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CHAPTER 4 

RESEARCH METHODOLOGY 

 

4.1 Hypotheses 
 
Many studies indicate that innovation (widely measured by R&D expenditure, R&D 

intensity and patent counts) is related to firm performance. Besides, innovation is a 

kind of intangible capital so the effect of innovation would be mainly reflected in the 

market value base instead of the accounting base. The value of innovation (intangible 

capital) would not be measured correctly based on the traditional accounting approach 

without further adjustment (Megna and Klock, 2000；Lin, 2005).  

However, some studies show that the impact of innovation on firm performance differ 

in different countries because of different laws or regulations, level of development 

and so on. Therefore, the first hypothesis tests the relationship between innovation 

and firm’s market-based performance. It examines whether the relationship is still 

held for a different economic environment, namely Taiwan. Although previous studies 

show the significant impact of innovation on firm’s performance in US and other 

countries, it may be questionable whether a general association exists in Taiwan.  

 

Hypothesis 1: Innovation is positively related to the firm’s market-based 

performance, namely Tobin’s q, in the biotechnology industry regardless of 

different economic environments across countries.  

 

Since firm invests more in R&D, it commits more to innovation but reduces more 

current accounting profits. We expect that innovation (measured by R&D intensity 
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and patent data in this study) has a negative impact on accounting-based performance 

(ROA). 

 

Hypothesis 2: Innovation is negatively related to the firm’s accounting-based 

performance, namely ROA, in the biotechnology industry regardless of different 

economic environments across countries. 

 

The empirical analyses also process by separating the whole samples into two 

categories, biochemical, biotech& health care industries in both countries. Why do we 

divide samples into two categories by different sub-industries? As Michael Porter and 

others have noted, firm’s performance is greatly affected by industry-specific factors. 

For example, cost in emerging industries is high in the early days and reduce rapidly 

later, thus firm’s performance would be low in early periods; Global industries may 

perform comparative advantage, economy of scale and learning curve, then a firm 

would make a great deal of profit after its globalization. Consequently, firm’s 

profitability tends to vary widely between industries.  

Hill and Snell (1988) propose that the importance of innovation strategy (measured by 

R&D intensity) depends on industry environment. In industries where products and 

process technologies are stable, innovation is unlikely to have great strategic 

importance (can not affect firm’s profitability) and the level of RD expenditures will 

be low. While in industries where product and process technologies are constantly 

changing, innovation will have much greater strategic importance and the level of RD 

expenditures will be high.  

Wernerfelt and Montgomery (1988) use Tobin’s q instead of accounting rate of 

returns as the measure of firm’s performance because Tobin’s q can avoid being 

distorted by tax laws, accounting conventions and systematic risk across industries. 
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However, after correcting these biases by using Tobin’s q as a measure of firm’s 

performance, the industry effects still affect firm’s performance strongly.  

Chen, Martin and Kensinger (1990) argue that high-technology firms which announce 

increases in R&D spending experience positive abnormal returns on average, whereas 

announcements by low-technology firms are associated with negative abnormal 

returns. Consequently, the effect that R&D activities act on performance varies by 

different industries. Cockburn and Griliches (1998) also propose that the impact of 

innovation on firm performance differ in different industries. 

As a result, the decision makers have to make strategies more cautiously and to know 

where the niche markets are and where the difficulties are and then to distribute the 

resource on niche markets and try to improve the difficulties.  

From arguments mentioned above, it is necessary to separate the sample according 

their industries to process the further analyses. 

The domestic demand in Taiwan biochemical industry is still not big enough and after 

joining WTO, the import medicines also share the domestic demand market. Only 

with the excellent innovation ability, firms can develop their own new products and 

then enter international market (Biotechnology yearbook 2006). After entering 

international market, firms would have better profitability and then have more 

profitable investment opportunities. Therefore, we assume that innovation has 

positive and significant effects on firm’s Tobin’s q. 

 

Hypothesis 3 ： Innovation has significant and positive effects on firm’s 

market-based performance, Tobin’s q, in Taiwan biochemical industry. 

 

Most sample firms in Taiwan biochemical industry engage in pharmacy, but most of 

them develop and produce biosimilar medicines instead of researching and developing 
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new medicines (Development Center for Biotechnology, DCB). Since the R&D 

expenditures on biosimilar medicines are far less than those on developing new 

medicines, the innovation may have negative but not significant effects on ROA in 

biochemical industry. 

 

Hypothesis 4：Innovation has negative but non-significant effects on firm’s 

accounting-based performance, ROA, in Taiwan biochemical industry. 

 

Firms in Taiwan biotech& health care industry suffer tort of foreign large firm’s 

patent rights (Biotechnology yearbook 2006). Besides, the domestic demand is not 

enough and the market share of import products is very high (Custom of R.O.C.). 

