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Abstract 

Economists have focused on examining stock returns around the world for over two 

centuries. Plenty of empirical studies, which examine the relationship between stock 

risk and return, have consistently focused on the aggregate market return and its 

volatility. Very few empirical works examine individual stock return and its volatility 

at an industry level, even with regard to controversial industry like pharmaceutical 

sector. The pharmaceutical industry is generally considered of high profitability and 

competition. Inspired by the hot topic of stock return and its volatility, as well as the 

overall trend of world pharmaceutical index, and the unknown impacts of 

macroeconomic variables on stock return behavior, we come up the idea of 

investigating how the stock return movements behave in pharmaceutical industry 

around the world. 

The main objective of this paper is firstly to estimate the beta coefficient for a set of 

pharmaceutical companies and provide an understanding of the movements of 

pharmaceutical stock returns in relation to the movements of the overall market index 

returns. Additionally, motivated by previous researches, we are interested in the 

predictable patterns in pharmaceutical stock returns. In other word, if historical return 

data might be key indicators of forecasting the future stock price. Thirdly, from a 

more general perspective, we are seeking to examine some impacts of macroeconomic 

variables on the stock returns of a wide range of pharmaceutical companies. In order 

to examine the relationship between these variables, we employ the time-series 

regression models and SPSS program to compute and test the Beta coefficients in 

CAPM, the coefficients in autocorrelation analysis and the coefficients related to each 

macroeconomic factor respectively. 

Using a sample of 130 listed firms in 26 countries during the period from January 

2008 to December 2010, we find that in general, the single pharmaceutical stock 

return movements are positively related to the overall market index return movements 

under different measures of data frequency. Moreover, the majority pharmaceutical 

stock prices are independent from their past values under measure of monthly data, 

but the autocorrelation is statistically significant under weekly measurement. Finally, 

we find there is no evidence of significant relationship between the stock returns and 

the three macro economic factors. 

Keywords:  stock return, pharmaceutical industry, macroeconomic, volatility 
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1. Introduction 

The purpose of this Introduction chapter is to provide readers with a brief background 

of the undertaken study. The paper starts with the problem background, and follows 

by research questions and objectives. The delimitation of our study, some relevant 

concepts and the thesis’ disposition will be subsequently presented in later part of this 

chapter. 

1.1 Problem Background 

Investing in stocks has become a national hobby and a national obsession. To update 

Marx, it is the religion of the masses. 

ROGER LOWENSTEIN (1996, p.A11 cited in Jeremy 2008, p.77) 

Economists have focused on examining stock returns around the world for over two 

centuries. Some of them concluded that the superiority of stocks relative to other 

financial assets was decisive. Elroy et al (2002) investigated the stock returns in 16 

separate countries from 1900 through 2001 and found that despite the major disasters 

visited on many of these counties, such as war, hyperinflation, and depressions, 

substantially positive stock returns offered in all countries, in contrast to the negative 

fixed-income returns in some countries that experienced major wartime dislocations.  

These made the stock investment extremely attractive to general investors.  

However, for many the stock market is truly the world‟s largest casino. Most investors 

express a strong distaste for market fluctuations that could probably drive the swings 

of stock return, or stock return volatility. Many traditional asset-pricing models (e.g., 

Sharpe 1964, Merton 1980) were established base on the assumptions that there is a 

positive relationship between a stock portfolio‟s return and its own variance, or there 

is a positive relationship between a stock portfolio‟s return and its covariance with the 

return of the market portfolio. Although there is still much controversy around these 

findings, obviously volatility is widely used as a proxy for financial risk on the stock 

market. Therefore, it is vital important for both academics and practitioners to have a 

good knowledge of return volatility for portfolio diversification, risk management and 

investment asset pricing.  

Quite a number of empirical studies, which examine the relationship between stock 

risk and return, have consistently focused on the aggregate market return and its 

volatility. In other words, researchers adopt statistics at an overall market level such 

as stock market index in their empirical analysis. Most of these studies have been 

conducted in the context of either one specific market or a group of markets, e.g., 

emerging markets or developed markets. To our knowledge, very few empirical works 

examine individual stock return and its volatility at an industry level, even with regard 

to controversial industry like pharmaceutical sector. The pharmaceutical industry is 

generally considered of high profitability and competition. But the retail prices of the 
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pharmaceutical products must remain relatively stable because of the close relation to 

human life and government intervention. The industry relies much on government 

regulations (i.e., patent issue), scientific technology and macroeconomic (i.e., CPI 

growth). Acquisition and merge activities are frequent strategies for pharmaceutical 

companies to expand in domestic market or enter new markets. With the rapid growth 

in emerging markets such as China, South Korean and India, the global 

pharmaceutical industry tends to be vigorous and risky. Social scientists have 

generated a large number of studies on this sector. However, these researches mostly 

concern environment issue, R&D expenditure issue or marketing strategy issue. 

Therefore stock return behavior of pharmaceutical companies appears be an 

unexploited research field. 

In September 2003, Britain‟s Guardian newspaper, which is at the forefront of world 

news and comments on the top international stories, published about the global 

pharmaceutical industry, “on the face of it, looks like the epitome of a modern, mature 

industry that has found a comfortable way to make profits by the billion: it‟s global, 

hi-tech, and has the ultimate customer, the healthcare budgets of the world‟s richest 

countries.” As shown in Figure 1, after a short fluctuation, the Dow Jones Total 

Market (DJTM) world pharm sector index has risen steadily since 2003, as well as the 

world general index. It indicates that the financial markets had been very calm until 

early 2007. However, the financial crisis of 2008 changed this: both indexes fell 

sharply and even reach the bottom. The crisis effects faded out in early 2009. A small 

range of increase in index prices demonstrates the recovery in sector and world 

markets. The overall trend of world pharm index compared to world general index 

raises some questions: why the world pharm index goes above the general index 

throughout the period? Does this denote that pharmaceutical stocks are more valuable 

because they yield higher rate of return? Why world pharm index prices fluctuate less 

than world general index price does? Or how volatile are the pharmaceutical stocks 

around the world? 

Recent macroeconomic literatures on health have drawn heavily that better population 

health could spur economic development (for example, Bloom and Canning 2003a, 

Bloom, Canning and Sevilla 2004, and David N. Weil 2005). The Report of the 

Commission on Macroeconomics and Health (CMH, 2001) established by the World 

Health Organization (WHO) also provided evidence of the links between health and 

economic development. The commission highlights the central role of health in 

securing economic development and called for health investments to be placed in 

countries‟ development agendas. Health investments according to Report of CMH 

could include investments in both public sectors (e.g., medical institutions, medical 

related education or national medical insurance) and private sectors (e.g., health care 

equipment & service, or pharmaceuticals & biotechnology). If pharmaceutical 

industry thereby benefits, will it be in turn reflected in its stock performance? 

Frederico and Yu (2010) argued that government investment in private sector 

indicates low aggregate stock market returns which is in sharp contrast with the 
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positive relationship between the public sector investment and future stock returns. 

That is to say government investment in private sector, such as pharmaceutical 

industry will drive low aggregate market portfolio returns. But what about the stock 

returns of pharmaceutical companies? Is individual pharmaceutical stock return 

influenced by government investment? Or from a much general perspective, is 

individual pharmaceutical stock return influenced by macroeconomic factors? 

However, to our knowledge, no existing evidence towards this question has been 

found yet. 

 

Figure 1 Price of World Pharmaceutical Index from 2001 to 2011 

Inspired by the hot topic of stock return and its volatility, as well as the overall trend 

of world pharmaceutical index, and the unknown impacts of macroeconomic variables 

on stock return behavior, we come up the idea of investigating how the stock return 

movements behave in pharmaceutical industry around the world. Is there a positive 

(or negative) relationship between pharmaceutical stock return movements and 

overall market index return movements? Do pharmaceutical stock return movements 

behave significantly different from market to markets, e.g., emerging markets and 

developed markets? Are the returns on pharmaceutical stocks predictable? Could the 

variation in pharmaceutical stock returns be explainable by any macroeconomic 

factors? However, very few studies have been done in this field and thus insufficient 

empirical analyses could be referred to answer these questions.  

1.1 Research Question 

Based on the theory of efficient market and assets pricing model, the average 

fluctuation of return from a single stock can be identified in relation to the overall 

market movement and the spread of stock returns will vary in different markets or in 

relation to various factors. In reality, stock markets are probably imperfect, which 
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hence could drive the persistence or predictability in stock returns as well. 

Nevertheless, the findings of Sayema et al (2004) were limited and even biased in 

term of restricted region, firm sample selection and research period. Regarding such 

limited and biased findings, we formulate our research question as the following: 

 How do stock return movements behave in pharmaceutical industry around the 

world? 

In order to answer the main research question, three sub-questions have been 

developed. As mentioned in the problem background, one major concern on the 

behavior of stock return movements is the correlation with overall stock market return; 

therefore our first sub-question is defined as follows: 

 Is there any relationship between pharmaceutical stock return movements and 

overall market index return movements?  

To answer the core question comprehensively, worldwide market samples will be 

examined. An analysis of discrepancy through different markets and frequency of data 

follows in order to find out any autocorrelation patterns in pharmaceutical stock return 

behavior; thus our second sub-question is designed as following: 

 Are returns on single pharmaceutical stock independent from its past values? 

The sub-question is about all aspects which have to be considered when investigating 

the stock return movements in pharmaceutical industry. In that context, what factors 

would affect the stock return movements and the degree of these effects will be 

investigated to answer the third sub-question: 

 Are macroeconomic factors influential to the stock return movements in 

pharmaceutical industry? 

1.3 Research Objectives 

Considering the significance of this topic in both theoretical and practical field, as 

well as the lack of previous researches specifically focused on pharmaceutical 

industry, we write this thesis aiming to examine the behavior of stock return 

movements in pharmaceutical industry around the world. The main objective of this 

paper is first to estimate the beta coefficient for a set of pharmaceutical companies 

and provide an understanding of the movements of pharmaceutical stock returns in 

relation to the movements of the overall market index returns. If this relationship 

exists, we will further examine “how significant is it”, “is the significance varying 

from market to market”. Further, by taking both low frequency (monthly) and high 

frequency (weekly) data, the assessments might be much more accurate and more 

implications are expected through analysis. It is believed that the findings to these 

questions are valuable for general investors in stock market to take proper action on 

adjusting their investment portfolios as well as relevant parties around such as brokers 

or agents. 

Additionally, motivated by previous researches, we are interested in the predictable 



5 
 

patterns in pharmaceutical stock returns. In other word, if present pharmaceutical 

stock returns are dependent from its past values, historical return data might be key 

indicators of forecasting the future return volatility. A comparison of different 

frequency of data and markets is used throughout the analysis in order to present the 

significance of return persistence more specific and convictive. International investors 

thereby are able to evaluate the benefits of diversification and adjustment of currently 

holding portfolio assets by this undertaken study. 

Thirdly, from a more general perspective, we are seeking to examine some impacts of 

macroeconomic variables on the stock returns of a wide range of pharmaceutical 

companies. The macroeconomic factors we study here include the growth in industrial 

production IP, money supply M2 and consumer price index CPI. These variables 

might provide ideas for corporate managers, investors and relevant parties on 

measuring pharmaceutical stock returns in a better manner with distinctive economy 

characters in different markets. 

1.4 Research Gap and Contribution 

During the process of our literature review, we found that most researches, which 

examine the stock risk and return, are focusing on the aggregate market portfolio 

returns and its volatility, particularly on US, UK and EU markets. Only one paper we 

acquired that studied the volatility of stock returns at a specific industry level in 

Bangladesh. In this study, the researcher sampled 23 stocks of Bangladesh 

pharmaceutical firms during a consecutive 12-month series. Clearly, this study is 

limited. Although we found another paper similar as ours in which different measures 

of frequency data are employed to examine the behavior of stock returns and volatility 

for 10 selected emerging markets and compared with developed markets, the return 

data used are on the aggregated market portfolios. Based on these, we summarize the 

research gap we find and that how we fill up this gap in this paper, in other words, our 

paper is scientific contribution. 

Firstly, very few researchers investigate the individual stock return volatility within a 

specific industry relative to worldwide markets. Although developed stock markets 

were considerably destroyed in 2008 financial crisis and might take time to recovery, 

emerging stock markets however exhibit strong impetus. Therefore, Asia and Eastern 

Europe should all be taken into account to investigate the behavior of individual stock 

return volatility. We adopt both developed markets and emerging markets throughout 

the study in order to get a deep and precise understanding by comparing outcomes in 

different geographical markets.  

Secondly, stocks of pharmaceutical firms are known as aggressive and high return 

instruments. Our paper provides investors and relevant parties an insight of the 

behavior of stock return movement in this sector. In addition, we attempt to give ideas 

within the framework of investment portfolio diversification as well. It is vitally 

important to investors to reduce their total portfolio risk and increase total investment 

return through well-done diversification in both portfolio assets and investing 
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markets. 

Thirdly, although stock markets have been globalized in the past two decades, stocks 

at specific industry level might be partially segmented from global capital markets. As 

a consequence, local risk factors rather than world risk factors might be the primary 

source of stock return variation. Therefore, three macroeconomic variables will be 

studied in this paper to provide evidence whether or not pharmaceutical stock returns 

volatilities could be attributed to the time-varying changes in macroeconomic 

variables.   

Finally, the undertaken study adds to existing researches by using both low and high 

frequency data throughout the analysis to evaluate the pharmaceutical stock return 

movement behavior around the world. Such two frequencies measurements 

distinguish the performance significantly and reveal more characteristics of 

pharmaceutical stock return volatility. 

1.5 For Whom 

First, the results of this research will provide a better knowledge for external investors 

to understand the pharmaceutical stock performance especially how the stock 

performance is superior or inferior to the overall stock market in both emerging and 

developed markets around the world. 

Secondly, this paper will benefit professionals or parties such as the portfolio 

managers, brokers, financial agents and stock analysts. Based on the findings of this 

paper, active portfolio managers are allowed to include, ignore or eliminate 

pharmaceutical stocks to or from the holding portfolio to maximum the rate of return 

and minimum the risks. The results of the study enable portfolio managers to adopt 

specific trading strategies in different regional markets as well. In addition, stock 

analysts will get new empirical evidences of stocks in pharmaceutical industry. They 

could make use of these evidences to evaluate or rate relative pharmaceutical stocks, 

predict or forecast the pharmaceutical stock‟s movements and hence advise the 

investors on selection of pharmaceutical stocks. 

Thirdly, the outcome of the study will be valuable to internal managers in 

pharmaceutical firms. As the influence of some macroeconomic factors on the 

sensitivity to stock return movements are investigated, firm managers could hereby 

equipped on how to react to changes in macroeconomic factors to avoid shareholders‟ 

loss on shares, especially for returns on those pharmaceutical stock of highly 

sensitivity to macroeconomy fluctuation. 

1.6 Delimitations 

Firstly, the researchers may face two basic problems while applying the capital asset 

pricing model: firstly, CAPM is concerned with expected returns, while only actual 

returns are observed in reality, secondly, the market portfolio is supposed to include 
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all risky investment, but most market indexes include only part of the common stocks 

(Roll R., 1977, cited by Bidisha, et al P19). However, we have to bear in mind that the 

CAPM, like any other models, is only an approximation of reality, which would be 

rather surprising if it is found to be "100 percent accurate", the empirical testing of 

CAPM mostly provides meaningful results under fairly general conditions (Myers & 

Rice 1978, cited by Bidsha, et al P19).  

This paper relies much on the wide spread of pharmaceutical companies in the world 

stock market. Our objective is to examine the behavior of stock return movements in a 

specific industry level. In order to plot a detailed and comprehensive overall picture, 

we attempt to select our sample companies covering countries as many as possible. 

Under this precondition, we only consider a 3-year‟s time-series in the empirical 

analysis rather than longer period. We expect to have an in-depth look at the 

pharmaceutical stock return movements during this period and find out any valuable 

clues to facilitate prediction or investment. 

In addition, we use both weekly and monthly stock return data in this paper. The first 

reason is that the findings of most prior studies, using monthly stock return data, show a 

mixed result about the relationship between stock returns volatility and stock market 

movement. Some researchers demonstrate that significant beta coefficient was found 

when daily data is used. They suggest that it is better to measure the relationship 

between volatility of stock return and stock market movement by using higher 

frequency data than low frequency data.. Therefore, we are trying to study this 

relationship by using weekly data in order to check whether a result of significant 

relationship exists. Secondly, we attempt to investigate whether or not the 

macroeconomic factors have impacts on pharmaceutical stock returns in this study. 

However, concerning the nature of some economic data, only low frequency data such 

as monthly, quarterly and annual data are available. Thus, the empirical analysis 

between single stock return movements and macroeconomic variables are performed 

using monthly data. The third reason is that due to the limited sample period, we collect 

weekly data in order to develop a sufficiently large sample size. 

Table 1 Series Search Criteria in Thomson Reuter DataStream 

Item Criteria 

Market Local Market 

Currency Local Currency 

Base Date Before 01/01/2005 

Status Active 

Datatype Market Value (Capital) 

Besides, we also have limitation on sample firms and counties or areas. Not all the 

listed pharmaceutical companies in local stock exchange are included in our sample. 

We search in each market by setting the series search criteria in Thomson Reuter 

DataStream as Table 1 shown.  
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For practical reasons, we have to exclude countries or areas with limited 

pharmaceutical companies and companies with relatively low market value. 

1.7 Relevant Concepts 

Stock return: The change in value of the investment in stock over a given period of 

time and plus cash payments (i.e., dividends) received during that period. In this paper, 

monthly stock return is computed using holding period return and weekly stock return 

is calculated using logarithmic return. 

Stock return volatility: The variation from the average stock return over a 

measurement period. If the daily stock return varies a great deal, the volatility is high; 

conversely if the daily variation of stock return is low, the volatility is low as well. It 

is one of the most used risk measures in the financial theory. 

Stock market index: A number that measures a facet of the stock market. It is widely 

used as a benchmark for evaluating the performance of a portfolio. 

Beta coefficient: The measure of the systematic risk of a security. The tendency of a 

security‟s returns to respond to shifts in the financial market as a whole. 

Portfolio diversification: Spreading a portfolio over many investment assets to avoid 

excessive exposure to any one source of risk, given some target expected return. 

1.8 Disposition 

Chapter 1: Introduction 

The purpose of this Introduction chapter is to provide readers with a brief background 

of the undertaken study. The paper starts with the problem background, and follows 

by research questions and objectives. The delimitation of our study, some relevant 

concepts and the thesis‟ disposition will be subsequently presented in later part of this 

chapter. 

Chapter 2: Theoretical Method 

In this chapter the guideline of overall framework is depicted first. The choice of 

subject, our preconception and perspective to the subject are presented afterwards. 

Next, the research philosophy and research approach will be explained, and followed 

by the research purpose, research strategy, selection of research method and time 

horizons. Finally, a presentation of our choices of secondary sources and criticisms 

towards these secondary sources are discussed in the last part of the chapter. 

Chapter 3: Theoretical Framework 

In this chapter, grounded theories that are considered relevant to our study are presented. 

In order to facilitate a comprehensive understanding of this study field, we present 
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these theories in a logical sequence. This chapter will end with a literature review of 

previous empirical researches on this topic and with the hypotheses we are 

constructing in this paper. 

Chapter 4: Research Method 

This chapter concerns the research method used in our empirical study. We fist state 

the data collection techniques and relevant information. Then we subsequently present 

the choices of sampling, data analysis procedures and explanations of each variable in 

our model. Statistic techniques are introduced and followed by evaluation of the 

research quality of this thesis. 

Chapter 5: Empirical Findings 

This chapter mainly presents the findings of various regression analyses. We 

commence with the descriptive statistics of the dependent variables in models. Then 

relationship between stock return movements and its corresponding market portfolio 

return movements, autocorrelation in stock returns and finally the macroeconomic 

factors are examined in sequence. In each sub-section, hypothesis formulation and 

testing criteria are introduced in advance. The chapter will end up with the summary 

of empirical findings. 

Chapter 6: Discussion of Results 

In this chapter, we summarize the results of the empirical findings and their 

consistence with previous studies. And the research question will be answered in the 

corresponding section. 

Chapter 7: Conclusions 

In this chapter, we will draw conclusions and answer our research questions. 

Moreover, some theoretical and practical contributions are discussed. Finally, this 

paper will end with some suggestion for further research. 
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2. Theoretical Methodology 

In this chapter the guideline of overall framework is depicted first. The choice of 

subject, our preconception and perspective to the subject are presented afterwards. 

Next, the research philosophy and research approach will be explained, and followed 

by the research purpose, research strategy, selection of research method and time 

horizons. Finally, a presentation of our choices of secondary sources and criticisms 

towards these secondary sources are discussed in the last part of the chapter. 

2.1 Guideline 

The framework of theoretical methodology in later part of this chapter follows the 

guidelines of Saunders et al. (2009), in which a research „onion‟ is developed to 

depict issues underlying the choice of data collection techniques and data analysis 

procedures. We hereby adopt the concept of research „onion‟ for our theoretical 

methodology presentation. In later part of this chapter, five layers from most outer to 

the central are defined and discussed in the following sequence: research philosophies, 

research approaches, research strategies, research method choices, and time horizons 

(see Figure 2). 

 

Figure 2 Saunders’ Research ‘Onion’ vs. Our Research ‘Onion’ 

Source: Reviewed from Mark Saunders, Philip Lewis and Adrian Thornhill, 2009 

 

 

 

Objectivism 
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2.2 Choice of Subject 

Research helps build knowledge for practice. It can generate and refine concepts, 

determine the evidence for generalizations and theories, and ascertain the 

effectiveness of practice methods. 

WILLIAM REID (1995, p.2040, cited in Neuman et al, 2006, p.20) 

We choose the subject of stock return particularly within pharmaceutical industry 

because of two main reasons:  

Firstly, after taking all master courses in Finance, we both are interested in financial 

investments. As mentioned in previous chapter, stocks are superior compared to other 

assets in financial markets. Further, investing in stocks is relatively reachable and 

practical in our daily life. However, stock market is risky and stock return is 

fluctuating. By the theoretical knowledge, although future return is uncertain, return 

movement or return volatility is predictable. In practice, stock return volatility is 

closely related to the movement of macroeconomic variables reflected in the stock 

market. After an extensive review of existing literature, most researchers present 

insignificant findings in stock return and its volatility. These researches focus mainly 

in developed markets (e.g., US, UK and Europe) and base on the aggregate market 

return and its volatility. To our knowledge, very few empirical works examine the 

behavior of individual stock return volatility and overall stock market return volatility 

in a worldwide range.  

