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Abstract 

 

As the increase of competition levels, the ability of generating a continuous stream of 

innovation occupies an exceptionally important role in the development and 

manufacturing of companies, especially in bio-pharmaceutical industry in United 

States. This paper presents an empirical perspective on the nature of innovation of the 

U.S. bio-pharmaceutical companies. Several issues discussed here are central to a 

study of R&D expenditure's determinates of top listed bio-pharmaceutical companies 

sampling from U.S. market. It begins with the background information of innovation 

in overall bio-pharmaceutical sector, and then moves on to detail of R&D activities in 

bio-pharmaceutical industry. Next it discusses the estimated factors which influence 

R&D expenditures, following by previous literatures review. 

 

The purpose of this thesis is to investigate and to test financial and non-financial 

factors determining R&D expenditures for individual top technique 

bio-pharmaceutical listed firms through literature review using data for the 2001 to 

2010 periods by both single variable analysis and multiple variable analyses 

empirically. Moreover, the further step in this study is to investigate the real relations 

between those factor and R&D expenditures individually and synthetically. In this 

way, this work helps us have a more clear understanding on the relationship between 

firm performance and firm R&D expenditures. More specifically, the study provides 

evidence on three essential issues. To answer there three questions, the paper conducts 

both single variables analysis and multiple variable analysis. For single variable 

analyses, first step is to draw scatter plots based on 97 sets of data by using MARLAB 

software. Following this step, to illustrate the exact correlation between the given 

independent variable and dependent variable (the natural logarithm of R&D), after 

processing data filter the paper adopt curve fitting based on varying sets of data. 

 

According to the results from this study, the conclusions obtained can be divided into 

two streams. First type is the one that the hypothesis get support from this study. For 

instance, there is a significantly positive correlation between firm size and R&D 

expenditures as expected. Also, just as expected, a high sales growth rate is positively 

correlated with R&D expenditures based on given sample. Besides, it is proved in this 

paper that R&Di,t-1 have a lagged effect on the R&Dit expenditures. 

 

The other type is that hypothesis cannot be proved, no significant evidence have been 

found or not as effective as what have been estimated in hypothesis. For example, it is 

not reasonable to say the R&D expenditures and operating profit margin have a 

positive correlation. Moreover, the lnR&Dit and cash flow to sales income rate also 

have no obvious correlation. 

 

According to the analyses of two multiple variable models, all six variables can be 

regarded as the determinants of R&D expenditures; especially the variable of firm 
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size is the major. Additionally, some interesting findings provided in the end of this 

study. 

 

Key words: R&D expenditures, R&D determinants, bio-pharmaceutical industry, U.S. 

market 
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1. Introduction 

1.1Background 

Research and development activities represent a significant part of company's 

business. To develop and exploit this innovative capability, it is widely regarded as a 

critical determinant of corporate performance and competitive advantage (Voss, 1994; 

Bettis and Hitt, 1995; Helfat and Peteraf, 2003). Comparing with the developing and 

maintaining competitive advantage, generating a continuous stream of innovations is 

more essential for corporate especially in knowledge-based industry. Corporate 

generate high level of profitability continually by adopting a relatively rapid stream of 

multiple innovations (Barczak, 1995; Roberts, 1999). For all above, managers and 

business researchers seriously concerned the continuity of innovation process and the 

effective management of that (Marsh and Stock, 2003; Bogner and Bansal, 2007). 

Therefore, these expenditures relate to the development and improvement of new 

products as well as the technical support of products, get attention increasingly. For 

increased R&D and investment in this key part of knowledge-based economy, 

bio-pharmaceutical industry is regarded as the engines of the new economy. Therefore 

it is recognized as one of the best target industry for studying on the research and 

development.  

 

In this paper, several issues are investigated that are central to a analysis of R&D 

expenditures of bio-pharmaceutical companies. Since as an industry it is generally 

regarded as being more R&D-intensive than others (such as electronics, 

communications, and aerospace) in the technology sector, bio-pharmaceuticals has 

captured a larger share of global R&D in recent years. The paper empirically 

investigates the financial and non-financial factors behind this disparities in different 

individual companies by using a overlapped sample from Deloitte's technology fast 

500 ranking 2009 and 2010, try to find out and test the determinants of R&D 

expenditures in the target industry.  

 

1.2 Research Gap and Contribution 

During the process of reading relative literatures, it's obviously that the determinants 

of R&D investment are a focal point for researcher in the area of research and 

development. There is a large and wide-ranging research that examined various 

aspects of the R&D expenditures and its determinants, many ways and indicators have 

been evaluated. In all those literatures, I find out most previous research discussed the 

relationship between R&D investment and portfolio management, expected return, 

and market structure. Indeed, verifying R&D determinants can help decision makers 

realize how to finance for R&D investment and provide worthwhile information for 

advancing strategies efficiently and allocating limited resources soundly. 
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My literature review indicates that a lack of cumulative knowledge building exist here. 

Rather, each study adds or adopts some new variables to a subset of the variables in 

R&D study. Therefore, this paper through screening factors concerned in previous 

literatures, determined to use six factors as estimated determinants for R&D 

expenditures, as well as decided to focus on the top firms in bio-pharmaceutical 

industry which is the most suitable objective for study research and development.  

 

In short, this paper filled up the gap in three ways. 

The first is about the research market and research industry.  Many previous 

literatures were focus on the bio-pharmaceutical industry on the market like European, 

Japan, OCED countries and emerging market like China and India. While, the 

research market in this paper is United Stated market. Beside, a lot of previous studies 

which studied R&D expenditures of U.S. focused on cross section analysis within 

several industries in a specific year. While this paper studies specific industry of U.S. 

Market---bio-pharmaceutical industry. Although some researchers have been also take 

U.S. bio-pharmaceutical industry as the research industry, the research objective is 

different from this paper's.  

For choosing U.S. market as the research market is since that the U.S. 

bio-pharmaceutical market is the most mature and representative one around the 

world.  

 

The second is about the investigated factors. Through generalization and selection, the 

variable investigated in this paper is the factors which are worthy to be paid attention 

comparing with that of previous literatures. Since previous literatures, some of which 

is important but neglected, such as cash flow to sales rate; some of which faced 

debatable judgment, such as leverage rate.  

 

The third is about the sample. The sample taking in this paper---32 top 

bio-pharmaceutical listed firms--has never been studied by any other researcher. Also 

the period cover by this paper's data is from 2001 to 2010, which is really brand new 

period and has not been investigated. 

 

The study‘s contribution lies in uncovering the relevant determinants of R&D effort in 

its various dimensions: First, I investigate several R&D determinants by 32 listed top 

bio-pharmaceuticals in the period of 2001-2010 using a panel data analysis, while 

previous studies mainly focused on cross section analysis within an industry in a 

specific year. In fact, those previous studies just explained inter-firm differences in 

R&D, which is not sufficient to examine the unexpected environmental factors 

induced by disturbance over time. This paper analysis more precisely the individual 

differences in behavior of R&D investment within a sample period using is chosen 

from top listed companies in U.S., which is a representative sample of the 

high-technique companies in the area of uncultivated. Then the paper also sheds light 

on the lagged effect of previous year's operating situation on the next year's R&D 

expenditures. The whole paper will be ended with several constructive conclusions. 
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1.3 Research Question 

Taking into consideration the research background and research gap presented above, 

the following question is postulated to guide the research process: 

 

•What are the determinants of R&D expenditures to top listed bio-pharmaceutical 

companies in U.S market? 

•How are those estimated factors correlated with R&D expenditures for top listed 

bio-pharmaceutical companies in U.S? 

•Whether or not the previous year's operating status has a lagged effect on next year's 

R&D expenditures? 

 

1.4 Research Purpose 

One main purpose of this empirical analysis is to find and test the determinants of 

R&D expenditures for top technique bio-pharmaceutical listed firms, revealing the 

current situation of R&D investment. During the study, I will investigate whether 

estimated variables is correlative to R&D expenditures in bio-pharmaceutical industry 

of U.S. Additionally, I will also exanimate whether there is a lagged effect of previous 

year's financial condition on next year's R&D expenditures? The underlying reason 

for such study is to understand more about the relationship between R&D and firm 

performance.  

 

1.5 For Whom 

The result of this study is helpful for managers of bio-pharmaceutical companies, 

which reveal the performance in an reference group of leading enterprises in this 

industry in U.S. It will give some hint to the managers and also a better understanding 

on R&D expenditures when they are making decisions under current U.S. 

bio-pharmaceutical market. 

 

Moreover, the outcomes of this study provide investors of this industry a new angle of 

visual on companies' future development. Considering current knowledge economy, 

the value of firm based on both tangible assets and intangible assets, for example 

research and development in term of intangible assets. In the short run, R&D 

investment increases the expenditures of firm. However, it strengthens firm‘s capacity 

of profitability and then brings more profits and value, reflecting by sales income and 

stock return in long-run. Therefore, as investors of top listed bio-pharmaceutical 

companies, this study will definitely offer them better knowledge on their investment 

decision making.   

 

Lastly, government can benefit from this study result in the way of policy implication. 

In recent year, the bio-pharmaceutical industry has been regarded as one of the most 
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productive sectors in U.S. economy. Many state economies are heavily rely on 

bio-pharmaceutical industry, including New Jersey, Massachusetts, Indiana, North 

Carolina, Connecticut, Pennsylvania, California, Utah, Maryland, New York, Rhode 

Island, Illinois and Washington (Milken Institute, 2004,p3). The outcome of this 

paper let policy makers to consider more deeply on realistic significant of government 

funding on R&D activities. 

 

1.6 Delimitation 

It is extremely difficult to determine the exact extent of the activity of such large and 

dynamic bio-pharmaceutical industry in the United States. Given the differences in 

firms' accounting fiscal year ends, interest rate fluctuations, the merger and 

acquisition activity that continues in the biopharmaceutical industry, and multiplier 

and tax impacts among states within the U.S. in the concepts and methods used in 

collecting and computing taxes, accurate data is difficult to capture. In addition, to the 

extent that a lot of firm in the biopharmaceutical industry are multinational enterprises, 

the nature and extent of a company‘s involvement in an area are subject to constant 

fluctuation and change. However, while the depth, scope and accuracy are somewhat 

limited by the methodology issues identified, the available data provide a clear picture 

of the development and tremendous impact of the biopharmaceutical industry in the 

United States. 

 

1.7 Relevant Concepts 

R&D: Research and development comprise creative work undertaken on a systematic 

basis in order to increase the stock of knowledge, including knowledge of man, 

culture and society, and the use of this stock of knowledge to devise new applications 

(OECD, 2008) 

R&D Expense: R&D expense is the amount a company pays from its own funds for 

R&D that is done for the company's benefit (for example, R&D leading to new 

products or processes that may increase income). It includes company-performed 

R&D in both its domestic and foreign locations plus R&D the company pays others to 

perform.(National Science Foundation, Directorate for Social, Behavioral, and 

Economic Sciences, May 2010, by Raymond M. Wolfe) 

1.8 Disposition 

Chapter 1: Introduction 

The objective of this Introduction chapter is to provide reader with a brief summary of 

what is discussed in this paper. The introductory background is followed by research 

question and purpose. Besides, this chapter includes delimitation of this paper, some 

relevant concepts and disposition. 
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Chapter 2: Theoretical Method 

First of all, the choice of subject and preconception to the subject are presented. And 

then it is followed by research philosophy, research approach and research strategy 

employed in this paper. Lately, a presentation of search source and a discussion of the 

credibility of this paper end this part. 

 

Chapter 3: Innovation and bio-pharmaceutical industry  

In this chapter, three main segments consist. The first subsection below provides basic 

understanding on innovation which is the origin of research and development. The 

second follows with the background and current status of the bio-pharmaceutical 

industry in U.S. market. At the end of this chapter, the third section will discuss on the 

R&D activities occurred in bio-pharmaceutical industry  

 

Chapter 4: Theoretical Framework  

This chapter is divided into three main subsections. The first portion below listed a 

group of essential financial and non-financial factors which influenced the R&D 

expenditures in the level of firm. The second follows with the other group of factors 

that also affect the R&D activities, some of which is less important than the first 

group or some of which are macroscopically factors. In this end of this part a 

summary of previous empirical evidences in provided. The last portion in this chapter 

presents the summary and hypotheses, discussed the reason and consideration of 

setting of theses seven hypotheses. 

 

Chapter 5: Practical Method 

This chapter represents the practical method employed for the empirical study. Three 

segmented parts constituted this chapter. The first portion describes the background 

information on data collection. The second one discusses the choices identification 

and explanations for each variable in this model. The finial portion follow with 

motivations for the data collection process and detailed discuss on the choice of 

research method in this paper. 

 

Chapter 6: Results and Analysis 

In this chapter, the empirical results of various curve fitting are presented and analysis. 

Meanwhile, according to the empirical models of previous chapter, the quantitative 

analysis is adopted by using real data. In the beginning, this chapter starts with the 

descriptive statistics for the data, which help to realize the characteristics of the data. 

Then it is followed by the empirical results and discussions on six single factor effects 

in turn. In the last section of this chapter, it present the empirical results of Model 1 

and Model 2----the regression results in non-liner fitting way for lnR&Dit and 

lnR&Di,t+1-----as well as the discussion of the results. 

 

Chapter 7: Conclusions and Recommendations 

In this last chapter, it summarize the empirical findings and conclusions present. 

Additionally, I will discuss the results of this empirical study comparing with 
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previous studies. Furthermore, some valuable suggestions and recommendations are 

provided for further researches in this field. 
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2. Theoretical Method 

2.1 Choice of Subject  

The idea of study the activities of R&D came out based on two main reasons as 

following. First of all, as a master student who major in Accounting, I have come to 

realize that Accounting and Finance mutually interweave in theory, which cannot be 

isolated in practical. It seems that this thought become increase clear when I took both 

finance and accounting courses in the Umeå University, such as corporate finance, 

corporate government, and IFRS etcetera. Secondly, during the process of reviewing 

literatures that two ranges overlapped, I gradually understand that how important 

research and development it is for a firm especially a high-tech firm. While, as the 

best representative and evenhanded industry, bio-pharmaceutical industry is my best 

choice for study R&D expenditures. Moreover, through a extensive literature review, 

I find that previous studies which based on bio-pharmaceutical industry mostly met 

with limited success to identified the effectiveness of firms performance driven by 

R&D expenditures. To the best of my knowledge, the empirical studies on 

effectiveness of corporate performance driven by R&D expenditures in 

bio-pharmaceutical industry are pretty limited. For all above reasons, I get this chance 

to investigate further on this topic in the view of empirical perspective. 

 

2.2 Preconception 

Author‘s knowledge background will affect the selection of the topic, statistical 

method usage, and the choice of theories during literature review. Every decision 

value and behavior are all inevitable influenced by preconceptions for researcher‘s 

posses it. In this way, that is so important for researchers that to select an appropriate 

perspective for analyzing the research question (Saunders, Lewis, & Thornhill, 1997, 

p. 112-116).  

As the author, I have taken courses in both Finance and Accounting at the master‘s 

level, Accounting as the major. All those courses build me a fundamental 

understanding of theory employed in this paper. During these three semesters I have 

already got the ability of collecting data from annual reports reliably and explaining 

information from annual reports validly. My own preconceptions will not influence 

the results from this thesis. Both quantitative research methods and statistical methods 

are combined to be adopted in this paper. Quantitative methods are based on objective 

data. It can be used to verify whether or not the hypotheses of this paper are true. The 

statistical methods used in this paper are selected from literature references servicing 

for the demand of this paper. In order to examine the determinants of R&D 

expenditures, several firm-specific factors, such as firm size, leverage situation, 

expected return, cash flow, and sales growth rate are sorted out from previous 

literature. Meanwhile, my supervisor continuously read my thesis and benefits me 

with his valuable advices and suggestions tending to the improvement of my work, 



 

 15 / 105 
 

which to ensure my personal preconception has no effect on the results from this 

thesis. 

 

2.3 Perspective    

Even having the same research question, different researchers with different research 

fields probably give varying conclusions since the research question is evaluated by 

variable ways. It is as a result of a complex pattern, which is apparently influenced by 

the personal practical experience, social background, academic education, etc. In this 

paper, my goal is to explore the relevant relationships between determinants of R&D 

expenditures and R&D expenditures in bio-pharmaceutical industry in U.S. market. 

The outcomes of this thesis are valuable for American bio-pharmaceuticals‘ 

management to have this knowledge in order to control R&D expenditures wisely as 

well as to make effective R&D investment strategies. Also, especially in practice, 

these generalizable and objective results will offer managers a hint to reconsider the 

importance of R&D investment. Moreover it also provides a clearly knowledge for 

external investors and policy makers to make the right decisions. The result of this 

paper will be come out based on a sample of 32 top listed bio-pharmaceutical firms in 

U.S. market in the period from 2001 to 2010.  

2.4 Research Philosophy  

A good understanding of research philosophy will help researchers, who try to 

recognize which research design will work for a given circumstance, to create designs 

outside them experience and to clarify on a chosen research design (Easterby-Smith et 

al, 1999).Therefore, considering the impact of researchers' perspective on the 

selection of research problems and generally results in the choice of methods to 

accomplish the research purpose to clearly state, the research philosophy is worthy to 

mentioned in this paper (Saunders, Lewis, & Thornhill, 1997,p.112-116,119). 

To this paper, two viewpoints are related------epistemology and ontology. 

 

2.4.1 Epistemology 

 

Epistemology concerns the question that which should be considered as acceptable 

knowledge on a discipline, which means whether people should, studied the reality 

abiding by the same principles, process, and spirit as the natural sciences. 

 

According to the epistemological perspective, social science is divided to two kinds of 

standpoint----positivism and hermeneutic. Positivism, which endorses the weightiness 

of imitating the nature science, can be taken as following doctrines. Firstly, 

knowledge can be truly justified if phenomena and related knowledge verified by the 

sense, which means only physical phenomena and social facts can be considered as 

knowledge. Secondly, science must be guided that is value free. The result in the 
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positivistic view can be generalization to explain causalities and regularities (Bryman 

and Bell, 2007, p.16). In the other hand, hermeneutic-phenomenological perspective 

does not dealt with in details on the rational effect on inter-pretivism, aims to have 

more cognition of relativistic thinking, requiring to grasp the subjective meaning of 

social action (Bryman and Bell, 2007, p.17-21).  

 

From the anterior, the research process of this thesis will adopt the perspective of 

positivistic epistemological viewpoint. However, hermeneutics, which concerned a lot 

on knowledge of relativistic thinking, is not suitable to apply in this thesis (Bryman 

and Bell, 2007, p.17, 19). In this paper, I attempt to investigate the determinants of 

R&D expenditures for 32 listed U.S. bio-pharmaceuticals and the association between 

six firm-specific factors and R&D expenditures. From reviewing previous relevant 

literatures, eight testable hypotheses are proposed and are tested within the following 

chapters. During the hypotheses testing, I will conduct quantitative and statistical 

methods. When these hypotheses have been tested, they will be either rejected or 

confirmed. According to the positivistic philosophical approach, results of this paper 

will be objective to study of determinants of R&D expenditures, which aligned with 

character of positivism, based on the aim to explore reliable knowledge and 

understanding as much as possible (Bryman and Bell, 2007, p.15-16; Saunders et al., 

1997, p.113-115). 

 

2.4.2 Ontology 

 

Ontology is the concept concerned with social entities, the way people observe the 

world. It originates in the questions of two extremes----phenomenology and 

positivism. Besides, here are two ontological positions, objectivism and 

constructionism. One of is objectivism, which concerned whether or not the social 

entities should be considered objective entities, having a reality external to social 

actors. It implies that social events independently exist from actors, such as 

organization. The other one referred to the constructionism, which concerned whether 

or not the social entities should be regarded that social constructions rested on a basis 

of the percipience and behaviors of social actors, implied that social events are 

influenced and created with actors through social interaction, such as culture (Bryman 

and Bell, 2007, p.22-23). Due to the purpose of this paper, examining the 

determinants of R&D expenditures, I attempt to explain the associations of these 

factors with R&D expenditures in top listed bio-pharmaceutical firms in U.S.  

Therefore, I believe that the objectivism is more applicable to this paper. 

 

2.5 Choice of Research Approach 
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According to Bryman and Bell (2003, p.12), deductive and inductive researches are 

two fundamental scientific approaches, which are usually applied when conducting a 

study. 

 

2.5.1 Deductive research approach 

 

A deductive approach is mostly based on a positivistic perspective, which represents 

the general standpoint of the nature of relationship between theory and research.  

With deductive research, testable hypotheses are derived from both existing theories 

and theoretical consideration as well as will be then examined by using empirical 

study. Data is collected through surveys, observation, questionnaire, interviews and so 

forth. Moreover, deductive researchers usually have to analyze their data in the way 

of statistical methods, such as multivariate data analysis techniques. In order to turn 

these hypotheses into operational terms, social researchers need to modify theories by 

rejecting or confirming hypothesis. It is possible to replicate deductive research 

(Muller, 2005). Firstly, theory and the hypothesis infer from it begin and promote the 

development of gathering data. (Bryman and Bell, 2007, p.11). The sequence can be 

depicted as one in which the steps outlined in Figure 1.1 take place. 

