reaches the 

climax. With the two-digit growth rate, many firms can just maintain their positions in 

this competitive industry (MD&DI13). The main businesses of most sample firms are 

genetic therapies and technologies, healthcare services, and medical appliances. As 

the technologies become mature gradually and there are many firms producing similar 

products, these situations result in the decrease in price and gross profits. Only with 

the innovation ability to develop new therapies, appliances or services that can meet 

the requirements of new diseases, firms can avoid price war and survive. Innovation 

ability has become the necessary condition instead of sufficient condition. Besides, 

because of aging of population, more and more people suffer from chronic and 

degenerating diseases such as diabetes and ophthalmic diseases, and many new 

diseases appear, the demand and expenditure on biotech& health care industry will 

increase continuously. Hospitals and patients are actively searching for new 

technologies that can meet their requirements. Obviously, innovation has a significant 

and positive impact on Tobin’s q. Firms with better innovation abilities can meet 

consumer’s needs better and greater competitiveness in the market then would have 

better market-based performance and more investment opportunities. 

In order to develop new technologies, firms spend a huge amount of expenditure on 

R&D resulting in reducing the accounting profits. So R&D intensity is significantly 

negative associated with ROA.  

                                                 
13 Medical Device& Diagnostic Industry 
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In biotech& health care industry, patents even distribute in various size firms instead 

of gathering in big firms. And many firms, especially the small firms, can earn a lot of 

money by selling their R&D results usually indicating patents or by authorizing. At 

the same time, these medium and small firms enjoy the preferential patent application 

fees so they don’t have to pay much application fees. So the number of patents has a 

significant and positive effect on ROA.  
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Table 5.16 Multiple regressions of Tobin's q and ROA on R&D intensity, patent 
and control variables in US biotech& health care industry 
Table 5.16 represents the impact of each independent and each control variable on Tobin’s q 
and on ROA in US biotech& health care industry. The variables include: Tobin's q, ROA, 
R&D intensity, patents, firm size, leverage, capital intensity and labor productivity. The 
definitions of these variables are the same in previous Table5.11. The following is the 
regression equation： 

2222622225222242222322222222212222 laprdcapinlevsizepatRDQ ββββββα ++++++=         

2222622225222242222322222222212222 laprdcapinlevsizepatRDROA ββββββα ++++++=      

The meanings of symbols are presented in section 4.4 emirical model. 
 

Biotech& Health Care industry in US 

   Dependent variable Tobin’s q ROA 

R&D intensity 
.178**  
(2.040) 

-.737*** 
(-11.265) 

Patent 
.016** 
(20200) 

.066** 
(2.133) 

Firm size 
-.209*** 
(-4.805) 

.244*** 
(7.455) 

Leverage 
-.107 

(-1.194) 
.513*** 
(7.584) 

Capital intensity 
-.068 

(-1.145) 
.101*** 
(2.257) 

Labor productivity 
.023 

(.554) 
.379*** 
(12.262) 

F-statistics 6.353*** 88.252*** 

Observations 637 637 

 

Numbers in parentheses are t-statistics.  

* Means significant at 0.10 level (two-tailed).  

** Means significant at 0.05 level (two-tailed).  

*** Means significant at 0.01 level (two-tailed) 
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The comparisons between biochemical and biotech& health care industries in US 

The innovation has significant and positive impacts on Tobin’s q both in biochemical 

and biotech& health care industries. R&D expenditures also have significant but 

negative effects on ROA in both sub-industries while the relationship between the 

number of patent and ROA is different in two sub-industries. The distribution of the 

number of patents is really not uniform between firms in biochemical industry. The 

big firms own above 250 patents on average but the medium and small firms only 

have few patents even zero. However, the application and maintenance fees of patents 

are astonishing high and even double charges for big firms. As a result, the big 

expense would reduce accounting earnings then the number of patents has a negative 

influence on ROA. 
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5.4.4 The comparisons of the same sub-industry in Taiwan and in US 

The biochemical industry in Taiwan and in US 

Both in Taiwan and US, most sample firms in biochemical industry are engaged in 

pharmaceutical businesses. However, most Taiwan pharmaceutical firms just 

manufacture or improve biosimilar medicines instead of researching and developing 

new medicines by themselves. Therefore, Taiwan pharmaceutical firms have far less 

R&D expenditure and better ROA. On the contrary, US pharmaceutical firms develop 

new medicines by themselves. Just few firms have already brought medicines into the 

market and most firms still have products in clinical stages so they have poor ROAs. 