Secondly, our research is conducted at an industry level in order to provide a deep 

insight of the particular behavior of stock return movements for general investors. The 

global pharmaceutical industry has shown high sales growth rates in the recent past. 

The majority of “Big Pharma” companies generate high returns, thus providing them 

with excess cash for further rapid growth – whether organic, or through mergers and 

acquisitions. Although sales and size of the company on their own do not guarantee 

high stock return, investors seem to change their stock investment base on such 

business performances (Gur and Paul 2004, p.1). Further, pharmaceutical stocks are 

generally considered as high return and aggressive growth stocks, they have been 

characterized by a high level of concentration in the past two decades. Nevertheless, 

to our knowledge, none empirical works study the stock return volatility in this sector 

in a global range.  

Therefore, it gives us an opportunity to combine our interest in stock investment with 

the rapidly growing pharmaceutical industry to fill in the research gap from empirical 

perspective. 

2.3 Preconceptions 

The prior knowledge, experience, and attitudes of the researcher will influence their 

ability in perception and consequent findings (Bryman and Bell, 2007, p.30). 

Researcher‟s personal belief, life experiences will raise the probability of bias in 
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application of research techniques, choice of theories and interpretation of research 

findings. Both authors of this paper have studied various finance and business courses 

at master level. This enables them to have fundamental understanding of the theories 

applied in this paper, to develop ability of data collection reliably and information 

interpretation validly.  

Further, with bachelor degree in international economic & business, one author 

worked as an analyst in a trading company before her master study, which will be 

beneficial to our empirical analysis part greatly. In addition, the other author has 

worked as an accountant in a multinational pharmaceutical company for more than 3 

years, from which she accumulated adequate knowledge and experiences in both 

business operations and financial reporting aspects. Therefore, the diversification in 

academic and occupation background would in turn enable us to conduct the research 

in a relatively objective, unbiased and value-free manner. 

Moreover, under such an international study environment, we have held a broad view 

in evaluation and consideration. That is why we target our research subject in a 

worldwide scope, avoiding common emphasis on home country region. The 

interpretation of statistics, analysis, findings and conclusions will be absolutely based 

on facts, earlier literatures and figures from reliable and authoritative sources. We 

believe our English skills are sufficient to interpret the research. And finally our 

supervisor and other fellows will continuously review our paper, making comments 

and suggestions to help us eliminate any subjective preconceptions and biases.  

2.4 Perspective 

Maslow once said “if the only tool you have is a hammer, you tend to see every 

problem as a nail.” Contrast conclusions could be drawn on the same research 

question from different perspectives. It is important to take an appropriate perspective 

in research design since literatures, data type, analysis models, expected findings all 

determined by it. This paper aims to investigate the behavior of stock return 

movements in pharmaceutical industry around the world. The findings of the 

empirical analysis are valuable for existing or potential pharmaceutical stock investors 

to understand the stock performance in both emerging and developed markets. Further, 

they are able to reallocate their portfolio assets or diversify their investment portfolios 

correspondingly. High risk, high return, aggressive growth, such characteristics are 

associated when pharmaceutical stocks are talked about. Therefore, an in-depth 

investigation will be conducted in this paper to examine the behavior of these stocks 

around the world. The result of this paper will not be influenced by any specific 

markets or companies. A worldwide market sample and companies are selected to 

draw a generalizable and objective conclusion.  
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2.5 Research Philosophy 

“Research philosophy relates to the development of knowledge and the nature of that 

knowledge. The research philosophy you adopt contains important assumptions about 

the way in which you view the world. These assumptions will underpin your research 

strategy and the methods you choose as part of that strategy.” (Saunders et al 2009, 

p.107-108) It is of practical benefit to understand the research philosophy since it 

determines the choices of research approach and research strategies, the application of 

research approach and research strategies, and the interpretation of research findings. 

Two major ways of research philosophy will be discussed and examined: ontology 

and epistemology, followed by defense of our research philosophy choices in this 

thesis. 

Ontology describes the nature of social entities or so called „reality‟ itself. “The 

central point of orientation here is the question of whether social entities can and 

should be considered objective entities that have a reality external to social actors, or 

whether they can and should be considered social constructions built up from the 

perceptions and actions of social actors” (Bryman & Bell, 2007, p.22). The 

ontological issue can be further subdivided into two aspects: objectivism and 

constructionism. Objectivism holds that social entities exist independently to social 

actors (Saunders et al, 2009, p.110). Social entities are not created by human‟s 

thoughts but by the nature of reality. Whereas, constructionism implies that the 

existence and development of social phenomena solely depends on social actor‟s 

subjective perceptions and consequent actions. In other words, human beings can 

create and construct social entities through social interaction (Bryman & Bell, 2007, p. 

23).  

This paper stands on an objectivism ontology position. Based on the existing theories 

and models, the research examines three aspects: the existing relationship between 

individual pharmaceutical stock return movements and overall stock market index 

movements, the actual patterns of predictability in pharmaceutical stock returns in 

different markets, and the real impacts of macroeconomic factors on pharmaceutical 

stock returns. Our research purpose is to explain and specify the existing relationship, 

patterns and impacts rather than create the realities. On the other hand, we will not 

take a constructionisom position because our research does not aim to create and 

construct the social phenomenon, such as the co-movement of pharmaceutical stock 

and stock index or the autocorrelation patterns in pharmaceutical stock returns. 

Epistemology concerns the nature of acceptable knowledge on reality (Saunders et al, 

2009, p.112). Thereby, epistemology addresses questions: what is knowledge and how 

is knowledge acquired? There are two philosophy positions on epistemology issue: 

positivism and interpretivism. Positivism asserts to apply the methods of natural 

sciences to the study of social reality and beyond (Bryman & Bell, 2007, p. 16). That 

is, to get into the philosophical stance of natural scientists (Saunders et al, 2009, 
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p.113). More precisely, positivism entails the following principles: first, only 

observable phenomena confirmed by senses can be accepted as knowledge; second, 

existing theory is used to generate hypotheses that can be tested and confirmed or 

refuted, leading to subsequent assessment of law-like generalizations; thirdly, 

knowledge is recognized through gathering of facts that lay the foundation for laws; 

finally, scientific research must be conducted in a value-free way (Bryman & Bell, 

2007, p. 16). In contrast, interpretivism advocates understanding the differences 

between people and the objects of natural sciences. By taking this philosophy position, 

the social scientist is required to have a different logic of research procedure that 

reflects the distinctiveness of humans as against the natural order (Bryman & Bell, 

2007, p.17-19). 

Regarding to our thesis, a positivist epistemology position will be taken throughout 

the research process. Since the research objective is to examine the behavior of stock 

returns in pharmaceutical industry around the world and the impacts of 

macroeconomic factors on pharmaceutical stock returns. The stock returns are 

observed as social realities which are not manipulated by authors. Therefore, testable 

hypotheses are generated from existing literature and theories. Quantitative method 

will be employed to test the hypotheses to be either rejected or accepted. The research 

findings of this paper will be objective to depict the behavior of stock return 

movements in pharmaceutical industry around world in a value-free way. This 

matches the purpose and result of positivism philosophy to generate scientific 

knowledge. In contrast, interpretivism does not fit in with our study. It focuses on the 

difference between conducting research among people rather than objects (Saunders 

et al, 2009, p.116). In other word, interpretivist concerns more on feelings and 

attitudes. 

2.6 Research Approach 

An appropriate research approach will enhance the scientificity of research work. Two 

research approaches are introduced in Saunders et al (2009): deductive and inductive. 

Theory testing is the central theme of deductive approach. Hypothesis derived from 

existing theory comes first. Followed by translating the hypothesis into operational 

terms and drive the process of gathering data. Based on the data analysis, hypothesis 

is tested to be confirmed or refuted, further leading to the modification of theory in 

terms of the findings (Saunders et al, 2009, p.124). Deduction is principally used in 

natural sciences, mostly from a positivism perspective and attached with quantitative 

research strategy to guide empirical inquiry. In most cases, deductive approach 

appears a linear way, step by step in a clear and logical consequence. Inductive, 

however, works in the opposite way that theory is the outcome of research (Bryman & 

Bell, 2007). In other word, specific observations prompt the research process and 

drive the development of new generalizations and theories. Research using an 

inductive approach emphasizes the explanation of why something is happening. 
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According to Easterby-Smith et al. (2008), “the study of a small sample of subjects 

might be more appropriate than a large number as with the deductive approach. 

Researchers in this tradition are more likely to work with qualitative data and to use a 

variety of methods to collect these data in order to establish different view of 

phenomena” (cited in Saunders et al, 2009, p.126). To sum up crudely, deductive 

approach works from theory to observations or a „top-down‟ approach whereas 

inductive approach moves from observations to theory or a „bottom-up‟ approach. 

In this thesis, a deductive approach is used to guide the empirical inquiry on the 

behavior of stock return movements of pharmaceutical industry around world. 

Hypotheses are deducted from previous studies, such as stock return and its volatility, 

stock return and its volatility in emerging markets (or developed markets), and the 

impact of various macroeconomics on stock return (see Chapter 3 Theoretical 

Framework). By specified into measureable concepts and variables, these hypotheses 

will be empirically tested to be either confirmed or refuted. Subsequent confirmation 

or revision of existing theory will be accomplished based on the test results. Hereby, 

we have no intention to develop a new theory from the research findings in this paper. 

All the considerations motivate us to adopt a deductive approach attached to our 

positivism epistemological position. 

2.7 Research Purpose 

As aforementioned, research philosophy and approach will influence the way 

researcher choose to answer the research question. Subsequently the research question 

will guide the choice of research strategy, choices of research methods combined with 

data collection techniques and analysis procedures, and the time horizon taken in the 

research (Saunders et al, 2009, p.136). The latter three aspects focus on the process of 

research design. Before go on to the central process, a brief review of theoretical 

research purpose is necessary in order to have a close-up of what researchers are 

trying to accomplish. The purpose of social research can be classified into three 

categories: exploration, description and explanation.  

An exploratory study can be literally understood as to explore a new topic or issue 

that previous researchers have written little on. However, in most cases, exploratory 

researcher yields tentative answers. Instead, the researcher leaves more precise 

questions in exploratory study for future in-depth research to answer. In addition, 

qualitative method, e.g., focus group interview, is often used in exploratory research 

because it tends to be more useful in discovering new issues (Neuman et al, 2006, 

p.21).  

Descriptive researcher aims to “present a picture of the specific details of a situation, 

social setting, or relationship” (Neuman et al, 2006, p.22). They are likely to be 

motivated by sharing a detailed and highly developed idea of a social phenomenon 

with others. A large number of social researches are found to be descriptive. More 
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often, the descriptive research is thought of as a piece of explanatory research 

(Saunders et al, 2009, p.140). Data gathering techniques, such as surveys, field 

research, content analysis and historical-comparative research, are frequently used in 

descriptive study (Neuman et al, 2006, p.22). 

Explanatory study deals with causal relationships between variables and often 

answers “why” questions. It builds on exploratory and descriptive research but goes 

beyond them (Neuman et al, 2006, p.23). Explanatory researcher pursues causes and 

reasons behind the occurrence of event. Both qualitative and quantitative data can be 

found in this research. 

To some extent, this paper incorporates a twofold purpose: descriptive and 

explanatory but descriptive purpose is dominant. The central theme of this paper is to 

describe how the stock return movements behave in pharmaceutical industry around 

world. The outcome of the research is expected to provide a specific picture of 

pharmaceutical stocks for external investors and relevant parties. First, the research 

attempts to examine the relationship between individual stock return movements and 

overall stock market index movements. The question of how these two objects 

correlated to each other will be answered based on the quantitative data analysis. 

Second, the autocorrelation patterns in each pharmaceutical stock returns will be 

depicted from market to market. Third, variables are defined in this paper to 

investigate the sensitivity of pharmaceutical stock returns to the changes in 

macroeconomic factors. The first and last objectives align with the definition of 

descriptive research. The second one fits in to an explanatory study to some extent. 

The situation in this paper is consistent with the opinion in Neuman et al (2006) that 

studies may have multiple purposes but only one purpose prevails throughout the 

research process. However, the paper does not act as a scientific exploration in related 

field. 

2.8 Research Strategy 

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

fulfill particular research questions and objectives: experiment, survey, case study, 

action research, grounded theory, ethnography, and archival research. 

Experimental research, the primary scientific strategy, builds on the fundamentals 

found in natural science. It absolutely represents a positivist-oriented, quantitative 

research style (Neuman et al, 2006, p.234). Experiment focus on examining the causal 

relationship among variables and are widely used in exploratory and explanatory 

research. A typical experiment will involve “definition of a theoretical hypothesis and 

selection of samples of individuals from known populations” (Saunders et al, 2009, 

p.143). 

Researchers, who employ a survey strategy, translate a research problem into a written 
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questionnaire or an interview in order to thereby create data via asking different 

people the same questions. Subsequently researchers translate the answers into 

empirical data to be analyzed to solve the initial research problem (Neuman et al, 

2006, p.297-298). Survey is principally used in descriptive or explanatory research, 

attached to the deductive approach (Saunders et al, 2009, p.144).  

In case study research, the features of a social phenomenon are deeply examined 

within its real life context. This strategy is frequently used in explanatory and 

exploratory research (Saunders et al, 2009, p.146). Data collected through case study 

tends to be detailed, varied and extensive, mostly qualitative data (Neuman et al, 2006, 

p.34). However, research that employs case study strategy may be challenged for its 

lack of scientificity.  

Action research is defined by Neuman et al (2006, p.25) in a way that “it treats 

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

action.” Action researchers keep a close relation with their research objects, which 

may involve their subjective judgments, frequently with political intention. 

Grounded theory is a qualitative research strategy that involves a systematic set of 

procedures to inductively develop a more abstract theoretical generalization about a 

phenomenon (Neuman et al, 2006, p.158). More precisely, the researcher begins with 

a research design with little theoretical framework. Theory is developed during data 

collection and analysis process. Commonly, the researcher adopting this strategy 

seeks for similarities and differences by making comparison of micro-phenomena. In 

a word, grounded theory generates a new theory that is faithful to and grounded in the 

data (Neuman et al, 2006, p.158-159).  

Ethnography is to describe and explain the natural settings from social constructionist 

perspective (Neuman et al, 2006, p.359). It exclusively relies on observations and ties 

to the inductive approach. Ethnography requires researchers to integrate into the 

context being studied as far as possible. 

Archival research takes administrative records and documents as the primary data 

source. The strategy involves research questions mostly concerning the past and 

changes over time within an exploratory, descriptive or explanatory study (Saunders 

et al, 2009, p.146).  

This paper employs both experiment strategy and archival research strategy. A 

factorial designed experimental research strategy is applied because this paper 

examines the autocorrelation patterns in pharmaceutical stock returns to find out if the 

present stock return is dependent on its past values. Independent variables, such as 

“n-lagged rate of return on pharmaceutical stock”, and dependent variable, the “rate of 

return on pharmaceutical stock” are taken to answer the research question. Theoretical 

hypotheses are defined and tested against empirical data. Further, data required in the 
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paper, such as month-end closing stock price, month-end stock market index price, 

macroeconomic variable statistics, are mostly acquired from archived records 

covering year 2008 to year 2010 in Thomson Reuters DataStream. However, the data 

of consumer price index CPI in Taiwan and Hungary are taken from local government 

records. This paper represents a deductively positivist-oriented, quantitative research 

style that is identical with the experimental research, as well as the archival research. 

Other strategies are not appropriate to answer our research questions and meet the 

research objectives. 

2.9 Selection of Research Method 

In Saunders et al. (2009, p.151), the terms quantitative and qualitative are referred to 

distinguish both data collection techniques and data analysis procedures. To put it 

simply, quantitative generates numerical data and uses scientific tools such as graphs 

or statistics. On the contrary, qualitative generates non-numerical data and uses 

scientific tools such as categorizing data. Neuman et al. (2006, p.134) further 

complement the differences between quantitative research and qualitative research. 

The first difference comes from the nature of data. Hard data, e.g., numbers, requires 

a quantitative technique whereas soft data, e.g., impressions, words, symbols, requires 

a qualitative technique. Second, quantitative researchers concern more about issues of 

design, measurement, and sampling rather than issues of the richness, texture and 

feeling of raw data from qualitative researchers‟ perspective. Third, quantitative 

research relies on a positivist-oriented deductive approach while qualitative research 

relies on interpretive-oriented inductive approach.  

Saunders et al. (2009) has defined research method choice as the way how researchers 

combine quantitative and qualitative techniques and procedures. Generally, there are 

two research methods: a mono method refers to choice of a single data collection 

technique and corresponding analysis procedures; alternatively, multiple methods 

refer to choice of more than one data collection technique and analysis procedures. 

A quantitative mono research method is chosen in the undertaken study. In other word, 

only quantitative data collection technique and quantitative data analysis procedure is 

employed to answer the research question and meet the research objectives. Data is 

gathered in the form of numbers, such as weekly (monthly) adjusted stock price, 

consumer price index value, industrial production value and money supply value. 

Data will be processed and analyzed by using statistical tools like simple linear 

regression in SPSS software. The output will be objectively interpreted to test 

hypotheses, in order to measure the volatility and autocorrelation of pharmaceutical 

stock returns, and the impacts of macroeconomic factors on the stock return. On the 

other hand, a qualitative data collection technique and qualitative data analysis 

procedure would not enable us to test hypotheses and conduct measurement. Hence, 

the alternative multiple methods involving qualitative technique and analysis 

procedure are not taken into account as well. 
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2.10 Time Horizon 

Time horizon refers to the treatment of time in the research work. Time issue is 

generally associated with quantitative researches and hence divides the researches into 

two groups: cross-sectional research and longitudinal research. A cross-sectional 

research is the detailed study of a phenomenon at a single or fixed time point. A 

longitudinal research studies features of phenomena across multiple time periods. 

Particularly it captures social development or change rather than the cross-sectional 

research does (Neuman et al, 2006, p31-32). An example of a longitudinal case study 

is illustrated by Sauders et al. (2009, p.155) to clarify that the time horizon to research 

design are independent to the research strategy or choice of method.  

Both cross-sectional and longitudinal time horizons are involved in this paper. More 

precisely, our research employs a cross-geographical and longitudinal time horizons. 

Firstly, the movements of pharmaceutical stock return are examined in various stock 

markets in order to give a detailed and comprehensive knowledge of the behavior in 

different geographical stock markets. This is consistent with the cross-sectional or 

cross-geographical research. Secondly, the investigation on movements of stock 

return and impacts of macroeconomic factors require a changing context. Hence, the 

recent three years, from 2007 to 2010 will be selected instead of a single time point. 

From this perspective, the paper is exactly a longitudinal research. 

2.11 Choice of Secondary Sources 

As aforementioned, the questions in this paper concern the relationship between 

movements of stock returns and movements of overall market index returns around 

world and the impacts of macroeconomic factors on stock returns, which hence imply 

the variables solely rely on the statistics and theoretical researches. Regarding the 

accessibility and cost efficiency, secondary source is a feasible route for this paper to 

achieve the research objectives in a limited time. The secondary sources in this paper 

are further divided into two categories: secondary data source and secondary literature 

source. 

2.11.1 Choice of Secondary Data Sources 

The principal secondary data source in this paper is Thomson Reuters DataStream. It 

is a most comprehensive time-series database which reserves a breadth and depth 

financial statistics, integrates with Microsoft office, and serves sophisticated charts 

and superior navigation. By making use of this database available in Umea University, 

most of the statistical data applied in the empirical analysis can be acquired. More 

precisely, the navigator enables to select relevant series, with criteria such as adjusted 

stock price, stock index price, exchange, time period, currency and consumer price 
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index CPI etc. These contribute the majority of the variables involved in the research 

question.  

Moreover, data that cannot be found through database are gathered from some 

government administrative records and national institutions in sample countries. For 

example, the data of consumer price index CPI for Taiwan and Hungary are collected 

from local governmental statistic department respectively.  

2.11.2 Choice of Secondary Literature Sources 

On the other hand, the secondary literature source in this paper consists of three 

dependable databases. They are Business Source Premier (EBSCO), Emerald Fulltext 

and Social Science Research Network (SSRN). These databases enable us to access 

most relevant, abundant and reliable electronic journals in our research area. The 

benefits of these databases for the paper are as following: 

 Majority of relevant journals and scientific articles are found from EBSCO and 

Emerald Fulltext, which can be accessed through website of library of Umea 

University. These two databases contain wide range of scholarly, peer-reviewed 

journals. Such publications provide specialized knowledge and information about 

our research topic. 

 Some specialized social science researches can be acquired from SSRN eLibrary, 

which currently contain over 265,600 downloadable full text documents. It 

complements the former two databases in our literature source. 

The vital step to search a useful literature is to determine clear and relevant search 

terms. Our main search terms used in searching databases are illustrated as following:   

Stock return 

Return volatility 

Stock investment risk 

Pharmaceutical industry 

Stock return and emerging markets 

Stock return and developed markets 

Stock return and macroeconomics 

Portfolio diversification 

In addition, besides relevant articles concerning the research topic, we use books to 

facilitate the establishment of our methodology framework. Books specialized in 

social research methods can be found through ALBUM on website of library of Umea 

University. The theoretical method chapter of this paper strictly follows the guidelines 

from Saunders et al. (2009) which defines the research “onion”. 
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2.12 Criticsism of Secondary Sources 

Although the benefits of secondary sources are considerable, their shortcomings have 

to be acknowledged.  

2.12.1 Criticsism of Secondary Data Sources 

Christopher (1998, pp.428) pointed out: “the attractive „cheap ride‟ features of 

secondary data carry with them a penalty though, in that the researcher is unable to 

exercise any control over their generation. And the fact that the researcher has not 

been involved in the gathering of the data means that effort needs to be expended in 

understanding the nature of the data and how they have been assembled.” In other 

word, loss of control over data quality is the central problem when using secondary 

data source. 

One solution of this issue is to use a three-stage process introduced by Saunders et al. 

(2009, p.273) to evaluate the secondary data sources.  

