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CHAPTER 1 

INTRODUCTION 

 

1.1 Motivation and Purpose of this Thesis 

 

Recently, biotechnology has become one of the most important industries that have an 

effect on human health and quality of life. Many developed countries invest a lot of 

efforts in biotechnology, like expand equipment, cultivate talented persons, and 

develop laws and regulations to catch the business opportunities. Many Asian 

countries also actively develop biotechnology industry with some long-term projects, 

like Korea has “Biotech 2000” and Japan has “Biotechnology Strategy Framework”. 

Taiwan government also puts more and more focus on biotechnology and set many 

projects to drive this emerging industry to grow. In 1982 Taiwan government had 

included biotechnology in the eight key technologies. In the “Challenge 2008：

National key development projects” which were proposed in 2002, biotechnology is 

one of the “two trillion, twin-star plan”. Executive Yuan development fund is going to 

invest 20 billion NT dollars in biotechnology industry and biotechnology-related 

industry in five year and encourage public and private enterprises to set up 

biotechnology community to accelerate industry development. Besides, many 

universities set up biotechnology-related departments to cultivate professional 

persons.  

However, Taiwan biotechnology firms are confronted with some difficulties, the 

shortage of capital is one of the most serious difficulties. According to the survey 

provided by ITIS （ Industry & Technology Intelligence Services ） , 56 ％  of 

biotechnology firms response that the shortage of capital is their most serious 
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problems about operations. Biotechnology firms have to invest a large amount of 

capital in research and development（R&D） to develop new products, processes or 

technologies at the beginning stage in order to grow and develop in the long term. But 

they have to wait for a very long time to see if these R&D succeed and have fruitful 

results. Because the initial investment needs a lot of capital and the time to see the 

results is so long, the uncertainty is quite great. Investors are not sure that firm’s R&D 

investment or innovation ability can really have a positive effect on firm’s 

performance. As a result, investors don’t want to take such a high risk and don’t dare 

to invest more in this emerging industry.  

There are many previous studies show that innovation has a significant and positive 

effect on firm’s performance. Therefore, through this study, we tend to examine the 

impact of innovation on firm’s performance in Taiwanese biotechnology industry. If 

innovation has a significant and positive effect on firm’s performance in Taiwanese 

biotechnology industry, investors can be more confident with these biotechnology 

firms that have better innovation ability and be willing to invest more in them.  

Further, there are studies indicate that firm’s performance is greatly affected by 

industry-specific factors. For instance, different industries have some specific 

characteristics, current situations and different development periods such as growth 

period or matured period, these industry-specific factors could affect firm’s 

performance and the impact of innovation on firm’s performance might be different in 

different industries.  

Michael Porter and others also 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. 
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Consequently, profitability tends to vary widely between industries.  

Hill and Snell (1988) propose that the importance of innovation strategy depends on 

industry environment. In industries where products and process technologies are 

stable, innovation is unlikely to have great strategic importance 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.  

Cockburn & Griliches (1998) indicate that the market recognizes that similar R&D 

moves may have different payoffs in different environments. 

With the general definition, biotechnology is composed of other related sub-industries 

such as specialty chemistry and biomedicine. In this study, the 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 biotechnology in biotech& health care industry is defined as the narrow sense: 

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 



 10

biotech& health care industry. 

Through examining the impact of innovation on firm’s performance in different 

sub-industries, we can find in which sub-industry innovation has most significantly 

positive effect on firm’s performance then investors can invest more in this 

sub-industry to get better returns. 

A large number of previous studies show that the intangible capital, namely 

innovation here, plays an important role in determining firm’s performance especially 

the market-based performance. However, there are evidences that the impact of 

innovation (intangible capital) on firm’s performance differ in different industries and 

different countries as well. While there are many evidences that innovation has an 

impact on firms’ market value in US market or in other countries, but the current 

situation of biotechnology industries in US and Taiwan have many differences. 