The innovation (measured by R&D intensity and patents) has significant and positive 

effects on Tobin’s q both in Taiwan and in US while the impact on ROA is different in 

two countries. Taiwan firms produce biosimilar medicines so they don’t have a large 

amount of R&D expenses. As a result, the effect of R&D intensity on ROA is not 

significant. US firms have to spend a lot of money on R&D so the R&D intensity has 

a significantly negative effect on ROA.  

As for the impact of patents on ROA, in US the number of patents has a 

non-significant but negative effect on ROA. This is so different from Taiwan. Because 

the patents gather in large firms and the patent application and maintenance fees are 

so expensive even double charges for large firms. Therefore, this huge amount of 

expenses must affect firm’s accounting-based performance.  

 

The biotech& health care industry in Taiwan and in US  

Almost all sample firms in Taiwan biotech& health care industry engage in medical 

appliances and diagnostic devices and just few firms engage in specified 

biotechnology such as recombinant DNA or analysis of proteins. Agency and 

ODM/OEM for foreign and import products generate most of their incomes but the 
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royalty just accounts for small part of total income. That is why the number of patents 

doesn’t affect ROA significantly. As for the firms in US biotech& health care industry, 

most of them are small-size firms and engage in research and development of new 

technologies or therapies. Once they develop new technology or have concrete R&D 

results, big firms will buy these results at high price. So the patent has a significant 

and positive effect on ROA in US biotech& health care industry. 

There is another different point between Taiwan and US biotech& health care industry. 

In Taiwan, the R&D intensity doesn’t have significant effect on Tobin’s q and only the 

number of patents has a significantly positive impact on Tobin’s q. Although firms in 

Taiwan biotech& health care industry aggressively work on R&D to develop their 

own technologies and products, the amount of R&D expenses is really huge and the 

regulations about R&D, manufacture, or commercialization of these medical 

appliances and devices are not sound and inefficient. These increase the uncertainty 

that if firm’s initial R&D investment can result in successful commercialization of 

products. Therefore, the R&D intensity cannot increase firm’s valuable investment 

opportunities or improve firm’s market-based performance significantly. Only firm’s 

concrete results, namely patents here, can benefit firm’s market-based performance 

and increase investment opportunities. According to the report from TVCA(Taiwan 

Venture Capital Association), venture capitals usually invest in firms at their start-up 

and expansion stages which already have concrete R&D results or already 

commercializing their R&D results. This difference may indicate that Taiwan really 

need to improve our laws and regulations for this emerging industry then firms can 

grow faster and capital market would feel more confident and optimistic about them. 
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5.5 Chow Test 

 

Through chow test we can see if there are structural differences between Taiwan and 

US markets. If there is no significant difference in parameter coefficients, then we can 

say that there is no structural difference between these two markets and we cannot 

reject null hypothesis. On the contrary, if there are significant differences in parameter 

coefficients, then we can say that there are significant structural differences between 

these two markets and reject null hypothesis. 

 

Table 5.17 Chow test on structural differences  
From the F table we can find the critical F value. If the F value exceeds the critical F value, 
we reject null hypothesis and there is structural difference.  

 F-value P-value 

Regressions of total samples, 

 ROA is dependent variable 
58.06 <.0001 

Regressions of total sample,  

Tobin’s q is dependent variable 
3.10 .0031 

Regressions of biochemical industry,  

Tobin’s q is dependent variable 
9.23 <.0001 

Regressions of biochemical industry,  

ROA is dependent variable 
26.41 <.0001 

Regressions of biotech& health care industry,

Tobin’s q is dependent variable 
6.74 <.0001 

Regressions of biotech& health care industry, 

ROA is dependent variable 
19.30 <.0001 
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From Table 5.17 we find that there are structural differences in Taiwan biotechnology 

industry and US biotechnology industry. Taiwan biochemical industry also has 

structural differences from US biochemical industry. The results of biotech& health 

care industry are the same, there are structural differences between two countries. The 

results of Chow test tell us that the structural differences really exist in two countries, 

and the results are consistent with previous studies that the impact of innovation on 

firm’s performance might be different in different environments (Hill and Snell,1988; 

Cockburn and Griliches,1998). We should examine the relationship between 

innovation and firm’s performance in Taiwan and in US separately. 