The first stage is to assess overall suitability of data to answer research questions and 

meet objectives. Two criteria must be taken into consideration: measurement validity 

and coverage. Secondary data that fail to provide information to answer the research 

question is thought of as measurement invalidity. A common practice of evaluate the 

validity is “to examine how other researchers have coped with this problem for a 

similar secondary data set in a similar context” (Saunders et al. 2009, p.273). 

Although there is limited number of existing studies similar to our research questions, 

we still found some evidences to justify the measurement validity. For example, 

Nikolaos et al. (2010) examine the relationship between beta and returns in the Athens 

stock exchange, using secondary data taken from DataStream and subsequently 

analyzed by CAPM and cross-sectional regression. Their research conclusions imply 

the suitability of the measures for their research questions and objectives. Since they 

have a similar research context as ours, we can be more certain that the secondary 

data gathered from DataStream will be suitable for our research. Michael et al. (2006) 

investigate the relationship between firm size and stock returns; and the relationship 

between idiosyncratic volatility and stock returns. Monthly stock returns and market 

values of all listed firms in Germany and UK from DataStream are used as the basis 

of evaluation. They also apply the CAPM in their empirical analysis, a comparable 

procedure in our analysis. Their findings suggest the measurement validity of the data 

as well and hence convince us the suitability of the secondary data from DataStream. 

The alternative criterion of data suitability is coverage which requires the secondary 

data sets to cover the research population, the time period and data variables 

(Saunders et al., 2009, p274). As mentioned before, DataStream provides sufficient 

data that will enable us to answer our research questions and meet our research 

objectives.  
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The second stage is to evaluate precise suitability of data to answer research questions 

and meet objectives. According to Saunders et al. (2009, p274), the reliability and 

validity of secondary data are functions of the source. As precise assessment on data 

reliability and validity will be discussed in Chapter 4, we hence defend the data 

source only in this chapter. Regarding the authority and reputation of Thomson 

Reuters, and by further cross-checking the data gathered from DataStream with other 

independent data sources, such as Yahoo finance and company annual reports, we 

believe that the secondary data source involved in this paper tends to be reliable and 

valid.  

The third stage is to judge whether to use data based on an assessment of costs and 

benefits in comparison to alternative sources. Obviously, the zero-cost DataStream is 

superior to other database which charges user the membership or license fees. 

DataStream contains most information which enables us to answer our research 

question and meet our objectives. Additionally, information in DataStream can be 

exported directly to excel sheet which not only saves considerable time, but also 

avoids manual mistakes in reformatting the data prior to analysis. In a word, Thomson 

Reuters DataStream, used in this paper as a secondary data source, tends to be reliable 

and valid, and hereby ensures the quality of data gathered from this database. 

2.12.2 Criticsism of Secondary Literature Sources 

The assessment of the secondary literature sources can be achieved from two aspects: 

relevance and sufficiency of literatures (Saunders et al., 2003, p.71). 

The adopted literatures are searched by using search teams or key words generalized 

from our research questions and objectives, and the results are sorted by relevance 

which means we chose articles with similar research objectives or context. Moreover, 

articles including key theories in our research area or contradictory findings to our 

arguments are considered relevant as well. All these articles enable us to have high 

quality of literatures relevant to answer our research question and meet our objectives. 

Unfortunately, there is no clear definition of sufficiency. A practical way is to select 

literatures written by contemporary scholars or founders on the topic of stock return 

volatility. Meanwhile, the majority of articles involved are published in recent ten 

years to guarantee an up-to-date research work. Although we are not able to review all 

the relevant articles, the reliability and relevance of the selected articles are affirmed 

throughout this paper.  
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3. Theoretical Framework 

In this chapter, grounded theories that are considered relevant to our study are 

presented. In order to facilitate a comprehensive understanding of this study field, we 

present these theories in a logical sequence. This chapter will end with a literature 

review of previous empirical researches on this topic and with the hypotheses we are 

constructing in this paper. 

 

Figure 3 Structure and Logics in Chapter 3 

3.1 Modern Portfolio Theory 

Modern portfolio theory is the fundamental of investment and a mathematical 

formulation of diversification in investing, which aims at selecting a collection of 

security assets that have collectively lower risk than any individual asset 

3.1.1 What Is Modern Portfolio Theory 

Modern portfolio theory is a theory of investment, which explains how to maximize 

portfolio expected return and minimize risk by choosing the proportions of various 

assets. In other words, it emphasizes the objective of identifying the portfolio that 
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maximizes an investor's expected utility, provided the investor's willingness to trade 

off expected return and risk. 

Modern portfolio theory includes two basic constructs (Ogden, Jen, & O‟Connor, 

2003, p.36). The first involves the statistical influence of diversification on the 

expected return and risk of a portfolio. The second involves the investors' attitudes 

toward risk; specifically, it is assumed that investors are risk averse, but if sufficient 

compensation like higher expected return can be provided, the investors are 

sufficiently tolerant of risk. Furthermore, it is assumed that investors are only 

concerned with standard deviation and expected return on the choosing portfolio. 

3.1.2 Statistics for A Portfolio of Two Securities 

Considering two securities A and B, the expected return of the two securities are 

denoted as rA and rB, respectively, the standard deviations of the two securities' return 

are denoted as ζA and ζB, respectively. The correlation between the returns of the two 

securities is denoted as ρAB (-1≤ ρAB ≤ 1). 

The expected return on a portfolio of securities A and B, denoted as rp,is  

 rp= wA rA + wB rB 

Where wA  and wB are investor's portfolio weights in securities A and B, respectively 

(it must be wA + wB = 1) 

The standard deviation of the portfolio, denoted as ζP, is  

ζP, = [ w
2
A ζ

2
A  + w

2
B ζ

2
B + 2 wA wB  ζA ζB ρAB] 

1/2 

It should be noted that ζ
2

P is not a simple weighted average of variances of securities 

A and B, except for the case which ρAB = 1. In general, ρAB < 1, ζ
2

P, will be smaller 

than a weighted average of ζ
2

A and ζ
2

B, and thus ζP, will be smaller than a weighted 

average of ζA and ζB. From this respect, we can conclude that an investor can diversify 

across securities that are not perfectly correlated to reduce the risk; the lower the 

correlation between returns of the two securities, the greater will be risk-reducing gain 

of diversification.  

3.2 Efficient Market Hypothesis 

3.2.1 What Is Efficient Market Hypothesis 

The efficient market hypothesis (EMH) is one of the most important and controversial 

concepts in the theory of finance. The EMH claims that, a security's market price fully 

reflects the rational, true value of the security at all times, which means that the 

security is fairly priced (Ogden, Jen, & O‟Connor, 2003, p.271). The stock prices 
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according to some statistical research seem to follow a random walk that the prices 

change should be random and unpredictable. These findings are taken to be evidence 

of market efficient that market prices reflect all currently available information, only 

new information will influence and move stock prices (Bodie et al., 2008, p.376). 

The EMH helps us understand better the stock return movement behavior and it has 

strong implications for security analysis. In an efficient market, the new information 

will be incorporated into the share price rapidly. The more efficient the market is, the 

more quickly stock price captures this information. The following three levels of 

efficiency assist us to understand efficient market hypothesis well. 

3.2.2 Three Levels of Efficient Market Hypothesis 

The EMH has historically been distinguished into three categories, each dealing with 

a different level of information (Bodie et al., 2008, p.348). 

The weak-form hypothesis claims that the price of a security reflects all information 

that may be contained in the security's historical price (ie, past prices, trading volume 

or short interest). This version of hypothesis implies that trend analysis is worthless. 

As the past stock price data are publicly available, if such data ever indicate signals 

about future performance, all investors already would have exploited the signals. 

Eventually, the signals become widely known and lose their value, for instance, a buy 

signal would result in an immediate price increase. 

The semi strong-form hypothesis asserts that a security's price reflects all publicly 

available information. In addition to past prices, such information also includes firm's 

product line, balance sheet composition, quality of management, earning forecast, 

accounting practices and etc. (Arnold, 2008, p.565). This version of hypothesis 

predicts that most fundamental analysis is also fruitless. There is no benefit of 

analyzing publicly available information and relevant industry information after it has 

been released, as the stock prices already reflect these markets information. 

The Strong-form level of efficient market hypothesis asserts that a security's price 

reflects all information relevant to the firm, even including information available only 

to company insiders. Under the first two efficient markets, there is a few privileged 

individuals, like board members, who could access to pertinent information before 

public release, however under the strong-form efficiency, even insiders are unable to 

make abnormal profits. 

3.3 Asset Pricing Model 

3.3.1 CAPM Model 

The capital asset pricing model, almost always referred to as the CAPM, is a center 
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piece of modern financial economics, which is a set of predictions concerning 

equilibrium expected return on risky assets. This relationship has two important 

functions (Bodie et al, 2009, P. 279). First, A benchmark rate of return is provided for 

evaluating possible investments. For example, when we are making investment 

decisions, we must be interested in whether the forecasted expected return for a stock 

is more or less than its "fair" return given its risk. Second, for the assets that have not 

yet been traded in the markets, this model helps us to make an educated guess 

regarding the expected return on these assets. For example, how do we price an initial 

public offering of a stock?  

However, The CAPM is often criticized as being impractical according to the 

assumptions on which it is based. As a result, it is vital to be aware of these 

assumptions, Bodie et al.(2009, p. 280) summarize the assumptions that lead to basic 

version of the CAPM as the following: 

(1) The investors are price-takers, in that their personal sell and buy decisions do not 

affect the stock price, which is analogous to the common perfect competition 

assumption of microeconomics. 

(2) The investors are expected to invest for one identical period, one year is usually 

used. This is a short-sighted investment behavior, which neglects that everything 

might take place after the end of the single period horizon. 

(3) Investments are limited to the publicly traded financial assets such as stocks and 

bonds, and investors can borrow and lend any amount at a fixed risk-free rate. 

(4) Investors pay no taxes on returns and no transaction costs (service charges and 

commissions) on trades in securities. This means, for example, the investors are 

indifferent to the form (capital gains or dividends) in which the return on the 

investment is received. 

(5) The investors are assumed to be concerned with the variance and mean of returns 

and they are also assumed to be rational mean-variance optimizers. They all hold 

diversified portfolio that based on the Markowitz portfolio selection model. 

(6) The investors are assumed to have identical expectation with respect to the 

necessary inputs to the portfolio decision. This homogeneous expectations result in all 

investors use the same expected returns and covariance matrix of security returns to 

generate the efficient frontier and the unique optimal risky portfolio. 

The risk premium on individual stocks will be proportional to the beta coefficient of 

the stock relative to the market portfolio and the risk premium (equals β[ E(rm) - rf ] ) 

on the market portfolio, M. Beta can be interpreted as the measurement of the extent 

to which returns on the stock and the market move together. Regularly, beta is defined 
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as: 

 

Where 

 ζi  = standard deviation of returns for stock i 

 ζm = standard deviation of returns for the market portfolio 

 ζ
2

m = variance of the returns on the market return 

 Cov(ri, rm) = covariance between the returns for stock i and the market portfolio 

 ρi,m  = correlation between the returns for stock i and the market portfolio 

It is not surprising that stocks with betas greater than 1.0 are more risky, and thus will 

have higher expected returns in equilibrium, whereas stocks with betas less than 1.0 

are relatively less risky and will have lower expected returns in equilibrium. 

The expected return - beta relationship can be explained graphically as the Security 

Market Line (SML), which represents the cross-sectional relationship between an 

asset‟s expected return and its systematic risk. 

The security market line in Figure 3 is used as a benchmark for the evaluation of 

investment performance. The SML gives the required rate of return necessary to 

compensate investors for both risk and the time value of money, when risk of an 

investment known as its beta is given. 

  

Figure 4 Security Market Line 

The security analysis is performed to calculate the return actually expected. If a stock is 
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perceived as underpriced or a good buy, the stock therefore plot above the SML, 

representing an expected return in excess of the fair return stipulated by the SML. Vice 

versa. 

The SML equation, that is CAPM model, is: 

 

and the risk premium on individual security i is: 

 

Where 

 E( Ri ) = expected return on asset i 

 Rf    = the risk-free rate 

 βi    = the systematic risk of asset i, measured by formula 

E ( Rm ) = expected return on market portfolio 

Is the CAPM practical? 

The unsystematic risk is irrelevant in CAPM as it assumes investors hold the market 

portfolio. Therefore, investors only price systematic risk, which relates to movements 

in the whole market. This could be the advantage of CAPM model as it includes only 

one factor. However, even if we all agreed that the CAPM were the best available 

theoretical model to explain rates of return on risky assets, this model does not work 

in practice all the time.  

The central conclusion from Bodie et al.(2009, p. 299) is that practitioners do use a 

CAPM. CAPM is valid in case of a single-index model, and the researchers try to 

derive optimal portfolios from ratios of alpha forecasts to residual variance. In case of 

multi-index model, then they use one of the extensions of the CAPM or arbitrage 

pricing theory. Thus, theory and evidence on the CAPM should be of interest to all 

sophisticated practitioners. 

Finally, Jagannathan and Wang (1996, p36) point out that we have to bear in mind that 

the CAPM, like any other model, is only an approximation of reality, which would be 

rather surprising if it is found to be "100 percent accurate". The point should be "how 

inaccurate is the model?" Fama and French (1992, cited by Jagannathan and Wang 

1996, p36) indicate that the static version of the CAPM is every inaccurate, however, 

the conditional version of the CAPM illustrates the cross section of stock returns 

rather well. More specific, the conditional CAPM is different from the commonly 

understood as the CAPM, since it resembles the multi-factor model, which has three 

betas, whereas the standard CAPM has only one beta. When the conditional CAPM 

held, the betas vary over time, but the covariance between the time-varying beta and 
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time-varying stock return still exists. 

3.3.2 Arbitrage Pricing Theory 

Ross (1976, 1977) has proposed a new and different approach to determining the 

pricing of assets. Arbitrage Pricing Theory is based on the law of one price: two assets 

that are the same cannot be sold at different prices. The Arbitrage Pricing Theory 

explains the equilibrium relationship between expected returns of well-diversified 

portfolio and their various source of systematic risk. APT requires that the stock 

returns should be linearly related to a set of indexes as shown in the following 

equation: 

  

Where  

Rf = the expected level of return for stock if all indices have a value of zero 

βi = the sensitivity of portfolio P to i risk factor. 

λi = the expected risk premium associated with i risk factor. The premium is the 

difference between the expected return and the risk-free rate. 

The contribution of APT is in explaining how (and under what conditions) one can go 

from a multi-index model to a description of equilibrium. However, the APT has a 

problem that it does not specify the systematic risk factors, nor does it explains the 

size of the sign of betas (Arnold, 2008, p. 565). Therefore, researchers are likely to 

employ different systematic risk factors in APT. Even if the most frequently 

systematic risk factors are applied, such as interest rates and inflation, the sensitivity 

degree of each risk factor could be different.  

3.3.3 Fama French Model 

Fama and French(1993) proposed a multi-index model based on firm characteristics, 

they found that both size (market capitalization) and the ratio of book value of equity 

to the market value of equity have a strong influence in the cross section of average 

stock return. They argued that both the above two are proxies for risk and a cross 

section of average returns is negatively related to size and positively related to book to 

market ratios. In short, small companies and companies with low book to market ratio 

are riskier than other companies (Bodies, et al. 2009, p. 423).  

How could the Fama-French model be practical? Fama and French suggest measuring 

the size factors in each period as the difference of return on large firms and small 

firms. It is usually measured as the "high minus low"(HML), which is calculated as 

the returns of forms with high book-to-market ratios minus that on firms with low 

ratios. As a result, the Fama-French three-factor asset pricing model is  
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Where 

 β m,j ,β SMB,i , β HML,i = The betas of the stock on each of the three factors, often called  

the factor loadings 

Other independent variables represent the same meaning as those in the CAPM. 

3.4 Risk and Volatility  

Although most investors are risk averse and show a strong distaste for market 

fluctuations, they have to accept volatilities to reap the superior returns offered by 

stocks. As risk is the essence of above-average returns, “investors cannot make any 

more than the risk-free rate of return unless there is some possibility that they can make 

less". (Siegel, 2007, p277)  

A number of modern assets pricing theories and models assume that the variance of 

expected market returns is a sufficient statistic for risk. Thus, a general relationship 

between the expected returns and their volatilities can be expressed as (Merton, 1980, 

cited by Bergmark and Cabak ,2010, p13) : 

       E(rt |ζ
2
 ) = μ + C ζ

2
  

Where ζ
2 

measures the volatility of expected stock returns and rt is stock returns. If C = 

0, this means that there is no relation between the volatility and the expected returns. If 

instead C >0 and μ= 0,the expected return is proportionally related to the volatility.  

Volatility is known as one of the most applied risk measures in the financial theory, it 

is also used for deriving the price of financial assets, for example in the Black-Scholes 

formula. 

One characteristic of the asset return volatility is the existence of volatility clusters, 

for instance, periods of high volatility followed by periods with low volatility. 

Volatility also appears in a continuous manner over time, jumps of volatility are 

seldom discovered, it varies within a fixed range and does not diverge to infinity. Tsay 

(2005, cited by Bergmark & Cabak,2010, p14) found out the leverage effect, that is 

negative chocks cause more volatility than positive chocks of the same magnitude, 

known as the asymmetrical reaction to negative and positive chocks. Stock returns 

also have the tendency to have a distribution with fat tails and excess kurtosis at the 

mean. (Brooks 2008, cited by Bergmark & Cabak, 2010, P 14) 
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3.5 The Pharmaceutical Industry 

3.5.1 Overall Picture of the Pharmaceutical Industry 

In the past 10 years, there has been a wave of mergers and acquisitions in the global 

pharmaceutical industry resulting in ever larger pharmaceutical enterprises. The new 

major players can still be found to a great extent in the countries in which the 

company‟s party to the mergers existed historically. Most enterprises, by far, have 

extensive business in the largest market US. The powerful research environment in 

US also attracts a lot companies to invest there. The R&D investment of US is 

currently greater than Europe in pharmaceutical industry due to a number of factors, 

which was not previously the case. Companies also increase set up in growth markets 

such as India and China. According to the European Commission, on average, 

approximately 38% of all pharmaceuticals are produced in Europe (the equivalent of 

EUR 160 billion), 20% in US and 20% in Japan. 

In order to safeguard the future competitiveness of global pharmaceutical enterprises, 

they need to increase their innovative capacity. The decreasing number of applications 

for the registration of new drugs is one sign of diminishing innovative capacity in the 

pharmaceutical industry. The number of approvals of totally new pharmaceutical 

substances is also decreasing, which could be partly explained by the increasing costs 

of pharmaceutical development, which can be as much as USD 1 billion per drug. It 

often takes more than 10 years to develop a new drug, while less than on tenth of 

projects entering clinical trials result in a new drug. The companies are currently 

reviewing their organization in order to increase internal innovative capacity and also 

to improve cooperation with researchers at universities and biotechnology companies.  

3.5.2 Industry Trends 

Here we explain the major factors leading to strong future sales growth, examine the 

structural changes and point out the pharmaceutical industry's strong reliance on 

research and development. 

• Major factors of future growth 

A number of factors indicate the high sales growth of pharmaceutical industry will 

continue in the future. First, life expectancy in developed countries is steadily 

growing due to the advancement in technology and science. Therefore, the increasing 

proportion of elderly people suggests further huge demand for healthcare products. 

Second, the developing countries have a significant potential for future development 

although they have a small portion of world pharmaceutical sales at the moment. 

Rapid growing economies in Asia, Central and Eastern Europe and South America 

indicate an increasing solvency of population, which make these regions more and 

more attractive for "big Pharmacy" enterprises. Also further reforms of legislation 

systems in these markets, especially the patent protection issues, will definitely lead to 
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increasing pharmaceutical sales. 

• Structural changes 

The Pharmaceutical industry is under the period of significant transformation at the 

moment. Most big companies generate high returns and through merger and 

acquisition, these companies are expected to gain excess cash for further rapid growth. 

Apart from economies of scale in manufacturing, marketing and clinical trials, "big 

Pharma" companies invest more in research and development projects that diversify 

their future drugs portfolio and enable them more stable in the long term. Therefore, 

top-enterprises in the pharmaceutical industry are active participants of new joint 

ventures, merger and acquisition and spin-offs of non-core business. 

Establishing of joint ventures and new strategic alliances are another form of 

structural change in the industry. So far the outcome of the investments of financial 

resources and time in R&D remains unclear until the final approval of the drug, as the 

R&D process for each drug takes long time and requires huge investment. As a result, 

big companies are constantly looking for synergies in which they could cooperate 

with their competitors. 

Finally, in order to keep sales growth and meet profitability expectation of the 

shareholders, the big companies have to sell their non-core and low-profit business 

and concentrate their financial resources on their core pharmaceutical business. 

•Strong emphasis on R&D 

The "big pharma" companies distinguish themselves by a high level of investments in 

research and development. On average, it takes millions of dollars and 10-15 years to 

develop a new drug. However, according to industry statistics, only a small proportion 

of chemical compounds discovered by the researchers prove to be both safe enough 

and medically effective to become an approved medicine, and almost half of new 

drugs fail in the late stages of clinical trials. Not surprisingly, it is reported by the 

National Science Foundation, the pharmaceutical industry had one of highest R&D 

expenditures as percentage of net sales.  

3.5.3 Profitability of pharmaceutical industry 

Pharmaceutical industry has successfully ranked as one of the most profitable 

industries in the US. In 2005, the return on assets of pharmaceutical companies in 

fortune 500 reach an average of 10.3 %, compared with an average return of 4.7 % for 

all industries. This high profitable figure put the pharmaceutical industry 9 out of the 

fifty industries ranked that year (it ranked 2ed in 2003 and 12th in 2004).  

However, the actual profits of the pharmaceutical industry are misrepresented by 

those figures. Because the true returns to Research and Development industries are 
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overstated by the standard accounting measure, which makes it hard to efficiently 

compare profit levels among various industries. Except for capital equipment, 

accounting measures regard most R&D spending as a deductible business cost rather 

than as a capitalized investment. But the intangible assets that R&D generate such as 

new research capabilities, accumulated knowledge and patents-- improve the value of 

a company's asset foundation (Marron 2006, p43). 