Followings are some differences in US and Taiwan biotechnology industries： 

There are a large portion of firms engage in pharmacy in both countries, but most 

firms in Taiwan engage in developing and producing biosimilar medicines which are 

produced and improved based on previous approved medicines while most firms in 

US engage in developing new medicines which have significant differences or 

fundamental changes from previous approved medicines (Ministry of Economic 

Affairs, R.O.C., Department of Industrial Technology). So the innovation types in two 

countries are different. Besides, the quality and soundness of laws and regulations are 

also different in Taiwan and in US. For instance, the mechanisms of technology 

transfer and commercialization are sound in US biotechnology industry such as 

Technology Transfer Act of 1995 and Technology Transfer Commercialization Act of 

2000. However, we just start to establish related laws and regulations about 

technology transfer or commercialization in Taiwan. As a result, through the sound 

technology transfer acts, US biotechnology firms cooperate with universities and 
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research institutions very well and shorten the time from initial R&D to 

commercialization (DCB1). As for the new medicines applications, Taiwan doesn’t 

have laws and regulations about biosimilar yet and lack the talents who have 

experiences in new drug applications. According to ITIS survey, 52% firms in Taiwan 

biotechnology industry think that the laws and regulations about biotechnology are 

not clear and sound. On the contrary, the Federal government of United States has 

sound control system of biotechnology. There are three authorities: Foods and Drugs 

Administration, Environmental Protection Agency, and US Department of Agriculture. 

These three authorities are in charge of different medicines and related products and 

they have clear duties respectively. This can make the procedure of products or 

technologies applications in US biotechnology industry more efficient (Office of 

Science and Technology, Executive Office of the President). Finally, our domestic 

market is not big enough but the international channels are blocked by large foreign 

firms so domestic firms cannot enjoy the advantage of economies of scale. However, 

the US firms already distribute over the world having the broad demand market and 

enjoying economies of scale (Industrial Economics & Knowledge Center, Industrial 

Technology Research Institute2006).  

Because of these different current situations and environments, we are not sure 

weather the result is the same in Taiwan. This study tends to fill this gap to examine 

the relationship between innovation (measured by R&D intensity and patents) and 

firm performance in Taiwan biotechnology sector which experienced significant 

growth in the number of firms and revenues. Though there are many researches on the 

relationship between R&D activity and firm’s performance in other industries like 

electronics industry, there are few studies examine this relationship in biotechnology 

industry in Taiwan. This study also examines if this relationship is still held in Taiwan 
                                                 
1 Development Center of Biotechnology, DCB 財團法人生物技術開發中心 
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biotechnology sector. And this paper intends to provide some suggestions for 

investors when evaluating biotechnology firms in Taiwan. 

Most developed countries like the U.S. and Japan derive their comparative advantage 

from superiority in developing and producing technologically advanced products 

(Boer, 1994; Chauvin and Hirschey, 1993; Erickson and Jacobson, 1992; Lee and 

Zahra, 1994). Through the process of innovation, firm can produce or improve its 

technologies, products or services and then have better competitiveness and 

performance. That is the reason that innovation plays a pivotal role for firm’s superior 

position especially in high-tech industries such as electronics, drugs and chemicals. 

Innovation is the essence for firms to develop products and processes and bring those 

products and processes to market.  

There are many definitions for innovation. Thompson (1965) defines innovation as 

the birth, adoption, and implementation of a new concept, flow, product, or service2. 

An innovation can also be referred to improve procedures or products. For example, 

firms can produce products more efficiently through an innovation of their operating 

system. Mogee and Schacht (1982) demonstrate that technological innovation is a 

flow that enables the industry it belongs to have newer and improved production flow. 

In Tushman and Nadler study (1986), innovation means creations of new products, 

services, or flows. Most successful innovations are influenced by accumulated 

changes of concepts or methods. Schumann proposes an innovation map by which 

innovation activities could be categorized into nine types by nature and types. 

Following is a brief description: 

1. Innovation nature 

(1) Product innovation: a complete range of products or services functions. 

                                                 
2 V. A. Thompson, “Bureaucracy and Innovation,”Administrative Science Quarterly 10 (1965): 1-20. 
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(2) Process innovation: a set of product development, manufacturing procedure. 

(3) Procedure innovation: a set of methods incorporating products that are integrated 

and infused into an organization. 

2. Innovation types 

(1) Incremental innovation: a product, process, or method is gradually improved to be 

better, more convenient, or cheaper. 

(2) Distinctive innovation: significant improvement in product, process, or method. 

(3) Breakthrough innovation: fundamental differences in technology or method that 

function significantly better and even replace previous ones. 

In sum, innovation means by modification of products and processes or creation of 

new products and procedures to get better results. Innovation is a kind of intangible 

assets, and its effect on firm’s performance will be reflected in the future. (Lin shuen 

yang,2005；Shores and Bowen, 2002) For example, it takes a long time for firms to 

bring new products into market successfully from initial R&D investment. 