 

Figure 1.1 the process of deduction 

 

Theory 

 

Hypothesis 

 

Data collection 

 

Findings 

 

Hypotheses confirmed or rejected 

 

Revision of theory 

Note: Materials from Bryman, Bell, 2007, p.11 

 

2.5.2 Inductive research approach 
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On the other hand, an inductive approach is often based on a hermeneutic perspective, 

which represents a primarily inductive approach of the nature of relationship between 

theory and research. According to the inductive approach, theory results from the 

research. In this point of view, researchers start out from observation of empirical data 

in order to establish a new theory linked to a phenomenon, drawing in generalizable 

inferences out of observation. Data is usually collected through methods like 

interview, observation and diary methods. With inductive approach, theory follows 

data and it‘s difficult to replicate. (Bryman, Bell, 2007, p. 14) Induction entails a 

process in which as follow figure 1.2. 

 

Figure 1.2 the process of induction. 

 

Observations 

 

Pattern 

 

Tentative hypothesis 

 

Theory 

Note: materials from Bryman, Bell, 2007, p.11. 

 

In general, the deductive process is from theory to empirical data, while the inductive 

process is from empirical data to theory (Saunders et al., 2007, p. 123-126).In this 

paper, a deductive approach is employed. At the beginning of research process, 

testable hypotheses are set up based on previous findings, such as in this paper the 

firm size is regarded as one estimated determinants of R&D expenditures. While all 

these relevant theories and literatures will be depicted and discussed in the theory 

chapter. Subsequently, hypotheses are either rejected or confirmed, after they have 

been tested against empirical observations. Finally, the existing theory will be 

confirmed or modified. In this paper, I‘m not intent to set up a new theory based on 

the observation of empirical data, which is mainly due to, during the past decade, 

findings of theories on the determinants of R&D expenditures are mixed and widely. 

Considering current situation, the purpose of this paper aims to confirm or modify 

previous theories and findings on the determinants of R&D expenditures in 

bio-pharmaceutical industry of U.S. market. Therefore, in this paper, a deductive 

approach follows the research question and the research purpose. 
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2.6 Choice of Research Strategy 

According to Saunders et al (2009), many research strategies can be employed to 

answer the particular research questions and to meet objectives. These research 

strategies are included experiment, survey, case study, action research, grounded 

theory, ethnography, and archival research. 

 

Experiment is regarded as a research form that owes much to the natural sciences. Its 

purpose is to investigate the causal links, for instance, whether there is a link between 

two variables. (Hakim 2000) The typical experiments involve ―definition of a 

theoretical hypothesis and selection of samples of individuals from known 

populations‖. (Saunders et al, 2009, p.143) 

 

The survey strategy is usually obtained by using a questionnaire. While other data 

collection techniques are also belong to survey strategy , such as structured 

observation, structured interviews. (Saunders et al, 2009, p. 145) 

 

The case study research's features of a social phenomenon are deeply examined 

within its real life context. Case strategy is often used in explanatory and exploratory 

research (Saunders et al, 2009, p.146). Besides, a well-constructed case study can 

enable the researcher to challenge an existing theory and offer a source of new 

research question. (Saunders et al, 2009, p.147) 

 

According to Neuman et al (2006, p.25), action research is defined that ―it treats 

knowledge as a form of power and abolishes the line between research and social 

action‖.  Consider to the strengths of an action research strategy, they are a focus on 

change, the recognition that time needs to be devoted to diagnosing, planning, and 

taking action and evaluating and involvement of employees throughout the process. 

(Saunders et al, 2009, p.148) 

 

Ground theory is regarded as a strategy of inductive approach. According to Goulding 

(2000), ground theory is helpful for predict and explain behavior that researchers pay 

attention to develop and build theory. (Saunders et al, 2009, p.149) 

 

Ethnography means to describe and explain the social world, which is rooted in the 

inductive approach. If the researchers attempt to gain insights on a specific context 

and better understand, ethnography is a good approach. (Saunders et al, 2009, 

p.149-150)  

 

Archival research is a strategy that it us administrative records and documents as the 

principal source of data. In a archive research, the research question would emphasis 

on the past and changes over time.(Saunders et al, 2009, p.150) 
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Consider to this paper, both the experiment strategy and the archival research strategy 

is employed. Since firstly, this paper investigated the determinants of R&D 

expenditures in U.S. bio-pharmaceutical industry.  Independent variable, such as 

"firm size" and "sales growth rate" and dependent variable, R&D expenditures, are 

taken account into research question. Secondly, the data analysis by this paper is from 

archive records in the period from 2001 to 2010 in Thomoson Ruters DataStream.   

Besides, this paper applies a deductive quantitative research, other strategies are not 

appropriate to employ in order to answer the research question of this paper.  

 

2.7 Choice of Research Methods 

 

Quantitative and qualitative research can be constructed as two opposite research 

methods, which represents a useful means of classifying different methods of business 

research. While, qualitative and quantitative data are two types of research data. 

 

2.7.1 Qualitative research 

 

Qualitative research is a new framework for doing social research (Hamilton, 1994; 

Vidich and Lyman, 1994). Qualitative data is collected in order to discover or gain 

deeper understanding from information on a few characteristics. It has unstructured 

collection techniques, little concern for representativeness, relatively long interviews, 

highly skilled active interviewer and the results have subjective interpretation 

Firstly, the qualitative method is predominantly emphasized an inductive approach to 

the relationship between theory and research, in which the emphasis is placed on the 

generation of the theories. Then, qualitative research has rejected the practices and 

norms of the natural scientific model and of positivism in particular in preference for 

an emphasis on the ways in which individual interpret their social world. Lastly, it 

embodies a view of social reality as a constantly shifting emergent property of 

individuals‘ creation. (Bryman, Bell, 2007, p.28)   

 

2.7.2 Quantitative research 

 

On the other hand, quantitative data is employed for examine a theory or hypothesis 

or giving a brief statement with some features, which includes high representativeness, 

a more structured selection technique, relatively brief interviews, passive interviewer, 

large samples and an objective explanation of results (Muller, 2005). As some 

researchers' description, the difference between quantitative and qualitative research 

strategy can be summarized are follows. First of all, according to Bryman and Bell 

(2007, p. 28-30),during the collection and analysis of empirical data, quantitative 

research strategy focuses on quantification; but on the other hand, qualitative research 

strategy emphasizes words rather than number (Bryman and Bell, 2007, p280). 
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Secondly, quantitative research strategy pays attention on the analysis of the 

relationship among variables by using statistical instruments, while qualitative 

research strategy describes a development process of the entire event (Bryman and 

Bell, 2007, p. 322). One more worth to mention is the quantitative research strategy is 

always associated with a deductive research approach that is usually based on a 

positivistic perspective (Bryman and Bell, 2007, p. 28-30).  

 

Through preceding discussion on both quantitative research strategy and qualitative 

research strategy, for this paper a quantitative research has been pick, which is helpful 

for answering research questions, achieving research purpose. The main methods 

adopted in this paper are simple and multiple regressions. By using 

MATLABR2010B software and 1stOpt software, the ordinary least squares method 

was employed to estimate the parameters. For instance, the multiple curve fitting is 

employed in order to examine whether a significant contemporaneous and lagged 

effect of firm's operating status on R&D expenditures. Single variable regressions are 

used to test whether the impact of decreased or increased firm-specific factors for 

those firms‘ performance influence the R&D expenditures somehow. In this way, a 

qualitative research method, however, is not a wisely chose to achieve the goal of this 

paper. Data collected by questionnaire or interviewing, is totally not suitable for the 

study of this paper. To sum up, the quantitative research strategy is the one best 

needed and the one appropriate for this paper to obtain valid conclusions and achieve 

the research purpose. 

 

2.8 Source Criticism 

 

Every researcher should evaluate the materials independence before using any 

previous study, to exam whether or not it is free from false view, or to check how 

recent it is and how close to the source the material was collected (Bryman and Bell 

2003). In this paper, I will also ensure the material source I took is reliable. In the case 

of this paper, I check whether it was correctly cited in the first place, and then take it 

as a secondary source. By this way, the material independence can be achieved. 

Besides, most literatures I referred to are published in highly stated journal, such as 

Journal of Accounting Research and The American Economic Reviews, which ensure 

that they do not carry a false view. 

 

To guide the selection of data for Thomoson DataStream, four criteria as follows, 

based on "Appendix Methodology and Statistics" from Science and Engineering 

Indicators (SEI) : 

 

1. Relevance. Data sources should include indicators central to the functioning of the 

science and technology enterprise.  

2. Representativeness. Data should represent national or international populations of 

interest. 
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3. Timeliness. Data that are not part of a time series should be timely, i.e., substantial 

and unmeasured changes in the population under study should not have occurred since 

the data were collected. 

4. Statistical and methodological quality. Survey methods used to acquire data should 

provide sufficient assurance that statements based on statistical analysis of the data 

are valid and reliable. 

 

I conducted a comprehensive review of secondary sources to understand what has 

been addressed and identify some information gaps. In fact, data included in 

DataStream has a high quality. While, the quality of data can be measured by a 

variety of way, some of which are described in the following sections. Some key 

dimensions of quality include: 

 

1. Validity. Data have validity to the degree that they accurately measure the 

phenomenon they are supposed to represent. 

2. Reliability. Data have reliability to the degree that the same results would be 

produced if the same measurement or procedure were performed multiple times on the 

same population. 

3. Lack of bias. Data are unbiased to the degree that estimates from the data do not 

deviate from the population value of a phenomenon in a systematic fashion. 
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3. Innovation and Bio-pharmaceutical industry  

In this chapter, three main segments consist. The first subsection below provides basic 

understanding on innovation which is the origin of research and development. The 

second follows with the background and current status of the bio-pharmaceutical 

industry in U.S. market. At the end of this chapter, the third section will discuss on the 

R&D activities occurred in bio-pharmaceutical industry  

 

3.1 Innovation 

 

Davila et al. (2006, p6) stated that there is no way for companies to grow through cost 

reduction and reengineering alone. He argued that innovation is the key element in 

providing aggressive top-line growth and for increasing bottom-line results.   

 

3.1.1 The definition of Innovation 

 

Cris Beswick (2010) defines innovation as: "The successful exploitation of an idea 

that adds value to the customer and commercial return for the creator ". Luecke and 

Katz (2003) noted in an organizational perspective that "Innovation... is generally 

understood as the successful introduction of a better thing or method...Innovation is 

the embodiment, combination, or synthesis of knowledge in original, relevant, valued 

new products, processes, or services." A organizational content analysis on the term 

"innovation" carried out by Baregheh et al. (2009), who define innovation as: 

"Innovation is the multi-stage process whereby organizations transform ideas into 

improved products, service or processes, in order to advance, compete and 

differentiate themselves successfully in their marketplace." 

 

Innovation usually encompasses creativity, but is not exactly same to it, in other 

words, innovation encompasses weighting on the creative ideas to develop some 

particular and substantial difference in the field where the innovation exists. As 

Amabile et al. (1996) noted that: "Assessing the work environment for creativity‖. 

Also, he said that:"All innovation begins with creative ideas... We define innovation 

as the successful implementation of creative ideas within an organization. In this view, 

creativity by individuals and teams is a starting point for innovation; the first is 

necessary but not sufficient condition for the second". 

 

When innovation happened, not only the formation of a inventive idea is needed, but 

also the perspective has to be take shape in action to create a authentic difference, for 

instance, turning out to be in better or adjusted business processes within the 

organization. Similar with a lot of business utilities, innovation refers to a 

management process that needs particular instruments, regulations, and discipline. 

According to this perspective, the focus point is shift from the introduction of 
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particular helpful ideas to the universal organizational processes and procedures for 

engendering, deliberating, and taking shape in action of such perspectives resulting of 

substantial organizational deteriorations in terms of developed or new business 

products, services, or internal processes. Through those kinds of perspectives, 

creativity is mainly regarded as the basis for innovation, and innovation as the 

victorious fulfillment of inventive thoughts inside of an organization.  

 

3.1.2 Measure of Innovation 

 

Concerning to the type of measures for innovation, typically there are two main 

streams.  

 

One type is political level. Concerning to the level, measures of innovation rather 

emphasis on the competitive advantage of a given country or given region through the 

whole process. In this context, various way of evaluation can be employed to measure 

the organizational capacities, for instance those of the European Foundation for 

Quality Management. In fact, a suggested standard guideline on measuring 

technological product and process innovation was stated by the OECD Oslo Manual 

(1995). In 2005, a broader standpoint on innovation is taken by a new Oslo manual, 

which also involved innovation in the area of marketing and organizational. Moreover, 

all above standards are employed during the surveys of European Community 

Innovation.(OCED, 2005) While, the other one is the organizational level, which 

measure innovation at the level of organization, relating to individuals, team-level 

judgments, and private firms in order of the smallest to the largest. This organizations‘ 

innovation measurement have a lot of ways to be conducted, such as in the way of 

surveys, workshops, consultants as well as internal benchmarking. In nowadays, no 

established universal method is conducted to measure innovation in the level of 

organization. 

 

Specifically, concerning to the individual firms, in a view of industry, the innovation 

measurements included comparative cost-effectiveness research (CER), which is a 

form of price control. CRE is employed to reduce returns to industry, limits R&D 

expenditure, stifles future innovation and compromises new products access to 

markets. (Chalkidou K, et al. 2009) Several researchers argued the CER is a useful 

value-based measure of innovation since it accords truly significant advances in 

therapy higher prices comparaed with free market mechanisms. (Roughead E, Lopert 

R and Sansom L. 2007) 

 

3.2 Bio-pharmaceutical industry in U.S.  

 

In 1970s, the discovery of recombinant DNA and monoclonal antibody technologies 

indicated the birth of the bio-pharmaceutical industry. Bio-pharmaceuticals are 



 

 25 / 105 
 

combination of macromolecules original from recombinant DNA technology, cell 

fusion, or processes involving genetic manipulation. They include recombinant 

proteins, genetically engineered vaccines; therapeutic monoclonal antibodies; and 

nucleic acid based therapeutics (i.e. DNA based drugs), including gene therapy 

vectors. Different form orally delivered small molecule drugs that underpin the 

traditional pharmaceutical industry, bio-pharmaceuticals are generally administered 

by subcutaneous, intravenous, or intramuscular injection. (Health Affairs, 2004, p9) 

 

3.2.1 U.S. Bio-pharmaceutical Industry's Background and Development 

  

The pharmaceutical industry honored as one of the most ceaseless, biggest and crucial 

knowledge-intensive industries in the U.S. economy. From its emergence in the 

middle of 19th century, until now pharmaceutical industry almost develops for one 

century. Today, as a grand economic force, pharmaceutical manufacturers in America 

virtually performed as a subsector of the chemicals industry. Attended with 

development in both chemical and manufacturing, the pharmaceutical industry was 

apparently formed by promotes in chemical engineering and basic chemistry 

originating from Europe, especially Germany. Although this paper aim to investigate 

the research and development issues currently in the bio-pharmaceutical industries in 

the U.S., a summary historical review is presented for information with special focus 

on the bio-pharmaceutical industry‘s evolution. In fact, many of America‘s most 

successful pharmaceutical companies in profit making, for example the most 

representative one are Pfizer and Merck among those, come from this period and were 

original in German. (K.S. Holland, B. Bátiz-Lazo, 2004. P2-6) 

 

Before the middle of 1970s based on the industry configuration that endured, 

commercial firms were nearly all big ventures. They entirely combined with medicine 

discovery through clinical improvement, regulatory affairs, manufacturing, as well as 

marketing. In most, profit making medicine discovery was conducted in house and. In 

the beginning of this period, at least, profit making medicine discovery under the 

control of extensive ―random screening‖ programs, which associated with finite 

requirements for deep knowledge on elementary physiological processes. However, 

before 1980, in vertical dimension the industry‘s structure can be represented as being 

virtually binary, with a obvious contradistinction marked between upstream open 

science and a downstream commercial sector controlled by ―Big Pharmacy‖, which 

referred to top forty large, highly combined companies. (Iain M. Cockburn, 2004) 

 

In 1980s, following by decades of stability and conjunction, the aspect of profit 

pursuit of the industry undergone significant entry from biotechnology firms, a lot of 

which pinpointed themselves as an mixed and middle sector between academic 

research institutions and Big Pharmacy.  

 

Until 1990, it was pretty obviously that biotechnology virtually exists. By the middle 

of 1990s, several thousand biotech firms had been emergence, and several hundred 
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had developed with adequate size, becoming an essential force in the industry. 

Existing vertical relationships were disarranged and revised, with the new firms 

smearing the separate between for-profit and not-for-profit research. The 

bio-pharmaceutical industry has generated a fresh vertical structure, with biotech 

―instrument‖ firms as a specialized tier between Big Pharmacy and the non-profit 

sector. (Health Affairs, 2004, p9) 

 

In the 1990s, because of the promise from great breakthroughs in medicine, a lot of 

traditional pharmaceutical firms planed to expand their product pipelines. At the same 

time, be coupled to biotech firms, they were looking forward external founding, 

additional researchers and the capability to rapidly expand production as well as 

international marketing capacities. Some other bio-pharmaceutical firms improved 

biotechnology research in their own laboratories. One new characteristic of the pattern 

is that two of them are mutually dependent. Since the bio-pharmaceutical industry has 

appeared, it has been the one with both unprecedented research demands and 

marvelous research promise contemporarily. (Prafulla; Paterson, 1986)  

 

Briefly speaking, the U.S. bio-pharmaceutical industry experienced extraordinary 

growth in productivity, measured by capital, labor, and total factor productivity during 

current decade. (Orsenigo and F. Pammolli. 2001, p2) 

 

Figure 3.1 below illustrated the process of bio-pharmaceuticals reflecting the recent 

coverage of traditional pharmaceutical and traditional biotechnology. 
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Figure 3.1: Bio-Pharmaceuticals Reflect the Recent Coverage of Traditional 

Pharmaceutical and Traditional Biotechnology 

 

 

Source: Arthur D. Little, 2002, P5 

 

3.2.2 U.S. Bio-pharmaceutical Industry's Difference with Other Markets 

 

Specifically, at the beginnings of the history of U.S. pharmaceutical industry, its 

models to innovation as well as its own were both strongly affected by two main 

factors: industrial and geographic. From the view of history, compared with Europe 

and Japan, the United States has already reached the highest average growth level in 

term of the value of pharmaceutical production. The explanations can be summarized 

as two: First, comparing with the United States, the firms in other two countries 

significantly differ in both absolute sizes and rates of growth. For instance, at the 

beginning of the 1990s pharmaceutical market of U.S. has a similar size with that of 

European market, however, in recent years the U.S. pharmaceutical market has been 

developed around twice as large as 1990s. (E.R. Berndt, 2001, p.100–114.) 

 

Second, the U.S. industry has the ability of react upon market changes through 

considerable growth in non-labor inputs, for example research and capital. 
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Moreover, for the United States, foreign investment has always been an essential 

component of its economic development. There has been a constant migration of 

European R&D to the U.S. since the U.S. is the most commercial bio-pharmaceutical 

market around the world. U.S bio-pharmaceutical market has a much speedy uptake 

of new medicines, as well as pricing is greatly unregulated by the federal government. 

As the major European pharmaceutical firms holding research operations in the U.S. 

market, they are therefore closely swift to U.S. technical improvements. 

(Biopharmaceuticals Overview & Prospects, 2001) 

 

3.2.3 U.S. Bio-pharmaceutical industry's Current situation 

 

Today, the bio-pharmaceutical industry has since emerged as one with remarkable 

research demands as well as with phenomenal research promise. Research has become 

the primary focus of most bio-pharmaceutical companies in U.S. market. High R&D 

investments holding by bio-pharmaceutical firms demonstrated that they are taking 

extremely risks. Statistical speaking, investment by the bio-pharmaceutical industry is 

from 15 to 20 percent of sales. It can be regarded that bio-pharmaceuticals is one of 

the most research-intensive sectors in the U.S. Economy. (Milken institute, 2006, 

p16-22) 

 

In U.S., bio-pharmaceutical research and manufacturing is currently geographically 

concentrated in a few areas. In traditional, the old American bio-pharmaceutical firms 

are distributed mainly in the region of New Jersey-New York-Pennsylvania and 

Midwest areas. Since bio-pharmaceutical firms tend to locate in close proximity to 

one another, forming clusters, much of this traditional industry still lies in the corridor 

of New York- New Jersey- Philadelphia region. Bunching around leading research 

universities, bio-pharmaceutical infant firms greatly located in the San Francisco Bay 

area, San Diego, New York, Boston, Raleigh-Durham-Chapel Hill and Seattle. 

However, a number of regions are actively seeking to grow their bio-pharmaceutical 

industries. (Milken institute, 2004, p18) 

 

3.2.4 U.S. Bio-pharmaceutical industry's Challenge 

 

Similar as other industries, bio-pharmaceutical firms have influenced by the effects of 

the economic downturn in recent years. During the last decade, the 

bio-pharmaceutical industry‘s operating environment has varied resulted of a lot of 

factors, such as increased on costs as well as the time of medicine development. Many 

firms faced the difficult necessity of layoffs. Several large companies have merged, 

while some other firms have left the high-risk medicine discovery business 

combining.  