Under standard accounting measures, the pharmaceutical industry's return on assets 

has turned out to be two or three times higher than the average for Fortune 500 

companies. "Adjusted for intangible R&D assets, the industry's actual profitability is 

still somewhat above average, but by less than shown in Figure 5" (Marron 2006, 

p44). The office of Technology Assessment state that in the early 1990s, rates of 

return under standard accounting were overstating the pharmaceutical industry's profit 

by twenty percent to twenty five percent. OTA discovered that adjusting for 

companies' intangible assets halved the gap between the non pharmaceutical firms 

with similar financial characteristics and pharmaceutical industry's average returns.  

 

Figure 5 Return on Assets for Drug (Pharmaceutical) Companies Versus for All 

Major Companies by Standard Accounting Methods 

Source: Research and Development in the Pharmaceutical Industry, Marron 2006 

In the short run, rate of return for pharmaceutical industry needs not mirror 

differences in capital costs. There is study demonstrated that in the 1990s the medium 

rate of return on innovation for new drugs generally exceeded the industry's cost of 

capital. OTA eliminated capital-cost differences as a reason for the pharmaceutical 

industry's higher profit, concluding that “R&D drives profitability in the industry and 

has produced returns over reasonably long periods of time that may exceed the cost of 

capital” (Marron 2006, p44). Keep in mind that investors pursue the highest returns, 

some researchers have pointed out that if the pharmaceutical industry was actually 

earning markedly higher returns than average (adjusted for differences in risk), 

outside companies would have tried to merge with pharmaceutical companies. 
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Generally, Economists consent that a reduction in earnings would motivate 

private-sector investment in drug R&D to decline or to grow more slowly. (Marron 

2006, p45) 

3.6 Previous Empirical Evidence 

3.6.1 Stock Return Movements vs. Market Index Return Movements 

On empirical ground, co-movement of stocks with overall market has been examined 

by a wave of studies, most of which were primarily concerned with the estimation and 

analysis of beta coefficient of securities. Studies done by King (1966), Fama, Fisher, 

Jensen and Roll (1969) and Blume (1970; 1971) established a well-specified market 

model and their studies suggested that the beta coefficients were relatively stationary 

over time (especially for portfolios). Blume's (1970, P 58) analysis established that the 

market model might be quite useful in assessing the outcomes of security returns and 

inferred that the forecasts of portfolio returns were conditional on the forecasts of future 

market conditions. Blume (1971; 1974, p 58) also examined the question of stationarity 

of the historically estimated beta coefficients over the period of July 1926 to June 1968 

and constructed portfolios of different sizes. He also provided evidence that the betas 

tend to regress towards the overall mean beta of 1.0, which implied that the securities 

with estimated betas greater than unity in one period have betas greater than unity in a 

future period but the future beta tends to be closer to unity and vice versa.  

Arora, Das & Jain (2009, p567-592) find that the emerging markets have low 

correlation with developed markets and historically experienced a high level of 

volatility and mean returns. The low level of correlation indicates the prospective 

diversification benefits to invest in emerging markets for investors of developed 

markets. Harvey (1996, cited by Arora, Das & Jain 2009, p567-592) finds that 

emerging markets have low overall volatility, high average returns, little integration 

and low exposure to risk factors. Arora, Das & Jain (2009) test the stock returns 

behavior and volatility of 10 emerging markets during five years from January 1, 2002 

to December 31, 2006 at daily, weekly, monthly and annual periods, and compare them 

with the data of developed markets. They find that the distribution of stock returns are 

not normal and demonstrate a high degree of leptokurtosis .Under the intervals of daily, 

weekly and monthly, the stock return series are stationary, but for annual frequency, the 

returns are non-stationary. The distribution of stock return under measures of weekly, 

monthly and yearly frequencies are found to follow first-order autocorrelation for all 

markets, but in case of daily stock returns, such autocorrelation is found to exist only in 

a few markets. This indicates that stock return is predictable at low frequency intervals. 

In terms of long time frequencies, the investors should build reasonably accurate 

expectation of risk and return and take proper investment decisions. They also find that 

the distributional characteristics of stock return between developed market and 

emerging market are of no difference, which is contradictory to Harvery's finding. The 

stock return distributions in developed market are not normal and show high degrees of 
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kurtosis. However, the ratio of stock returns to volatility which is calculated by 

standard deviation of return series for developed markets is lower than that of emerging 

markets. As a result, put stocks of emerging markets in global investment portfolio may 

possibly increase their risk adjusted stock returns. 

Blume (1971, cited by Gary and Pflaum, 1978, P 1-6) tests the longer-term stability of 

the beta coefficient by applying monthly prices and successive seven years data, he 

concludes that individual security betas are very unstable but portfolio betas are highly 

stable. Levy (1971, cited by Gary and Pflaum, 1978. P 1-6) gets similar results using 

weekly data and shorter-term estimates of beta. Levitz also reports portfolio betas are 

found to be stable using three-year base periods and one- year subsequent periods. 

Baesel (1974, cited by Gary and Pflaum, 1978, P 1-6) examines the impact of the length 

of the estimation period on the stability of estimated beta by varying the estimation 

period from 12 to 108 months. Altman et al. (1974,cited by Gary and Pflaum,1978. P 

1-6) also find that for single securities, the longer the estimation period, the higher the 

period-to-period correlation by using data for French stock market. Although both 

Baesel and Altman et al. suggest that the longer estimation period is likely to enhance 

the stability of individual security betas, they both use initial and subsequent estimation 

periods that are of the same length.  

Eisenbeiss, Kauermann and Semmler (2007,p19) measure the mean value of 

systematic risk of the industry groups "banks" and "Automobile" and suggest that it is 

close to unity, which imply these groups, in general, are affected by macroeconomic 

factors to the same extent as the average market. The "Pharma & Healthcare" industry 

portfolio is observed for the smallest parametric beta-estimate of only 0.55606. They 

also find it interesting that no industry group that "overreacts" to macroeconomic 

events, implying that its parametric beta-estimate turns out to be larger than one.  

Denoting periods of average returns smaller than zero as down or bear market and 

periods of average returns larger than zero as up or bull markets, the following pattern 

has been observed by Eisenbeiss, Kauermann and Semmler (2007,p23) among the 

industry of Automobile, Banks , Consumer, Industrial, Retail, Pharma & Health, 

Utilities: "beta-coefficients tend to move counter-cyclically with respect to the state of 

the market: on average, the respective beta coefficients are small in bull markets and 

large in bear markets." This also indicates that investors of these industries receive a 

lower risk-premium in periods of substantial upside variation than in periods of 

downside variation. 

Verma (2011, p75) tests the validity of conditional relationship (i,e., the expected 

return of stock and beta are allowed to vary over the business cycle in a systematic 

stochastic manner) between stock returns and beta in international stock markets by 

taking into consideration of the effect of current period up and down markets on the 

next period stock returns. He finds out that, theoretically, under the conditional version 

of CAPM, if the market excess return is positive with next period stock return (up 
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market), there should be a positive relation between beta and return. On the other hand, 

in periods where the excess market return is negative (down market), there should exist 

a negative relationship between beta and stock return. This is due to the high beta stocks 

have a lower return than low beta stocks and are more sensitive to the negative market 

excess return. Pettengill et al. (1995, cited by Fletcher, 2000, p236) finds strong 

evidence to support the above findings by using the data for the period 1936 to 1990 of 

US stock market, and the sample period is split into up market and down market 

months.  

Several studies have tested the implications of the CAPM within an international 

context. Harvey and Ferson (1994, cited by Fletcher, 2000, p236) indicate a weak 

cross-sectional relationship between beta and stock return in European countries. While 

Heston et al (1999, cited by Fletcher, 2000, p236) point out a significant positive 

relationship between beta and returns across countries. Pettengill et al. (1995, cited by 

Fletcher, 2000, p240) argue that the weak relationship can be explained by the failure to 

take into consideration of the fact that realized returns are used in the test rather than 

expected returns. Another finding is that in the month of January, there is a significant 

positive relationship in up market months but no relationship in down market months, 

which implies that this relationship is asymmetric. (Fletcher, 2000, p244) 

In sum, there exists contradiction between the findings of the past research, the 

correlation might be different according to various sample periods, country-specific 

economic conditions and the model employed.  

3.6.2 The Prevailing Models of Testing Beta Coefficient  

Growing literatures examine the co-movement of stocks with overall market, most of 

these studies primarily focused on the analysis and estimation of beta coefficient of 

securities. The most widely used method of estimating beta is the ordinary least 

squares regression. The OLS regression often bases on the following market model 

framework (Eisenbeiss et al., 2007, P.503-522): 

     Rj = αj + βj RM + εj , 

Where βj assesses the beta-coefficient, which indicates the impact of market 

movement on the j th security. The parameter Rj and RM indicate the excess return of 

the holding period on the j
th

 security and on the overall market M, respectively. While 

αj denotes the expected return of securities under the condition that market is neutral, 

i.e. If RM =0. Εj depicts the changes of excess return in the holding period, which is 

exclusively firm-specific. However, the OLS regression approach supposes constant 

coefficients and it may lead to conflicting results in the context of time-varying betas. 

The usage of OLS regression model is relatively straightforward, which is one reason 

for its prevailing use, and the alternative methods are found harder to pursue although 

they promise more accurate estimate. Two conceptually different alternative modeling 

methods have been identified, "(i) econometric models modeling the time variation in 
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beta as a function of observable economic variables and (ii) time-series models 

providing estimates of the beta series derived from possible internal structure in the 

data." (Eisenbeiss et al., 2007, P.503-522)  

The econometric models aim at proving the potential drivers of time varying betas, 

and therefore to establish one model framework that integrates these drivers. In other 

words, "the beta coefficient is estimated and modeled as a function of economic 

variables that theoretically qualify for explaining its time variation" (Eisenbeiss et al., 

2007, P.504). For instance, Kreuger and Abell (1989,cited by Eisenbeiss et 

al.,2007,P.504) modeled beta in respect of different macroeconomic variables, such as 

inflation, interest rates, trade deficits, budget deficits and oil price.  

The prevailing modeling techniques of time series approaches are the Schwert– 

Seguin model, the multivariate generalized auto regressive conditional 

heteroscedasticity (M-GARCH) model and variable parameter regression models.  

Schwert and Seguin find the evidence indicating that the betas of small and large 

firms are sensitive to volatility of the underlying market. (Reyes, 1999, P1-10) They 

prove that betas will vary according to the level of aggregate market volatility by 

using a heteroscedastic market model as following: 

 

Where bi is a constant, is the aggregate stock market volatility, and  

presents the time varying term. A positive δi denotes the relationship between beta and 

aggregate market volatility is inverse, while a negative δi denotes a positive 

relationship. For example, in terms of US stock market, Schwert and Seguin find δi  is 

positive for larger firms and negative for small firms.(Reyes, 1999,P1-10) Episcopos 

(1996,cited by Reyes, 1999,P1-10) test the time-variation in stock betas by using the 

SS market model for a selected sample of industry stock indexes from the Toronto 

Stock Exchange. The findings showed that δi  is significant negative in 3 of the 11 

industries tested.  

Koutmos, Lee, and Theodossiou (1994, cited by Reyes, 1999,P1-10, KLT hereafter) 

extend the analysis to the stock index returns of 10 international stock markets by 

applying the SS model. The total stock market capitalization is used to classify the 10 

international markets into "large" and "small"caps. They find that δi of four large 

capitalization markets are positive, which are Japan, Canada, United States and 

United Kingdom. However, the coefficient is statistically significant only for the 

United States and Japan. The findings also show that δi of six smaller capitalization 

markets is negative, which are Belgium, Italy, France, Australia, Germany and 

Switzerland; however, the statistically significant is only for Germany, Australia and 
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Switzerland. 

3.7 Determinants of Stock Return and Market Return Correlation  

Mckenzie and Faff (2003, p259-274) propose the following explanatory factors that 

may explain the dynamic return correlation behavior: Return volatility, trading 

volume, the occurrence of large negative price changes, business cycles. 

• First, return volatility is an important factor that may cause changes in correlation, 

which could be explained by the wealth effect. Balck (1989, cited by Mckenzie and 

Faff 2003, P. 259-274) suggests that relation between investors' wealth and their 

willingness to accept risk positively exists. This means a rational investor is to hold 

some form of portfolio insurance, for example, the stop-loss orders. The use of such 

strategies indicates that a large reduction in demand for risky asset can be induced by 

an exogenous reduction in the value of such asset, as the stop-loss orders are 

automatically operated. A given reduction in wealth will lead to more portfolio 

insurance selling for investors with low wealth levels, as the less wealth a person has, 

the more she or he will pay much attention with losses as the margin. When a rise in 

volatility decreases wealth, the demand for portfolio insurance trading strategies will 

increase and degree of positive feedback trading is improved in the market. Realizing 

this feedback trading exists, this means a rise in volatility should strengthen the 

correlation where negative return correlation exists. On the other hand, volatility 

increase should lessen the level of return correlation where positive correlation is 

evident.  

• Besides the wealth effects between volatility and correlation, Mckenzie and Faff 

(2003,P. 259-274) also suggest an asymmetry that a larger increase in positive 

feedback trading that results from a decline in price compared with positive feedback 

trading decreases in response to an equivalent rise in price. Therefore, large price 

declines are other factors that affect correlation and should increase negative 

correlation. 

• Trading volume is the third factor that may affect the correlation. Gallant, Rossi and 

Tauchen (1992, cited by Mckenzie and Faff 2003, P. 259-274) suggest that trading 

volume reflects some useful information. High volume may indicate a larger 

proportion of information based trades. On the other hand, low volume indicates 

limited news, in which case trading will be dominated by naive traders who use 

information mainly embodied in past returns. Therefore, when trading volume is low, 

the information traders are less active, stock returns are likely to be more closely 

related and more strongly correlated. 

• A growing literature suggests the effect of business cycles on risk or return. 

Jagannathan and Wang (1996, cited by Mckenzie and Faff 2003, P. 259-274) suggest 

that beta risk is time varying, in part due to business cycles. Furthermore, the 
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extension of the business cycles to correlation is appealing. Harvey, Viskanta and Erb 

(1994,ited by Mckenzie and Faff 2003, P259-274) find that the return correlations 

between countries are affected by phases of the business cycle, in particular, when 

both countries are in contradictionary phases, the correlations tend to be at their 

lowest level. 

Stock markets are likely to reflect the business cycle of the economy: the stock 

markets will typically mirror a growth phase of economy in a general upward trend in 

prices. Conversely, the stock price tends to be more mixed when economy is in 

recession or neutral. Therefore, stock prices are likely to rise during economic 

prosperity, which should result in higher positive return correlation, for the reason that 

if the stock prices increase today, the prices tomorrow will follow a similar increase as 

well.  

3.8 Stock Return Predictability from Past Value Changes 

An important topic in financial economics field is the predictability of stock returns. 

Typically, predictability is examined in the context of a predictive regression model, 

where real stock returns or equity price growth over various horizons are regressed on 

a variable that could potentially explain future changes in stock prices. Rapach and 

Wohar (2005, p 327) argue that the variables of predictive regression model could be 

valuation ratios based on measures of fundamental value, such as the price-earning 

ratios and price-dividend ratios. They claim that these ratios are useful in predicting 

future stock prices. Moreover, they find an interesting predictability pattern based on 

valuation ratios: Strong evidence of predictability is typically found at long horizons, 

but not for short horizons. For example, Campbell and Shiler (1998, cited by Rapach 

and Wohar 2005, p 327) find that price-earnings and price-dividend ratios have a very 

limited ability to predict stock price movement next year, but a significant and strong 

ability to predict stock price growth over the next 10 years. A substantial amount of  

literatures have paid attention to this pattern, Campbell and Shiler (1998, cited by 

Rapach and Wohar 2005, p 327) conclude that "despite the econometric difficulties 

inherent in long-horizon predictive regression, it is striking how well the evidence for 

long-horizon stock market predictability survives the various corrections that have 

been proposed". 

The predictability of stock returns in accordance with past prices changes has been 

extensively examined given its direct implication on weak-from market efficiency. 

(Lim and Brooks, 2009, p91) The "market efficiency", firstly formalized by Fama 

(1970) emphasizes the role of information in the financial market in setting prices. 

More specifically, the efficient market hypothesis (EMH) defines new information 

should be correctly and quickly revealed in its current security price in an efficient 

market. Early examinations of market efficiency tested autocorrelations of different 

frequencies stock returns, and found no evidence of statistically or economically 

significant serial correlation (Fama1970 and Leroy 1982, cited by Bali et al, 2007 
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P767) Since the estimated autocorrelations of short term stock returns were close to 

zero, which provided support for the stock market efficiency and random walk 

hypothesis. 

In contrast to the earlier studies, Fama and French (1988, cited by Bali et al, 2007 

P767) find significant negative autocorrelation in stock returns suggesting 

mean-reverting behavior of stock prices when long horizons applied. Bali et al (2007, 

p768) claim that three general conclusions about the serial correlation of long term 

stock returns can be drawn after taking into consideration of some statistical issues 

together and considering the findings presented in the previous studies. First, 

generally speaking, long term stock return autocorrelations are negative, but they are 

either marginally significant (at best) or insignificant. Second, only during the highly 

volatile period of 1926-1945, the autocorrelations of stock returns are found to be 

strong. The highly significant mean-reverting tendencies are discovered during 

Depression/World War II period, while for the period of post war, the autoregression 

coefficients are close to zero and insignificant. Finally, the negative autocorrelations 

of stock returns or the speed of mean reversion is higher for smaller stocks. In other 

words, small-stock portfolios and equal-weighted market index exhibit stronger mean 

reversion than big-stock portfolios and value-weighted index. 

It is still debated upon the implications of temporal dependence on market efficiency, 

particularly the return autocorrelations. Measuring the speed of stock price response 

could be an alternative approach because the efficient market is described as the one 

in which stock price adjusts to new information accurately and in a timely manner. 

Amihud and Mendelson(1987, cited by Lim and Brooks, 2009,p92) estimate the price 

adjust coefficient of the partial adjustment model and their results reflect that the 

speed of stock price in response to new information is time-varying. 

Amini,Hudson and Keasey (2010, p101-103) find that short horizon stock returns can 

be predicted based on past returns even with very low levels of autocorrelation in 

London stock exchange. They find significant empirical evidence for price reversals 

after large price movements and trend continuation after small price movements in the 

London stock exchange.  

3.9 Key Macroeconomic Factors affect Pharmaceutical Stock Returns 

Stock returns are significantly correlated with real macroeconomic factors, because 

macro fluctuations simultaneously influence firms' cash flows and may affect the 

risk-adjusted discount rate. Economic conditions may also affect the types and 

number of real investment opportunities available as well. By far, a number of articles 

have tried to explain the relationship between macroeconomic variables and stock 

returns. In general, it is documented by the literature that aggregate stock returns are 

negatively related to money growth and inflation. [Bodie (1976), Fama (1981), Geske 

and Roll (1983), Pearce and Roley (1983,1985), cited by Flannery and Protopapadakis, 
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2002, p751]. However, it is very hard to observe the specific impact of real sector 

macro variables on equity returns. Chen, Roll and Ross (1986, cited by Flannery and 

Protopapadakis, 2002, p752) suggest that it is not yet determined which macro 

variables, if any, are responsible for the co-movements of asset prices, or exert 

exogenous influences on the prices, which still seems pertinent today.  

Macroeconomists are concerned with the studies of whether monetary policy has any 

influence on real stock prices. While financial economists have tended to focus on the 

question of whether equity is a good hedge against inflation. These issues are 

discussed in this section. 

3.9.1 Monetary Policy and Stock Return 

Central bank policy is of primary significance to financial markets. Martin Zweig 

(1986, cited by Siegel 2007, P 247) describes the relationship this way: 

"In the stock market, as with horse racing, money makes the mare go, Monetary 

conditions exert an enormous influence on stock prices. Indeed, the monetary climate, 

primarily the trend in interest rates and Federal Reserve policy are the dominant 

factors in determining the stock market's major direction." 

Monetary policy affects macroeconomic factors through financial market, and 

ultimately inflation. (Sellin and Riksbank, 2001, P 492) Most studies on the 

transmission of monetary policy mainly focus on the money channel, which works 

through the bond and money markets. The changes in monetary policy lead to 

movements in market interest rates, which in turn affect inflation and real activity. 

Nowadays, the central banks have paid more attention to the role of the stock market 

in the transmission of monetary policy. According to Sellin and Riksbank (2001), the 

stock market channel is shown in Figure 6. A shift in the stance of money supply (or 

the instrumental rates) results in the revaluation of stock markets. The value of stock 

is measured by the sum of discounted future dividends, therefore a tight or ease 

monetary policy can affect stock prices through the rate at which they are discounted 

and in turn affect the expected future earnings. As a result, the shift of monetary 

policy will leads to changes in investors' financial wealth, which successively should 

influence the private consumption expenditure. The cost of capital in companies will 

change as well, which should have an effect on real investment spending. Ultimately, 

the changes in real activity will have an influence on inflation (Sellin and Riksbank, 

2001, P 493).  
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Figure 6 The Stock Market Channel 

Source: Sellin & Riksbank (2001), "Monetary Policy & the Stock Market: Theory and 

Empirical Evidence", Journal of Economic Surveys, V15, p. 493 

Friedman (1961), Brunner (1961) and Schwartz (1963) develop the monetary 

portfolio model, which regards money as an asset among other assets in investors' 

portfolios. (Sellin and Riksbank, 2001, P 495) A shift in the stance of money supply 

will cause investors to substitute between money and other assets in order to 

reconstruct their desired money holdings. Typically investors will react with a lag, 

which would indicate that past money supply data could help predict future stock 

returns. This founding is also supported by some empirical studies. (Sprinkel, 1964; 

Keran, 1971; Jaffee and Homa, 1971; Kochin and Hamburger, 1972, cited by Sellin 

and Riksbank, 2001, P 495) However, it seems to contradict with the efficient markets 

theory (Fama, 1970), which holds the opinion that all available information should be 

mirrored in current stock prices. 

Lynge (1981) reports that stock prices respond negatively to the announcements of 

money supply (Sellin and Riksbank, 2001, P 497). He did not distinguish between 

unanticipated and anticipated changes in money supply while this was studied by 

Berkman (1978). Berkman discovers that stock prices only respond to unexpected 

changes. The effect of unanticipated changes in money supply would result in a 
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differential stock price reaction which depends on the state of the economy. It is a bad 

news in an overheated economy, the stock markets react negatively to a positive 

output surprise, while it is good news in a slump. 