Since innovation is an intangible asset, there are some proxy variables of it. R&D 

intensity and the number of patents are widely used as the proxy variables of 

innovation or intangible assets (Megna and Klock,1993). In today’s economy, R&D 

activity is becoming linked with superior profitability and performance in a growing 

number of industries (Hitt, Ireland, Hoskisson, 1995; Grant, 1995). Investments in 

R&D for superior products or services are leading to market growth and profits. For 

instance, over the last decade, Japanese high-tech industries have taken a dominant 

market position over their counterparts. It was mainly attributable to the development 

of innovative and quality products by high R&D investments and the improvement of 

productivity by efficient manufacturing operations. Due to these successful cases, 

more attention is being paid to the role of innovation or R&D activity in sustaining a 

competitive advantage (Erickson and Jacobson, 1992; Long and Ravenscraft, 1993; 
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Sveikauskas, 1986). 

In the study of Lee and Shim (1995), the results show that research and development 

activity has a significantly positive association with firm performance (market growth 

in sales) in the U.S. and Japan. And the results also indicate that other competitive 

forces like better labor forces and effective use of capital as well as R&D activity are 

major determinants of firm performance (market growth) in the high-tech industry of 

the U.S. and Japan. 

Megna and Klock (1993) demonstrate that intangible capital such as R&D explains a 

statistically significant portion of the variation in Tobin’s q in the wireless 

telecommunications industry. The industry average q exceeds ten, and it appears that 

the conventional financial accounting statements fail to reasonably value the 

intangible capital. Besides, the authors also assert that different industries require 

different measures of intangible capitals. For instance, advertising expenditures are an 

important source of intangible capital in the distilled beverage and cosmetic industries 

while research and development expenditures (R&D) are important for the 

pharmaceuticals industry. 

Cockburn and Griliches (1998) indicate that R&D expenditures are the important 

measures of input to the process by which firms produce technical innovation. And 

patents are the output of firm’s technical innovation. They find that both patent stocks 

and R&D stocks do influence firm’s market valuation (Tobin’s q) and in different 

environments (different industries here) the similar R&D moves (R&D capital change) 

may have different payoffs.  

In this study we use ROA (return on asset) and Tobin’s q as the proxy variables of 

firm’s financial performance：ROA represents the accounting-based performance and 

reflects performance related to book value while Tobin’s q represents the 

market-based performance and reflects the performance related to market value. 
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Because both ROA and Tobin’s q represent the financial performance (Huang, 

de-shuen 1998), the firm’s performance here means the financial performance. We 

adopt ROA and Tobin’s q as the measures of firm’s performance at the same time 

because ROA is an accounting-based measure which can’t fully reflect the value of 

intangible assets, namely innovation here, but market-based measure does. Further, 

there are many scholars use Tobin’s q to measure the value of intangible assets 

(Bharadwaj et al 1999；Cockburn and Griliches 1988). In addition, Tobin’s q can 

measure profitable opportunity as well (Tobin 1969；Szewczyk et al 1999). 

 

The purposes of this thesis are ： 

（1） To prove that innovation has a significantly positive effect on firm’s 

performance in Taiwan biotechnology industry：As we prove that innovation 

has a significantly positive effect on firm’s performance, we can convince 

investors that innovation can benefit firm’s performance and investors should 

give firms higher valuation and invest more in this industry. Then firms can 

get enough capital to invest in R&D to strengthen their innovation ability. 

（2） To examine in which sub-industry of biotechnology innovation has the most 

significantly positive effect on firm’s performance：Investors can invest more 

in firm which has better innovation in this sub-industry to get more returns.  
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1.2 Structure of this thesis  
 
This dissertation is organized as followed. The first chapter, introduction：Describe the 

background and related studies of this issue and then draw the purpose of this 

dissertation. The second chapter, literature review：Review related theories, empirical 

studies and literatures of biotechnology and the impact of innovation on firm 

performance. The third chapter, introduction of biotechnology：Give investors a 

general idea about biotechnology including characteristics of biotechnology, and the 

introductions of Taiwan and US biotechnology industries. The fourth chapter, 

methodology：Define the criteria of sample selection, establish empirical model, 

decide the analytical method and build the hypotheses. The fifth chapter, analysis of 

empirical results：Based on the methodology, samples mentioned in previous chapter, 

we analyze and summarize the results. Besides, we also examine if the empirical 

results support the hypotheses.  The sixth chapter, conclusion：Conclude from the 

empirical results and provide some suggestions. The following is the figure of 

structure of the dissertation：Figure 1.1 represents the structures of the dissertation. 

There are mainly five sections in the dissertation. The contents of each section are 

showed in this figure 
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Figure 1.1 The structure of this thesis 
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