Additionally, the bio-pharmaceutical industry is currently undergoing a period of 

active transformation lead by the biggest firms in the industry. The majority of ―Big 
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Pharmacy‖ firms produced high returns, therefore which offering them with plenty of 

cash flow for fast track growth in the future, considering to whether organic, or by the 

way of mergers and acquisitions. Although firm size cannot stand surety for the 

success, indeed, it provides a considerable advantage, especially in 

bio-pharmaceutical industry. Moreover, economies of scale in manufacturing and 

marketing, bigger firms can allow more investments on research and development 

(R&D) projects in this way to diversify their future medicine portfolio and make 

business have much more constantly development in the long run. In this way, top 

fimrs in the bio-pharmaceutical industry intent on participating of mergers and 

acquisitions (M&A), new joint ventures as well as spin-offs of non-core businesses. 

(Davidson and Greblov, 2005, p4) 

 

Another challenge which also impacts the economic environment for 

bio-pharmaceutical firms is as followed. Under the fierce and earlier competition for 

new drugs, the U.S. market is a hard one currently. One research from the Tufts 

Center for the research of medicine development represented that the time period until 

new medicines have competitors within their class has declined sharply from 10.2 

years in the 1970s to 2.5 years in 2003. (J.A.DiMasi and H.G.Grabowski,2007, 

p469–479.)  

 

The establishing of new strategic alliances and joint ventures is one more form 

changes in structure in bio-pharmaceutical industry. Since the research and 

development process for each medicine needs a long period time and requires 

sufficient investments. Unfortunately, the outcome of these R&D investments both in 

time and in financial founds is uncertain until the final approval of the medicine. Top 

pharmaceutical firms are constantly seeking for synergies that they are able to obtain 

from cooperation with their competitors. (Prime Minister's Science, Engineering and 

innovation council,1999. P3-19) 

 

Also, several challenges such as the increased barriers for new medicines if they reach 

the market, impacts access to new medicines. In response to such challenges, 

bio-pharmaceutical industry has transform in a lot of ways, for instance by 

improvement on efficiencies in the R&D process.  

 

Regardless all above challenges, bio-pharmaceutical firms remained focus on R&D 

investment and are creating worthless contributions to the U.S. economy. While, the 

future of the sector will depend largely on how the bio-pharmaceutical sector evolves 

over time and how policymakers make decisions, particularly those in the states, 

which affect bio-pharmaceuticals' ability to absorb sufficient funds and resources. 

(Battelle Memorial Institute, 2010, p4-8) 
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3.3 Research and Development 

3.3.1 The major characteristics of R&D activities 

 

General speaking, Research and development (R&D) investment have three major 

characteristics. 

 

First, irreversibility is the key feature of R&D investment that R&D outlay is typically 

irreversible. Of course, failure is an inevitable part of the R&D investment process, 

and most successful firms have a relative fixed rate of investment on R&D at an 

appropriate level of risk. Perhaps it is because all firms experience failure that a lot of 

choose not to monitor the level of failure very closely. The impact of failure not only 

on the simple loss of investment, rather the failure would also lead to loss of morale 

among employees and even higher disharmony on change in the future. 

  

Second, the future rewards from R&D activities are usually uncertain, that in 

bio-pharmaceutical industry the possibility of delay is higher than in other industries. 

The vulnerability of R&D investment under economic trough is obvious because the 

short-term effectiveness of R&D is pretty uncertain. Several researchers found 

evidence to the contrary. Due to the high risk and unpredictable and nonrefundable 

return of R&D expenditures, firms are reluctant to take risk for R&D expenditures by 

a vast volume of fund, resulted with a lasting low level of R&D expenditure. In the 

long run, R&D costs are variable. Indeed, R&D costs are important choice variables 

affected by a variety of long-term expectations, including expectations concerning the 

future pricing and marketing environment. Once a drug is developed and ready to be 

marketed, however, these R&D costs become fixed or sunk. In the other hand, 

considering in the short-term pricing decisions, fixed or sunk R&D costs are 

essentially irrelevant. Therefore, the negative interact exists among R&D 

expenditures and many performance measures somehow (Lee et al., 1994; Souitaris, 

1999; Chamanski et al., 2001). 

 

Finally, R&D activities may exhibit positive externalities. As a common argument, it 

has been regarded that R&D plays a double critical role in economic performance: as 

an innovation determinant R&D, also as absorptive capacity for external knowledge 

(Cohen and Levinthal, 1990). Accordingly, based on the study‘s results from 

Branstetter and Sakakibara (1998) as well as Cassiman and Veugelers (2000, 2001) it 

has been found that the positive correlation between internal which referred to 

"create" and external knowledge which referred to "buy". 
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3.3.2 The R&D investment decision 

 

Obviously, investing in R&D activities needs long-term planning and the acceptant of 

taking risks. The step of decisions making upon R&D project is a difficult exercise, 

considering the costs of the drug development process continue increase and several 

technological barriers faced.  

 

Based on fundamental economic theory, R&D investment decision is decided by the 

interaction of the marginal rate of return on investment schedule and the marginal cost 

of capital schedule in the level of firm. In fact, the decision makings are realized 

mainly by making portfolio underlying investment projects in order of decreasing 

rates of return and the opportunity costs of alternative investment in increasing order.  

However, investment in R&D differs from normal investment in a number of 

elementary ways, which influence the way investment in R&D is modeled. (Mahlich 

and Schluga, 2006) 

 

First of all, as the most importantly, a significant share of R&D expenditure is wages 

and salaries of scientists and researchers, who create profitable new knowledge. This 

valuable asset is specialized, sunk and intangible, and therefore its value pretty hard to 

estimated. (Bulat Sanditov, 2005) 

 

Second, even to the extent that R&D produces tangible output, its eventual value is 

unpredictable and difficult to assess beforehand. According to the study of PhRMA in 

2003, for the firms in the pharmaceutical industry, time horizons may be pretty long, 

usually it costs 14 years on average at present to develop and introduce a new 

chemical entity (NCE). Not only is the variance of the distribution of expected returns 

much larger than for other types of investment. Rather, returns to R&D are highly 

skewed (Scherer et al., 2000) and appear to be fat-tailed, which may affect the 

computation of moments. According to the study of Silverberg and Verspagen (2005), 

they estimate Pareto exponents <1 for various empirical data sets, demonstrated that 

not even the first central moment (the mean) converges in these cases. In such 

situations, there is no way to calculate the meaningful expected return rates. Besides, 

the standard risk adjustment methods were not applicable to employ neither.(Bulat 

Sanditov, 2005) 

 

Lastly, the cost of capital perhaps differs substantially by source of funding. In fact, 

empirical surveys' evidence usually shows a positive relationship between R&D 

expenditures and cash flow, indicating a gap between the external and the internal 

costs of capital (Hubbard, 1998; Hall, 2002). From the perspective of economic 

theory, the explanations can be divided to three streams: first is asymmetric 

information between inventor and investor. Information asymmetries arise since 

firms' internal inventors which undertaking R&D activities tend to be better informed 

about the quality and prospects of their R&D projects comparing with outside 

investors. These may therefore require a ―lemons‖ premium‘ to offset the extra risk 
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they incur, which increases the cost of external capital. While, considering from 

inventor the next is the moral hazard on it. Moral hazard is produced by the principal 

agent relationship between owners and managers for a given firm. Firm's managers 

may either over invest free cash flow into R&D activities out of the consideration of 

their own benefit such as enhancing their income, status, job security, etc, or under 

invest free cash flow into unpredictable R&D programmed, both of those two 

possibilities are due to the deficient monitoring. In both cases, share-value is not 

maximized and there is an agency-cost induced gap between the cost of capital and 

the return to R&D. Moreover, the last one is distortions produced by the tax system. 

Distortions introduced by the tax system owe of different levels of taxes leveled on 

retained earnings, debt and equity. In usual, interest on debt can be expensed, while 

retained earnings are tending to capital gains tax, and new share issues are tending to 

personal tax and capital gains tax on dividends. But the debt is typically serviced from 

cash flow, which decreases the amount available to sustain a productive R&D project. 

This opportunity cost may more than offsets any tax advantage of debt, therefore 

making retained earnings the cheapest source of funding R&D activities. (Daniel 

Wiberg, 2009) 

 

3.3.3 R&D activities in U.S. Bio-pharmaceutical industry 

 

Considering leading bio-pharmaceutical firms, investments in research and 

development are critically essential for subsistence and success. For 

bio-pharmaceutical industry, it is no surprise that R&D expenditures account a pretty 

high percentage of total revenues. In general, bio-pharmaceutical firms invest around 

10 to 20 percent of sales in research and development, a pretty high proportion 

compared with other industries. Over the past decade in U.S. market, 

bio-pharmaceutical firms have consistently invested around 19 percent of domestic 

sales on R&D investment. Also in 2010, the figure jumped to 20.5 percent. This trend 

can be recognized easily by statistics number as below Figure 3.2. Comparative 

speaking, bio-pharmaceuticals accounted for 8.2 percent of all industrial R&D in the 

U. S. in 2002. This repeats previous findings about sector commitment to R&D 

investment for bio-pharmaceutical industry, such as that of the nonpartisan 

Congressional Budget Office (CBO), which called the sector ―one of the most 

research-intensive industries in the United States. (Kermani, Chiltern,Pharma R&D in 

the U.S. & Europe, 2003) 
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Figure 3.2 R&D expenditures in U.S market 

Year Total industry 

2009 $65.3 billion 

2008 $63.7 billion 

2007 $63.2 billion 

2006 $56.1 billion 

2005 $51.8 billion 

2004 $47.6 billion 

Source from: The Pharmaceutical Research and Manufacturers of America   

‖Pharmaceutical industry Profile, 2010, p6‖ 

 

As it usually needs a long period to develop a new drug, which round 10 to 15 years, 

also there is a high level of uncertainty of the possibility that this particular R&D 

project would success, many firms therefore have a policy of investing in R&D by 

using an approximately stable share of firms' revenue.  
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4. Theoretical Framework  

 

This chapter is divided into three main subsections. The first portion below listed a 

group of essential financial and non-financial factors which influenced the R&D 

expenditures in the level of firm. The second follows with the other group of factors 

that also affect the R&D activities, some of which is less important than the first 

group or some of which are macroscopically factors. In this end of this part a 

summary of previous empirical evidences in provided. The last portion in this chapter 

presents the summary and hypotheses, discussed the reason and consideration of 

setting of theses seven hypotheses. 

  

Several researchers, including Saunders et al. (2007), Bourner (1996) and Bryman & 

Bell (2007), have argued that empirical literature review is very important during the 

whole research process. For instance, Bryman and Bell (2007, p. 94) stated that the 

exercise of reviewing literature provides the grounds for justifying the researcher's 

questions and building the research design. Besides, Saunders et al. (2007, p. 57) also 

claimed that literature review helps build the researchers understanding and insight 

for relevant previous studies and also grasp the trend has emerged. Reviewing past 

literature is a process of collecting relevant data from the very basic level, aim to 

identify knowledge gaps generally therefore that will respond to the appropriate 

research questions very well.  

 

There is a large body of finance, management, and marketing research that relates the 

intangible assets created by R&D to the firm's financial performance. As known, the 

issue of the sizes of effects of R&D expenditures on different performance metrics is 

still a matter of debate. (Boulding and Staelin, 1995) However, the argument of firm's 

R&D expenditures producing consistent profits is well established. (Robert, 2001) 

Also, R&D expenditures has a positive effect on stock returns (Mizikk and Jacobson, 

2003), as well as generates a higher market value (Jaffe 1986). Some empirical 

evidence is provided, for example, according to the investigation on 210 firms‘ 

profitability conducted by Capon, Farley and Hoenig (1990). The results represented 

that there is a strong positive correlation between R&D investment and increased 

profitability of given firms. 

 

4.1 Previous Empirical Evidence  

 

Vast empirical literatures on R&D expenditures have been investigated on R&D 

determinants and the relationship between R&D expenditures and firm performance. 

Generally, two different streams of empirical research have emerged on R&D 

expenditures study.  
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The first stream of research, which is not completely linked to the current study's 

objective, focused on the relationship between R&D expenditures and firm 

performance. Evidence in the literature links a firm's R&D expenditures to its 

financial performance (Boulding and Staelin 1995, Capon, Farley, and Hoening 1990; 

Erickson and Jacobson 1992). Based on recent developments in market-based assets 

theory, it suggest that a firm's R&D activities create intangible market-based assets 

and that these assets strengthen firm's performance, including sales growth, market 

share, as well as profitability. 

 

Another stream of research, which more relevant to the current study, exanimate the 

R&D expenditures with several firm characteristics. Variables considered in previous 

research included government support, financial structure, operating leverage, and 

earning funds flow and cash flow. 

 

4.2 Key factors influenced R&D expenditures  

 

4.2.1 Firm size 

 

As it‘s known that, Schumpeter‘s work, the role of firm size in creating knowledge 

has been recognized. Schumpeter (1950) stated that in a mature capitalist economy, 

big firms generate large share of society‘s technological advantage. Though big firms 

were likely to be the most important source of innovation, the U.S. experience over 

the past decade, it suggests that smaller firms play a important role as well. In 1990s 

both technology boom and the development of bio-technology demonstrate that small 

size may not be a barrier to capturing the market value of innovation (Hirschey, 2003 

and Connolly and Hirschey, 2005). According to US National Science Foundation 

(NSF) 2008 report, there are some key aspects of business R&D have changed since 

NSF and US Census Bureau(Census) began collecting R&D data. Before 2000s, 

government is the largest source of R&D founding, small portion of R&D activities is 

dominated by manufacturing firms, and large firms dominate R&D, domestic 

competitive focus. Nevertheless, until 2000s, business became the largest source of 

R&D founding; R&D increasingly performed in service industries. Meanwhile, 

increasing R&D activities occurred in small companies, global competitive focus. 

According to this report, the large firm conducted R&D activities in the past, but there 

are more and more small companies have R&D activities nowadays. Also, based on a 

trend of dramatic increase in R&D intensity, Grabowski and Vernon (2000) 

investigate the determinants in R&D investment for a pooled sample of 11 major U.S. 

drug firms during the period from 1974 to1994. Estimating an inactive panel data 

model, they find that in term of R&D intensity, expected returns and cash flow are 

important explanatory variables during this period. According to Grabowskis, he 

tested Schumpeter‘s hypothesis indicated that in a given sample large firms would be 

more research-intensive than smaller firms. 
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Hence, one interesting problem can also be considered in this research. I consider that 

firm size may be one determinant which affects R&D expenditures for firm. Are the 

effects of R&D on small firm's performance different from large companies? 

 

4.2.2 Expected return on R&D 

 

In term of the determinants of research intensity, it is considered firstly that the 

returns from R&D activities. Since there is a considerable lagged effect in the payoff 

to R&D activities, a firm's estimated set of returns from current projects will likely 

depend on its past results. While expectations based on previous performance may not 

vary largely from one financial period to the next given an individual firm. In fact, 

substantial variations influenced firms' R&D activities due to the cumulated effects of 

past differences in firm capacities, profitability and attitudes toward R&D. In this way, 

one noticeable explanatory variable of R&D activities is an index of the R&D 

productivity of each firm over a prior period. (H. G. Grabowski, 1968) 

 

4.2.3 Cash flow  

 

Another major explanatory variable of R&D activities in prior literature was the 

availability of current cash flows. According to the study of Chauvin and Hirschey 

(1993), cash flow has been regarded as the optimal available indicator of a firm‘s 

ability to generate cash in future periods. Besides, the expending supply of internally 

cash flow generated funds which are helpful to cushion the observed decline in R&D 

intensities. Fazzari, Hubbard and Petersen (1998) state that, firms prefer internal flow 

to external flow since it has a significant effect on corporate expenditures as well as 

on the firm‘s performance. Hall et al. (1999) investigated on R&D intensive industries 

in the market of U.S., Japan and France with a large sample of firms. The results 

related to R&D activities indicated that investment in R&D has influence on cash 

flow only in the market of U.S. Besides, Bond et al. (2003) compare the impact of 

cash flow on both physical and R&D activities in Britain and Germany in the 

high-tech sector from 1985 to 1994. The results indicated that in the UK there has a 

significant constraints, while in Germany there has not. Actually, the differences 

come from different systems two countries based on, the stock-exchange based and 

the bank based system respectively. 

 

Bhagat and Welch (1995) studied empirically the determinants of firm R&D 

investment in five OECD regions included U.S. market. According to their model, a 

firm‘s stock returns, operating cash flows, debt structure, and the tax environment are 

included. The results which related with U.S. market indicated that the debt ratios 

tend to be negatively correlated with R&D investment. Two-year lagged stock returns 

also positively related with R&D investment in U.S. market. While, there is no 
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significant correlation between operating cash flow and R&D investment in U.S. 

market. This rejects the knowledge that R&D conduct mostly when firms have more 

operating cash flow internally and can therefore avoid the costs of capital markets 

externally. Besides, they found that income tax coefficients are mostly negative in the 

U.S. 

 

In the short run, R&D expenditures can be regarded as much less sensitive to 

fluctuates in cash flow, especially during the downturn. This is true because of the 

higher fixed cost component in R&D activity. For example, considering research 

workers, whose salaries constitute a sizable percentage of total expenditures, they are 

not perfectly elastic in supply and cannot be alternately fired and rehired in 

accordance with temporary, fluctuates in operating status. In the long run, however, if 

firms behave as many previous relative studies suggest, a significant positive 

association between R&D and cash flow ought to be proved. According to this paper, 

the data is gathered from the period of 2001 and 2010, which can be regarded as a 

long run period. Therefore, given the asymmetric information consideration, 

internally generated cash flow can be viewed as an indicator affecting a firm‘s R&D 

expenditures. 

 

4.2.4 Internal funding: debt concerned 

 

Aside from above cash flow, there are many internal financial factors form another 

basic set of considerations relevant to R&D expenditures in business. The 

relationships between internal funding and investment have been extensively explored 

in the literature. For example, Eisner and Strotz (1963) investigated on the 

determinants of fixed capital expenditures. Based on previous empirical studies, 

considerable evidence has already obtained referred to retained earnings and other 

internally generated funds have an especially significant influence on investment 

expenditures. This has been attributed to the general reluctance of firms to raise funds 

externally because of the added risks and transaction costs linked with this way of 

financing. If this is so, it would seem properly with some qualifications to investment 

in R&D. The very long timeline and the need for large amounts of capital make the 

R&D process excessively hard for a small start up firm and very costly for both small 

and big firms. (Henry G. Grabowski, 1968) 

Moreover, by comparing the market of U.S. with France, Mulkay et al. (2001) stated 

that internal funds are more important for physical and R&D investment in the USA 

than in France.  

 

4.2.5 Previous earning effect 

 

According to the item of earning, there is a greater disagreement among investigators 

(Barth, Kasznik, and McNichols 2001) on year-head earning for R&D-intensive firm, 



 

 38 / 105 
 

such as bio-pharmaceutical firm, than for other firms .While, other researchers, such 

as Chambers, Jennings, and Thompson 2002, state that post-investment reported 

earnings are more highly variable for companies with higher R&D levels than for 

companies with lowers R&D levels. Meanwhile, Gambardellaetc (1989) believed that 

shocks to sales give an explanation of 24%, 28%, and 6% of the variance of the 

companies' R&D, capital, as well as market value. 

 

4.2.6 Sales Growth rate 

 

Sales growth is measured by one-year rate of growth in sales of each firm. A firm‘s 

sales growth has a positive effect on the market value of a firm (Toivanen et al. 2002). 

It is used to capture the prospects for future growth and reflect the expectation feature 

of R&D expenditures. 

The study of association about R&D investment and profitability is conducted by 

Reynard, with financial data from 25 chemical firms. He (1979) claimed that since the 

cutting profit by excessive R&D expenditure, R&D expenditures is regarded be a 

burden to firms although successful R&D investment usually inspired firms to invest 

on R&D activities. At the same time, he argued that the optimal R&D investment is 

based on the proportion of net profit to sales. The results demonstrated a decrease of 

net profit is statistically significant with a decrease of R&D investment. Similar result 

also gets from Scherer (2001), who stated that the R&D investment is closely 

associated with the gross margin in pharmaceutical industry. Also, Bean (1995) and 

Ito and Pucik(1993) stated that the relationship between R&D expenditures and 

growth rate is positive, which comment applies equally with the profit level. 

 

4.3 Other factors influenced R&D expenditures  

 

4.3.1 Risk  

 

A firm‘s valuation would also be associated with the degree of stability of company. 