Patelis (1997, cited by Sellin and Riksbank, 2001, P500) discovers that monetary 

policy influences anticipated dividend growth and anticipated excess returns. A 

negative short- term react of expected excess returns to a monetary tightening is found. 

However, only 3% of the stock returns forecast error variance is attributable to 

monetary policy variables. 

Lastrapes (1998, cited by Sellin and Riksbank, 2001, P.500) estimates the short term 

response of stock price to money supply shocks in each of the G-7 countries and 

Netherlands. The test periods in general cover 1960:1-1993:12, but differ somewhat 

according to data availability. He found that money supply shocks have a significant 

and positive effect on shock prices for all countries tested apart from U.K. And 

France( the effect was also positive but very weak for those two countries).In general, 

the equity prices rise by 1-3% initially after a shock and then drop back to their 

original level after 2-3 years. According to the variance decomposition results, the 

fraction of stock return FEV (forecast error variance) explained by monetary policy 

shocks for Japan and Netherlands are around 40% and 60 % at 3-6 month horizon, 

respectively, and then decline to less than 20% at the 2-year horizon, the results show 

that monetary policy shocks seem to illustrate a great deal of stock return volatility. 

For the rest counties, the fraction is below 15% on average. 

To summarize, monetary policy is found to exert an influence on stock returns. 

Monetary tightening will negatively influence the stock returns while monetary easing 

will positively affect the stock returns. This finding is regarded to be a fairly robust 

result as it takes into consideration of time period and countries, as well as the scheme 

applied to identify monetary policy shocks. However, in general, the proportion of the 

stock return forecast error variance implied by monetary policy shocks is found to be 

small(patelis, 1997; Thorbecke, 1997; lastrapes, 1998, cited by Sellin and Riksbank, 

2001, P 508), although this does not account for all countries. 

3.9.2 CPI (inflation) and Stock Return 

A consumer price index (CPI) is a measurement that is used to estimates the average 

price of consumer goods and services purchased by households. The percent change 

in the CPI is a measure estimating inflation. Some researchers have developed to 

investigate the relationship between stock returns and inflation (see Table 2). Lintner 

(1975), Bodie (1976), Nelson (1976), Mandelker and Jaffe (1976), Schwert and Fama 

(1977), Schwert(1981) all discover evidence that inflation and nominal stock returns 

were negatively correlated in post-war U.S. Data. Lessard and Cohn (1981), Gultekin 

(1983) and Solnik (1983) find the same empirical relationship for international data, 

although not all the countries investigated in Gultekin's study indicated a negative 
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relation. Firth's (1979) research of the UK stock market is an exception to the rule as 

well. Some researchers regress nominal stock returns on anticipated and unanticipated 

inflation, they find that at longer horizons stocks are good hedges against both 

anticipated and unanticipated inflation and a negative relation between stock returns 

and anticipated inflation at short horizons. Regressing stock returns on expected 

inflation, the coefficient on anticipated inflation is found to equal one plus the 

covariance between anticipated inflation and price-divided ratios and future dividend 

growth rates (Sellin and Riksbank, 2001, P 509).  

The findings of a negative relationship between stock returns and inflation have 

motivated a lot of researchers to attempt to show what is regarded as an anomaly. The 

negative relation could be explained according to Cohn and Modigliani (1979) that 

investors are subjected to money illusion. The investors will underestimate the stock 

value if they erroneously use the inflated nominal interest rate to discount future 

dividends. French, Ruback and Schwert (1983) examine how unexpected inflation 

affects returns of common stock of companies with various short-term monetary 

positions, various long-term monetary positions and various amounts of nominal tax 

shields. They also distinguish between unexpected and expected inflation in their tests. 

Surprisingly, during the period of 1947-79, there is little evidence that shareholders of 

net debtor firms benefit from unexpected inflation in contrast to shareholders of net 

creditor firms. They make the conclusion that wealth effects caused by unexpected 

inflation are not a significant factor in illustrating the behavior of stock prices (French, 

Ruback and Schwert, 1983, P.70). Roley and Pearce (1988) use unexpected 

announced changes in CPI as a measure of unanticipated inflation and found that firm 

characteristics (especially the inventory level and the debt- equity ratio) is significant 

in determining the effect of unexpected inflation on real stock returns. 

The effect of inflation on stock returns is summarized in the following table, except 

for Sweden and UK, the influence of inflation on short-horizon stock returns shows to 

be negative or nonexistent, regardless of whether actual, anticipated or unanticipated 

inflation is considered. Inflation, on the other hand, seems to be positively related (or 

unrelated) to long-horizon returns (Sellin and Riksbank, 2001, P.509).  

Siegel (2007, P199) finds out that neither stocks nor bonds nor bills is good 

short-term hedges against inflation. Short term real returns on these financial assets 

are highest when the inflation rates are low, while their returns fall as inflation 

increases. But for longer horizons, the real stock returns are virtually unaffected by 

the inflation. A popular explanation for stocks fail as a short term inflation hedge is 

that inflation raises interest rates on bonds, and higher interest rates on bonds depress 

stock prices. In theory the stock returns will keep up with rising prices and stocks will 

be a complete inflation hedge. 
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Table 2 The Effect of Inflation on Stock Returns 

Study      Effect of Inflation Returns 

Short-horizon Returns Return Data Period Frequency Actual Expected Unexpected 

Lintner (1975) U.S. 1934-73 A Negative   

Bodie (1976) U.S. 1953-72 M, Q, A  Negative Negative 

Jaffe & Mandelkeer (1976) U.S. (Fishier Index) 1953:1-71:12 M Negative   

Nelson (1976) U.S. (Scholes Index) 1953:6-74:2 M    

Fama & Schwert (1977) U.S. 1953-71 M, Q, S  Negative Negative 

Firth (1979)                   U.K. 1955:1-76:12 M Positive   

Schwert (1981) U.S. (S&P) 1953:1-78:12 W  Negative  

Fama (1981) U.S. (NYSE) 1954-76 M, Q, A  Negative or none Negative or none 

Cohn & Lessard (1981) 8 OECD countries 1970:1-79:12 Q Negative or none   

Solnik (1983) 9 OECD countries 1971:1-80:12 M  Negative  

Gultekin (1983) 25 countries 1947:1-79:12 M Negative or none Negative or none Negative or none 

Frennberg&Hansson (1933) Sweden 1919:1-91:12 M Positive None None 

Boudoukh&Richardson (1993) U.S. and U.K. 1802-1990 A None   

Whitelaw (1994) U.S. (22 industries) 1953:1-1990:12 Q  None Negative or none 

Long-horizon Returns 

Frennberg & Hansson(1933) Sweden 1919:1-90:12 M Positive Positive None 

Boudoukh & Rickardson (1993) U.S. and U.K. 1802-1990 A Positive   

Whitelaw (1994) U.S. (22 industries) 1953-90 A  None  

Note: Cohn & Lessard use the price- dividend ratio as dependent variable. No effect means not significant at the 5 percent level.                       

Data frequency: W= weekly, M= monthly, Q= quarterly, S= semi-annually, A= annually.    

Source: Sellin & Riksbank (2001), "monetary policy & the stock market: Theory and empirical evidence", Journal of Economic Surveys, V15, p. 511 
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3.9.3 Industrial Production and Stock Return 

Industrial production is suggested to be positively related with stock price through its 

effect on expected future cash flow (Fama, 1990, cited by Black, Mao and McMillan, 

2008, P.309). As the industrial production and expected future cash flows go up, the 

stock prices are expected to increase. Fama and French (1995) discover an 

asymmetric change between growth firms and value firms in the light of different 

probability within different business cycles. In a booming economy, when industrial 

production rises, growth stocks become more risky relative to value stocks, and 

therefore the price of growth stocks increase less than value stocks. While in bad 

economy, which signals industrial production decreases, growth stocks become less 

risky relative to value stocks, the price of growth stocks decrease slower than value 

stocks. 

Luzhang (2005, cited by Black, Mao and McMillan, 2008, P.314) suggests a 

theoretical explanation for this asymmetric change of growth stock and value stock, 

cost reversibility and countercyclical price of risk are explained to account for this 

effect. Costly reversibility provided that companies face higher risk tends to cut rather 

than expand capital. When industrial production decreases, which indicates a stagnant 

economy, value firms, with more unproductive and lower productive capital than 

growth firms, are more likely to disinvest. The value firms will face higher adjustment 

cost once they start disinvesting, and therefore, have less flexibility to smooth 

dividends and turn to riskier than growth stocks. As a result, value stocks decrease 

faster than growth stock and less preferred by investors. When industrial production 

increases, which suggest a booming economy, growth firms enlarge investments more 

than value stock and undertake higher adjustment cost; the unproductive capital now 

turns to productive for value firms, and they are in a better position to take advantage 

of the booming time than growth stocks. Therefore, the price of value stocks goes up 

more than growth stocks.  

Gallegati (2007, P.3061) suggests the predictive power of stock returns over real 

economic activity, that the real stock returns tend to lead real output and the degree of 

this correlation is prone to rise with longer production growth rate horizons (i.e. From 

weekly, monthly ,quarterly to annual growth rates). Gallegati applies a multiscaling 

approach that decomposes the underlying structure of a relationship to investigate the 

relationship between industrial production and stock returns over different time scales. 

He finds out that the relationship is not fixed over various time scales and, especially, 

the stock market returns are leading industrial production at the longest scales, i.e., for 

the periods of 16 months and longer. This result suggests that investors with longer 

term horizons are likely to be connected to macroeconomic fundamentals in their 

investment. 

In sum, this section gives a comprehensive review of the literature on the interaction 
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between stock return, monetary policy, inflation and industrial production. This topic 

has attracted financial and monetary economists for a long time. But the researchers in 

one field are seldom aware of the studies of other field, from this point of view, it still 

seems like a comprehensive study that bridges the gap in this research area is long 

overdue. The responses of financial markets to the release of economic data are not 

random but instead can be predicted by economic analysis. Strong economic growth 

inevitably increase interest rates, but it has an ambiguous effect on stock price, as 

higher interest rates battle against stronger corporate profits. Higher inflation is bad 

news for stock markets. Central bank easing is very positive for stock markets and has 

historically sparked some of the strongest stock rallies. Although it is fascinating to 

understand and observe the financial markets' reaction, it is a tricky game to invest on 

the basis of these releases, which is best left to speculators who can stomach the short 

term volatility. Most investors will do well to watch from the sidelines and hold the 

long term investment strategies.  

3.10 Summary 

In this chapter, grounded theories that are considered relevant to our study have been 

discussed. We have presented these theories in a logic sequence to facilitate a 

comprehensive understanding of this research field.  

Firstly, we have introduced the modern portfolio theory, which is a theory of 

investment explaining how to maximize portfolio expected return and minimize risk 

by choosing the proportions of various assets.  

Secondly, the efficient market hypothesis that is the basic assumption of many 

financial models was discussed to help us understand better the stock return 

movement behavior and its strong implications for security analysis.  

Thirdly, three asset pricing models (CAPM, Arbitrage Pricing Theory and Fama 

French Model) were presented. These models establish a linkage between the stock 

price and risk premium.  

Then, it was followed by a brief description of risk and volatility. A general 

relationship between the expected returns and their volatilities is expressed in this part 

as well.  

Furthermore, we presented an overall picture of the pharmaceutical industry, the 

major factors leading to strong future sales growth and point out the pharmaceutical 

industry's strong reliance on research and development. 

Finally, we have applied this theoretical framework to the previous literature and this 

chapter ends with a literature review of previous empirical researches on our research 

questions and the hypotheses we are going to construct in this paper.  
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4. Research Method 

This chapter concerns the research method used in our empirical study. We fist state 

the data collection techniques and relevant information. Then we subsequently present 

the choices of sampling, data analysis procedures and explanations of each variable 

in our model. Statistic techniques are introduced and followed by evaluation of the 

research quality of this thesis. 

4.1 Data Collection 

The research objective of this paper is to examine the behavior of stock return 

movements in pharmaceutical industry around the world. Our research questions 

required data of pharmaceutical company‟s stock return, market index stock return, 

emerging markets, developed markets and macroeconomic factors related to 

pharmaceutical industry and time interval starts from January 2008 to December 2010. 

Therefore, we first search statistical information in Thomson Reuters DataStream to 

find pharmaceutical companies listed in their local exchange through 26 countries (or 

areas) including both emerging and developed markets. The detailed search criteria 

for a specified country, for example, the United States, are illustrated in Table 3: 

Table 3 Search Criteria for Population Collection in United States 

Sector Pharmaceutical & Biotechnology 

Market United States 

Currency United States Dollar 

Exchange New York Exchange 

Base date Before 01/01/2005 

Status Active 

Instrument type Equity 

Before reaching the qualified sample, we have to clarify some principles and screen 

the initial data from DataStream accordingly: First, due to the sector classification 

defaulted in the database, we cross-checked the industry group of each sample 

company and manually eliminated the biotechnology companies. Second, considering 

the possibility of more than one exchange in each country (or area), we have chosen 

only the dominant exchange or the exchange which lists most pharmaceutical 

company‟s stocks. For example, the New York Exchange is picked up in the United 

States because we found almost all the local pharmaceutical companies‟ stocks are 

listed on it. Thirdly, we searched companies listed on the exchange at least 5 years but 

only took samples in recent 3 years (2008 ~ 2010). The purpose is to exclude maturity 

variance
1
 of listed pharmaceutical company‟s stock which could influence the stock 

                                                             
1
 Time difference of entering local stock market exists for each pharmaceutical & biotechnology firm, which is the 

maturity variance. To exclude the influence of relatively new listed stocks, the base date is extended prior to 2005.     
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return to some extent. Fourthly, the active status of the listed pharmaceutical 

companies ensures none sample company will be acquired or merged during the 

research time-series. As aforementioned, acquisition and merging are the frequent 

strategies of pharmaceutical companies to realize expansion or new market entrance. 

Finally, we chose the primary and most relevant stock market index in each country 

(or area) which is similar to the selection of stock exchange. Particularly, the stock 

market index adopted in each country is consistent with the practice of Thomson 

Reuters DataStream that the same market index is used as an appropriate benchmark 

to evaluate a single pharmaceutical stock performance. 

Table 4 Sample Distribution by Region 

 

Consequently we had an initial population of 394 pharmaceutical companies listed on 

their local exchange crossing 26 countries. Considering our time constraint, we finally 

limited our sample size to 130 crossing 23 countries (or areas) with a fraction of 1:3 

from the population by stratified sampling method. Bryman & Cramer (2005, p.125) 

argued “stratified sampling is commonly used by social scientists because it can lend 

an extra ingredient of precision to a simple random or systematic sample.” In addition, 

three countries are eliminated because less than 3 pharmaceutical companies are listed 

in the local exchange. And as a consequence, the standard deviation calculation 

cannot be done on these markets with 1 or 2 firms. Table 4 presents the distribution of 

sample pharmaceutical companies and relevant stock market indices by region. The 
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total market value of sample companies are computed by applying the intraday MSCI 

foreign exchange rates to U.S. Dollar on data searching date.  

Through Thomson Reuters DataStream, we have gathered weekly and monthly 

time-series of adjusted stock price (adjustment for capital events, i.e., dividends) for 

130 companies from December 2007 to December 2010 by searching in data category 

of “Equity”. We have included price data in December 2007 in order to calculate the 

return data in January 2008 with the holding period return measurement. When using 

weekly and monthly intervals, price data are taken at the end of a week or month. The 

name of the sample companies is listed in Appendix 1. The weekly (monthly) 

time-series of respective stock market index price are acquired by searching in data 

category of “Equity Indices”. Since the weekly (monthly) stock return and stock 

market index return are unavailable in DataStream, we computed them with the help 

of Microsoft Excel. Other macroeconomic time-series data i.e., industrial production 

and money supply, are obtained from DataStream as well. However, information, for 

instance, values of consumer price index for Taiwan and Hungary cannot be found in 

DataStream, will be obtained from respective government administrative records and 

national institutions. As defaulted, values of industrial production for Switzerland, 

Australia and Hong Kong are reported in quarterly frequency in local government 

administrative records. Therefore, we have to eliminate these markets when analyze 

the sensitivity of pharmaceutical stock returns to time-varying changes in industrial 

production in latter chapter.  

4.2 Choice of Sampling 

Before further explaining the variables measured in this paper, we would first clarify 

the choice of sampling to understand the sample companies, data frequency, sample 

period and regional spread.  

 Most pharmaceutical companies selected in this paper have relatively large 

capitalization. When applying the stratified sampling method in each stratum, we 

sorted the pharmaceutical companies in descending order by their market 

capitalization and select the fist 1/3 largest-caps as our research sample units. In 

business studies, large capitalized companies are used as research objects because 

these companies are likely to assemble various business issues and are more 

typical in a specified industry. Further, we could lower the liquidity premium 

effect on stock returns through locking only the large-cap stocks. As Chen et al 

(2010, p.13) assert that “the liquidity effect is the strongest among micro-cap 

stocks and then declines from micro-to-small to mid- and to large-cap stocks”. 

This enables us more focus on our research objectives. On the other hand, 

investors are commonly interested in the large cap stocks because the returns of 

these stocks are relatively stable and superior. In addition, the active status of the 

selected companies eliminates the probability of being acquired and merged 

during the research time horizon.  
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 Both low frequency (monthly) and high frequency (weekly) data are used in this 

paper. The research objective of this paper is to assess the pharmaceutical stock 

return movement behavior around the world. With respect to different data 

frequencies, discrimination of pharmaceutical stock return behavior can be 

achieved. This also facilitates implications for the accuracy of predictions of the 

stock returns over research horizon as the volatility in stock return and its 

asymmetry rely on the frequency of stock return data (Arora et al. 2009, p. 3). 

Further, high frequency data (daily or weekly) is acknowledged superior in 

describing such a dynamic pattern. But to avoid possible noises caused by daily 

data, we have chosen weekly data in this paper to examine the behavior of 

pharmaceutical stock return movements around the world. On the other hand, 

concerning the nature of some economic data, only low frequency (monthly, 

quarterly and annual) data are available for the sample countries or areas. In order 

to investigate the impacts on pharmaceutical stock return behavior by 

macroeconomic variables, we have taken monthly data as well. Moreover, we use 

holding period returns where returns are calculated at moving weekly and 

monthly intervals. Although an easier way is to take rate of return directly at the 

end of a week or month, this results in a very small number of observations. To 

acquire sufficiently large observations, we have taken the former approach in 

computing the pharmaceutical stock returns. 

 We will take a 3-year sample period from January 2008 to December 2010. The 

first reason is that this time series captures a complete wave in pharmaceutical 

stock return movement (peak - bottom). The extreme movement is likely to reveal 

more intrinsic information which drives the pharmaceutical stock return. The 

second reason is that the time interval covers the main stage of 2008 financial 

crisis as well. The damage of financial crisis rapidly spread over the global stock 

markets. However, during such hard time, pharmaceutical stock outperforms the 

overall stock market index (see Figure 1). It gives us the opportunity to identify 

any particular behavior in pharmaceutical stock return movement during a special 

time period and hence motivates the examination of how macroeconomic factors 

impact pharmaceutical stock return.  

 In this paper, a wide range of stock markets will be investigated to identify the 

behavior of pharmaceutical stock return movement in terms of different regional 

stock markets and macroeconomic variances. Sample markets are divided into 

developed markets and emerging markets according to the classification of FTSE 

Group, MSCI Barra and Russell Investments (see appendix 2). It happened that 

South Korea was classified as developed market according to FTSE Group. But 

given the assignments of MSCI Barra and Russell Investments, South Korea was 

in emerging markets. Therefore, we have adopted the rules of majority and 

designated South Korea as an emerging market in our study. As a consequence, 

we have fourteen developed markets range from America, Europe, Asia and 

Oceania. Whereas the nine emerging markets are most located in Asia, 
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incorporated with one in Africa and two in Europe. The coverage of these stock 

markets provides a worldwide geographic sample base for our research which in 

turn meets our research objectives. Besides, the method of using these two groups 

of markets is frequently accepted by contemporary researchers to make various 

comparisons.  

4.3 Analysis Procedures 

In this paper, we attempt to apply the time series analysis because it enables us to 

understand the behavior of pharmaceutical stock return movements from January 

2008 to December 2010 based on the historical data obtained over that series. Further 

according to Bryman & Cramer (2005, p.231), “it should become apparent that 

regression is a powerful tool for summarizing the nature of the relationship between 

variables and for making predictions of likely values of the dependent variable.” 

Therefore, a classical time series model to describe the quantitative relationship 

between two variables is the linear regression model given by 

Rit = α0 +α1Rmt + εit                                                    (1) 

In which the return on individual pharmaceutical stock depends solely on the return 

on overall stock market index. In reality, the stock return may be swing due to 

changes in economic conditions. The simple linear regression model works well under 

assumptions that other conditions are independent, constant over the time series and 

normally distributed. Our study will apply Equation (1) to test the first hypothesis 

which is: 

Hypothesis 1: There is a significant relationship between pharmaceutical stock return 

movements and overall stock market index return movements. 

After examining the relationship between single pharmaceutical stock return 

movements and overall stock market index return movements, we turn to investigate 

the pharmaceutical stock return volatility patterns in different groups of markets, 

namely developed and emerging markets. David (2004, p.102) stated that returns on 

stocks are random and very different from one year to another, but the statistical 

properties of the returns will be same. This is known as time-invariant behavior. 

“Stock prices themselves do not appear stationary, but the changes in these time series 

do appear stationary and can be modeled as stationary processes” (David 2004, 

p.102).  

For this reason, we will apply the Autocorrelation Function. Autocorrelation measures 

the persistence or predictability in stock returns based on past values which is 

probably driven by market imperfections. The autocorrelation function can be denoted 

as following:  
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                              (2) 

Our purpose is to find out whether or not the present returns on single pharmaceutical 

stock can be predicated or independent from the past values. We will further compare 

the results in different markets. Equation (2) will be employed to test the following 

hypothesis:  

Hypothesis 2: The returns on a pharmaceutical stock are dependent from its past 

values. 

The testing result could enable rational investors to predict or respond to the returns 

on single pharmaceutical stock, and in turn make appropriate international portfolio 

diversification.  