Firms with innovation ability can develop their own products and technologies then 

compete in the global market and have more profitable investment opportunities. 

 

Hypothesis 5 ： Innovation has significant and positive effects on firm’s 

market-based performance, Tobin’s q, in Taiwan biotech& health care industry. 

 

Firms have to address themselves to strengthen their innovation abilities to develop 

new products or technologies so the huge R&D expenditures would reduce firm’s 

income. Therefore, we suppose that innovation would have significant but negative 

effects on ROA in Taiwan biotech& health care industry. 

 

Hypothesis 6 ： Innovation has significant and negative effects on firm’s 

accounting-based performance, ROA, in Taiwan biotech& health care industry. 

 

Most sample firms in US biochemical industry engage in pharmacy and most of them 
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research and develop new medicines (Biotechnology Industry Organization, BIO). 

The value-added of new medicine is extremely high. For instance, Amgen, the largest 

pharmaceutical company in the world, only has developed 4 to 5 medicines. If firm 

has innovation ability to develop new medicine successfully, it will have more 

profitable investment opportunities and better competitiveness in the market 

(ChemMedChem5). As a result, we suppose that innovation has significant and 

positive influences on firm’s Tobin’s q in US biochemical industry. 

 

Hypothesis 7 ： Innovation has significant and positive effects on firm’s 

market-based performance, Tobin’s q, in US biochemical industry.  

 

Most sample firms engage in researching and developing new medicines in US 

biochemical industry. It costs a huge amount of money to develop new medicines so 

the R&D expense would reduce accounting profits. Therefore, we hypothesize that 

innovation has significant but negative effects on firm’s ROA in US biochemical 

industry. 

 

Hypothesis 8 ： Innovation has significant and negative effects on 

accounting-based performance, ROA, in US biochemical industry. 

 

The technologies in US biotech& health care industry become mature and there are 

more and more similar products in the market. As a result, the prices and gross profits 

decrease in US biotech& health care industry (MD&DI 6 ). Firms have better 

innovation abilities can develop new products and technologies to cure new diseases 

                                                 
5 ChemMedChem is owned and supported by European chemical society. 
6 Medical Device& Diagnostic Industry, a monthly magazine written for equipment manufacturers of medical 

devices and in vitro diagnostic products 
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and meet consumer’s requirement and then have more profitable investment 

opportunities.  

 

Hypothesis 9：Innovation has significant and positive effects on market-based 

performance, Tobin’s q, in US biotech& health care industry. 

 

Since firm has to spend a lot of money on researching and developing new products 

and technologies, the huge R&D expense will reduce accounting profits and has 

significantly negative impacts on ROA. 

 

Hypothesis 10 ： Innovation has significant and negative effects on 

accounting-based performance, ROA, in US biotech& health care industry. 
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4.2 Sample Selection 
 
As mentioned before, biotechnology sector is composed of other related industries 

and fields. Our samples contain firms from biochemical industry and firms from 

biotech& health care industry.  

There are many definitions of biochemistry, and biochemistry is also called the 

chemistry of biology or biological chemistry. In this study we adopt the following 

definition：Biochemistry means the application of the tools and concepts of chemistry 

to living systems (ACS, American chemical society). Once the firm’s businesses are 

related to biochemistry, it will be included in our samples of biochemical industry.  

The definition of biotechnology with the narrow sense indicates the key and new 

technologies such as genetic engineering, protein engineering and cell fusion 

technologies (Development Center for Biotechnology, DCB). Firms included in 

biotech& health care industry whose businesses are associated with biotechnology 

with the narrow sense. 

According to the World Health Organisation, health care embraces all the goods and 

services designed to promote health, including “preventive, curative and palliative 

interventions, whether directed to individuals or to populations” As long as the firm’s 

businesses are about the health care defined by WHO, it is included in the samples of 

biotech& health care industry. 

The sample of Taiwanese firms is selected from TEJ, and the sample of US firms is 

selected by matching industry classification with Taiwanese sample from Compustat. 

The industry matching is necessary to reduce industry-effect on firm’s performance. 

Patents data of Taiwan is driven from APIPA (Asia Pacific Intellectual Property 

Association) and patent data of US is collected from DII (Derwent Innovative Index). 

Total samples of Taiwan contain 73 firms with 24 from biotech& health care industry 
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and 49 from biochemical industry. The total samples of US contain 202 firms with 

134 from biotech& health care industry and 68 from biochemical industry. The data 

for each variable is the end of the year from 2001 to 2005. 

The following criteria are used to determine the final sample in this research.  

1. All firms in Taiwan are included in TEJ and firms in US are included in 

Compustat database of Global Vantage. The accounting data required for the 

study variables are reported in these two databases.  

2. Observations with Tobin’s q and ROA outside of three standard deviations of the 

mean are deleted in each nation’s biotechnology industry separately.  