Risk variable is estimated in this paper using financial leverage measured by total 

assets minus common equity, all divided by total assets. With an increase in risk, the 

expected value of R&D is fall. (Y Chiang, 2009) 

 

4.3.2 Intangible assets: Human capital 

 

The highly competitive pharmaceutical marketplace has created a need for companies 

to develop new ways to hire and retain the top talent needed to expand their product 

leadership. Pharmaceutical companies face an ongoing challenge in putting together 

qualified and skilled technical teams. Despite the technological advances in R&D, 
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human judgment continues to play a vital role in maintaining innovation. As 

companies grow larger and the chains of command become increasingly stretched, the 

presence of talented individuals who can effectively communicate ideas and results 

can make the difference between the company‘s R&D performance and that of its 

opposition. As such, much more attention is being paid to the concept of intellectual 

and human capital within organizations. (F Kermani et al. 2003) 

 

4.3.3 Government subsidy 

 

The effect of governmental subsidy on R&D investment seems as uncertain. Some 

researchers assume that the subsidy encourages R&D activities in firms. In the other 

hand, there may be a negative effect since the moral hazard and burden of a 

result-sharing agreement due to the subsidy may result in a disincentive to conduct 

R&D activities. (Myeong-Ho Lee; In Jeong Hwang. 2003) 

 

4.3.4 Outward orientation 

 

According to the literature of endogenous growth models, it is stated that openness 

may impact innovative activities to the extent that it influences production and 

reassign of resources in the industry with more knowledge intensive (Romer, 1991). 

Empirically, based on the studies of Braga and Willmore (1991) as well as Alvarez 

(2001), export status played an essential role on innovative effort. It is assumed that 

an outward oriented firm faces a more furious competition in the international markets, 

and consequently a higher pressure on more innovative products. 

 

4.3.5 Tax Incentives 

 

In U.S., recently a lot of states have revised their tax incentives to align them with the 

needs of technology based companies and in some cases to meet the very specific 

needs of biopharmaceutical and other bioscience companies. Massachusetts, for 

example, offers a refundable investment tax credit, a credit on fees companies pay to 

the FDA, a deduction for the cost of qualified clinical testing for orphan drugs and 

various sales‐tax exemptions for property adopted in life science firms at nearly all 

stages of their operation. (Battelle, 2010, p15-20) 

 

Table 4.1 gives a summary of literature review. 
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Table4.1. Variables and results of previous studies on determinants of R&D 

investment 

 

Author (Year) Variables (Results) 

Grabowski (1968)&(2000) Fund scale (+), Corporate scale (+), 

Patents (+),  Product differentiation (+), 

Expected returns(+),  Cash flow(+) 

Fazzari and Athey (1987) Dividend (+), Cash flow (+) 

Bhagat and Welch (1995) 

 

Stock returns (+),  Cash flow (x), 

Debt ratio (–) , corporate tax  (–)  

Reynard (1979) Net profit (+) 

Mansfield (1981) Firm size (+),  Market concentration (+) 

Kim and Lee (1993) 

 

Three-year and one-year lagged R&D 

investment (+), Sales (differed in 

industries), Net profit (differed in 

industries) 

Cho, S., Lee, K. H., Kang, S. W., and 

Kwon, O. B. (1999) 

 

Firm size (+), Market concentration (x), 

Debt (x), Dividend (+), Internal fund (x), 

Fixed asset investment (–) 

Gambardellaetc (1989) Sales (+) 

Mulkay et al. (2001) Internal fund(+) 

Eisner and Strotz (1963) Internal fund(+) 

Bean (1995) Sales (+) 

Ito and Pucik(1993) Sales (+) 

Note: (+) means positive correlation, (–) means negative correlation, and (x) 

Means statistically insignificant 

 

4.4 Summary and Hypothesis 

 

4.4.1 Summary 

 

From the preceding statement, it can be found that these previous empirical studies 

mainly focus on the comparative research among different industries for one target 

market or several regions (e.g. countries in OECD), but the systematic study of the 
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determinants of R&D expenditures for bio-pharmaceutical industry in U.S. market, is 

very few. Therefore, it gives me an opportunity to continuously update the 

interpretation of this study from empirical perspective. 

 

The mixed results of previous empirical literatures motivate me to examine the 

determinants of R&D expenditures for bio-pharmaceutical industry in U.S. markets. 

In this paper, I adopt both single variable analysis and multiple variable analyses in 

the process of investigation. Both contemporaneous and lagged R&D expenditures 

data will be input to examine whether there is a significant contemporaneous 

relationship or a lagged relationship in bio-pharmaceutical industry of U.S. market. 

 

After the thorough literature review, I also find that firm's R&D expenditures 

volatilities show different levels of sensitivity during the period of study. The reason 

is that firm's specific characters will impact the sensitivity degree of R&D 

expenditures. This motivates me to do a research on some key factors that have effect 

on R&D expenditures. I sort out factors like firm size, leverage level, cash flow to 

sales rate, sales growth rate and operating profit margin, R&Dt-1 from previous 

literatures and will study their effect on bio-pharmaceutical firms in this paper.  

 

The explanations for selecting these six factors come from two aspects. One possible 

explanation is considering the perspective of this paper is based on the firm level, I 

focus on the firm-specific characteristics to discuss and investigate the R&D 

expenditures' determinants, therefore some external factor such as government 

subsidy and tax incentives are out of consideration. Another possible explanation is 

that this paper intend for discuss the factor not the one obtained a unanimous view but 

the one which is questioned. Therefore, the factor such as expected return of R&D 

expenditures is excluded consideration of this paper since it has already concluded 

robustly. 

      

To sum up the above arguments, based on the results of previous empirical researches, 

I postulate the following seven hypotheses regarding firm size, profitability, internal 

funds, and growth potential, R&D lagged effect, which was determined to be 

important determinants of R&D investment. 

 

4.4.2 Hypotheses 

 

Rested on Basic condition: 

 

Hypothesis 1: The firm size is positively associated with R&D expenditures. 

 

This hypothesis (H1) reflects Schumpeter's assertion that "the large firm operating in 

a concentrated market was the most powerful engine of progress and ... long-run 

expansion of total output". Actually, two following type of hypotheses in empirical 

studies were inspired and focused on testing whether innovation increases 
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proportionately with firm size and whether innovation increases with market 

concentration. However, empirical results on the Schumpeterian hypotheses are 

inconclusive, largely because researchers have failed to take systematic account of 

more fundamental sources of variation in the innovation behavior and performance of 

firms and industries. While, in this paper, I intend to investigate the first stream which 

whether the level of research and development investment increases with firm size 

being represented by total assets. 

 

Rested on financial performance:  

 

Analyzing financial performance of bio-pharmaceutical companies I concentrate on 

two major aspects----the profitability analysis and the risk analysis. The hypothesis is 

set based on profitability, as measured by operating profit margin and sales to cash 

flow rate. To a great extent a good status of firm's operating is associated with greater 

level of R&D expenditures.  

On the other aspect, the hypothesis is set based on risk analysis, as measured by 

leverage rate. 

 

Profitability analysis: 

 

Hypothesis 2: High operating profit margin has a positive effect on firm’s R&D 

expenditures. 

 

Operating profit margins indicate how successful a firm's managers have been in 

generating income from the operation of the business. It indicates how much EBIT is 

generated per dollar of sales comparing earnings before interest and taxes (EBIT) to 

sales. In fact, the ratio roughly measure the operating leverage a firm can attain in the 

conduct of during operation of its business. High operating profits means the firm   

effectively control its costs, or means that the increase of its sales faster than that of 

its operating costs. Operating profit is considered as a more reliable measure of 

profitability because it is harder to manipulate with accounting tricks than other 

financial ratio such as net earnings. (Achim Monica et al. 2008) 

Based on the significant of operating profit margin, I pick this ratio as the 

representative ratio for profitability to investigate in this study. 

  

 

Hypothesis 3: High sales to cash flow rate have a positive effect on firm’s R&D 

expenditures. 

 

Leland and Pyle (1977) have argued that investor are likely to treat low-risk, 

short-term projects more favorably than high-risk, long term project if it is hard for 

them to evaluate the quality of a project. Furthermore, Bhattacharya and Ritter (1983) 

indicated that firms may not be willing to share their R&D plans or progress with 

outsiders out of competitive and strategic considerations. Therefore, it seems that any 
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signal about the future payoffs of R&D that firm send is unlikely to be very 

informative. Thus under these asymmetric information considerations, according to 

R&D financing, operating cash flow which generated internally is the most likely 

source of it. Fazzari, Hubbard, and Petersen (1990) and Whited (1992) offered 

empirical evidence that a firm's internally portfolio generated operating cash flow has 

a significant effect on corporate capital expenditures. To the extent that capital 

investments and R&D expenditures have similar determinants, operating cash flow 

would correlate positively with future R&D. 

 

In general, related to sources of R&D financing, long-term and large-scale financial 

support is necessary for conducting R&D activities. However, risk and uncertainty 

hinder financing from outside the business. Furthermore, firms much prefer internal to 

external funding for conducting R&D activities taking the consideration of restrictions 

caused by asymmetric information. The source of internal funding is closely related to 

the profitability of a firm. The internal fund theory argues that the financial status of a 

firm determines the degree of investment. (M. Cincera, 2002) 

 

Risk analysis: 

 

Hypothesis 4: High financial leverage is negative related with R&D expenditures. 

 

In vast empirical studies, the finding related to leverage rate is somehow mixed. Some 

investigator, Jensen (1989) for instance, stated that obviously higher levels of debt 

will lead to lower funds available to managers to put into R&D investment, if 

leverage played as a bonding device in terms of forcing managers to commit free cash 

flows to service debt. Therefore, a positive relationship between leverage and R&D 

activities can be figure out. However, another stream of argument said that firms with 

high financial leverage probably cut R&D expenditures in response to the pressure of 

fixed interest expenditures, noted by Bhagat(1995).  

Similar with Bhagat, Myers (1977) has indicated that R&D activity is an intangible 

and often firm-specific asset, generating future growth opportunities. When there are 

costs of financial distress, firm-specific assets quickly lose value and there is no way 

to easily satisfy debtor claims. Therefore, it is suboptimal for firms that are involved 

in R&D activities to also carry a high debt ratio, because such debt would carry 

prohibitive costs, especially when firms face some financial distress. 

Thus, based on above mixed results of previous studies, this paper attends to test 

whether there is a negative relationship between R&D expenditures and high financial 

leverage rate. 

 

Rested on the growth potential analysis: 

Hypothesis 5: High sales growth rate is positively correlated with R&D 

expenditures. 

 

To some extent, a high sales growth rate reflects high growth potential of firm. 
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In fact, this hypothesis (H5) is mean to investigate out the consideration of potential 

of growth. When a firm has the potential to make more profit than its competitors, it 

tends to make a greater effort to increase sales growth by maintaining the competitive 

advantage in the market. In other words, firms desire to differentiate themselves by 

increasing the investment in R&D from rivals to preserve their competitiveness. 

Therefore, the potential for future growth is likely to have a positive effect on R&D 

activities. In this paper, I will test this expectation by setting this hypothesis. (M. H. 

Lee; I. J. Hwang. 2003 ) 

 

Rested on the R&Dt-1's lagged effect: 

 

Hypothesis 6: The R&Dt-1 have a lagged effect on the R&Dt expenditures. 

 

Rested on the lagged effect of previous operating status: 

 

Hypothesis 7: The previous operating performances have a lagged effect on next 

year's R&D expenditures. 

 

Both hypothesis 6 and hypothesis 7 concern the lagged effect related to R&D 

expenditures. As we know that, the product development in bio-pharmaceutical 

industry usually take a long time, around 10-15 years. Several literatures in this area 

investigated the lagged effect of patent. Pakes and Griliches(1984) found evidence of 

a lag truncation effect in the distributed lag of patents on R&D by using standard 

fixed effects model. Hausman, Hall and Griliches found similar results for the 

uncorrelated effects model by using a different functional form. Therefore, here this 

paper intend to test whether or not there is a similar lagged effect exist in the term of 

R&D expenditures as well as the previous financial performance. 
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5. Practical method  

 

This chapter represents the practical method employed for the empirical study. Three 

segmented parts constituted this chapter. The first portion describes the background 

information on data collection. The second one discusses the choices identification 

and explanations for each variable in this model. The finial portion follow with 

motivations for the data collection process and detailed discuss on the choice of 

research method in this paper. 

 

5.1 Data Collection 

 

This empirical analysis is based upon a panel dataset.The variables used in this study 

include R&Dit expenditure, total assets, sales growth rate, financial leverage ratio, 

operating profit margin, cash flow to sales rate, and R&Di,t-1 expenditures. All these 

financial data are from the Thomson Retuer DataStream at Umeå University library 

 

Sample 

  

The sample in this paper consists of bio-pharmaceutical companies publicly traded in 

the United States from New York Stock Exchange (NYSE) and National Association 

of Securities Dealers Automated Quotations (NASDAQ). The sample contains 

information on 32 firms over the period of observations goes from 2001 to 2010. The 

source for all these accounting figures, which are consolidated at the corporate level, 

is Thomson Retuer DataStream at Umeå University library.  

 

First of all ,by overlapping two lists----"Deloitte's 2010 technology fast 500
th

 ranking" 

and "Deloitte's 2009 technology fast 500
th

 ranking", which ensure firms in my sample 

are leading entities in this field----I pick top 50 bio-pharmaceutical firms out. To 

increase the comparability of the samples, I removed relatively small firms from this 

50-firms list. The sample was restricted to top-32 firms in the end to ensure that the 

selected firms had a specialization in innovative R&D. Then by using Thomson 

Retuer DataStream, I found relevent financial data of 32 firms out of 50 firms by 

searching in ―Equities‖. I also define the local currency, local stock exchange, active 

status and base data as the search criteria and get 134 firms from United States. The 

search criteria which set in Thomson Retuer DataStream shows as follows: 

 

Table 5.1 Search Criteria for Collecting Data  

Market United States 

Currency United States Dollar 

Exchange  NYSE and NASDAQ  
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Base data Before 01/01/ 2001 

Status Active 

Instrument type Equity 

 

In the final list of these firms, several firms are ranked below 30, but above 100, were 

generic manufacturing drug firms (e.g., Watson and Mylan), which perform little, if 

any, innovative R&D.  

By the end, consisting of 32 publicly traded firms for ten years, the final dataset of 

relative accounting figures are 300 sets. Table 5.2 lists the firms in the sample. 

 

Table 5.2 Sample companies  

Company name Symbol 

Johnson & Johnson NYSE: JNJ 

Merck & Co., Inc.     NYSE: MRK 

Questcor Pharmaceuticals   NASDAQ: QCOR 

Abbott Laboratories  NYSE: ABT 

Pfizer Incorporated  NYSE:PFE 

Medicines Company   NASDAQ:MDCO 

United Therapeutics Corporation   NASDAQ:UTHR 

VIVUS, Inc.   NASDAQ:VVUS 

Seattle Genetics, Inc NASDAQ:SGEN 

Myriad Genetics, Inc. NASDAQ:MYGN 

Inspire Pharmaceuticals, Inc.  NASDAQ:ISPH 

XOMA Limited    NASDAQ:XOMA 

Amylin Pharmaceuticals, Inc.  NASDAQ:ALMN 

Idera Pharmaceuticals, Inc.   NASDAQ:IDRA 

Insmed, Inc NASDAQ:INSM 

Spectrum Pharmaceuticals Inc. NASDAQ:SPPI 

BioCryst Pharmaceuticals, Inc.  NASDAQ:BCRX 

Mylan Inc.  NASDAQ:MYL 

Cephalon, Inc   NASDAQ:CEPH 

Biogen Idec Inc.   NASDAQ:BIIB 

Gilead Sciences, Inc.  NASDAQ:GILD 

Genzyme Corporation   NASDAQ:GENZ 

Forest Laboratories, Inc.   NYSE:FRX 

Baxter International Inc.  NYSE:BAX 

Bristol-Myers Squibb  NYSE:BMY 

Eli Lilly and Company  NYSE:LLY 

BioMarin Pharmaceutical Inc.  NASDAQ:BMBN 

Akorn, Inc.         NASDAQ:AKRX 

DUSA Pharmaceuticals Inc  NASDAQ:DUSA 

Par Pharmaceutical Companies, Inc.   NYSE:PRX 
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Enzo Biochem, Inc.    NYSE:ENZ 

Immunomedics Inc.  NASDAQ:IMMU 

 

Considering the data consistency, logicality and rationality, each scatter plot of these 

hypotheses is drawn based on 97 sets of data. While the nonlinear fit charts are drawn 

based on different number sets of data, for instance the function of nonlinear curve 

fitting in term of ― lnR&D expenditures and lnAssets‖ is fitted from 37 sets of 

obserations, while the function of ―lnR&D expenditures and sales growth rate‖ is 

fitted from 86 sets of observation(see Appendix5.2--5.8). For the multiple variables 

model 1 and model 2, the functions were fitted by 53sets of data. The reason of data 

discarding during the fitting procedure is many sets of data are dropped considering 

the numerical stability and data integrity (to insure seven variables in models all lead 

to manfully). The detail information in terms of the data present in next chapter's 

descriptive statistics part. 

 

Selection of Sample time 

 

First of all, assuming that the life cycle of a new drug is lasted for 10-15 years, it is 

necessary for researcher to observant the financial situation in a long run especially 

when the research objective is R&D expenditures. Secondly, most of past works 

investigate the determinants of R&D expenditures in 1980s or 1990s. Nowadays, 

whether or not the determinants of R&D has change in recent decade. Moreover, the 

sample time period was selected because of data availability for several of the model's 

several variables. Then, firms without reporting R&D expenditures and without 

existing in 2001 to 2010 are excluded. Of the top-fifty firms for which data were 

collected, complete observations (on all of the key model variables) were available for 

only 32 firms. Besides, I delete firms with other variables are missing or odd (such as 

the total debt reporting is zero) in many years. 

There were three principle reasons for why some top-32 firms had to be excluded 

from the sample.  

Firstly, to be included in the sample, the companies must have ten years of 

consecutive data available on Thomson Retuer DataStream, while some firms are 

excluded from the sample for discontinuity in figures. Secondly, if a firm experienced 

a merger during or after the sample time period, historical financial data prior to the 

merger could not always be reconstructed. This was because of the different reporting 

methodologies used by the three data sources. Another reason some firms were 

excluded from the sample was lack of data on firm pharmaceutical profitability. Most 

firms in the pharmaceutical industry are diversified into other, non-pharmaceutical 

industries; thus, a firm's total profit is comprised of both pharmaceutical and 

non-pharmaceutical business operations. Unlike a firm's total profits, pharmaceutical 

profits (or the profits generated by other business lines) are seldom reported in firm 

financial statements. Scrip, on the other hand, does report these data. However, 

because these data are based on DataStream (i.e., firms are not report these data), 
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pharmaceutical profitability for several firms could not be obtained. The name of 

these sample companies is listed in Appendix 1. 

 

5.2 Choice of investigation objectives 

 

For every researcher, it is essential to choose the proper research objectives and 

variables for studies. As following, I will explain the reasons for picking United 

Stated bio-pharmaceutical industry as the target market and this sample period. 

 

First of all, research and development in the health sciences have resulted in dramatic 

changes in the ability to treat disease and improve the quality of life. Expenditures on 

pharmaceuticals have grown faster than other major components of the health care 

system since the late 1990s. Consequently, a great number of study on R&D 

expenditures have focused increasingly on the bio-pharmaceutical industry, which is 

both a major participant in the health care industry and a major source of advances in 

health care technologies. One key components of the discussion is the determinants of 

bio-pharmaceutical industry investment in R&D and how these factors affect this 

process. (Joseph A.D. et.al. 2002 p2-23) My prior researches mainly contributed to 

the recognition of determinants which affected R&D expenditures. From an industrial 

perspective, it is therefore important to continue to analysis both two-dimensional and 

multiple-dimensional relationships between relevant factors and R&D expenditures 

under ongoing trends. 

 

Secondly, as the largest market in the world and as the only remaining major country 

with a market-based system, the United States occupies a unique position referred to 

bio-pharmaceutical industry. Nearly all pharmaceutical and biotechnology firms 

worldwide seek to launch their products in the U.S., making this country the epicenter 

of global innovation. The United States is likewise the world‘s meeting ground for 

pharmaceutical intellectual capital. Therefore, I pick the bio-pharmaceutical industry 

in U.S. Market as my research target. 

 

Moreover, this paper followed the earlier study, taking some paramount financial 

factors into consideration; attempt to investigate the liner or non-liner functions 

according to seven hypotheses mentioned in previous chapter. My focus is on 

providing new estimates of parameters associated with R&D expenditures. There 

have been no recent comprehensive multiple-variable studies of the R&D 

expenditures in the view of bio-pharmaceutical industry. 

 

Ultimately, I gather ten years data from the top 32 bio-pharmaceutical listed firms in 

the first decade of 2000s since the R&D process often extends for a decade or more 

and the new drug development process often changes. Aiming to reflect the ongoing 

trend and show the current status of R&D expenditures in this industry, this paper fills 

gaps of lack of latest data.  
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5.3 Research method  

 

To test the impact of these determinants on R&D expenditures, this paper will 

examine by three steps. Firstly, I will conduct single variable analysis between R&D 

expenditures and each seven factors sequent, aiming to separate the influence of  

each variables, that measure access to finance from their possible role or variables that 

due to firm's specified features, as proxies for R&D expenditures. 