The final objective of this study is to find out the impacts of local macroeconomic 

factors on pharmaceutical stock returns. Similar linear regression model as Equation 

(1) will be employed to test each hypothesis. But the market index return Rmt in 

Equation (1) will be replaced by one macroeconomic variable at a time as following: 

Hypothesis 3:  There is a significant relationship between pharmaceutical stock 

return movements and industrial production growth. 

Hypothesis 4:  There is a significant relationship between pharmaceutical stock 

return movements and money supply growth. 

Hypothesis 5:   There is a significant relationship between pharmaceutical stock 

return movements and consumer price index movements. 

4.4 Selection of Variables 

The empirical analysis in this paper is threefold: Fist step is to examine the 

relationship between individual pharmaceutical stock return movements and overall 

stock market index movements. More precisely, we attempt to estimate the beta 

coefficient of individual pharmaceutical stock in relation to the respective stock 

market index movements. The co-movements of individual pharmaceutical stock with 

overall market index can be estimated by using historical data and applying the 

following Equation:  

Rit = α0 +α1 Rmt + εit                                                        (1) 

Where, 

Rit  =  the rate of return on the i
th 

pharmaceutical company‟s common stock. Rit is 

Pi, t  

Pi, t-1 
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calculated as: Rit = ln (        ), Pi, t = i stock price at time t, ln is the 

natural logarithm 

Rmt  =  the rate of return on the overall market index at time t. Rmt is calculated as: 

Rmt = ln (       ), Pmt = m stock market index price at time t, ln is the 

natural logarithm 

α0   =  the vertical intercept 

α1   =  the beta coefficient of i
th 

pharmaceutical company‟s stock return to overall 

market index return 

εit   =  stochastic disturbance term 

In Equation (1), the weekly returns are logarithmic returns for a holding period of one 

week (five trading days). As Arora et al. (2009, p. 5) argued: “the log returns 

represent continuously compounded returns and have more tractable statistical 

properties. Although the log returns underestimate the simple returns, the difference 

between simple and log returns is not significant over small time intervals such as a 

day or a week”.  

Moreover, α0 and α1 are parameters of respective pharmaceutical stock. α1 represents 

the systematic risk and measures the return movements of pharmaceutical stock i in 

response to the return movements of the overall market index, which can be 

eliminated through diversification. α0 + εi represent the unsystematic risk and cannot 

be eliminated through diversification. 

The second analysis is to investigate the autocorrelation of returns on single 

pharmaceutical stock in both developed and emerging markets. The autocorrelation 

coefficient between present stock return value and past stock return value is tested by 

using Ljung-box test given as: 

                               (2) 

Where, 

Pmt  

Pm, t-1 
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ρh   =   the autocorrelation coefficient of the order h 

Rit   =   the rate of return on the i
th 

pharmaceutical company‟s common stock 

Ri t-h  =  h-week or month lagged rate of return on the i
th 

pharmaceutical company‟s 

stock 

h    =   the number of lags, takes value from 1 to 4  

It is worth mentioning, the range of values of the autocorrelation coefficient ρh is 

between -1 and 1. 1 and -1 corresponds to completely correlated, and 0 to completely 

uncorrelated data. When the coefficient is less than 0, there is negative autocorrelation. 

Otherwise, the coefficient which is higher than 0, indicates a positive autocorrelation. 

The closer the absolute value of the coefficient gets to 1, the stronger the 

autocorrelation exits.  

The third analysis in this paper is to find out the relationship between macroeconomic 

factors and individual pharmaceutical stock return movements. Four macroeconomic 

factors, namely the growth in industrial production IP and money supply M2, and 

changes of consumer price index CPI are selected regarding the primary indicators in 

economy. We will use the linear regression models to test the relationship between 

each factor and individual pharmaceutical stock return movements as following:  

Rit =δ0, 1 + δ1i ·IP+ μ1        (3a) 

Rit = δ0, 2 + δ2i ·M2+ μ2      (3b) 

Rit = δ0, 3 + δ3i ·CPI+ μ3    (3c) 

Where, 

Rit  =  the rate of return on the i
th 

pharmaceutical company‟s common stock  

IP  =  the growth rate of industrial production  

M2  =  the growth rate of money supply M2 

CPI  =  the changes in consumer price index  

δ0, 1·δ0, 2·δ0, 3  =  the constant variable in each model 

δ1i·δ2i·δ3i     =  the coefficient of each factor 

μ1·μ2·μ3         =  stochastic disturbance term 
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4.5 Statistic Techniques 

SPSS program is the principal statistic tool applied in this paper to process the 

time-series regression models (1), (2) and (3). We aim to test whether the dependent 

variable and its respective independent variable in the regression models are 

significantly related, and the direction and strength of their relationship. In short, we 

will estimate whether the regression coefficient is significantly different from zero. 

For Equation (1) and (3), the common and basic method to calculate the regression 

coefficient (or the slope) is the Ordinary Least Squares (OLS). OLS estimates the 

slope by minimizing the sum of squared error terms, which are the variances in 

dependent variable that cannot be explained by the regression equation. The output of 

OLS generated from SPSS combines the possibilities (or p-values) with significance 

levels for the constant and the regression coefficient respectively. By comparing the 

p-value and its significance level, we are allowed to conclude if a „statistically 

significant‟ relationship exists between the dependent variable and the independent 

variable in our regression model. 

In the meantime, we are also given some extra information from the output, i.e., R 

Square and Adjusted R Square. The coefficient of determination R Square (R
2
) and 

adjusted R Square (adjusted R
2
) indicate how well the model implied by the 

regression equation fits the data. The R
2
 measures the proportion of the variation in 

dependent variable explained by its independent variable (Bryman & Cramer, 2005, 

p.238). The closer R
2 

is to 1, the better the model in predicting the value of dependent 

variable. Although the R
2 

is sensitive to the number of independent variables, it fails 

to account for them. Instead the adjusted R
2 

reflects the contribution of new variables 

through its value. Therefore, we will rely on the adjusted R
2 

to measure how well the 

regression model in our analysis fits the sample data. 

For Equation (2), the significance of the autocorrelation coefficient is tested by using 

Ljung – Box test given as Q = n (n+2)   ρh
2
 / (n-h)]. The Ljung-Box test is to find 

out if any group of observations of a time series exhibit non-zero autocorrelations. In 

other word, it tests the overall randomness based on a number of lags. 

4.6 Reliability 

Saunders et al, (2009, p.156) defined reliability as: the extent to which the research 

findings remain the same over time through data collection techniques or analysis 

procedures. The research instrument is considered to be reliable if the research 

findings can be replicated under a similar methodology (Joppe, 2000, p.1 quoted by 

Nahid, 2003, p.2). In terms of quantitative research, Nahid (2003, p.2) introduced 

three types of reliability in relation to: the degree to which a measurement, given 

repeatedly, is consistent; the stability of a measurement over time; and the similarity 

of measurements within a given time period. In addition, four threats to reliability 



 

57 
 

must be taken into consideration: subject or participant error, subject or participant 

bias, observer error, and observer bias (Saunders et al, 2009, p.156-157). Generally, 

the reliability in quantitative research can be assessed by posting the following three 

questions (Easterby-Smith et al. 2008:109 quoted by Saunders et al, 2009, p.156): 

 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 raw data? 

Our research is reliable because the results produced in the undertaken study are 

consistent with prior studies which focus on the systematic risk by testing the CAPM, 

or studies that concern the autocorrelation patterns in pharmaceutical stock returns in 

emerging and developed markets. The quantitative data are collected from the 

authoritative Thomson Reuter DataStream and government administrative records. 

Time-series regression models and SPSS program are employed to analyze the data. 

Therefore, we are confident of the reliability of our data collection techniques and 

data analysis procedures. And we believe that the measures will yield the same results 

by analyze the same raw data over the same time horizon. Further, other observers 

will reach the similar observations since our data collection techniques and analysis 

procedures are unbiased and scientific. The conclusions developed from the raw data 

are transparent and logical as well. 

4.7 Validity 

Validity determines whether the research findings are faithful to what they appear to 

be about (Saunders et al, 2009, p.157). In other word, does the research instrument 

enable you to hit “the bull‟s eye” of your research object (Nahid, 2003, p.3)? In 

Saunders et al (2009, p.157), the threats to validity consist of history, testing, 

instrumentation, mortality, maturation and ambiguity about causal direction. We 

hereby examine the validity of our study from four aspects: 

Measurement validity refers to how well a measurement fits to denote the concept. 

Regarding the research objectives, the dependent variable is the individual 

pharmaceutical stock return, and the independent variables are the overall market 

index return, the one-month (week) lagged pharmaceutical stock return, and the 

respective macroeconomic factors. In order to examine the relationship between the 

pairs of variables, we employed the time-series regression models and SPSS program 

to compute and test the Beta coefficients in CAPM, the coefficients in autocorrelation 

analysis and the coefficients related to each macroeconomic factor respectively. These 

results do reflect the relationship between the pairs of variables and in turn answer our 

research questions. Thus, measurement validity is satisfied in this paper. 

Internal validity concerns how rigid a conclusion of causal relationship is developed 

in the research. Based on prior literatures and empirical analysis, we believe that there 
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is a causal relationship between individual pharmaceutical stock returns of the sample 

companies and other explanatory variables in the time series. Hence, the undertaken 

study meets the internal validity. 

External validity focuses on the generalization of the research conclusions. Most of 

our sampling pharmaceutical companies are relatively large capitalization in their 

local countries. It is obvious that large companies are likely to take more risks and 

their stock return could more volatile. Thus, the conclusions drawn from these 

samples appear to be more comprehensive and could be generalized to relative small 

capitalized companies within pharmaceutical industry. Considering the wide spread of 

countries and number of sampling companies, the conclusions of this paper are 

undoubtedly allowed to be generalized beyond current research settings. 

Ecological validity copes with the practical issue of the research conclusions. The 

research objective in this paper is to depict an overall picture for investors, relevant 

parties and firm managers of stock return behavior in pharmaceutical industry. The 

conclusions would give ideas for practitioners of portfolio diversification with 

pharmaceutical stocks. That is, practitioners could make use of our conclusions to 

hedge total portfolio risks or increase expected return by introducing pharmaceutical 

stocks into their portfolio. Firm managers could benefit from the conclusions as well, 

especially when the macroeconomic fluctuates.  

In quantitative research, reliability concerns replicability and consistency of research 

findings whereas validity concerns accuracy and faithfulness of research 

measurements. “Reliability and validity are tools of an essentially positivist 

epistemology” (Watling, cited in Nahid, 2003, p.2).  
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5.  Empirical Findings 

This chapter mainly presents the findings of various regression analyses. We 

commence with the descriptive statistics of the dependent variables in models. Then 

relationship between stock return movements and its corresponding market portfolio 

return movements, autocorrelation in stock returns and finally the macroeconomic 

factors are examined in sequence. In each sub-section, hypothesis formulation and 

testing criteria are introduced in advance. The chapter will end up with the summary 

of empirical findings. 

5.1 Descriptive Statistics 

Before we start the empirical testing, it is worth mentioning that statistics and tables 

adopted in this chapter are listed in appendices so that the presentation of our findings 

can be structured in a much logical and orderly way. 

The basic statistics for monthly stock returns of sampling pharmaceutical companies 

are reported in Appendix 3. It records the minimum and maximum monthly stock 

return values, monthly mean return, standard deviation, skewness and kurtosis for 

developed and emerging markets respectively for the entire study period.  

Most pharmaceutical companies in developed markets have reported positive monthly 

mean returns whereas negative mean returns are clustering in United States, 

Switzerland, Japan and Canada. OBJ in Australia has recorded the highest monthly 

mean return of 6.49% and IDT AUSTRALIA has the lowest mean return of -3.64% 

during the study period. Pharmaceutical companies listed on Hong Kong market 

experience relatively high average stock returns under the monthly frequency. In 

contrast, all sampled companies in United States and Switzerland report negative 

mean returns. United Kingdom, Canada, Australia Sweden and Hong Kong show 

higher pharmaceutical stock return volatility than other markets. OBJ, INTLP. 

INTERNATIONAL and SOLAGRAN account for the highest standard deviation of 

58.71%, 34.90% and 32.28% respectively. Values of skewness exhibit significantly 

high for pharmaceutical companies listed on United Kingdom, Canadian and 

Australian stock market. These indicate heavy tails of return distributions under 

monthly measurement. The majority of pharmaceutical companies in developed 

markets have high values of kurtosis which implies that volatility is due to infrequent 

large fluctuations than modestly sized continuous fluctuations.  

For emerging markets, the monthly mean stock returns are satisfactory except some 

pharmaceutical companies in South Korea and India. Six out of thirteen South Korean 

companies record negative mean returns, among which HANMI HOLDINGS has the 
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lowest average stock return of -2.31%. STERLING BIOTECH in Indian stock market 

report mean return of -0.79% during the study period. Pharmaceutical companies 

listed on Chinese stock market tend to be the most dynamic. GUANGXI WUZHOU 

ZHONGHENG, S&P PHARMACEUTICAL and ZHEJIANG MEDICINE contribute 

22.98%, 20.38% and 20.08% to standard deviations in Chinese market respectively. 

Contrary to those in developed markets, values of skewness for all pharmaceutical 

companies in emerging markets show relative short tails in stock return distributions. 

Values of kurtosis are high for South Korean, Indian, Malaysian and Taiwan 

pharmaceutical companies which suggest that the stock return distributions are rather 

clustered in the centre with long thin tails. 

A close look at the monthly mean return and volatility of pharmaceutical stocks in 

developed and emerging markets reveals that firms in emerging markets have shown 

relatively high and stable returns in comparison with those in developed markets 

during the study period. By comparing the overall return distribution asymmetries 

between firms in developed and emerging markets indicates that, firms in developed 

markets have more asymmetries than those in emerging markets as measured by 

skewness and kurtosis.  

Appendix 4 presents the weekly stock return statistics with same assessments for 

sampling pharmaceutical companies in developed and emerging markets respectively 

for the entire study period. 

However, over half pharmaceutical companies in developed markets show negative 

weekly mean stock returns which is opposite to stock returns under monthly 

measurement. ALLIANCE PHARMA in United Kingdom reports the highest average 

stock return of 1.02%, followed by DAWNRAYS PHARM with 1.01% in Hong Kong 

market. Canada, Australia and Hong Kong still show relative high pharmaceutical 

stock return volatility which is consistent with findings of monthly data. Most 

negative values of skewness of return distributions indicate a clustering of scores at 

right hand. But values of kurtosis are extremely high for weekly stock return data for 

all sampling pharmaceutical companies which indicate significantly peaked return 

distribution.  

The weekly pharmaceutical stock returns in emerging markets show similar patterns 

as those measured under low frequency data. ILYANG PHARM in South Korea 

captures the highest standard deviation of 10.05% during the study period. Values of 

skewness of are most negative and values of kurtosis remain high as well. Only 

CHINA NATIONAL MEDICINES experiences a negative kurtosis which suggests a 

relatively flat return distribution. 

The comparison of weekly pharmaceutical stock returns in developed and emerging 

markets indicates that mean returns for emerging markets are higher but more stable 
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than those for developed markets. Nevertheless, the values of skewness and kurtosis 

of weekly return distributions are similar in both markets. 

To sum up, barring a few exceptions, the mean returns of pharmaceutical stocks are 

higher and less volatile for emerging markets than those for developed markets under 

both measures of frequency of pharmaceutical stock return. Values of skewness of 

pharmaceutical stock return distributions suggest heavy tails under both monthly and 

weekly measures. Values of kurtosis are extremely high for weekly return data which 

indicates that big shock are more likely to be present (Arora et al. 2009, p. 7).  

5.2 Pharmaceutical Stock Return Vs. Market Index Return 

5.2.1 Domination or Not 

Before we start to conduct the hypothesis test for our first research question (H1), one 

problem comes up: whether or not the overall index as a benchmark is dominated by 

pharmaceutical stocks as constituents? Generally an index can be weighted to reflect 

the market capitalization of its components. Unless a certain selected industrial index, 

for instance, S&P Building and Construction select Industry Index which only 

contains stocks from building and construction firms, usually none sector would 

weight over 50%.   Hence, the problem here can be interpreted like this: if the 

weight of total capitalization of the pharmaceutical sector stocks is more than 50%, 

the pharmaceutical sector dominates the overall stock market index. Or to be more 

rigorous, we predefine that if the pharmaceutical sector reports the highest percentage, 

then the pharmaceutical sector dominates the overall market index. That is, the overall 

stock index return movements are heavily influence or decided by the pharmaceutical 

stock return movements. Then the testing of H1 is invalid or biased.  

To investigate the weight of pharmaceutical industry in the overall stock market index, 

we will visit the official website of stock exchanges and obtain relevant information. 

Considering the degree of information declaration and time constraint, it is difficult to 

acquire the required statistics in all the sampling markets. Therefore we could only 

take some giant markets to examine if pharmaceutical sector dominates the overall 

stock market index or not. Further, due to the Industry Classification Benchmark (ICB) 

which is proprietary to FTSE international Limited and Dow Jones & Company, Inc., 

pharmaceuticals & biotechnology plus health care equipment & service are two sub 

sectors of health care industry. It is hard to collect separate data of pharmaceutical 

sector from other sectors under health care industry solely from the website of 

different stock exchanges. Thus we take health care industry as a whole to examine its 

rough weight in the overall stock market index. If the rough weight of health care 

industry is low, we can conclude that the pharmaceutical sector is not dominated in 

the stock market. Hence, the testing for H1 is feasible and its result is unbiased.  
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Here we illustrate the stock market index in United States, Japan, India and South 

Korea to examine the weight of pharmaceutical sector stocks. (These stock market 

indices can be found in Table 4 sample distribution by region.)  

As announced on S&P 500 Composite website December 2010, the total adjusted 

market capitalization is $10,615.52 billion while the health care industry is $ 1,265.85 

billion. Figure 7 shows the weight of each sector in S&P 500 Composite. Clearly, 

health care industry does not dominate the overall stock market index. Hence, the 

pharmaceutical stock return movements do not decide the overall stock index return 

movements. 

 

Figure 7 Sector Breakdown of S&P 500 Composite, as of December 2010 

Source:S&P 500 Composite website 

For TOPIX in Tokyo stock market, the total adjusted market capitalization in 

December 2010 is $ 2,296.87 billion (JPY 193,294.57 billion, rate 1$ = 84.1555 JPY). 

TOPIX happened to specify the market capitalization of pharmaceutical sector which 

is 4.14% ($95.101 billion, JPY 8,003.33 billion) of TOPIX market cap. Such relative 

low percentage demonstrates that the TOPIX return movements do not influenced 

heavily by pharmaceutical stock return movements. 

The India BSE (100) National reported $4,409,216.67 total market capitalization in 

2010 and health care recorded 5.36%, $236,498.57 market cap. Obviously, the 

pharmaceutical sector would contribute a rather lower percentage of 5.36 to the 

overall market index which is consistent with the conclusions from other markets. 
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In South Korean stock market, the total market capitalization is $ 99.45 billion (KRW 

114,413.75 billion, rate 1$ = 1,150.42 KRW) while the total capitalization of 

Manufactory of medicaments and Manufactory of medicinal chemicals, antibiotics 

and biological products adds up to $ 1.19 billion (KRW 1,374.21 billion), a 

percentage of 1.2%, not surprising.  

Concerning our findings, we conclude that pharmaceutical stocks do not dominate the 

overall stock market index. Hence, the pharmaceutical stock return movements do not 

influence heavily or decide the overall stock market index return movements. Based 

on this conclusion, we are able to conduct the empirical testing for H1 in our paper. 

5.2.2 Hypotheses Testing 

Recalling the first research question “Is there any relationship between 

pharmaceutical stock return movements and overall stock index return movements”, 

we have thereby formulated our hypothesis as following: 

Null Hypothesis (H0):         There is no relationship between pharmaceutical 

stock return movements and overall stock market 

index return movements. 

Alternative Hypothesis (H1): There is a significant relationship between 

pharmaceutical stock return movements and 

overall stock market index return movements. 

We do focus on exploring whether the pharmaceutical stock return movements 

respond to the overall market index return movements. That is, to compute the Beta 

coefficients in CAPM by using realized stock return data, rather than specifying the 

cause-and-effect relationship. Further, with SPSS regression function, we could assess 

and compare the strength of relationship by the calculated coefficient for each pair of 

variables. 

In addition, the criteria for hypothesis testing are clarified as following: 

 If the probability (p-value) of coefficient is higher than 0.1, then we will accept 

the null hypothesis and conclude that the coefficient is not statistically significant. 

 If the probability (p-value) of coefficient is 0.1 or lower, then we will reject the 

null hypothesis and accept the alternative hypothesis, which indicates a 

statistically significant relationship between variables.  
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Before calculating the correlations, we will first use scatterplots to depict the possible 

relationship between two variables: single pharmaceutical stock return movements 

and overall market index return movements. The scatterplot is a typical instrument 

which indicates whether the variables are related in a linear or curvilinear fashion; 

whether the variables are positively or negatively related; and the strength of the 

relationship between two variables by diverse distributions of its points. Concerning 

the large number of sampling pharmaceutical stocks, it is too much work to request a 

scattterplot of each sample pharmaceutical stock and its related market index, and is 

not really valuable. Hereby we generated scatterplots for 3 out of 130 pharmaceutical 

stocks with weekly return data and 4 out of 130 pharmaceutical stocks with monthly 

return data. These tested stocks are picked up by assessing the extreme values of 

Mean and Standard Deviation respectively. And it happened that in one case, INTLP. 

INTERNATIONAL showed both the minimum mean and maximum standard 

deviation. Therefore, 7 instead of 8 pharmaceutical stocks have been taken into the 

scatterplots testing as a kind of pilot. We attempt to examine whether or not there is a 

linear relationship between variables of special cases. The results of testing will in 

turn motivate the numeric analysis in the later section for more general cases in the 

population. The criteria for selected pharmaceutical stocks are presented in Table 5 in 

which extreme values for Mean and Standard Deviation under different measures of 

frequency of data are reported as well. 

Table 5 Criteria for Selecting Pharmaceutical Stocks in Scatterplots Test 

 Weekly Monthly 

 Mean Std. Dev Mean Std. Dev 

 Min Max Min Max Min Max Min Max 

INTLP. 