3. Collect data for required variables of each firm from 2001 to 2005. Exclude 

observation with missing accounting information and extreme value. The original 

number of observations in Taiwan biochemical industry is 240 because of some 

missing accounting information and after deleting the extreme value we have 233 

observations. The original number of observations in Taiwan biotech& health care 

industry is 120 and after deleting extreme value we have 112 observations. So we 

get 345 total observations for Taiwan market. The original number of observations 

in US biochemical industry is 337 because of some missing accounting 

information and after deleting the extreme value we still have 321 observations. 

The original number of observations in US biotech& health care industry is 660 

because of the missing accounting information and after deleting extreme value 

we have 637 observations. Finally, we get total 958 observations for US market. 

 



 53

4.3 Related Variables 
 
4.3.1 Independent Variables 

In this study, we use R&D intensity and patent counts as the proxy variables of 

innovation. As mentioned in previous chapter, R&D intensity and patent counts are 

regarded as common proxy variables of intangible capitals and they both have effects 

on firm’s performance. 

R&D intensity is defined as follows： (Chan et al, 1990; Lee& Shim, 1995; 

Shin-Chuan Tsai, 2001; Sung C. Bae, 2003) 

 

R&D intensity＝
AssetTotal

esExpenditurDR &  

 

And patent means the number of patents in each sample firm (Cockburn and Griliches, 

1988; Megna and Klock, 2000; Megna and Klock, 1993). 

 

4.3.2 Control Variables 

Other factors that will influence firm’s performance like firm size, leverage, capital 

intensity, and labor productivity are analyzed as well.  

 

Firm size 

Firm size potentially affects performance through at least two different ways. First, 

larger firms can create entry barriers through the economy of scale. The entry barriers 

are associated with beneficial effect that can affect firm’s performance. 

Besides, there is a potential financing effect. The larger firms may find it easier to 

generate funds internally and to access funds from external sources. A reduced 

financing constraint allows the firm to make greater use of profitable projects. In this 
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paper, since the sample firms come from various sizes, it is reasonable to control size 

as an explanatory variable. The firm size is defined as logarithm of total asset. 

 

Leverage 

A major issue in economic literature is the influence of leverage on firm performance. 

From a theoretical perspective, this impact is noticeably rooted in the binding nature 

of debt: debt financing raises the pressure on managers to perform, because it reduces 

the moral hazard behavior by reducing “free cash-flow” at the disposal of managers 

(Jensen, 1986). Consequently, the firms with the higher leverage should be the most 

inclined to improve their performance. However, a higher leverage means higher 

agency costs because of the diverging interests between shareholders and debt-holders: 

this moral hazard problem suggests that leverage may be negatively associated with 

performance (Jensen and Meckling, 1976; John and Henri, 1995). From mentions 

above, it is natural to consider that leverage to be an control variable and it is defined 

as follow: 

 

AssetTotal
DebtTotallevLeverage =)(  

 

Capital intensity 

Capital expenditures are important corporate strategic investments and are provided 

for projects such as capacity expansions, plant modernization, as well as general 

expenditure to update equipment. McConnell and Muscarella (1985) examine the 

market reaction to capital expenditure decisions by industrial and public utility firms. 

They find that announcements of increase (decrease) in capital expenditures lead to 

significant positive (negative) stock returns for industrial firms. Chung, Wright and 

Charoenwong (1998) found that announcements of increase (decrease) in capital 
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expenditures positively (negatively) affect the stock prices of firms with valuable 

investment opportunities. Contrarily, they predict that announcement of increase 

(decrease) in capital spending negatively (positively) affect the share prices of firms 

without such opportunities. The capital intensity is specified as follow： (Lee& Shim, 

1995; Jonathan, 2003; Habib& Alexander, 2005; Ching-Hai Jian et al,2006) 

 

AssetTotal
eExpenditurCapitalcapinIntensityCapital =)(  

 

According to Griner and Gordon(1995), the capital expenditure7 here is current net 

fixed assets minus net fixed assets last period plus Depreciation Expense in current 

period. 

 

Labor productivity 

Labor productivity can be taken as an indicator of the production efficiency of firm. It 

also is one of the most significant factors in improving performance and growth 

across countries ( Hambrick & Schecter,1983；Lee & Blevins,1990). For example, 

Lee & Blevins(1990) showed that Japanese firms retain the superior position with a 

higher quality labor force and training standards. There are several methods to 

improve labor productivity, and the primary way is more efficient utilization of labor. 

Besides, adoption of new technology can also have a positive effect on labor 

productivity. Japanese high-tech industries achieved significant gains in productivity 

by pioneering new operations techniques such as total quality control (TQC) and 

just-in-time (JIT). It is no question that an improvement in labor productivity is a 

                                                 
7 Capital expenditures can be categorized as follow: General capacity expansion construction 
(including mining and exploration), plant modernization projects, and general increases in capital 
budgets (Woolridge 1988). 
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major determinant of company’s performance.  