 

Then as a next step, the research is to combine these six factors together to test the 

multiple effects of them on the R&D expenditures----a multivariate regression model 

is employed to investigate the panel data variation in firm R&D investment relative to 

the several variables, controlling for firm size, growth, performance, lagged R&D, 

and liquidity. The following functional form is estimated: 

 

lnR&Dit= β1lnAssetit+ β2SGit+ β3LRit+ β4OPMit+ β5CFSit+ β6lnR&Di,t-1+ ε          

(M1)       

 

Where 

Firstly, i and t are index firms and time periods, respectively. As the dependant 

variable, lnR&Dit is the logarithm (base e) of the number of R&Dit expenditures for 

firm i in year t. Here a simple variable transformation is employed---Log, which 

might simplify the function to be fitted and improve the convergence, stability and 

precision of the curve fitting. When this transformation is applied to the R&Dit 

expenditures-----Y variable, the program will adjust the weights appropriately. Based 

on this reason, I took the logarithm of the number of R&Dit expenditures rather than 

the absolute level of a firm's R&Dit expenditures. The former can be adopted for 

illustrated in the model with other variables such as sales growth rate, operating profit 

margin, and leverage rate. 

Meanwhile, I deal with another variable----total assets and R&Di,t-1 in the same way 

taking the consideration of what I have mentioned above. 

 

In the right-hand-side of the model, there are six independent variables, lnAsset is 

regard as a scale factor for firm i in year t, represented by the natural logarithm of 

total asset. Here the adoption of natural logarithm of total assets is for the same reason 

of lnR&Dit expenditures--- the dependant variable.  

SGit is the ratio of measured sales growth for firm i in year t, LRit describes the 

financial leverage ratio for firm i in year t, OPMit is the operating profit margin for 

firm i in year t, CFSit is cash flow divided by sales for firm i in year t, and lnR&D-1 is 

the logarithm (base e) of the number of R&Di,t-1 expenditures for firm i in year t-1. 

 

β1, β2, β3, β4, β5, β6 are the coefficients to the each factor. 
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Ultimately, in the third stage, one modified model captures the influence of previous 

operating performance by adopting financial variables in previous year, in order to 

investigate the lagged effect on R&D expenditures for target listed firms of 

bio-pharmaceutical industry. This model designed to study lagged effect comparing 

with Model 1. The multiple regression analysis using lagged variables as 

independents is employed to conclude about possible causality. To test this possibility, 

this further analysis correlated comprehensive performance trend in variables defined 

as ratios and figures, with the data for R&D expenditures in a given year.  

It can be illustrated as below: 

 

lnR&Di,t+1= β1'lnAsseti,t+ β2'SGi,t+ β3'LRi,t+ β4'OPMi,t+ β5'CFi,t+ε'               

(M2) 

 

Where 

lnAsseti,t = the firms size represented by the natural logarithm of total asset 

SG=the firm sales growth ratio calculated by the difference between current year‘s 

sales income and last year‘s sales income divided by current year‘s sales income  

LR = the leverage ratio calculated by total debt divided by common equity 

OPM = the operating profit margin, calculated by earnings before interest and tax 

(EBIT) divided by total revenue. 

CF = the sales to cash flow ratio represented by cash flow divided by sales income. 

 

β1‘, β2‘, β3‘, β4‘, β5‘, β6‘ are the coefficients to the each factor. 

 

5.4 Explanation of Variables  

 

The objective of this initiative is to assess the determinants of R&D expenditures of 

bio-pharmaceutical industry by focusing on the expected impact that several financial 

measures would have on elements that drive bio-pharmaceutical R&D activities.  

To address the study objectives, I reviewed the secondary research and developed key 

questions to explicitly address the issues and then established a framework to explore 

the impact of these factors on R&D expenditures: 

5.4.1 Research and development (R&D) expenditures  

 

This supplementary Income Statement item—R&D expenditure-- represent all costs 

incurred relating to development of new products and services. In this paper, I adopt 

the absolute level of a firm's distribution on R&D expenditure as a appropriate 

dependent variable of R&D expenditure in bio-pharmaceutical industry  

 

5.4.2 Firm size 
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An important determinant of firm level R&D activities is firm size, measured by the 

number of total assets.  

 

5.4.3 Leverage ratio 

 

Financial leverage plays a multidimensional role in determining corporate financial 

performance, business growth and diversification, and the strategic and competitive 

position of firms. While, this paper aims to address one such dimension, namely the 

impact of debt financing on firm‘s investment in the research and development (R&D) 

effort in bio-pharmaceutical industry. Bhagat and Welch (1995) report a negative 

relation between debt levels and R&D expenses. They interpret this as indicating 

either lender‘s risk aversion to relatively risky R&D strategies or a high R&D firm 

management‘s desire to ‗safeguard‘ their financial strength by adopting lower 

leverage levels. Further, their results suggest that high R&D leads to lower leverage 

rather than current leverage restricting future R&D expense levels. Hoshi et al. (1991) 

report a negative relation between investment and liquidity. If liquidity is positively 

related to leverage as a condition imposed by lenders or as a result of a levered firm‘s 

managerial desire to avoid bankruptcy, a negative relation between leverage and 

investment in R&D may be found. Lang et al. (1996) report a negative relation 

between leverage and investment expenditures for low-Q firms. This suggests that 

companies who do not receive the market‘s correct valuation may find themselves in 

a situation where leverage negatively influences their ability to invest in R&D. Hall 

(1992) argues that due to the riskiness of R&D ventures, firms prefer to use debt to 

finance physical investment but not R&D projects. 

 

5.4.4 Sales to cash flow ratio 

 

Considering to the channels through which finance may matter for R&D activities, 

one potentially important channel is by internal financing, a critical input to R&D 

activities and growth of R&D expenditures. According to the endogenous growth 

models, R&D may be difficult to finance with external sources(Arrow, 1962).While a 

small number of empirical studies suggest that some firms face financing constraints 

for R&D (Hall, 2002),there is no direct micro evidence that these financial effects are 

large enough to matter for aggregate R&D. Therefore in this thesis, I assume sales to 

cash flow ratio, which show the firm‘s ability of turn sales into cash, that it can 

explain a significant portion of the fluctuation of R&D expenditures in 

bio-pharmaceutical industry in U.S. market.  

 

5.4.5 Operating profit margin 

To apply the model to R&D, it would be natural to consider profits as a function of 

the R&D expenditures. Annual R&D spending is constrained by the liquidity 



 

 52 / 105 
 

provided by retained earnings, which is to say, by annual profits. Although, in theory, 

business firms can finance promising R&D investments with funds procured 

externally from the debt and equity markets, in practice most business firms do not 

treat external sources of funds as perfect substitutes for internal sources (retained 

earnings). If so, annual profit levels may act as a strong determinant of annual R&D 

spending.(8) Moreover, it is assumed that a high R&D productivity at the industry 

level lets managers become more optimistic about their firms‘ prospects and induces 

them to raise R&D spending. (Uwe E. Reinhardt. 2006) 

In this thesis, the performance measure operating profit margin is used as the 

dependent variable in separate regression analyses. 

 

5.4.6 Sales growth rate 

 

Up to a point, downward pressure on sales revenues through lower prices might well 

trigger added spending on marketing, as drug manufacturers sought to defend their 

revenues through volume increases. Eventually, however, such outlays will decline 

with reductions in revenue. Similarly, downward pressure on revenues might initially 

increase R&D spending, to recoup lost revenue through the sale of new products. 

 

5.4.7 R&Dt-1 expenditures  

 

When investigate R&D activities, a one-year lagged performance in the multiple 

model is inevitable included since a firm‘s current performance depends to some 

extent on its past performance. 

 

5.5 Statistic techniques  

 

In this thesis, the computational examples were done with MATLABR2010B (matrix 

laboratory) software and 1stOpt (First Optimization) software. As my main 

techniques, both soft ware‘s help to investigate the study. The reason I choose 

MATLAB is its environment is an excellent one for getting experience with the 

algorithms, for doing the exercises, and for small-to-medium scale production work. 

 

The purpose of this paper is to judge whether the parameters in the linear or non-liner 

regression model is significant different from zero. In this paper, the main methods I 

adopt are the non-linear curve fitting method and stationary iterative method. 

 

As the first method, curve fitting is the process of constructing a curve, or 

mathematical function, which has the best fit to a series of data points, possibly 

subject to constraints. Fitted curves can be used as an aid for data visualization, to 
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infer values of a function where no data are available, and to summarize the 

relationships among two or more variables.(Constantin T., Adrian S.P.) 

In the first stage and second stage of this paper, I analysis data to find several 

reasonable functions by data fitting curves in means of the nonlinear least-square 

method. 

 

As the second method, stationary iterative method performs in each iteration the same 

operations on the current iteration vectors. Based on a measurement of the error in the 

result, It solve a linear system with an operator approximating the original one, form a 

"correction equation" for which this process is repeated. While these methods are 

simple to derive, implement, and analyze, convergence is only guaranteed for a 

limited class of matrices. 

 

The third stage of this paper---multiple variables analysis , stationary iterative method 

is used to evaluate multiple variable functions regarding to ln R&Dit and ln R&Di,t+1. 

 

The common and basic mechanism of estimating the parameters in the linear and 

non-liner regression model is called the Ordinary Least Squares method. The principle 

of least squares is to calculate an estimator b in order to make the sum of squared 

residuals, Σ εi
2
, minimal for a given sample or set of data. It can be concluded whether 

or not there is a ―statistically significant‖ relationship between the dependent and the 

independent variable. (Wen M.J. 2010) 

As the most important determinants, the correlation coefficient (R) and R-Square (R
2
) 

are the most noteworthy for me when evaluating how well the sample regression line 

fits the data. This R measure the strength of the linear relationship between two 

variables that is defined in terms of the sample covariance of the variables divided by 

sample standard deviations. In other words, it represents the extent to which the 

variation in the dependent variable is explained by the variation in the explanatory 

variables. Correlation coefficients can range from -1.00 to +1.00. The value of -1.00 

represents a perfect negative correlation while a value of +1.00 represents a perfect 

positive correlation. A value of 0.00 represents a lack of correlation, and larger R is, 

the closer the fitted value tracks the dependent. A correlation greater than 0.8 is 

generally described as strong, whereas a correlation less than 0.5 is generally 

described as weak. (Meniscus Educational Institute, 2010) 

Furthermore, R-Square (R
2
)
 
describes the goodness of fit of the regression model, 

which superior to R in multiple-variable regression model; because R
2
 gives the 

proportion of the variance of one variable that is predictable from the other variable. 

The R
2 

is a measure of how well the regression line represents the data. If the 

regression line passes exactly through every point on the scatter plot, it would be able 

to explain all of the variation. The further the line is away from the points, the less it 

is able to explain. In other words, for non-liner regression model, R-Square describes 

the comprehensive relationship between several independent variables and dependent 

variable. Thus, I will evaluate how well the sample regression model by R
2
. 
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Another determinant--Root of Mean Square Error (RMSE), known as the standard 

error, is yield by taking the square root of Mean Square Error (MSE). RMSE has the 

same units as the quantity being estimated. While, the mean squared error (MSE) of 

an estimator is one of many ways to quantify the difference between values implied 

by an estimator and the true values of the quantity being estimated. MSE is a risk 

function, corresponding to the expected value of the squared error loss or quadratic 

loss. MSE measures the average of the squares of the "errors." Therefore, the more 

RMSE close to zero, the more accurate estimated.( http://mean-squared-error.co.tv/) 

 

Moreover, sum of squares error (SSE) is the sum of squared errors of prediction. It is 

a measure of the discrepancy between the data and an estimation model. A small RSS 

indicates a tight fit of the model to the data. In brief, SSE is related to the gathering 

sample. 

 

5.6 Validity  

 

According to Wainer and Braun, for quantitative research, validity is regarded as 

'construct validity'. The construct means the initial concept, notion, or hypothesis that 

decides which sample is to be gathered and how it is to be gathered. Wainer and 

Braun believe that interaction between construct and data is affected by quantitative 

researchers positively in order to 'validate' their research, mostly in the way of the 

application of a test or another process. Data either support or reject given construct 

that can be further derives as one theory or another hypothesis (Cronbach & Meech, 

1995, p. 19-21). 

 

Quantitative researchers attempt to disassociate themselves as much as possible from 

the research process. Since for quantitative researchers, the involvement of research 

process would be a lowering in degree of the validity of a test. Concerning the 

choosing or employ of samples, it eventually concerns the degree to which the 

research is intended to be internally or externally generalizable. Internal validity 

concerns whether the findings of the research relate to and are caused by the 

phenomena under investigation and not other unaccounted for influences. In term of 

quantitative research, causality must be established for the test to be valid. Although 

many factors constitute a threat to validity in this case, such as 'missing data', the 

affects of the test itself, or regression to the mean as a result of outliers or positively 

or negatively skewed values, In a sense what the quantitative researcher is attempting 

to do is ensure that his/her explanation for the results can be the only possible one.  

 

Although external validity is the secondary, it stills a very important goal for 

quantitative research. The measure of external validity is the extent to which the 

results can be generalized and thus applied to other populations. Threats to external 

validity are similar to those for internal validity, except that the test itself is more 

likely to pose a threat as an alternative explanation for similar results. 
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In this sense, I will test the validity of this paper in three perspectives: measurement 

validity, internal validity and external validity. 

 

I examine the determinants of R&D investment in bio-pharmaceutical industry and to 

what extent these factors that influence R&D investment as well as the lagged effect 

of R&D expenditures in this paper. The measurement validity need to be tested firstly 

in order to confirm the variables measure what is supposed to measure. R&D 

investment is measured by the natural logarithm of R&D expenditures. With regard to 

the factors that affect the sensitivity, I am sure the indicators used in the analyses and 

models can measure fairly what we suppose to measure. 

 

I collect these secondary data from Thomson Retuer DataStream which has up-to-date 

and accurate information. I believe that to some extent the causal relationships 

between R&D expenditures of sample companies and those relevant six factors. 

Furthermore, I also expect that there is possible that there is a lagged effect of given 

firm's operating status on R&D expenditures according to the literatures of similar 

lagged effects of patent. Thus, I‘m sure this paper satisfies the internal validity.  

 

As to external validity, I believe the result of this study can be generalized beyond 

research setting since firstly this paper is not case study; secondly all methods I adopt 

are scientific and reasonable. In this way, external validity is also be satisfied 

eventually. 

 

5.7 Reliability  

  

Reliability and validity are not isolated but related to each other. Bryman and Bell 

(2007, p. 98) indicate that an indicator will not be valid, if it is not reliable. Accuracy 

is associated with validity while consistency is associated with reliability. Researchers 

must perform certain essential checks to ensure that the items selected to represent 

and measure a concept do so in an accurate and consistent manner (Joseph, 2007, 

p.241). 

Reliability refers to the extent to which the data collection techniques or analysis 

procedure will yield consistent findings (Saunders et al., 2007, p. 149). For example, a 

Survey instrument is considered reliable if its repeated application results in 

consistent scores (Joseph, 2007, p. 241). Easterby-Smith, Thorpe and Lowe (2002, p. 

53) stated there are four threats to reliability, including subject or participant error, 

subject or participant bias, observer error and observer bias. The test of reliability can 

be assessed by posing the following three questions (Easterby-Smith et al., 2002, p. 

53 quoted by Saunders et al, 2007, p. 149): 

- Will the measures yield the same results on other occasions? 

- Will similar observations be reached by other observers? 

- Is there transparency in how sense was made from the data? 
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I believe this study is reliable because the results I obtain are mainly consistent with 

prior studies that focus on R&D expenditures or on bio-pharmaceutical industry in 

U.S. market. I collected the data from Thomson Retuer DataStream, with no errors 

and bias during the process. I assure that the observation reached by other observers 

will be similar to my. Moreover, the data collection techniques or analysis procedure 

are likely to yield the same results for these sample firms. There is also transparency 

and logics in my conclusion made from the data. 
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6. Results and Analysis 

 

In this chapter, the empirical results of various curve fitting are presented and analysis. 

Meanwhile, according to the empirical models of previous chapter, the quantitative 

analysis is adopted by using real data. In the beginning, this chapter starts with the 

descriptive statistics for the data, which help to realize the characteristics of the data. 

Then it is followed by the empirical results and discussions on six single factor effects 

in turn. In the last section of this chapter, it present the empirical results of Model 1 

and Model 2----the regression results in non-liner fitting way for lnR&Dit and 

lnR&Di,t+1-----as well as the discussion of the results. 

 

6.1 Descriptive Statistics 

  

According the empirical models of previous chapter, I use real data to get a 

quantitative analysis by following the research procedure.  

 

The data of these single variable analyses are all unbalanced panel data, but the 

number of observation for six variables is the same. The reason for it based on 

following two considerations. Taking the data integrity, data validity and reliability 

into account, the quantity of real data were pretreated through computer to filter the 

odd numbers in order to process data smoothly, which means I deleted a lot from the 

original 300 sets. The data have been processed that if any variable of one set of six 

variables is missing or meaningless (for example the total debt is zero for a given 

year), this whole set would be deleted from the sample. Moreover, since the range of 

data is large, which drove several scatter plots with pretty scattered plots? Under this 

situation, I focus on the part of plots concentrated to explain, which have been set by 

rational and set of intercept in scatter plot graph.  

 

To put it shortly, in term of scatter plot, the set number for both single variables and 

multiple variables is the same---97 sets. In the other hand, in term of nonlinear curve 

fitting, in order to use to the fullest extent of data for fitting curves, following my 

seven hypothesis, each nonlinear fitting adopt different number set of data, the detail 

set number show as follow Table 6.1. 

 

 

Table 6.1 Set Numbers for Nonlinear Curve Fitting  

Single variables nonlinear fitting  Independent  Number of data set 

 lnAssetsit 37 sets 

 SGit 86 sets 

 OPMit 25 sets 

 CFSit 26 sets 
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 LRit 25 sets 

 lnR&Di, t-1 41 sets 

Multiple variable nonlinear fitting Dependent  

 lnR&Dit 92 sets 

 lnR&Di, t+1 51 sets 

Note: the sample period is from 2001 to 2010 

 

Table 6.2 is the descriptive statistics of data of scatter plots for both single variable 

analysis and multiple variable models, which include dependent variables (lnR&Dit 

and lnR&Di,t+1) and independent variables (lnAsset, sales growth rate, leverage rate, 

operating profit margin, cash flow to sales rate, and lnR&Di,t-1). The Maximum value 

of lnR&Dit is 15.864, the minimum is 8.899, and the mean value is 13.571. The 

standard deviation of SGit is very large, which indicates that the data are spread out 

over a large range of values. While the standard deviation of lnR&Dit, lnR&Di,t-1 and 

lnAssetsit are small-----1.732,1730,1.985, respectively-----which means that all the 

firms in this sample are in the similar level of scale and also the distribution of R&D 

expenditures are comparative smoothly. 

Here VAR ---the population variance for the sample---is always larger than VARP, 

since it derived by N/(N-1) times of VARP which is the population variance for the 

population . If the N is large enough, VAR and VARP tend toward numerically equal. 

As it shown in this table, the VAR value of SGit is extremely high, up to 108099.817, 

which indicated that the level of dispersion of this data is very large. 

AVEDEN----average absolute deviation---describes the degree of scatter of data. The 

larger AVEDEN is the higher degree of variability of data. If one variable's AVEDEN 

is large, means that it is subject to uncertainties over several factors. Therefore the 

value range of this variable is in a way of great extent. For instance, the VARP value 

of sales growth rate is extremely high, which is 10693.7. This indicates that the sales 

growth rate fluctuate in a wide range for various firms among different year. The 

VARP value of lnR&Dit, in contrast, is pretty low, only 2.968.  

 

Table 6.2 Descriptive statistics for Scatter Plots  

Variable Obs Max Min Mean Std. 

Dev 

VAR AVEDE

V 

VARP 

lnR&Dit 97 15.864 8.899 13.571 1.732 2.999 1.421 2.968 

lnAssetsit 97 19.170 9.964 15.904 1.985 3.939 1.5438 3.899 

SGit 97 69.289 -3200.446 -22.270 328.78

5 

108099.8

17 

71.184 106973.77

7 

OPMit 97 61.040 -59.770 21.458 20.275 411.068 12.221 406.786 

CFit 97 63.940 -34.460 25.234 16.765 281.055 10.201 278.120 

LR 97 122.2 -2.6 39.418 29.164 850.557 24.797 841.690 

lnR&Di,t-1 97 15.864 8.899 13.569 1.730 2.993 1.419 2.962 

Note: the sample period is from 2001 to 2010 



 

 59 / 105 
 

 

Considering the difference of set number among several nonlinear curve fittings, here 

I choose the data employed in Model 2 for instance to illustrate the descriptive 

statistics of this 53 set of data. 