INTERNATIONAL 
-.0163   .1744     

ALLIANCE PHARMA  .0102    .0689   

JOHNSON & JOHNSON   .0273      

IDT     -.0364    

OBJ        .5871 

ASTELLAS PHARMA       .0545  

INTLP. INTERNATIONAL has reported the minimum mean return and maximum 

standard deviation under weekly data. ALLIANCE PHARMA has recorded the 

maximum mean returns under both measures of frequency return data. Therefore, we 

used the scatterplots to explore the possible relationship between single 

pharmaceutical stock return movements and overall index return movements of these 

six extreme cases under different data frequency respectively.  

As shown in Figure 8 and Figure 9, we set the single pharmaceutical stock returns as 

vertical axis and the overall market index returns as horizontal axis. And all numeric 

are expressed in percentage forms. Under measure of weekly data of Figure 5.1, only 

JOHNSON & JONHSON exhibits a definite positive correlation in which the points 
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from a line pointing upwards to the right. The scatterplot of JOHNSON & JONHSON 

also indicates a strong relationship between the two variables just as Julie (2007, p.72) 

depicted “for a strong relationship, the points will form a vague cigar shape, with a 

definite clumping of scores around an imaginary straight line.” In comparison, we 

could not observe such an obvious “imaginary straight line” in the scatterplots for 

INTLP INTERNATIONAL and ALLIANCE PHARMA. But these two scatterplots 

still provides information of the strong relationship between two variables because the 

points are clustering at one place instead of disperse all around. However, in Figure 

5.2, the relationship between changes of monthly pharmaceutical stock returns and 

overall market index returns are much more intuitive. The scatterplots for the three 

cases all present right-upwards lines with different levels of strength. Due to various 

results of the scatterplots for extreme cases, we will attempt to test our first hypothesis 

case by case in the following subsection in order to examine the relationship between 

single pharmaceutical stock return movements and overall market index return 

movements more accurately, with SPSS linear regression function. 

5.2.3 Regression Analysis 

The regression results of 130 sampled pharmaceutical firm‟s stocks are listed by 

different markets in Appendix 5. In general, most of the signs of coefficients are 

consistent between each pair of variables which indicates that single pharmaceutical 

stock return movements are positively related to the overall market index return 

movements under different measures of data frequency. 

Now we will examine the relationship case by case and start from developed markets 

to emerging markets. In United States, the coefficient between single stock return 

movements and overall market index return are strong and statistically significant at 

1% level under both measures of data frequency. By contrast the constants are 

insignificant at all confidence level. In comparison of monthly and weekly returns, 

coefficients are reported larger under low frequency data respectively than high 

frequency data, which suggests monthly return movements of single pharmaceutical 

stock show more volatilities than weekly data do. For JOHNSON & JOHNSON, the 

beta coefficient is much below the average market risk under both frequencies of data. 

Both coefficients are found to be statistically significant at 1% level. The R
2
 is 

reported 0.723 under monthly data, which indicates that about 72% of the variation in 

its return can be explained by the market index returns. In contrast, the market index 

returns explained 47.7% of the variation in its stock returns by using weekly data. The 

beta coefficients of PFIZER imply slightly below average market sensitivity and risk 

in the market portfolio. For MERCK, its stocks are found to be not that risky as 

market portfolio appears and the intercept terms are both negative under monthly or 

weekly data. The ABBOTT‟s stocks are quite defensive and only around 20% in its 

return variation is explained by the market index returns. 
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Figure 8 Relationship Between Weekly Pharmaceutical Stock Return and Overall Market Index Return 

   

Figure 9 Relationship Between Monthly Pharmaceutical Stock Return and Overall Market Index Return
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As all beta coefficients are significant at 1% level, we reject the null hypothesis and 

accept the alternative hypothesis concerning the sampled pharmaceutical stocks listed 

on United States stock market. 

In case of United Kingdom, although the beta coefficient of GW is not statistically 

significant by using monthly data, it is reported1.077 under weekly data which is 

statistically significant at 1% level. For ECO ANIMAL, its beta coefficients are not 

statistically significant at all level under both measures of data frequency. But it 

reports both negative adjusted R
2 

at very low percent. The beta coefficients of 

GLAXOSMITHKLINE indicate that its stocks are of defensive character and the 

intercept terms tend to be around zero which suggests the unsystematic risk is 

extremely low. The beta coefficient of ASTRAZENECA is far below the average 

market risk when measured by monthly data. It appears to be riskier under weekly 

return data measurement. However, SHIRE‟s beta coefficients are in the opposite. 

The measure of monthly data indicates more volatile than that of weekly data for 

SHIRE stocks. DECHRA records 0.214 and 0.163 of beta coefficients under monthly 

and weekly data frequency respectively, which are both statistically significant at 10% 

level. Moreover, the market index returns contributes extremely low percent in 

DECHRA‟s stock variation. The beta coefficient of VECTURA is found to be three 

times by using monthly data than that measured by weekly data, but both are less 

volatile than average market portfolio. CATHAY‟s stocks tend to be riskier than 

average market portfolio but statistically significant at 5% level under low frequency 

data. However, when measured by high frequency data, the beta coefficient is found 

to be far below the average market risk and becomes statistically insignificant at any 

level. The beta coefficient of OXFORD under weekly data measurement is 

statistically significant at 10% level. ALLIANCE records insignificant beta 

coefficients under both measures of data frequency. SINCLAIR‟s stocks move with 

almost the same rate as the market by using monthly data but its stocks appear to be 

far more defensive by using weekly data. As the beta coefficients of ECO ANIMAL 

and ALLIANCE under both measures of data frequency are not significant at any 

level, we accept the null hypothesis under this circumstance. Further, the beta 

coefficients of GW, VECTURA and OXFORD are insignificant under measure of 

monthly data, and CATHAY‟s beta coefficient is insignificant under measure of 

weekly data, we accept the null hypothesis concerning these circumstances. For the 

rest pharmaceutical stocks, we reject the null hypothesis and accept the alternative 

one. 

In Switzerland, for NOVARTIS, the beta coefficients are slightly below the average 

market sensitivity and risk in market portfolio and above 50% of the variation in its 

stock returns can be explained by market index returns. The beta coefficients of 

ROCHE are almost equal under both measures of data frequency, which displays a 

defensive character. As all beta coefficients are significant, we reject the null 

hypothesis and accept the alternative hypothesis.  
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The stocks of SANOFI-AVENTIS tend to be more volatile under measure of weekly 

data than that of monthly data. VIRBAC‟s beta coefficient assessed by monthly data is 

over two times than that by weekly data. The intercept item under monthly assessment 

suggests the unsystematic risk is 0.025. In other word, the VIRBAC‟s shares, on 

average, produce about 0.025% more rate of return than market. As all beta 

coefficients are significant, we reject the null hypothesis and accept the alternative 

hypothesis. 

In Germany, ANDREAE reports its beta coefficients far below the average market 

sensitivity and risk in market portfolio. As all beta coefficients are significant, we 

reject the null hypothesis and accept the alternative hypothesis. 

In Japan, under low frequency data measurement, the beta coefficients of TAKEDA, 

ASTELLAS, DAIICHI EISAI CHUGAI, SHIONOGI, ONO PHARM, SUZUKEN 

and TAISHO are all below average market risk and statistically significant at 1% level. 

The stocks of HISAMITSU and SANTEN are defensive and statistically significant at 

5% level. MITSUBISHI, DAINIPPON and TSUMURA‟s beta coefficients are found 

to be low degree of riskiness, meanwhile they are statistically significant at 10% level. 

However, the stocks of KYOWA move with the market. On the other hand, under 

weekly data assessment, only KYOWA‟s stocks are found to be as risky as the market 

portfolio. Others stocks are all reported of defensive characters, with statistically 

significant at 1% level. As all beta coefficients are significant, we reject the null 

hypothesis and accept the alternative hypothesis. 

In case of Canada, when measured by monthly data, the beta coefficients of 

VALEANT, CARDIOME, NUVO, AFEXA and INTLP reveal no significant relation 

between the rate of return on the stock of above each pharmaceutical company and its 

corresponding market rate of return. The stocks of PALADIN tend to be much 

defensive and could generate about 0.033% more rate of return than average market. 

As the beta coefficients are 1.505 and 1.538 for PATHEON and TRANSITION 

respectively, they imply high stock return volatility. On the contrary, by using the 

weekly return data, the stocks of PATHEON, CARDIOME, NUVO and INTLP tend 

to be more volatile than average market portfolios. VALEANT and AFEXA report less 

degree of riskiness of their stocks. The beta coefficient of PALADIN is far below 

average market sensitivity and risk in market portfolio and the unsystematic is about 

0.007. However, TRANSITION‟s beta coefficient reflects no significant relationship 

between its stock return movements and its related market index return movements. It 

is obvious that pharmaceutical stocks in Canadian markets are generally more volatile 

than in other developed markets so far. The beta coefficients of VALEANT, 

CARDIOME, NUVO, AFEXA and INTLP are insignificant under measure of 

monthly data, and that of TRANSITION is insignificant under measure of weekly 

data, we accept null hypothesis concerning these two circumstances. For the rest 

pharmaceutical stocks, we reject the null hypothesis and accept the alternative one. 

In Australian market, the stocks of OBJ, MEDICAL and IMMURON are found no 
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significant relationship between each firm‟s stock return and the average market index 

return under measure of monthly data. The stocks of ACRUX, PHARMAXIS, 

STARPHARMA, BIOTA and SOLAGRAN are found to be pretty high degree of 

volatility, or in other word, they are of aggressive characters. While CSL, ASCENT 

and CLINUVEL‟s beta coefficients tend to be statistically significant at 5% but 

slightly below average sensitivity and risk in market portfolio. IDT‟s stocks are less 

volatile than market index return. Under measure of weekly data, the stocks of CSL, 

STARPHARMA and IDT are of defensive characters. The stocks of ACRUX, 

PHARMAXIS, BIOTA and SOLAGRAN move at the same rate as the market. The 

beta coefficients of CLINUBEL and MEDICAL are far below average sensitivity and 

risk in market portfolio, and are found statistically significant at 5% level. ASCENT, 

OBJ and IMMURON report no significant relationship between stock return and 

market index return. As the beta coefficients of OBJ and IMMURON under both 

measures of data frequency are not significant at any level, we accept the null 

hypothesis under this circumstance. Further, the beta coefficients of MEDICAL are 

insignificant under measure of monthly data, and that of ASCENT is insignificant 

under measure of weekly data, we accept null hypothesis concerning these two 

circumstances. For the rest pharmaceutical stocks, we reject the null hypothesis and 

accept the alternative one. 

In case of Sweden, the beta coefficient of MEDA is slightly below the average market 

sensitivity and risk in market portfolio under both measures of data frequency. The 

stocks of DIAMYD are far defensive by using weekly data measurement. As the beta 

coefficient of DIAMYD is insignificant under measure of monthly data, we accept the 

null hypothesis under this circumstance. For the rest pharmaceutical stocks, we reject 

the null hypothesis and accept the alternative one. 

Under weekly data assessment, ORION in Finland and OMEGA in Belgium all tend 

to be less volatile than average market portfolio and their beta coefficients are 

reported statistically significant at 1% level. The stocks of NOVO NORDISK in 

Denmark are of defensive character associated with more rate of return. By contrast, 

the beta coefficient of ORION reflects no significant relationship between its monthly 

stock return and market index return. NOVO NNORDISK‟s beta coefficient is found 

to be statistically significant at 10% level, while OMEGA‟s beta coefficient is 

recorded statistically significant at 5% level under monthly assessments. As the beta 

coefficient of ORION is insignificant under measure of monthly data, we accept the 

null hypothesis under this circumstance. For the rest pharmaceutical stocks, we reject 

the null hypothesis and accept the alternative one. 

In Hong Kong market, the beta coefficient of CHINA SHINEWAY and SINO reflects 

that their stocks move at about same rate with market but associated with more return. 

The stocks of CHINA PHARMACEUTICAL, HUA HAN, ANXIN and WNTEAM 

move with the market. Only DAWNRAYS reports a far low beta coefficient and the 

unsystematic risk of its stocks is 0.049 which indicates that DAWNRAYS‟ stocks 

could earn 0.049% more per month than average market portfolio. By comparing the 
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weekly return data, ANXIN reveals no significant relationship between rate of return 

on its stocks and the rate of return on market index. All other pharmaceutical stocks 

are found of low degree of volatility. As the beta coefficient of ANXIN is insignificant 

under measure of weekly data, we accept the null hypothesis under this circumstance. 

For the rest pharmaceutical stocks, we reject the null hypothesis and accept the 

alternative one. 

Finally, in Singapore, stocks of HAW PAR and LUYE show more volatile under 

monthly assessment than those under weekly measurement. The adjusted R
2
 indicate 

that more percent of variation in stock return are explained by market return under 

monthly data than those under weekly assessment. As p-value of all beta coefficients 

are larger than 0.1, we reject the null hypothesis and accept the alternative hypothesis. 

After analyzing 70 pharmaceutical firm‟s stocks from 14 developed markets, we are 

now moving on to the emerging markets which include China, South Korea, India, 

Malaysia, Taiwan, Indonesia, Hungary, Turkey and South Africa. In China stock 

market, almost half pharmaceutical stocks move about at same rate of market under 

both measures of data frequency. Shares of GUANGXI and WUHAN might generate 

more rate of return per month than those from market portfolio. Other stocks, for 

instance, KANGMEI and ZHEJIANG are less volatile associated with more return 

than market by using low frequency data. However, KANGMEI‟s stocks are found 

same character under weekly data measurement but stocks of ZHEJIANG tend to 

produce no more rate of return than market portfolio. The regression results of 

pharmaceutical stocks in China appear to be quite explainable under both measures of 

data frequency. As p-value of all beta coefficients are larger than 0.1, we reject the 

null hypothesis and accept the alternative hypothesis. 

In case of South Korea, the beta coefficient of HANMI reflects no significant 

relationship between rate of return on its stock and rate of return on market index. 

Stocks of HANALL, ILYANG, JEIL, DAEWOONG and DILDONG move up and 

down at about the same rate of market portfolio. Other pharmaceutical stocks exhibit 

low degree of volatility under measure of monthly data. On the other hand, stock of 

ILYANG is the only exception which shows high degree of volatility. All other stocks 

of pharmaceutical firms are found below average market sensitivity and risk in market 

portfolio under weekly data assessment. As the beta coefficient of HANMI is not 

significant at any level under measure of monthly data, we accept the null hypothesis 

under this circumstance. For the rest pharmaceutical stocks, we reject the null 

hypothesis and accept the alternative one. 

In Indian market, the beta coefficients of GLAXOSMITHKLINE and STERLING 

reveal no significant relationship between each stock return and its market index 

return by using monthly data measurement. The stock characters of RANBAXY, 

AUTOBINDO, WOCKHARDT and STRIDES tend to be more aggressive than 

average market portfolio. Stocks of LUPIN, CADILA, TORRENT and IPCA are 

found less volatile but might earn more rate of return than market under both 
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measures of data frequency. In contrast, stocks of GLAXOSMITHKLINE show less 

risky associated with more rate of return while stocks of STRIDES remain volatile by 

using weekly data. Other pharmaceutical stocks listed on Indian stock market are 

found to be defensive at different extent. As the beta coefficients of 

GLAXOSMITHKLINE and STERLING are not significant at any level under 

measure of monthly data, we accept the null hypothesis under this circumstance. For 

the rest pharmaceutical stocks, we reject the null hypothesis and accept the alternative 

one. 

In Malaysia, the beta coefficient of PHARMANIAGA indicates that the rate of return 

on its stock is far below the average market sensitivity and risk in market portfolio 

under both measures of data frequency. And the variation in PHARMANIAGA‟s stock 

return is not quite explained by return on market portfolio. As p-value of all beta 

coefficients are larger than 0.1, we reject the null hypothesis and accept the alternative 

hypothesis 

In Taiwan, YUNG SHIN‟s beta coefficient imply less volatility in stock return while 

stocks of CHINA CHEMICAL appear to be more volatile than market portfolio under 

both measures of data frequency. As p-value of all beta coefficients are larger than 0.1, 

we reject the null hypothesis and accept the alternative hypothesis 

The beta coefficients of KALBE and ENSEVAL in Indonesian stock market are 

reported at almost the same monthly rate with market. Stocks of TEMPO in Indonesia, 

RICHTER in Hungary and EIS ECZACIBASI in Turkey are all found to be defensive, 

no matter what data frequency is applied. However, ENSEVAL‟s beta coefficient 

becomes far below average market sensitivity and risk in market portfolio. As p-value 

of all beta coefficients are larger than 0.1, we reject the null hypothesis and accept the 

alternative hypothesis 

Stocks of ASPEN in South Africa are of defensive character under weekly data 

assessment while no significant relationship between rate of return on its stocks and 

rate of return on market portfolio is indicated by applying monthly data. As the beta 

coefficient of ASPEN is not significant at any level under measure of monthly data, 

we accept the null hypothesis under this circumstance. But the beta coefficient of 

ASPEN is significant at 1% level under measure of weekly data, we reject the null 

hypothesis and accept the alternative hypothesis under this circumstance. 

To sum up, first of all, low frequency data are generally found to result in higher beta 

coefficients than high frequency data, which indicates that if investors rely solely on 

monthly return on sampled pharmaceutical stocks from 2008 to 2010 might probably 

overestimate the volatility of pharmaceutical stock returns. Secondly, the linear 

regression model, on average, fits well under low frequency data by observing higher 

percentage of adjusted R
2
. Thirdly, the percentage of insignificant relationship 

between single pharmaceutical stock return movements and overall market index 

return movements is reported higher under low frequency data.  
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By comparing the behavior of pharmaceutical stock returns in developed market and 

emerging market over the time-series, the return on pharmaceutical stocks in 

developed markets tend to be more volatile than those in emerging market, no matter 

what data frequency is applied. The most volatile markets appear to be Canada and 

Australia among developed markets while China and South Korea are found to be 

more risky than any other emerging markets for pharmaceutical stocks investment. 

Moreover, p-values of all beta coefficients under measure of weekly data are 

significant at least at 10% level, which implies that there is a significant relationship 

between single pharmaceutical stock return movements and overall market index 

return movements under measure of weekly data in all emerging markets, in terms of 

the research time series and samples. In addition, concerning the recorded adjusted R
2
, 

the percentages of variation in single pharmaceutical stock returns are explained 

higher in emerging markets than those in developed markets, which suggests that the 

investors could apply this sort of time-series model to trace and evaluate the return 

movements of pharmaceutical stocks. (The results of hypothesis testing could be 

referred to note in appendix 5) 

5.3 Autocorrelation in Pharmaceutical Stock Return 

5.3.1 Hypotheses Testing 

Our second research question is to find out whether or not the present returns on 

single pharmaceutical stock can be predicated or independent from the past values. 

Therefore, we have developed our hypothesis as following: 

Null Hypothesis (H0):     The returns on a pharmaceutical stock are independent 

from its past values. 

Alternative Hypothesis (H1): The returns on a pharmaceutical stock are dependent 

from its past values. 

By analyzing the regression results, we will attempt to first evaluate the possibility of 

predicting the returns on single pharmaceutical stock and up to how many lags are the 

returns up to. Further, we will tend to figure out some differences between 

pharmaceutical stocks listed on developed markets and emerging markets.  

In addition, the same criteria for hypothesis testing are applied, which is if the 

probability (p-value) of coefficient is higher than 0.1, then we will accept the null 

hypothesis and conclude that the autocorrelation coefficient is not statistically 

significant. Otherwise, we will reject the null hypothesis and accept the alternative 

hypothesis, which indicates a statistically significant autocorrelation among the 

returns on undertaking pharmaceutical stocks.  
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5.3.2 Regression Analysis 

Again, we tested the full sample to find out if the returns on the undertaking stock are 

independent from its past values under both high and low frequency data 

measurements. The regression results are presented in Appendix 5, by firms in 

different markets. As explained in last chapter, the range of values of the 

autocorrelation coefficient ρ is between -1 and 1. When we look at the regression 

results of 130 pharmaceutical stocks, no complete correlation is found. That is, none

︱ρ︱= 1 exists. But the completely uncorrelated data︱ρ︱= 0 is reported. Generally, 

the returns on single pharmaceutical stocks could be predicted from its past value to 

some extents; however, the correlation is weak.  

Under measure of monthly return data, 29 pharmaceutical stocks are found to display 

significant autocorrelations up to 4 lags. But the signs of autocorrelation coefficients 

are mixed and values of those are low in all cases. 13 out of 29 are reported in 

developed markets, in which, the autocorrelation pattern are more obviously in 

Switzerland, Australia and Sweden. The returns from PHARMAXIS‟ stocks in 

Australian market could be predicted up to 4 lags. In other word, the rate of return 

from PHARMAXIS in August might be respond back to the rate of return in April. 

But the signs of autocorrelation coefficients are mixed and the absolute values of the 

coefficients are spread. Whereas pharmaceutical stocks listed on China stock markets 

are the most predictable. For instance, the autocorrelation patterns tend to be far 

significant in returns from BEIJING DBLE‟s stocks up to 4 lags, with high value of 

Q-statistics. The returns from stocks of HISAMITSU in Japan market and that of 

LUYE in Singapore market are completely uncorrelated at lag 3. 

It is not the same case when we assess the returns by using high frequency data. Over 

twice autocorrelation patterns are found in the sample pharmaceutical stock returns. 

The returns from stocks of GW, ASTRAZENECA and DECHRA in United Kingdom, 

NOVATIS and ROCHE in Switzerland, SANOFI-AVENTIS in France, ASTELLAS, 

EISAI, ONO PHARM, KYOWA, HISAMITSU, DAINIPPON, TSUMURA and 

TAISHO in Japan, CSL, ASCENT, MEDICAL and IMMURON in Australia, NOVO 

in Denmark and LUYE in Singapore all become significant autocorrelation at 

extremely low confidence level. Although those cases in emerging markets are 

increased a bit as well, the changes are not that huge. India, China and Taiwan present 

relatively high predictable trends in some pharmaceutical stock returns. However, the 

signs of autocorrelation coefficients are still mixed and sizes of the coefficients are 

small. 