Labor productivity in this paper is measured by the natural logarithm value of ratio of 

total sales divided by total number of employees: 









=

employeesofnumberTotal
salesTotallaprdtyproductiviLabor log)(  

 
4.3.3 Dependent Variables 
 
As for the firm’s performance, two variables are mostly employed to measure it. The 

first one is Tobin’s q. This theory is widely used to explain the cross-sectional 

investment behavior of firms. The traditional accounting method will underestimate 

the value of intangible assets, but from Tobin’s q we can see the difference between 

firm’s book value and market value and the difference reflects the value of intangible 

assets (Megna and Klock,2000;Bharadwaj, 1999 ). So we also adopt Tobin’s q as the 

indicator of firm’s market-based performance. 

In this study, Tobin’s q is calculated based on Chung and Pruitt (1994) approach 

which is as follows： 

Approximate Tobin’s q＝
TA

DEBTPSMVE ++ . MVE is the product of a firm’s share 

price and the number of common stock shares outstanding, PS is the book value of the 

firm’s preferred stocks, DEBT is the value of the firm’s short-term liabilities net of its 

short-term assets, plus the book value of the firm’s long term debt, and TA is the book 

value of the total assets of the firm.  

The second variable used is ROA (Return on Asset). It is calculated as income before 

extraordinary items devided by total assets, and it has been shown to be related to a 

variety of other indicators of financial performance for firms (Keats and Hitt, 1998; 
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Hitt et al, 1997). ROA can reflect the profits which are created from firm make use of 

total assets. Some foreign investment banks such as UBS8investment bank also use 

this indicator to evaluate firms. 

This paper simultaneously utilizes market-based and accounting-based measures of 

the firm performance, Tobin’s q and ROA. The basic difference of the two variables 

is that Tobin’s Q belongs to market-based while ROA is an accounting-based measure. 

The former focuses on the market value of performance, whereas the latter 

emphasizes the book value of performance. Since innovation is intangible asset, its 

value can’t be fully reflected on book value. Therefore, we also use the market-based 

measure, Tobin’s q, to measure the valuation of innovation and ROA is utilized as 

comparison and reference. 

                                                 
8 Hyatt, G. 2005, UBS 2005 Global pharmaceuticals Conference Workbook. New York. 
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4.4 Empirical Model 
 
Multiple regressions with ordinary least square (OLS) estimators are used in 

determining whether there is any determinant that would have an impact on a firm’s 

performance. The dependent variables are the Tobin’s q and ROA and the 

independent variables are R&D intensity and patent. In addition, other factors that 

might influence firm performance are also considered in these multiple regressions.  

Four multiple regressions equations are specified as follow: 

 

ijijijijijijijijijijijijijij laprdcapinlevsizepatRDQ 654321 ββββββα ++++++= ,  

i=1,2 ; j=0,1,2                                                      (1) 

 

ijijijijijijijijijijijijijij laprdcapinlevsizepatRDROA 654321 ββββββα ++++++= ,  

i=1,2; j=0,1,2                                                       (2) 

where i=1 represents Taiwan; 

i=2 represents US; 

j=0 represents the biotechnology industry including biochemical and biotech& 

health care industries; 

j=1 represents biochemical industry that uses application of the tools and 

concepts of chemistry to living systems; 

j=2 represents biotech& health care industry that indicates the narrow sense 

definition of biotech. 

RD represents RD expenditure divided by total asset；  

pat is patents which is the number of patents of one sample firm； 

lev is leverage which is measured by the ratio of total debt to total asset； 
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capin is capital intensity which is measured by the ratio of capital expenditure to total 

asset； 

laprd represents labor productivity which is measured by the natural logarithm value 

of ratio of total sales divided by total number of employees. 

Q  is Tobin’s q, which is measured by the ratio of the sum of MVE and PS and 

DEBT to total asset; 11Q is Tobin’s q of chemical industry in Taiwan, 12Q  is  

Tobin’s q of biotechbnology and health care industry in Taiwan, 21Q  is  Tobin’s q 

of chemical industry in US, and 22Q  is  Tobin’s q of biotechbnology and health 

care industry in US. MVE is the product of a firm’s share price and the number of 

common stock shares outstanding, PS is the book value of the firm’s preferred stocks, 

DEBT is the value of the firm’s short-term liabilities net of its short-term assets, plus 

the book value of the firm’s long term debt, and TA is the book value of the total 

assets of the firm. Approximate Tobin’s q＝
TA

DEBTPSMVE ++  

Equation (1) and (2) are used to examine the influence of innovation on firm’s 

market-based and accounting-based performances in Taiwan and in US 

bioyechnology industries and the sub-industries as well.  