As mentioned above, Table 6.3 represents the descriptive statistics of data of Model 

2----the multiple variable nonlinear curve fittings. Some characteristics of this data are 

similar to the scatter plots‘ in both single variable analysis and multiple variable 

models. While it also has some difference feather compared with scatter plots one. In 

the first hand, lnR&Dit, lnAssetsit and lnR&Di,t-1 those three variables have slightly 

changes in term of Mean value, which turn to be 14.342, 16.807, and 14,247 

respectively, comparing with 13.571, 15.904 and 13.569 respectively according to 

Table 5.2. 

However, some variables' data undergoing processing vary over a wide range. The 

seven variables in term of SGit showed significant changes. The Mean value and Std. 

Dev value of SGit is 8.205 and 75.348, with a poignant contrast by -22.270 and 

328.785 according to Table 5.2. 

Obviously, after corresponding treatment of 97 sets in previous step, the 51 sets of 

data in term of Model 2 are adaptable in fitting curve, which is conducive to a smooth 

curve of fitting for optimal quality in term of nonlinear fittings step.  

 

Table 6.3 Descriptive statistics for nonlinear curve fittings in Model 2 

Variable Obs Max Min Mean Std. Dev VAR AVEDEV VARP 

lnR&Dit 51 15.854 12.484 14.342 1.012 1.024 0.871 1.004 

lnAssetsit 51 18.576 14.923 16.807 0.949 0.901 0.783 0.884 

SGit 51 36.974 -11.530 8.205 8.680 75.348 6.425 73.899 

OPMit 51 30.28 5.12 22.666 5.379 28.936 4.351 28.380 

CFit 51 34.95 14.27 25.430 4.863 23.647 3.822 23.192 

LR 51 77.65 0.63 39.148 23.090 533.138 20.312 522.885 

lnR&Di,t-1 51 15.855 11.523 14.247 1.037 1.075 0.873 1.054 

Note: the sample period is from 2001 to 2010 

 

6.2 Single factor Analysis  

 

Each single factor analysis in this stage is conducted by two steps----scatter plot and 

nonlinear fit. As mentioned above, scatter plot as the first step employed 97 sets data 

by using MATLABR2010B (matrix laboratory) software for drawing scatter plot 

charts following every hypotheses. While, the next step for each single factor analysis 

is nonlinear curve fit. In this step, in order to get precise and robust results, every 

nonlinear curve were traced by using 1stOpt (First Optimization) software for optimal 

quality. 
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6.2.1 Firm Size  

 

First of all, I start with the analysis between firm size and R&D expenditures. To 

investigate this relationship, I adopt the natural log of total assets of given firm as a 

proxy for firm‘s size and the natural log of R&D expenditures of given firm as a 

proxy for firm‘s R&D investment. This relationship will be analyzed by the 97 sets of 

data in scatter plot, while the nonlinear fitting (Function 1) is applied and the results 

are presented in Table 5.4a and Table 5.4b. 

 

Scatter Plot 

 

Based on 97 sets of data, the scatter plot for lnR&Dit and lnAssetsit (Figure 5.1) is 

drawn. According to Figure 5.1, it can be find that the dots are relatively concentrated 

(the distribution range occupied 15---18), in other words, the correlative degree 

between lnR&Dit and lnAssetsit is obvious high. It implied that firm size can be an 

determinant of R&D expenditures for this sample. 

 

Figure 6.1 Scatter Plot—lnR&Dit and lnAssetsit 

 

Nonlinear curve fitting  

 

Following the results of scatter plot, through data filter and extraction, I pick up 37 

sets of data from 97 sets in previous step, to trace out the strong correlation between 

these two variables by nonlinear curve fitting (Figure 6.2). 
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Function 1: Y = P1+P2*X+P3*X
-1

+P4*X
2
+P5*X

-2
+P6*X

3
+P7*X

-3
+P8*X

4
+P9*X

-4 

 

This nonlinear curve---function 1---gives a relative accurate estimate of these two 

variables. Table 6.4a and Table 6.4b summarize and give the results of this function.  

A look at the first column is instructive. Some deserve it: Correlation Coef. (R) is 

0.9915. Statistically speaking, it could conclude that the use of firm size has 

significant effect on the sensitivity to R&D expenditures by this fitting result. 

Moreover, R-Square (R
2
)
 
which describes the goodness of fitting is 0.9830. It 

indicated that this fitting curve represents the scatter plot very well. 

 

Table 6.4a Fitting Results for lnR&Dit to lnAssetsit Correlation 

Square Error 

(RMSE) 

Sum of Square 

Error (SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

0.2449 2.2192 0.9915 0.9830 

 

0.9830 

 

 

Table 6.4b Fitting Results for lnR&Dit to lnAssetsit Correlation 

 

Parameters Name Parameter Value 

P1 100117.154604637 

P2 -6181.00108608973 

P3 -874026.457494282 

P4 206.129167652591 

P5 3438361.20266772 

P6 -3.25538569826891 

P7 -154.691406571686 

P8 0.0149205121496825 

P9 -27856871.2710482 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

 

Shown as this nonlinear curve, this function is not a monotonic function. However, 

combining Figure 6.1 with Figure 6.2, they illustrated corresponding points for this 

data clustered are mostly distributed in the monotone interval of this function.  

Figure 6.2 provides this fitting curve for lnR&Dit and lnAssetsit.. Several facts are 

worth mentioning. First, from point A to point F, the curve starts smoothly, never out 

of a sudden. Except for one segment, point B to point C (in the band from13.7 to 

14.5), most dots covered by this curve denotes that the lnR&Dit and lnAssetsit have a 

positive correlation. It suggested that as have been estimated in the first hypothesis 

(H1), the firm size is positively associated with R&D expenditures based on given 

data.  
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Second, at two(Point D,E) of the four clear turning points (Point B,C, D, E), this part 

of curve is steeper, an obvious contrast with the rest of the curve(for example, part 

Point A to Point B, Point E to Point F). 

 

In summary, the result of this analysis consists with theory from Grabowskis and 

Schumpeter, which indicated that in a given sample large firms would be more 

research-intensive than smaller firms. 

 

Figure 6.2 Nonlinear fit chart---lnR&Dit and lnAssetsit 

 

 

6.2.2 Sales growth  

 

The second determinant discussed in this thesis is sales growth rate for firm i in year t. 

To analysis this factor, I adopt the sales growth rate of given firm i in year t and the 

natural log of R&D expenditures of given firm as a proxy for firm‘s R&D investment. 

Similar to previous single variable, this relationship will be firstly described by the 97 

sets of data in scatter plot, while the nonlinear fitting (Function 2) is applied and the 

results are presented in Table 6.5a and Table 6.5b. 

 

Scatter Plot 

 

According to 97 sets of data, Figure 6.3 represents the scatter plots for lnR&Dit and 

Sales growth rate. Looking at the overall pattern, it can be find that lnR&Dit and sales 

growth rate are positively associated when high values on lnR&Dit occur with high 

values on sales growth rate, and low values occur with low values. In short, overall 

pattern's direction is positive. Furthermore, few outliers show up in Figure 6.3, mainly 

concentrated on the upper right. 
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Figure 6.3 Scatter Plot--lnR&Dit and Sales growth rate 

Nonlinear curve fitting  

 

Following the scatter plot, proceeding a little bit data extraction, I deleted 11 sets of 

data from 97 sets in previous step(scatter plot), and operated nonlinear curve fitting 

with a selected 86 sets of data to traced out this positive association, which reflecting 

by Figure 6.3, as illustrated by Figure 6.4. 

 

First of all, look at the nonlinear curve---Function 2. 

 

Function 2: Y = P1+P2*X+P3*X
2
+P4*X

3
+P5*X

4
+P6*X

5
+P7*X

6
+P8*X

7
+P9*X

8 

 

Similar as previous function, Function 2 is also unary high times equations, which 

provide a relatively accurate description of these two variables. Table 6.5a and Table 

6.5b summarize and give the results of this function. According to Table 6.5a, it is 

worth mentioning that Correlation Coef. (R) is 0.9972, which means that the use of 

sales growth rate has largely influence on the sensitivity to R&D expenditures from 

this fitting result. Since R-Square (R
2
) is 0.9944 which measured the goodness of 

fitting. That ensured this curve is a scientific and reasonable fitting result based on 

their scatter plot. 
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Table 6.5a Fitting Results for lnR&Dit to SGit Correlation 

Square Error 

(RMSE) 

Sum of Square 

Error (SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

0.1111 1.0612 

 

0.9972 

 

0.9944 0.9944 

 

 

 

Table 6.5b Fitting Results for lnR&Dit to SGit Correlation 

 

Parameters Name Parameter Value 

P1 11.8236703913349 

P2 0.178548124118306 

P3 0.00380021996419169 

P4 0.000166456540193987 

P5 -3.25253614232212 

P6 -1.20888754674042 

P7 1.6387039875701 

P8 -4.58740846747773 

P9 4.08561021510906 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

 

Figure6.4 presents the fitting curve about lnR&Dit and Sales growth rate. This 

nonlinear function is not a monotonic function. Figure 6.3 and Figure 6.4, have this 

both connection in light of, illustrated corresponding points for this data clustered are 

almost distributed around Function 2's the monotone interval.  

Looking at Figure 6.4, some notable fact is concerned. First, form point C to point D, 

the slop of this part on curve is larger than other parts', such as the part Point A to 

Point C as well as the part Point D to Point E. 

Most dots covered by this curve suggest that the lnR&Dit and sales growth rate have a 

positive correlation. Therefore, as have been estimated in the fifth hypothesis (H5), 

high sales growth rate is positively correlated with R&D expenditures based on given 

sample.  

 

To sum up, consist with the theory from Scherer (2001), Bean (1995) and Ito and 

Pucik(1993), the result of this analysis proved that high sales growth rate is positively 

correlated with R&D expenditures based on given sample.  
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Figure6.4 Nonlinear fit chart--- lnR&Dit and Sales growth rate 

 

 

6.2.3 Operating profit margin  

 

The next determinant discussed here is operating profit margin for firm i in year t. To 

test this factor, I used the operating profit margin of given firm i in year t and the 

natural log of R&D expenditures of given firm as a proxy for firm‘s R&D investment. 

Consisting with previous single variables, these two variables will be analysis in 

scatter plot based on 97 sets of data, then the nonlinear fitting (Function 3) is applied 

and the results are shown in Table 6.6a and Table 6.6b. 

 

Scatter Plot 

 

Based on 97 sets of data, Figure 6.5 represents relationship between the scatter plots 

for lnR&Dit and operating profit margin. Obviously, this overall pattern differed 

greatly from previous pattern in the respect dots distribution and dots density. All dots 

here are dispersed. The linear association between lnR&Dit and operating profit 

margin seems not obvious. 

Besides, most dots are dense in the band from fifteen to thirty around the upper of the 

plot. 
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Figure 6.5 Scatter Plot-- lnR&Dit and Operating Profit Margin 

 
Nonlinear curve fitting  

 

Following the scatter plot, proceeding data filter as well as data extraction, I selected 

25 sets of data from 97 sets in previous step (scatter plot), and operated nonlinear 

curve fitting to traced out this association, as illustrated by Figure 6.6. 

 

First and foremost, take a look at the nonlinear curve---Function 3. 

 

Function3:                                             

Y=P1+P2*X
0.5

+P3*X+P4*X
1.5

+P5*X
2
+P6*X

2.5
+P7*X

3
+P8*X

3.5
+P9*X

4
+P10*X

4.5
+P1

1*X
5
 

 

Function 3, as a unary high times equation, provided a relative accurate illustration of 

these two variables. Table 6.6a and Table 6.6b informed the results of this function. 

From Table 5.6a, several facts are worth to mention. Firstly, Root of Mean Square 

Error (RMSE) has a pretty high value of 0.4178. As a risk function, Root of Mean 

Square Error (RMSE) corresponds to the expected value of the squared error loss or 

quadratic loss, which measures the average of the squares of the "errors." As we 

known, the more RMSE close to zero, the more accurate estimated. Here the RMSE is 

a little bit high, probably because of confounding variable and limitation of sample 

scale. 

Secondly, the value of R-Square is 0.8187. As the measurement of the goodness of 

fitting, R-Square's value means whether or not this fitting curve is scientifically and 

reasonably. Nevertheless the value of R-Square for Function 3 is lower than previous 
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0.9944 (Function 2), it still can be concluded that this curve is fitting in the most 

scientific way based on given data set. 

 

Table 6.6a Fitting Results for lnR&Dit to OPMit Correlation 

 

Square Error 

(RMSE) 

Sum of Square 

Error (SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

0.4178 4.3647 0.9048 0.8187 0.8187 

 

 

Table 6.6b Fitting Results for lnR&Dit to OPMit Correlation 

 

Parameters Name Parameter Value 

P1 545.625314330087 

P2 -978.3708911434 

P3 601.630143143395 

P4 -66.915633410405 

P5 -81.559780411357 

P6 34.9004039315806 

P7 -2.04905160918032 

P8 -1.86317080522504 

P9 0.535829921826694 

P10  -0.0596037236370669 

P11 0.00248597753620369 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

 

Figure6.6 presents the fitting curve about lnR&Dit and Operating profit margin. As it 

shown, this nonlinear curve fluctuated in a widely range. As seen in the scatter 

plot--Figure 6.5, the level of correlation between these two variables is rather low, 

illustrated in Figure 6.6. Having a combining light of Figure 6.5 and Figure 6.6, 

deleting a lot from the sample of scatter plot, however, the fitting curve about these 

two variables still fluctuated in a large range. 

Viewing the Figure 6.4, some notable fact in concerned. First, from point A to point D, 

the slop of this part on curve is smaller than other parts', such as the part Point H to 

Point I, and especially the part Point D to Point H. 

Most dots covered by this curve suggest that it is no reasonable to say the lnR&Dit 

and operating profit margin have a positive correlation. Therefore, differed from have 

been estimated in the second hypothesis (H2), there is no evidence that high operating 

profit margin has a positive effect on firm‘s R&D expenditures.  
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Briefly speaking, concerning to the previous mixed results of this relationship, this 

result of this paper presents that there is no evidence that high operating profit margin 

has a positive effect on firm‘s R&D expenditures. 

Figure6.6 Nonlinear fit chart--- lnR&Dit and Operating Profit Margin 

 

 

 

 

6.2.4 Cash flow to sales rate 

 

Another determinant investigated in this paper is cash flow to sales rate for firm i in 

year t. To study this factor, I took the cash flow to sales rate of given firm i in year t 

and the natural log of R&D expenditures of given firm as a proxy for firm‘s R&D 

investment. Same as previous single variables, these two variables will be analysis in 

scatter plot based on 97 sets of data, on the other hand, the nonlinear fitting (Function 

4) is applied and the results are shown in Table 6.7a and Table 6.7b. 

 

Scatter Plot 

 

Figure 6.7, in based of 97 sets of data, represent a scatter plots about lnR&Dit and 

cash flow to sales income rate. Interestingly, similar in the whole pattern with the one 

of operating profit margin, dots distribution and dots density of this scatter plot are 

almost in the same way of the operating profit margins. Most dots are dispersed. The 

linear association's degree between lnR&Dit and cash flow to sales income rate looks 

like pretty low. Moreover, most dots are dense in the band from fifteen to thirty five 

around the upper of the plot. 
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Figure 6.7 Scatter Plot-- lnR&Dit and cash flow/ sales income 

 

Nonlinear curve fitting  

 

After made the scatter plot, I proceeded data filter as well as data extraction, picking 

26 sets of data from 97 sets in previous scatter plot step, and operated a nonlinear 

fitting curve to trace out this association, as illustrated by Figure 6.8. 

 

In the first instance, the nonlinear curve---Function 4 is as follows: 

 

Function 4: Y= P1+P2*X+P3*X
2
+P4*X

3
+P5*X

4
+P6*X

5
+P7*X

6
+P8*X

7 

 

As a unary high times equation, Function 4 provides a rather accurate illustration of 

these two variables. Table 6.7a and Table 6.7b listed the results of this function. From 

Table 5.7a, several facts are worth to mention. First of all, Root of Mean Square Error 

(RMSE) is 0.5381, even higher than that of Function 3. Being a risk function, Root of 

Mean Square Error (RMSE) corresponds to the expected value of the squared error 

loss or quadratic loss, which measures the average of the squares of the "errors."  In 

the light of statistics, the more RMSE close to zero, the more accurate estimated. Here 

the RMSE is somewhat high, probably because of confounding variable and limitation 

of sample scale. Besides, this value of Function is near to that of Function 3, mainly 

since the sample scale and sample chosen similar to a great extent.    
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Secondly, the value of R-Square is 0.2649. As a measure of the goodness of fitting, 

R-Square's value is used to measure one fitting curve's rationality and reasonability. 

However, the value of R-Square for Function 4 is so lower that mainly because the 

sample scale is limited. 
 

Table 6.7a Fitting Results for lnR&Dit to CFSit Correlation 

 

Square Error 

(RMSE) 

Sum of Square 

Error (SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

0.5381 7.5281 0.5147 0.2649 

 

0.26489 

 

 

Table 6.7b Fitting Results for lnR&Dit to CFSit Correlation 

 

Parameters Name Parameter Value 

P1 2132.93939137468 

P2 -674.044717220162 

P3 -674.044717220162 

P4  -6.59913255561947 

P5 0.284049353124555 

P6 -0.007203711119562 

P7 9.97350190175457 

P8 -5.82073476693437 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

       

Figure 6.8 illustrated the fitting curve upon lnR&Dit and cash flow to sales income 

rate. As Figure 6.8 shown, this nonlinear curve the curve starts out of a sudden, which 

fluctuated in a widely extent. As seen in the scatter plot--Figure 6.7, the level of 

correlation between these two variables is rather low. These arbitrary points regarding 

to the scattered data rendered the fitting curve swung to a great rang.   

From what Figure 6.4 informed, some facts are worth mentioning. Firstly, several 

points' value is extreme, such as Point E, Point H, and Point J. 

Most dots covered by this curve suggest that it is the fact that the lnR&Dit and cash 

flow to sales income rate have no obvious correlation. Furthermore, alien from the 

hypothesis (H3) been estimated, it cannot be proved that high cash flow to sales rate 

have a positive effect on firm‘s R&D expenditures regarding to the given sample. 

 

In summary, similar with the theory from Bhagat and Welch (1995), the result of this 

analysis illustrated there is no significant correlation between cash flow to sales rate 

and R&D investment in U.S. market by given sample. 
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Figure 6.8 Nonlinear fit chart--- lnR&Dit and cash flow/ sales income 

 

 

 

6.2.5 Leverage rate 

 

The following determinant discussed here is leverage rate for firm i in year t. To 

analysis this factor, I adopt the leverage rate of given firm i in year t and the natural 

log of R&D expenditures of given firm as a proxy for firm‘s R&D investment. 

Same as other single variables, this relationship will be illustrated by the 97 sets of 

data in scatter plot, next the nonlinear fitting (Function 5) is applied and the results are 

presented in Table 6.8a and Table 6.8b. 

 

Scatter Plot 

 

Regarding to 97 sets of data, Figure 6.9 represents a scatter plots on the relationship 

between lnR&Dit and leverage rate. Interestingly, dots distribution of this scatter plot 

is quite similar, in some extent, with the one of operating profit margin and the one of 

cash flow to sales rate. One interesting difference is, dots are totally dispersed, even 

has no word to say on data density. The linear association's degree between lnR&Dit 

and cash flow to sales income rate seems as weak. 

Moreover, relatively speaking, most dots are widely distributed over the left side of 

the diagonal line which traversing a shield from the upper right corner to the lower 

left. Only few dots located at the right side of the plot. 
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Figure 6.9 Scatter Plot-- lnR&Dit and Leverage Rate 

 

 

Nonlinear curve fitting 

 

Following scatter plot, I proceeded data filter as well as data extraction, picking 25 

sets of data from 97 sets in previous scatter plot step, operating an nonlinear curve 

fitting to traced out this association, as shown in Figure 6.10. 

 

Above all, look at this nonlinear curve illustrated by Function 5 as follows: 

 

Function 5:  

Y=P1+P2*lnX+P3*(lnX)
2
+P4*(lnX)

3
+P5*(lnX)

4
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Function 5 is a unary high times equation, providing a rather precise description of 

these two variables. Table 6.8a and Table 6.8b gave the details on the results of this 

function. According to Table 6.8a, several factors are worthy mentioned. Firstly, Root 

of Mean Square Error (RMSE) is 0.3483, rather lower than that of Function 4. Acting 

as a risk function, Root of Mean Square Error (RMSE) corresponds to the expected 

value of the squared error loss or quadratic loss, which measures the average of the 

squares of the "errors." In fact, the more RMSE near to zero, the more precise 

estimated. Here the RMSE is somehow a little bit high, probably because of 

confounding variable and limitation of data scale.  
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Secondly, the value of Correlation Coef. (R) is 0.9638, which indicated that the use of 

leverage rate has a great effect on the movement of R&D expenditures from this 

fitting result. Moreover the value of R-Square (R
2
) is 0.9289, measured the goodness 

of fitting. Therefore, it can be concluded that this fitting curve is a scientific and 

reasonable result based on its data. 

 

Table 6.8a Fitting Results for lnR&Dit to LRit Correlation 

Square Error 

(RMSE) 

Sum of Square 

Error (SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

0.3483 

 

3.0321 

 

0.9638 

 

0.9289 

 

0.9284 

 

 

 

Table 6.8b Fitting Results for lnR&Dit to LRit Correlation 

 

Parameters Name Parameter Value 

P1 13967.0421305367 

P2 -4876.21438988187 

P3 -16135.1903041238 

P4  14886.0602856817 

P5 -3727.15109646462 

P6 -686.552845391241 

P7 500.463951121173 

P8 -61.7241266883447 

P9 -9.56447983182404 

P10 2.9003850655797 

P11 -0.194478048544794 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

       

Figure6.10 illustrated the fitting curve about lnR&Dit and leverage rate. As Figure6.10 

shown, this nonlinear curve the curve starts out of a sudden, which fluctuated in a 

largely extent from Point A to Point C with a slightly changes in axle. In the scatter 

plot Figure 6.9, the level of correlation between these two variables is not significant. 

These arbitrary points according to the scattered data drove the fitting curve swung to 

a great rang lately, from Point A to Point F.   

Some other staff in Figure 6.10 is worthy to mention. First of all, even if the values of 

leverage rate of Point C and Point E differed a lot, the values of lnR&Dit of them are 

similar, which means two variables in this curve do not have a significant correlation.  

Secondly, the movement of the overall curve showed somehow periodic fluctuations. 

Looking at Point C, Point D, Point E and Point G. Point C and Point E almost have 

the same level of lnR&Dit, same situation happened on Point D, Point G. Interestingly, 

if check these points' value of leverage rate, it is obviously that the difference between 
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Point C and Point E is almost the same as that of Point D, Point G. As one nonlinear 

function, with a non-monotonic feature, dots covered by this curve are distributed in 

Function 5's both two monotone intervals. 

Furthermore, alien from the hypothesis (H3) been estimated, it cannot be proved that 

high financial leverage is negative related with R&D expenditures regarding to the 

given sample. 

 

Shortly speaking, differ with previous theory, the results of this analysis shows no 

evidence that high financial leverage is negative related with R&D expenditures 

regarding to the given sample. 

 

 

Figure 6.10 Nonlinear fit chart--- lnR&Dit and leverage rate 

 

 

6.2.6 R&D Lagged effect----lnR&Di,t-1 

 

The last determinant discussed in this thesis is R&D expenditures for firm i in year t-1. 

To investigate this factor, I adopt the natural log of R&D expenditures of given firm i 

in year t-1 and the natural log of R&D expenditures of given firm as a proxy for 

firm‘s R&D investment. Same as other single variables, this relationship will be 

illustrated by the 97 sets of data in scatter plot, then the nonlinear fitting (Function 6) 

is applied and the results are presented in Table 6.9a and Table 6.9b. 

 

Scatter Plot 

 

Based on 97 sets of data, the scatter plot for lnR&Dit and lnR&Di,t-1(Figure 6.11) is 

drawn. According to Figure 6.11, the curve which described the relationship between 

lnR&Dit and lnR&Di,t-1 are positively associated when high values on lnR&Dit occur 

with high values on lnR&Di,t-1, and low values occur with low values., in other words, 
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the correlative degree between lnR&Dit and lnR&Di,t-1 is obvious high. It suggested 

that previous year's R&D expenditures can be a determinant of R&D expenditures for 

next year according to this sample. Briefly speaking, overall pattern's direction is 

positive.  

 

Besides, there are few outliers located at the bottom of the figure. 

 

Figure 6.11 Scatter Plot-- lnR&Dit and lnR&Di,t-1 

 

 

Nonlinear curve fitting 

 

Following the scatter plot, proceeding a little bit data extraction, I selected 41 sets of 

data from 97 sets in previous step(scatter plot), and operated nonlinear curve fitting 

with a selected 41 sets of data to traced out this positive association, as illustrated by 

Figure 6.12. 

 

Firstly, look at the nonlinear curve---Function 6. 

 

Function 6:Y = P1+P2*Abs(X-P3)
P4 

 

Same as previous function, Function 6 is also a unary high times equation, which 

provides a relatively accurate description of these two variables. Table 6.9a and Table 

6.9b summarize and give the results of this function. According to Table 6.9a, it is 
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worth mentioning that Correlation Coef. (R) is 0.9242, which means that lnR&Di,t-1 

has largely influent the lnR&Dit according to this fitting result. Since R-Square (R
2
) is 

0.8541 which measured the goodness of fitting. In this case, the high value such as 

0.8541 ensured this curve is a scientific and reasonable fitting result based on their 

scatter plot. 

 
 

Table 6.9a Fitting Results for lnR&Dit to lnR&Di,t-1 Correlation 

Square Error 

(RMSE) 

Sum of Square 

Error (SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

0.4958 

 

10.0801 

 

0.9242 0.8541 0.8541 

 

 

 

Table 6.9b Fitting Results for lnR&Dit to lnR&Di,t-1Correlation 

 

Parameters Name Parameter Value 

P1 9.85528667408767 

P2 3.7459271808732 

P3 12.3106513423193 

P4  0.305726841278638 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

      

 

Figure 6.12 presents the fitting curve of the relationship between lnR&Dit and 

lnR&Di,t-1.This nonlinear function is not a monotonic function. Combining Figure 

6.12 and Figure 6.11, in light of these both Figures, most corresponding points for this 

data are distributed in Function 2's the monotone interval.  

Looking at Figure 6.12, several notable facts is concerned. First, from Point A to 

Point D, this part of curve is more fluctuate than the rest, part Point D to Point E and 

part Point E to Point H for instance. In the part with more movement---Point A to 

Point D---some extreme dots are around the left corner of the graph, such as Point B 

and Point C. On the other hand, even if the curve fluctuated widely until it passes 

Point D, this curve is relatively smoothly with narrowly fluctuations especially in the 

part of Point E to Point F. 

Most dots covered by this curve suggests that lnR&Dit and lnR&Di,t-1 have a positive 

correlation. Therefore, as have been estimated in the sixth hypothesis (H6), the 

R&Dt-1 have a lagged effect on the R&Dt expenditures based on given sample.  

 

In a word, consist with the outcome from Kim and Lee (1993), the results of this 

analysis indicated there is a lagged effect of R&Dt-1 on the R&Dt expenditures based 

on given sample. 
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Figure 6.12 Nonlinear fit chart--- lnR&Dit and ln R&Di,t-1  

 
 

 

6.3 Multiple factor Analysis for Model 1 

 

In last section of this chapter, I carried on the study of six simple correlations in turn. 

Here in this section, the six factors is combined into a integrated test to estimate their 

influence on R&D expenditures based on the given data.   

In order to investigate this multiple analysis, the following study would process by 

two models. First of all, based on 92 sets of data (see Appendix 7), I deduce the 

function of Model 1 by 44 times of iterations. While, the reason of calculation ending 

is to reach the convergence criteria, in other words, processing 44 times iterations the 

function of this Model can be deduced.   

 

The Model 1 is as follows: 

 

ln R&Dit= β1lnAssetit+ β2SGit+ β3LRit+ β4OPMit+ β5CFSit+ β6lnR&Di,t-1+ ε              

 

Table 6.11a and Table 6.11b present the detail of information upon Model 1. From 

Table 6.11a, several facts are worth to mention. Firstly, Root of Mean Square Error 

(RMSE) corresponds to the expected value of the squared error loss or quadratic loss, 

which measures the average of the squares of the "errors."Here its value is 0.3268. As 

we known, the more RMSE close to zero, the more accurate estimated. Therefore, for 

Model 1, the estimated here can be concluded as an accurate estimated. Secondly, the 

value of R-Square is 0.959. As a measure of the goodness of iteration, the value of 

R-Square for Model 1 suggested based on 92 sets of data, this iteration is successful in 
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the most scientific way. Thirdly, Determination Coef (DC) presented as how much 

independents account for in the overall function, which means the value of 

Determination Coef (DC) shown the proportion of the sum of six independents 

comparing with the proportion of error term. In this case, the value of Determination 

Coef (DC) is 0.959, implied that the independents terms have a significant weight in 

this function. One more deserved close attention is Chi-Square test. In the case of 

Model 1, the value of Chi-Square is 0.3811, much higher than 0.01, which with a 

significance level of 1%. That suggested the result from this iteration is valid. 

 

Table 6.11a Iteration Results for Mode l 

Square Error 

(RMSE) 

Sum of 

Square Error 

(SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

Chi-Square 

0.3268 

 

9.8278 

 

0.980 0.959 0.959 

 

0.3811 

 

 

Table 6.11b Iteration Results for Mode 1 

Parameters Name Best estimate 

β1  0.68364744667649 

β2           -0.00898987004237262 

β3 0.00637151554983937 

β4  -0.0102833521803931 

β5 -0.00069133012276907 

β6  0.167621940812465 

ε  0.694368138932086 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

 

Figure 6.13 Overall curve for Model 1 
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Note: The red curve is based on data gathering, while the blue curve is based on 

estimated data.  

 

6.4 Multiple factor Analysis for Model 2 

 

Apart from Model 1, Model 2 investigated whether the previous operating 

performance has a lagged effect on next year's R&D expenditures according to the 

seventh hypothesis (H7). Here the operating performance is measured by five factors 

rested on the aspects of firm's basic condition; financial performance, such as 

profitability and risk; as well as growth potential respectively. 

 

To analysis Model 2, regarding to 92 sets of data (see Appendix 8), I deduce the 

function of Model 2 by 29 times of iterations. Same as that of Model 1, the reason of 

calculation ending is processing 44 times iterations; all parameters needed in this 

Model are deduced.   

The Model 2 as follows: 

 

lnR&Di,t+1= β1'lnAsseti,t+ β2'SGi,t+ β3'LRi,t+ β4'OPMi,t+ β5'CFi,t+ε'  

 

Table 6.12a and Table 6.12b informed the results of Model 2. According to Table 

5.12a, several facts need to pay attention on. First of all, the value of Root of Mean 

Square Error (RMSE) is 0.3001, for Model 2, the estimated can be regarded as an 

precise estimated. Moreover, the value of R-Square is 0.959. This suggested that, 

scientifically speaking, rested on 92 sets of data this iteration is successful. Besides, as 

account for the proportion of the sum of five independents, the value of Determination 

Coef (DC) of Model 2 is 0.9057, suggested that the independents terms have a 

significant weight in this function. One more concerned is the value of Chi-Square 

test. In this case, the value is 0.1618, much more higher than 0.01 either, which with a 

significance level of 1%. This implied the result from this iteration is valid. 

 

Table 6.12a Iteration Results for Mode 2 

Square Error 

(RMSE) 

Sum of 

Square Error 

(SSE) 

Correlation 

Coef. (R) 

R-Square Determination 

Coef. (DC) 

Chi-Square 

0.3001 

 

4.5920 

 

0.9517 

 

0.9057 

 

0.9057 0.1618 

 

Table 6.12b Iteration Results for Model 2 

Parameters Name Best estimate 

β1'  0.814771801303503 

β2'          -0.00331890923445687 

β3' 0.0426893510781463 
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β4'   -0.0302415625658978 

β5'   -0.00490407863522865 

 ε'  0.729321808811029 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization 

(UGO)  

Figure 6.14 Overall curves for Model 2 

 

Note: The red curve is based on data gathering, while the blue curve is based on 

estimated data. 
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7. Conclusions and Recommendations 

 

This chapter draws conclusions from this empirical study. Besides, some valuable 

suggestions and recommendations are provided for further researches in this field. 

 

With the coming of knowledge based economy, the role of innovation has become 

increasingly essential. As the most representative industry of innovation, 

bio-pharmaceutical industry is the centre of attention for researchers who study 

research and development investment. The purpose of this thesis is to investigate and 

to test financial and non-financial factors determining R&D expenditures for 

individual top technique bio-pharmaceutical listed firms through literature review 

using data for the 2001 to 2010 periods by both single variable analysis and multiple 

variable analyses empirically. Moreover, the further step in this study is to investigate 

the real relations between those factor and R&D expenditures individually and 

synthetically. In this way, this work helps us have a more clear understanding on the 

relationship between firm performance and firm R&D expenditures. More specifically, 

the study provides evidence on three essential issues. First, which factors can the 

determinants of top technique listed pharmaceuticals in U.S. Market? Second, if 

combining theses estimated factors how the comprehensive effect is they have on 

R&D expenditures? Lastly, whether the previous year's operating status has a lagged 

effect on R&D expenditures of next year? 

 

To answer there three questions, the paper conducts both single variables analysis and 

multiple variable analysis. For single variable analyses, first step is to draw scatter 

plots based on 97 sets of data by using MARLAB software. Following this step, to 

illustrate the exact correlation between the given independent variable and dependent 

variable (the natural logarithm of R&D), after processing data filter the paper adopt 

curve fitting based on varying sets of data. 

The generation conclusions of these six analyses will present as follows.    

 

7.1 Conclusions for single variable analysis 

 

7.1.1 Firm size 

 

According to the results of previous chapter, there is a significantly positive 

correlation between firm size and R&D expenditures as expected in H1. Even if this 

relationship is not a linear relationship, according to Function 1, this positive 

correlation is obvious from both digital and graphical point view. With the increase of 

a firm size, it will have more investments on R&D activities. This conclusion is 

consistent with results of Grabowski (1968), Mansfield (1981) and Cho, S., Lee, K. H., 

Kang, S. W., and Kwon, O. B. (1999) on this issue. 
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In a word, this conclusion answers the first and second research questions that as a 

determinant of R&D expenditures, firm size is significantly positive correlated with 

R&D expenditures.   

 

7.1.2 Sales growth rate 

 

Just as expected from H5, it has been shown that a high sales growth rate is positively 

correlated with R&D expenditures based on given sample. Similar with the impact 

form factor like firm size, sales growth rate influent the investment on R&D activities 

for firms in a positively way. A high sales growth rate as the representation of firm's 

potential of growth made great contribution to the increase of R&D expenditures. In 

this paper, it draws the same conclusion of Kim and Lee (1993) in Korea‘s industry 

with its non-IT industry. 

 

In a word, this conclusion answers the first and second research questions that as a 

determinant of R&D expenditures, sales growth rate is positive correlated with R&D 

expenditures.  

 

7.1.3 Operating profit margin 

 

From the analysis upon the sample in this paper, it suggested that it is not reasonable 

to say the R&D expenditures and operating profit margin have a positive correlation. 

Not as effective as what have been estimated in the second hypothesis (H2), there is 

no robust evidence that high operating profit margin has a positive effect on firm‘s 

R&D expenditures. According to the discussion in chapter 5, the fitting curve of 

lnR&D expenditures and operating profit margin fluctuated widely.  

 

In a word, this conclusion answers the first and second research questions that as a 

determinant of R&D expenditures, profit margin is not proved to positive related with 

R&D expenditures and operating profit margin have a positive correlation. 

 

7.1.4 Cash flow to sales rate 

 

Myers and Majluf (1984) have argued that when investors cannot distinguish between 

high-quality and low-quality future opportunities, managers with good information 

are more likely to rise outside equity. Comparing with internal finance, this resulting 

adverse selection increases the cost of external equity.  

Based on lots of previous literature suggestions, hypothesis 3 assumed that high sales 

to cash flow rate have a positive effect on firm‘s R&D expenditures.  

While, according to the result form this paper, alien from the hypothesis (H3) has 

been estimated, the lnR&Dit and cash flow to sales income rate have no obvious 
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correlation. This results differed with the conclusions from Grabowski (2000), Fazzari 

and Athey (1987). Two main reasons probably drive the difference. One possible 

explanation is that the same as the one in previous determinants, difference may 

comes from the different source of sample firms and a different time horizon. 

Especially, the sample period for this paper covers the financial crisis around 2008, 

which may weaken the impact of cash flow to sales rate to R&D expenditures. 

Another possible explanation is that, this non clear correlation comes from the 

consideration of sales income. Since most of previous literatures were concerned only 

on cash flow, rather than cash flow to sales rate. Due to this extra factor---sales 

income, the relationship between cash flow and R&D expenditures has been 

intervened and turns to be different. 

 

However, this result is consistent with the previous study of Bhagat and Welch (1995) 

who concluded that there is no significant correlation between operating cash flow 

and &D investment in U.S. Market. This rejects the common knowledge that R&D 

conduct mostly when firms have more operating cash flow internally and can 

therefore avoid the costs of capital markets externally.  

 

In a word, this conclusion answers the first and second research questions that 

although acting as a determinant of R&D expenditures, operating cash flow is not 

proved to positive related with R&D expenditures  

 

7.1.5 Leverage rate 

 

The values of Correlation Coef. (R) and Mean Square Error (RMSE), which are 

0.9638, 0.3483 respectively, the fitting curve about this determinant is a scientific and 

reasonable result based on its data. In fact, as illustrated by Figure 5.9 and Figure5.10, 

it cannot be sufficiently proved that high financial leverage is negative related with 

R&D expenditures regarding to the given sample, which is also not as effective as 

what have been estimated in the third hypothesis (H3). This result is consistent with 

results of Bhagat and Welch (1995) and Cho, S., Lee, K. H., Kang, S. W., and Kwon, 

O. B. (1999), whom tested debt ration instead of.  

 

Shortly speaking, this conclusion answers the first and second research questions that 

no abundant evidence so far proves that there is an apparent negative relationship 

between leverage rate and R&D expenditures.  

 

7.1.6 lnR&Di,t-1  

 

According to the last factors concerned in single variable analysis, analysis and 

discussion point out that there is a significantly positive correlation between R&D 

expenditures in year t-1 and R&D expenditures in year t, as expected in H6 that the 
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R&Di,t-1 have a lagged effect on the R&Dit expenditures. In fact, although this 

relationship is not a linear relationship illustrated as Function 6, this positive 

correlation is obvious from both digital and. graphical point view. Same as H6 

assumed, the R&Di,t-1 has a lagged effect on the R&Dit expenditures. With a higher 

R&Di,t-1 expenditures, firm will has more investments on R&D activities in following 

year. This conclusion is consistent with conclusion of Kim and Lee (1993). 

 

In a word, this conclusion answers the first and second research questions that as a 

determinant of R&D expenditures, previous year‘s R&D expenditure is positive 

related with R&D expenditures in next year, also indicating the lagged effect of 

previous year‘s R&D expenditure is existed. 

 

7.2 Conclusions for multiple variable analyses 

 

7.2.1 Model 1 

 

To answer the second research question about how is the comprehensive effect if 

combining six estimated factors influent R&D expenditures based on data gathering 

from top technique bio-pharmaceutical listed firms from 2001 to 2010; Model 1 is 

created and tested.  

 

As illustrated by Molde1's function: 

 

ln R&Dit= β1lnAssetit+ β2SGit+ β3LRit+ β4OPMit+ β5CFSit+ β6lnR&Di,t-1+ ε  

Table 6.11b Iteration Results for Mode 1 

Parameters Name Best estimate 

β1  0.68364744667649 

β2  -0.00898987004237262 

β3 0.00637151554983937 

β4  -0.0102833521803931 

β5 -0.00069133012276907 

β6  0.167621940812465 

ε  0.694368138932086 

Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization (UGO)  

 

According to Table 6.11b, as the coefficient firm size, β1 value as 0.68364744667649, 

indicated that there is a significant positive relation between R&D expenditures and 

firm size, comparing with other five factors. Same situation happened on the factor of 

previous year's R&D expenditures, means that the lagged effect of R&D expenditures 

literally existed based on given 92 sets of data.  
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In the other hand, the opposite effect happened on sales growth rate, operating profit 

margin and cash flow to sales rate. Comparing with single variable analysis, each of 

these three variables has somehow switches to different direction. First, in Model 1, 

sales growth rate have a weak negative relation with R&D expenditures, in contrary, 

it shown a positive correlation with R&D expenditures in single variable analysis. 

This difference may be due to .the effect of some interference factors.  

 

Then, in Model 1 operating profit margin has a slightly negative correlation with 

R&D expenditures, while in single variable analysis, no obvious correlation between 

those two had been found. The same happened on cash flow to sales rate. This 

difference may since in single variable analysis, those two factors have very similar 

number of data set, and also the sample selected is same sets of data. 

 

7.2.2 Model 2 

 

To answer the last research question, Model 2 is used to investigate on whether or not 

the previous year's operating status has a lagged effect on R&D expenditures of next 

year based on data gathering from top technique bio-pharmaceutical listed firms from 

2001 to 2010.  

 

As described by Molde2's function: 

 

lnR&Di,t+1= β1'lnAsseti,t+ β2'SGi,t+ β3'LRi,t+ β4'OPMi,t+ β5'CFi,t+ε' 

 

Table 6.12b Iteration Results for Model 2 

Parameters Name Best estimate 

β1'  0.814771801303503 

β2'          -0.00331890923445687 

β3' 0.0426893510781463 

β4'   -0.0302415625658978 

β5'   -0.00490407863522865 

 ε'  0.729321808811029 

 Note: Algorithms: Levenberg-Marquardt + Universal Global Optimization (UGO)  

 

Based on Table 6.12b, as the coefficient firm size, β1' is 0.814771801303503, 

indicated that there is a significant positive relation between R&D expenditures in the 

year of t and firm size in the year of t-1, comparing with other four factors. Same 

situation happened on the factor of previous year's leverage rate, this results is 

consistent with the one in Model 1 in term of leverage rate, rather stronger positive 

correlated. In other words, leverage rate is somehow has a positive correlation with 

R&D expenditures, contrary to the expectations in hypothesis 4. Besides, in single 

variable analysis no certain conclusion obtained in term of leverage rate. 
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According to factors of sales growth rate, operating profit margin and cash flow to 

sales rate, in Model 2 all of these three variables get the similar result from Model 1. 

All of them are found for negative related with R&D expenditures in multiple variable 

analyses. For cash flow to sales rate, the reason for this negative correlation may 

come from the consideration of sales income. Since most of previous literatures were 

concerned only on cash flow, rather than cash flow to sales rate. Due to another 

factor---sales income, the relationship between cash flow and R&D expenditures has 

been intervened by this new factor and turn to be different.   

 

Considering to the operating profit margin and sales growth rate, the results obtained 

in multiple analysis are contrary to the expectations in hypothesis 2 and hypothesis 3 

respectively. These differences may origin from the limitation of data gathering or 

time period selected. Also, this issue can be fixed by enlarging the sample size in 

future. 

 

In short, Model 2 give an answer of the last research question that the previous year's 

operating status has a lagged affect on next year's R&D expenditures based on the 

given sample. 

 

7.3 Theoretical and practical contributions 

 

This paper is regarded to contribute in both theoretical and practical field. In the first 

hand, in theory, this work contributes to the research and development literature by 

assessing which determinant influence and dominates the investment of R&D in the 

way of individually and synthetically, in the context of the United States' 

bio-pharmaceutical market. Relying on the implications of previous literatures, I 

examine the associations among financial and non-financial measures and R&D 

investments to determine whether their effect is significant in R&D expenditures. 

 

To answer the first two research questions, I selected 32 listed top bio-pharmaceutical 

firms from New York Stock Exchange (NYSE) and National Association of 

Securities Dealers Automated Quotations (NASDAQ), the relevant dataset of relative 

accounting figures are 300 sets. The sample period goes from 2001 to 2010. In the 

first step according to both single variable analysis and multiple variable analysis, all 

scatted plots are draw from 97 sets of data, which were screened out as data after 

being screened in consideration of data integrity and data rationality. Further, in the 

hand of single variable analysis, the next step conducted by curve fitting followed the 

results from scatter plots. In this part of study, the data included concern in each 

analysis is different set. In the hand, for multiple variable analyses, two models are 

obtained by using the method of iteration. Those two models exactly demonstrate 

with the answers for the second and the third research questions. For example, the 

estimated lagged effect of previous year's financial status is proved according to the 

result from Model 2. 
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In short, during the analysis of six single variable functions, the first and second 

research questions have been answered. Moreover, through the analysis of Model 2, 

the third research question is also answered which indicated the previous year's 

operating status has a lagged affect on next year's R&D expenditures based on the 

given sample. 

 

On the other hand, in practice the study of those determinants is necessary 

significantly. Obviously, this paper provides a clear understanding for managers on 

the management of R&D expenditures in the level of individual firm, especially for 

those in bio-pharmaceutical industry. For firm with a large scale, managers could try 

to increase the investment on R&D expenditures somehow in long term, in order to 

take full advantage of its comparative advantage of larger firm size in a good way.  

 

7.4 Recommendations for future studies 

 

This study shows a better gauge of the degree to which factors as determinants is 

doing its primary job of influencing the R&D expenditures in bio-pharmaceuticals to 

address current and potential strategic needs. While, there are a number of ways how 

the study reported in this paper could be extended and taken further. For United States, 

the model could be extended to add other factor into consideration. For example, 

looking at the relationship between expected return on R&D expenditures and R&D 

expenditures, that is a good way to dig. According to Grabowski and Vernon (2000), 

expected return on R&D expenditures is one important factor influenced 

bio-pharmaceutical firms; this might be one which is much more valuable and 

efficient to explain the fluctuation of R&D expenditures. 

 

Also, it would be worthwhile extending the data employed in this paper, since the 

result in this paper is limited to explain the relation for all listed firms in 

bio-pharmaceutical industry. Also, some of the factor concerned in this paper does not 

get a certain conclusion. Therefore, a large scale sample may have a significant 

impact on the results, possibly leading to qualitatively different conclusions 

comparing with a small scale sample‘s conclusion.  

 

Finally, it would be interesting to conduct similar studies in other major drug markets, 

the European Union, for instance, as well as for more recent or longer periods of time. 

For the first one, as the second largest market for bio-pharmaceutical industry, 

European market is recognized as a great research objective investigating the R&D 

expenditures. For the second one, considering the influence of U.S. sub-prime 

mortgage crisis happened in the end of 2007, the chosen time period plays such a 

significant role in the study of R&D expenditures which needs a long term 

observation. No doubt that the effect of crisis may distort some factor's impact, the 

sales growth rate and operating profit margin for instance, therefore, it is more 
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appropriate to select a relative long and appropriate time horizon without finance 

crisis to be the sample period. 
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Appendices 

Appendix 6.1 Calculate output---asset 

 

No.  Observed Y   Calculated Y 

1 8.899048434 8.90923630263524 

2 9.829302654 9.7291635794918 

3 9.68979916     9.78235704516965 

4 10.47494721 10.378539890924 

5 10.49271762 10.7423824120408 

6 10.96075688 11.0836310640578 

7 11.33082788 11.2321195675705 

8 12.13109583 11.5923026353415 

9 11.81123586 11.9120303094916 

10 11.52343999 12.1413785397044 

11 12.31739933 12.2152699132455 

12 12.73052895 12.4436043102352 

13 12.63293062 12.6532680181637 

14 12.7226497     12.8078108411467 

15 12.87313762 12.9668735492683 

16 13.48945904 13.0563794078697 

17 13.12766331 13.0772972141835 

18 13.48476788 13.2818428599414 

19 13.44105417 13.3512985348143 

20 13.1862767    13.6342195741514 

21 13.32775021 13.7944582886536 

22 13.67394699 13.8381476499691 

23 13.54107371 13.865277595793 

24 13.72886275 13.9939424678061 

25 14.58065277 14.1889703509649 

26 14.67001099 14.3528962922451 

27 14.80546059 14.5289036575134 

28 14.79908604 14.6026225901999 

29 14.70832793 14.7407611193532 

30 15.09394127 15.0785704223395 

31 15.19099672 15.1450757655705 

32 15.359663    15.3422156630689 

33 15.46474594 15.4589298346897 

34 15.85413011 15.8077882138039 

35 15.8320123    16.0077346575679 

36 15.8546508   16.0270228101504 

37 15.8637194   15.7337552943432 
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Appendix 6.2---sales growth rate 

 

No. Observed Y      Calculated Y 

1 10.19533593 10.2086255112514 

2 10.32882065 10.3102154069686 

3 10.47494721 10.5413792904094 

4 10.49271762 10.633888592998 

5 10.84220492 10.6372024589437 

6 10.96075688 10.8211983291108 

7 11.07263597 11.1213122120257 

8 11.25150875 11.3300886879059 

9 11.33082788 11.4180173898717 

10 11.36557329 11.4829060092989 

11 11.44729835 11.6657905469146 

12 11.52343999 11.7368006036355 

13 11.71331612 11.7751508909085 

14 11.81123586 11.822777746413 

15 12.08994886 11.8447385066792 

16 12.13109583 11.9351810170147 

17 12.31067137 11.9861894768869 

18 12.31739933 12.131881107662 

19 12.36023904 12.2456014143972 

20 12.38497587 12.4817374281969 

21 12.48371953 12.4907808798205 

22 12.53438309 12.6047936846719 

23 12.63293062 12.6337270972705 

24 12.7226497    12.830938302011 

25 12.73052895 12.8674706259484 

26 12.81619413 12.8895117952812 

27 12.85803579 12.8901317230001 

28 12.87313762 12.9188488685139 

29 12.96453929 13.0361903581658 

30 13.12766331 13.0794032827515 

31 13.1862767    13.0837658648512 

32 13.28961529 13.1044402801774 

33 13.32775021 13.1634105033019 

34 13.38465225 13.3202417486184 

35 13.44105417 13.4124950954159 

36 13.48476788 13.4239028526881 

37 13.48945904 13.5550525292932 

38 13.49759743 13.5842711991416 

39 13.51127218 13.5999938107313 

40 13.54107371 13.6564963136251 
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41 13.64122503 13.6607017144058 

42 13.67394699 13.681426193517 

43 13.72886275 13.777997075553 

44 13.73776521 13.8191835153966 

45 13.75354792 13.8577463674741 

46 13.8851299    14.1040415630934 

47 14.03753348 14.1528001053977 

48 14.06471164 14.1624349080197 

49 14.08426207 14.2039070160135 

50 14.26134444 14.2446493446838 

51 14.26986233 14.2731057565576 

52 14.34422698 14.2880427403734 

53 14.36536457 14.3463878318419 

54 14.41499246 14.3482946382935 

55 14.58065277 14.3495753450429 

56 14.59345834 14.3613478173428 

57 14.61211645 14.4305366326151 

58 14.61583855 14.4571670183842 

59 14.61979653 14.5791476024377 

60 14.6304328     14.6124194892255 

61 14.67001099 14.6615614697044 

62 14.70832793 14.711711604079 

63 14.73286033 14.8194179744435 

64 14.79908604 14.857446878149 

65 14.80460965 14.8933410428343 

66 14.80546059 14.8968573900923 

67 14.82482996 14.9099533870719 

68 14.90810477 14.9220312861947 

69 14.92258693 14.93168957193 

70 14.95334356 14.940796282623 

71 14.9563199     14.9511599096074 

72 14.98613338 14.9672300824761 

73 15.00943303 14.9976836197901 

74 15.06446629 15.0561277072754 

75 15.09394127 15.1236868577643 

76 15.19099672 15.1321046994907 

77 15.28026946 15.1898722196322 

78 15.359663     15.1971574412953 

79 15.39387051 15.5075474621397 

80 15.45954312 15.5369306555158 

81 15.46474594 15.6272425403768 

82 15.65796314 15.6326684497901 

83 15.76127784 15.638226687851 

84 15.77137104 15.7181755505126 



 

 99 / 105 
 

85 15.77912028 15.7375603502341 

86 15.81590889 15.8459231406882 

 

 

Appendix 6.3—OPM 

 

No. Observed Y      Calculated Y 

1 11.33082788 11.32975454192 

2 12.48371953 12.4853877264685 

3 13.64122503 13.6386165085675 

4 13.1862767     13.2339214759268 

5 13.49759743 13.2269996918399 

6 12.73052895 13.1902211310908 

7 13.38465225 13.1887508267901 

8 13.32775021 13.1848426487268 

9 12.7226497     13.1854447784463 

10 13.54107371 13.2441879242142 

11 13.67394699 13.3611633522669 

12 13.51127218 13.5291174385529 

13 14.26134444 13.6945221964488 

14 13.72886275 13.7621998086433 

15 13.12766331 13.907695343727 

16 12.87313762 13.9995499757133 

17 14.61211645 14.1349624175382 

18 14.70832793 14.2698235930256 

19 14.59345834 14.340341952884 

20 14.9563199    14.7845724387917 

21 14.80546059 14.8046957276929 

22 14.67001099 14.9779467104308 

23 15.00943303 15.092087137069 

24 15.81590889 15.0944559249037 

25 14.58065277 15.1129267404249 

 

Appendix 6.4---CFS 

 

No. Observed Y      Calculated Y 

1 14.79908604 14.8961894960328 

2 14.90810477 14.6803053648544 

3 14.59345834 14.6569725033405 

4 14.08426207 14.5089305521763 

5 14.70832793 14.3564722312027 

6 14.36536457 14.1950583680025 

7 14.41499246 14.2285276189389 

8 13.64122503 14.3709826658633 
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9 14.26134444 14.4135370709109 

10 14.80460965 14.4135370709109 

11 14.34422698 14.5985931802275 

12 15.65796314 14.6778778094153 

13 14.26986233 14.7572211396964 

14 14.6304328     14.7627032577893 

15 14.61583855 14.7969270940866 

16 15.06446629 14.8477766212163 

17 14.80546059 14.6851246896422 

18 14.9563199    14.5609262315193 

19 13.12766331 14.3620017230569 

20 14.06471164 14.2746156876055 

21 13.49759743 14.2725229001298 

22 14.58065277 14.271474623667 

23 15.8546508    14.2555142278652 

24 13.8851299    14.0694179195343 

25 13.73776521 13.7396950001275 

26 13.48476788 13.5053796196225 

 

Appendix 6.5---Leverage 

 

No. Observed Y       Calculated Y 

1 10.32882065 10.4107697167201 

2 10.49271762 10.4107697167201 

3 12.31739933 12.3174101969926 

4 11.07263597 11.071909719005 

5 13.51127218 13.5266880886118 

6 13.44105417 13.3506952087507 

7 13.38465225 13.6100625252129 

8 14.06471164 13.8676816519837 

9 13.28961529 13.6463869677536 

10 14.36536457 14.3081184693146 

11 14.41499246 14.3105080138484 

12 14.34422698 14.3158341950621 

13 14.61979653 14.3119071257242 

14 14.67001099 14.2887257631228 

15 13.72886275 14.2633223166631 

16 14.6304328     14.3245729948976 

17 14.26134444 14.3449308460986 

18 13.67394699 14.3483614267025 

19 14.80460965 14.6316910667229 

20 14.73286033 14.7705598509638 

21 14.82482996 14.7826525564888 

22 14.90810477 14.4457159869489 
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23 14.79908604 13.912283434358 

24 13.1862767     13.584181994549 

25 12.85803579 13.5690124386456 

 

Appendix 6.6---Lagged R&D 

 

No. Observed Y      Calculated Y 

1 12.08994886 12.8847874697743 

2 12.31739933 12.2154582952513 

3 8.899048434 9.99241959066832 

4 12.53438309 10.6678919554631 

5 12.63293062 12.0463851435042 

6 12.7226497     12.5050846866078 

7 12.81619413 12.7283012441584 

8 11.36557329 12.8961029064095 

9 13.12766331 12.9969659043761 

10 13.1862767     13.1449673770308 

11 13.32775021 13.4521546389783 

12 13.48945904 13.5769446838245 

13 13.54107371 13.6206808765334 

14 13.51127218 13.6838715891587 

15 13.49759743 13.7442527925026 

16 13.48476788 13.8027207254388 

17 13.67394699 13.846374843118 

18 13.72886275 13.973483703035 

19 14.6304328     14.0235065428575 

20 13.8851299     14.0314884965992 

21 14.03753348 14.3033431264411 

22 14.36536457 14.450205895021 

23 14.26134444 14.4563307716585 

24 14.34422698 14.52376957267 

25 14.58065277 14.6934010398857 

26 14.61211645 14.700203322001 

27 14.79908604 14.7493717196688 

28 14.80460965 14.7646269272677 

29 14.82482996 14.808636591082 

30 14.92258693 14.8091532344937 

31 15.39387051 14.8208802928324 

32 14.95334356 14.870595848213 

33 14.9563199     14.8791283839594 

34 14.98613338 14.8971410778562 

35 15.06446629 14.8988764399474 

36 15.00943303 14.9161849276726 

37 14.61979653 14.9296187649148 



 

 102 / 105 
 

38 15.28026946 14.9610325241032 

39 15.19099672 14.9776783219233 

40 15.359663     15.0316394525219 

41 15.77137104 15.1746483665736 

Appendix 6.7 Model 1 

 

No  Real y        Calculated y 

1 10.19533593 11.1815630 

2 12.13109583 11.7750333 

3 12.31067137 11.6475055 

4 10.84220492 10.8216094 

5 12.38497587 11.5844920 

6 10.47494721 10.3948988 

7 10.19170698 10.5110758 

8 9.68979916     9.3008284 

9 11.33082788 10.9661750 

10 13.44105417 13.2472804 

11 12.48371953 13.0947514 

12 11.71331612 11.3619546 

13 13.64122503 13.9916954 

14 14.08426207 13.7664857 

15 12.63293062 12.6359960 

16 14.90810477 14.5914127 

17 13.1862767    13.8247723 

18 11.81123586 11.7273486 

19 13.49759743 13.5326060 

20 10.32882065 10.3344418 

21 14.73286033 14.7953956 

22 12.73052895 12.5464192 

23 13.38465225 13.3379448 

24 13.32775021 13.9424360 

25 12.7226497  12.9668246 

26 14.61583855 14.6639360 

27 10.96075688 10.7574572 

28 12.96453929 13.8234171 

29 13.54107371 13.9736981 

30 14.95334356 14.6513975 

31 14.80460965 14.9413293 

32 12.36023904 12.6405788 

33 11.07263597 11.8434598 

34 14.41499246 14.7136872 

35 13.67394699 14.0368903 

36 14.36536457 14.6562264 

37 14.82482996 15.0361836 



 

 103 / 105 
 

38 14.26986233 14.6753330 

39 14.34422698 14.5837364 

40 14.79908604 14.8427428 

41 13.51127218 13.5183776 

42 14.26134444 14.4754456 

43 13.72886275 14.1489301 

44 13.12766331 13.2977418 

45 12.87313762 13.1479736 

46 14.61211645 14.5290230 

47 14.70832793 14.7863744 

48 14.98613338 14.9333677 

49 14.59345834 14.8207897 

50 15.85413011 15.6193426 

51 14.92258693 14.5961512 

52 15.8406279    15.6837358 

53 11.52343999 11.7684027 

54 15.77912028 15.4239949 

55 15.06446629 14.6670745 

56 15.359663    15.1494131 

57 12.81619413 12.9835731 

58 14.9563199    14.4419021 

59 14.80546059 14.5690967 

60 15.65796314 15.3591967 

61 15.19099672 14.9978969 

62 15.76127784 15.7674466 

63 15.46474594 15.3153316 

64 13.73776521 13.4679807 

65 13.48476788 13.5464417 

66 14.67001099 14.4552273 

67 15.84009985 15.8930867 

68 15.28026946 14.7691264 

69 14.06471164 13.7187287 

70 15.00943303 14.8716675 

71 15.81590889 15.9705339 

72 14.58065277 14.3119298 

73 13.8851299     13.6762683 

74 15.77137104 15.7544320 

75 15.82009385 15.9112235 

76 15.8637194    16.3007514 

77 14.6304328    14.6575760 

78 14.61979653 14.4462470 

79 15.39387051 15.0189151 

80 15.8320123    15.8901314 

81 10.49271762 10.5266478 



 

 104 / 105 
 

82 12.08994886 11.9045608 

83 15.45954312 14.9575721 

84 15.8546508    15.9876569 

85 12.31739933 12.1780870 

86 11.36557329 11.6974568 

87 13.75354792 13.6830204 

88 13.48945904 13.3139267 

89 13.28961529 13.0684756 

90 11.44729835 11.7709231 

91 12.85803579 12.6735916 

92 12.53438309 12.6516349 

 

Appendix 6.8 Model2 

 

No   Real y    Calculated y 

1 12.63293062 12.4926929 

2 12.7226497     12.5586138 

3 12.73052895 12.9659120 

4 12.81619413 12.5280007 

5 12.87313762 13.1968151 

6 12.96453929 13.3522563 

7 13.12766331 13.6908451 

8 13.1862767   13.4515327 

9 13.32775021 13.7769985 

10 13.38465225 14.0361379 

11 13.48476788 13.3340801 

12 13.49759743 13.8001953 

13 13.51127218 13.4390754 

14 13.54107371 13.6858859 

15 13.64122503 14.0369081 

16 13.67394699 13.6833735 

17 13.72886275 13.9568359 

18 13.73776521 14.1283853 

19 13.8851299    13.6456664 

20 14.06471164 13.8734749 

21 14.08426207 13.9047790 

22 14.26134444 13.6978027 

23 14.34422698 14.4857238 

24 14.36536457 14.6057199 

25 14.41499246 14.6823095 

26 14.58065277 14.7143099 

27 14.67001099 14.3525035 

28 14.73286033 14.5480511 

29 14.79908604 14.6261892 



 

 105 / 105 
 

30 14.80460965 14.7839733 

31 14.80546059 14.8097880 

32 14.82482996 14.5244290 

33 14.90810477 14.9661827 

34 14.92258693 14.3768109 

35 14.95334356 14.5435128 

36 14.9563199     14.5832496 

37 14.98613338 14.4870418 

38 15.00943303 14.9614102 

39 15.06446629 15.1467600 

40 15.19099672 14.7021205 

41 15.28026946 15.3059676 

42 15.359663     14.8362745 

43 15.46474594 15.4588996 

44 15.65796314 15.6638009 

45 15.76127784 15.6010830 

46 15.77137104 15.9124178 

47 15.77912028 16.1699065 

48 15.81590889 15.6365488 

49 15.84009985 16.1239182 

50 15.8406279    16.0816131 

51 15.85413011 15.7101551 
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