On average, more autocorrelation patterns are found to be significant and up to more 

lags in developed markets than in emerging markets concerning our research period 

and sampled pharmaceutical stocks. When we took monthly return data, the 

predictable character in returns is not that much in both markets. Ceteris paribus, 

cases of returns dependent from past values soared under measure of weekly data, 

particularly in developed markets. In addition, the strength of autocorrelation in 
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pharmaceutical stock returns doesn‟t decrease with the increasing number of lags. But 

when the significance of lagged stock return starts from 1 to 3 or more, the highest 

value of autocorrelation coefficient will probably appear in the first one. Statistically 

speaking, we could conclude that most returns from pharmaceutical stocks are 

independent from their past values under measure of low frequency data. In other 

word, we accept the null hypothesis when the p-values are higher than 0.1 in most 

cases under this circumstance. But more cases tend to show statistically significant 

autocorrelation in weekly returns from pharmaceutical stocks at 1% level. Hence, 

under these circumstances, we reject the null hypothesis and accept the alternative 

hypothesis that returns on a pharmaceutical stock could be somehow predictable with 

its past values. (The results of hypothesis testing could be referred to note in appendix 

6)   

5.4 Macroeconomic Factors Analysis 

Although stock markets have been globalized in the past two decades, stocks at 

specific industry level might be partially segmented from global capital markets. As a 

consequence, local risk factors rather than world risk factors might be the primary 

source of stock return variation. In the following sections, we seek to address the 

question of whether macroeconomic variables may influence the returns on local 

listed pharmaceutical stocks.  

The macroeconomic variables used in this study include a measure for industrial 

production IP, an inflation measure CPI (a consumer price index), and the money 

supply M2. Concerning the conventional measure of data frequency, monthly 

macroeconomic data are taken and arithmetic differences are used in order to measure 

the growth rate in industrial production, money supply and inflation rates. Therefore, 

each series is assured to correspond with the pharmaceutical stock returns. However, 

three markets (Switzerland, Australia and Hong Kong) are subsequently eliminated 

due to only quarterly data are available in terms of industrial production factor. The 

macroeconomic data come prior from the IMF reports in Thomson Reuter DataStream, 

with the exception of Taiwan and Hungary. We turned to local government statistic 

records to obtain historical monthly CPI information respectively. Each 

macroeconomic variable will be specified in the sequent corresponding sections. 

5.4.1 Hypotheses Testing 

The final objective of this study is to investigate whether or not changes in 

pharmaceutical stock returns through time can be attributed to time-varying volatility 

of a set of macroeconomic factors. The pairs of hypotheses concerning different 

macroeconomic variables are formulated as following: 

Null Hypothesis (H0):         There is no relationship between pharmaceutical 

stock return movements and industrial production 

growth.  
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Alternative Hypothesis (H1): There is a significant relationship between 

pharmaceutical stock return movements and 

industrial production growth. 

Null Hypothesis (H0):          There is no relationship between pharmaceutical 

stock return movements and money supply 

growth. 

Alternative Hypothesis (H1):  There is a significant relationship between 

pharmaceutical stock return movements and 

money supply growth. 

Null Hypothesis (H0):         There is no relationship between pharmaceutical 

stock return movements and consumer price index 

movements. 

Alternative Hypothesis (H1): There is a significant relationship between 

pharmaceutical stock return movements and 

consumer price index movements. 

We attempt to prove the relationship existing between local macroeconomic factors 

and pharmaceutical stock returns by regress the sampled data. As a result, we could 

hence figure out whether or not the stocks of pharmaceutical industry are of 

segmented nature and the geographical differences. This allows international investors 

and their related parties to diversify their portfolios with greatest benefits. And 

pharmaceutical firm‟s managers could also respond to external changes by taking use 

of this study. 

In addition, we still apply the same criteria for hypotheses testing as those in previous 

two sections. The 1% level is the breakeven point which determines to reject or accept 

the null hypotheses. 

5.4.2 Industrial Production 

We will commence examining the relationship between pharmaceutical stock return 

movements and industrial production growth. As mentioned, due to the insufficient 

data, pharmaceutical stocks listed on Switzerland, Australia and Hong Kong have 

been eliminated which are in total 21 stocks. The industrial production commonly 

used as a measure of changes in output for the industrial sector, like manufacturing, 

mining and utilities, of the economy, which are highly sensitive to interest rates and 

consumer demand. Also IP plays an important role of future GDP predictor. 

The regression result of 109 pharmaceutical stock returns response to industrial 

production growth is reported in Appendix 6. With the returns on 14 pharmaceutical 

stocks significantly related to this variable, the industrial production growth variable 

tends to have weakly impacts on variation in stock returns. 
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When we took a close look, we found that the returns of all 8 pharmaceutical stocks 

listed on Canadian stock markets appear sensitive to IP growth. However, the strength 

of correlation is far different but on average, stronger than other markets. 6 out of 8 

pharmaceutical stocks exhibit negative relation to the change in local macroeconomic 

variable. ASTELLAS in Japan and LUYE in Singapore claim of sensitivity to IP 

growth in a positive way. Moreover, IP variable is found significant on the stock 

returns of CHONGKUN, JEIL and DAEWOONG in South Korea and 

GLAXOSMITHKLINE in India. Therefore, we could conclude that except the 

aforementioned stocks, there is at least none linear relation between the rest 

pharmaceutical stock return movements and local industrial production growth. That 

is, we will accept the null hypothesis for the non-mentioned pharmaceutical stocks. 

(The results of hypothesis testing could be referred to note in appendix 7) 

5.4.3 Money Supply M2 

Next we will take a look at the growth of money supply M2 and its influence to the 

return movements of 130 pharmaceutical stocks. The money supply M2 represents not 

only currency in circulation but also relatively short-term and redeemable deposits. It 

is a key economic indicator that the central banks use to forecast inflation. The growth 

of money supply is obviously more influential, with the returns for 29 pharmaceutical 

stocks significantly related to it as shown in Appendix 7. Half of the sample stock 

markets are observed to have responses to this macroeconomic variable. 

Turn to specific markets, again the returns on all 8 pharmaceutical stocks in Canada 

reflect high sensitivity to the growth of money supply. Another 8 pharmaceutical 

stocks distributed in 5 different developed markets tend to respond to the growth of 

their local money supply M2 at different degrees. Moreover, 8 of 19 pharmaceutical 

stocks in China are detected sensitive in their returns to changes of the money supply. 

South Korea, India, Malaysia, Hungary and Turkey each recorded one pharmaceutical 

stock from which the variations in return are explained by the growth in money supply. 

Statistically, we summarized that the linear regression model perform better with 

money supply variable. But the remaining 101 pharmaceutical stocks of insignificant 

regression results failed to reject the null which suggests further testing. (The results 

of hypothesis testing could be referred to note in appendix 8) 

5.4.4 Consumer Price Index 

Finally we will discuss how the movements in consumer price index CPI impact the 

pharmaceutical stock returns within the full sample. As we all know, CPI is an 

important tool to measure the local inflation. Appendix 8 clearly shows that CPI is not 

a significant macroeconomic variable related to the volatility in pharmaceutical stock 

returns. That‟s because only returns on 11 stocks in our full sample are sensitive to 

this variable during the research period. The signs of the regression coefficients are 

predominately positive. However, the values of adjusted R
2 

are extremely low, which 

indicates the variations in pharmaceutical stock returns are not well explainable by 
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changes in CPI through time. In developed markets, changes of CPI in United States, 

United Kingdom, Japan, Canada, Australia and Sweden appear to have sporadic 

impacts on limited pharmaceutical stocks. The returns on 7 stocks are found of high 

sensitivity in relation to CPI movements. In contrast, the returns of 4 pharmaceutical 

stocks in emerging market move up and down mildly to the corresponding CPI 

changes. Hence, the null hypothesis that there is no relationship between 

pharmaceutical stock return movements and consumer price index movements will be 

rejected for 11 of 130 pharmaceutical stocks. The evidences only show a non-linear 

fashion correlation between the pair of variables. (The results of hypothesis testing 

could be referred to note in appendix 9) 

5.5 Summary 

Sections in this chapter have presented our findings of empirical testing, which are 

given in Table 6, concerning our research questions and objectives. The common and 

different points between each pair of variables are summed up in the next chapter, in 

which differences in findings are compared by markets and under measures of 

different frequency data. 
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 Pharmaceutical Stock Returns 

Difference Common 

Developed Market Emerging Market Weekly Data Monthly Data 

Overall Market Index 

Returns 

(Linear Relationship) 

- More volatility shown 

in stock returns; 

- More possibilities of 

insignificant 

relationship; 

- Model performs 

poorly; 

- Canada, Australia are 

the most volatile 

markets; 

- Less volatility 

shown in stock 

returns; 

- More possibilities 

of significant 

relationship; 

- Model fits better; 

- China and South 

Korea are the most 

volatile markets; 

- Lower values of beta 

coefficient; 

- More possibilities of 

significant relationship; 

- Less possibilities of 

excess return of 

unsystematic risk; 

- Model performs poorly; 

- Higher confidence 

level; 

- Higher values of beta 

coefficient; 

- More possibilities of 

insignificant 

relationship; 

- More possibilities of 

excess return of  

unsystematic risk; 

- Model fits better; 

- Lower confidence level; 

The absolute value of all 

constants is less than 0.1; 

Lagged Stock Returns 

(Autocorrelation) 

- More possibilities of 

predictability in stock 

returns; 

- More lags of 

significance; 

- Less possibilities 

of predictability in 

stock returns; 

- Less lags of 

significance; 

- More predictable in 

stock returns; 

- Less predictable in stock 

returns; 

- Strength of 

autocorrelation doesn‟t 

decrease with 

increasing number of 

lags; 

- The highest value of 

autocorrelation 

coefficient generally 

appear in lag 1; 

Dependent 

Variable 

Independent 

Variable  

(Testing Content) 

Table 6 Summary of Findings 
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Industrial Production 

IP 

(Linear Relationship) 

- More possibilities of 

significant 

relationship; 

- Returns on Canadian 

stocks are sensitive to 

growth in IP; 

- Less possibilities 

of significant 

relationship; 

- Returns on South 

Korean and Indian 

stocks are sensitive 

to growth in IP; 

 
- Generally, far weak 

linear relationship exists 

between each pair of 

variables; 

- Money supply M2 is the 

most influential one 

among the three 

macroeconomic 

variables; Money Supply M2  

(Linear Relationship) 

- More possibilities of 

significant 

relationship; 

- Returns on Canadian 

stocks are sensitive to 

growth in money 

supply; 

- Less possibilities 

of significant 

relationship; 

- Returns on China, 

South Korean, 

Indian, Malaysian, 

Hungary and 

Turkish stocks are 

more sensitive; 

Consumer Price Index 

CPI 

(Linear Relationship) 

- More possibilities of 

significant 

relationship; 

- Returns on UK, 

Canadian and 

Australian stocks are 

sensitive to CPI 

movements; 

- Less possibilities 

of significant 

relationship; 

- Returns on South 

Korean, Indian and 

Indonesian stocks 

are sensitive to CPI 

movements; 
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6. Discussion of Results 

In this chapter, we summarize the results of the empirical findings and their 

consistence with previous studies. And the research question will be answered in the 

corresponding section.  

6.1  Results for Stock Return Exposure 

Recalling our first research question in this thesis is to examine the movements of 

stock return in relation to the movements of overall market index in the 

pharmaceutical industry. The research sample includes stocks of 130 pharmaceutical 

companies crossing 23 countries during the period from January 2008 to December 

2010. 

Table 6.1 Summary of Findings (First Pair of Variables) 

 

For the whole sample period, we find out that in general, the single pharmaceutical 

stock return movements are positively related to the overall market index return 

movements under different measures of data frequency. In developed market, the 

positive coefficients are found strong and statistically significant in United States, 

Switzerland, France, Germany, Japan, Hong Kong and Singapore. In terms of 

emerging markets, the positive coefficients are found strong and statistically 

significant in China, India, Taiwan, Indonesia, Hungary and Turkey (see Table 8). The 

results are in line with the findings of Verma (2011, p75) that if the market excess 

return is positive with next period stock return (up market), there should be a positive 

relation between beta and return .As during the period January 2008 to December 2010, 

the world stock markets bounce-back a recovery, definitely changing from a bear 

market to a recovering bull market. 
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A close look at the monthly mean return and volatility of pharmaceutical stocks in 

developed and emerging markets reveals that firms in emerging markets have shown 

relatively high and stable returns in comparison with those in developed markets 

during the study period, the return on pharmaceutical stocks in developed markets 

tends to be more volatile than those in emerging markets, no matter what data 

frequency is applied. This results are partly consistent with the findings of Arora, Das 

& Jain (2009, p567-592) that the emerging markets historically experienced a high 

level of mean returns, but in contradiction with their finding that emerging markets 

also more volatile than developed markets. While our results are completely 

consistent with the findings of Harvey (1996, cited by Arora, Das & Jain 2009, 

p567-592) that emerging markets have low overall volatility, high average returns, little 

integration and low exposure to risk factors.  

In terms of weekly data, over half pharmaceutical companies in developed markets 

show negative weekly mean stock returns which is opposite to stock returns under 

monthly measurement. The weekly pharmaceutical stock returns in emerging markets 

show similar patterns as those measured under low frequency data. It is also found that 

the beta coefficient is lower under weekly measurement compared to monthly data.  

Comparing the overall return distribution asymmetries between firms in developed 

and emerging markets indicates that, firms in developed markets have more 

asymmetries than those in emerging markets as measured by skewness and kurtosis. 

The most volatile markets appear to be Canada and Australia among developed 

markets while China and South Korea are found to be more risky than any other 

emerging markets for pharmaceutical stocks investment.    

In comparison of monthly and weekly returns, low frequency data is generally found 

to result in higher beta coefficients than high frequency data, which suggests monthly 

return movements of single pharmaceutical stock show more volatilities than weekly 

data do. However, we did not find any previous research concerning beta coefficient 

estimation in CAPM under different measures of frequency. Our paper might open 

such a question for further study.  

6.2 Results for Stock Return Prediction from Past Value Changes 

Our second research question is to find out whether or not the present returns on 

single pharmaceutical stock can be predicated or independent from the past values, the 

test is based on both high and low frequency data measurements. 

Under measure of monthly return data, we could conclude that the majority stock 

returns from pharmaceutical stocks are independent from their past values under 

measure of low frequency data. Only 29 out of 130 stocks are found to display 

significant autocorrelations up to 4 lags. But the signs of autocorrelation coefficients 

are mixed and values of those are low in all cases. We show that our finding is 

consistent with  the early examinations of market efficiency, which tested 
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autocorrelations of different frequencies stock returns, and found no evidence of 

statistically or economically significant serial correlation (Fama1970 and Leroy 1982, 

cited by Bali et al, 2007 P767) Since the estimated autocorrelations of short term 

stock returns were close to zero. 

 

Table 6.2 Summary of Findings (Second Pair of Variable) 

 

Under measure of weekly return data, we find the different result: the autocorrelation 

is found statistically significant under weekly measurement. Moreover, the 

autocorrelation patterns are found to be more significant and up to more lags in 

developed markets than in emerging markets concerning our research period and 

sampled pharmaceutical stocks (see Table 9).  

These results are contradictory with the findings of Arora, Das & Jain (2009, 

p567-592) that the distribution of stock return under measures of low frequencies are 

found to follow first-order autocorrelation for all markets, but in case of high 

frequency data, like daily stock returns, such autocorrelation is found to exist only in a 

few markets. The probable reasons of the inconsistence might be accounted for the 

given research period, industry and sampled countries. 

In addition, we did not find any previous research relative to the stock price 

autocorrelation segmented into developed countries and emerging countries. From 

this point of view, it still seems like a comprehensive study that bridges the gap in this 

research area is long overdue. 

6.3 Results for the Impacts of Macroeconomic Factors on Stock Returns 

In order to test whether the macro economic factors influence the stock price 

movements, we picked up three variables: industrial production IP, an inflation 
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measure CPI (a consumer price index), and the money supply M2. Due to the 

insufficient data, pharmaceutical stocks listed on Switzerland, Australia and Hong 

Kong have been eliminated which are in total 21 stocks. The regression results of 109 

pharmaceutical stock returns response to the three macro economic factors are 

insignificant, which indicate there is at least none linear relation between the 

pharmaceutical stock return movements and these three macro economic factors  

(see Table 10).  

We have discussed in the previous chapter that it is very hard to observe the specific 

impact of real sector macro variables on equity returns. In this respect, our findings 

are consistent with previous researcher such as Chen, Roll and Ross (1986, cited by 

Flannery and Protopapadakis, 2002, p.752),who suggest that it is not yet determined 

which macro variables, if any, are responsible for the co-movements of asset prices, or 

exert exogenous influences on the prices, which still seems pertinent today. But our 

conclusions are different with some researchers, for instance Sellin and Riksbank, 

(2001, P 508) find that monetary policy is found to exert an influence on stock returns. 

Monetary tightening will negatively influence the stock returns while monetary easing 

will positively affect the stock returns. The inconsistent results could be attributed to 

not exactly the same time period, industry, countries as well as different models 

applied in our thesis.  

Table 6.3 Summary of Findings (Remaining Pairs of Variable) 

 

Moreover, we find that Money supply M2 is the most influential one among the three 

macroeconomic variables. The evidence presented suggests that central bank policy is 

of primary significance to financial markets, which is consistent with the most 

previous studies, such as Martin Zweig (1986, cited by Siegel 2007, P 247) describes 
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the relationship this way: "In the stock market, as with horse racing, money makes the 

mare go, monetary conditions exert an enormous influence on stock prices. Indeed, 

the monetary climate, primarily the trend in interest rates and Federal Reserve policy 

are the dominant factors in determining the stock market's major direction". 

Finally, our test results show that in the pharmaceutical industry, the macro economic 

factors tend to exert relatively more significant influence in developed markets 

compared with emerging markets. Especially, the regression results of 8 

pharmaceutical stocks in Canada response to both the industry production and 

monetary supply M2 are found evidence of statistically significant correlation. Plenty 

of literatures have investigated on the interaction between stock return, monetary 

policy, inflation and industrial production, but we did not find any previous literatures 

relative to this topic that segmented into developed countries and developing countries, 

therefore, a comprehensive study that fills in this gap in this research field is expected. 

6.4 Summary 

For the whole sample period, we find out that in general, the single pharmaceutical 

stock return movements are positively related to the overall market index return 

movements under different measures of data frequency. Moreover, stocks in emerging 

markets have shown relatively high and stable returns in comparison with those in 

developed markets under both high and low data frequency measurement. 

Furthermore, in comparison of monthly and weekly returns, low frequency data is 

generally found to result in higher beta coefficients than high frequency data, which 

suggests monthly return movements of single pharmaceutical stock show more 

volatilities than weekly data do. 

In terms of stock price autocorrelation, we could conclude that the majority of 

pharmaceutical stock returns are independent from their past values under monthly 

measurement. But the autocorrelation is found statistically significant under weekly 

measurement. 

As for the influence of macroeconomic factors on stock returns, the regression results 

of 109 pharmaceutical stock returns response to the three macro economic factors are 

insignificant, which indicate there is at least none linear relation between the 

pharmaceutical stock return movements and these three macro economic factors. 

From the respect of portfolio theory that investors can diversify across securities that 

have lower correlation between returns of the securities in order to reduce risk, 

investors who are interested to diversify their investment portfolio can still gain 

benefit from the spread of stock return vary between emerging markets and developed 

market according to our research finding that stocks in emerging markets show 

relatively high and stable returns in comparison with those in developed markets.  

Most test results in our paper are in line with previous literatures, what we found not 
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only reinforce the previous researches, but also supplement the existing knowledge in 

this research field in terms of testing period, industry and countries. Other results in 

our study will open more questions, which suggests a comprehensive study that could 

explain theses inconsistencies and provide more evidence is expected. 
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7.  Conclusions 

In this chapter, we will draw conclusions and answer our research questions. 

Moreover, some theoretical and practical contributions are discussed. Finally, this 

paper will end with some suggestion for further research. 

7.1 Our Conclusions 

The objective of this paper is to examine the behavior of stock return movements in 

pharmaceutical industry around the world. We have taken an objective positivism 

epistemology position, together with a deductive research approach and application of 

quantitative data throughout the study. In order to answer the core research question 

comprehensively, 130 companies crossing 23 countries are examined during the 

period from January 2008 to December 2010. An analysis of discrepancy through 

emerging and developing markets follows in order to present some characteristics of 

highlighted markets. Additionally, motivated by previous researches, we are interested 

in identifying predictable patterns in pharmaceutical stock returns. In other word, if 

historical return data might be key indicators of forecasting the future return volatility. 

Moreover, three macroeconomic factors are investigated to show their influence on 

the stock return of pharmaceutical industry. So as to examine the relationship between 

these variables, we employ the time-series regression models and SPSS program to 

compute and test the beta coefficients in CAPM, the coefficients in autocorrelation 

analysis and the coefficients related to each macroeconomic factor respectively. These 

results do reflect the relationship between the pairs of variables and in turn answer our 

research questions. It is believed that the findings to these questions are valuable for 

general investors in stock market to take proper action on adjusting their investment 

portfolios. 

We summarized our findings and answer three research questions as following: 

 Is there any relationship between pharmaceutical stock return movements and 

market index movements?  

In general, the single pharmaceutical stock return movements are positively related to 

the overall market index return movements under different measures of data 

frequency.  

 Are returns on single pharmaceutical stock independent from its past values? 

The majority of pharmaceutical stocks returns are independent from their past values 

under monthly measurement. But the autocorrelation is found statistically significant 

under weekly measurement. 

 Are macroeconomic factors influential to the stock return movements in 

pharmaceutical industry? 
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There is none linear relation between the pharmaceutical stock return movements and 

these three macro economic factors (Industrial production IP, consumer price index 

CPI and Monetary Supply M2). 

7.2 Theoretical and Practical Contributions 

With the recovery of 2008 financial crisis, global stock markets are booming rapidly. 

Both developed and emerging markets present different behavior correspondingly. 

From what we know, few of researchers examine the stock return movement behavior 

of pharmaceutical companies during the period 2008-2010. Therefore, this paper aims 

at examine the movement of stock returns in relation to the movement of overall 

market index in the pharmaceutical industry.  

It is believed that this paper contributes in both theoretical and practical field. In the 

theoretical field, this study is an examination of efficient market hypothesis and gives 

a better understanding of asset pricing models. Based on efficient market hypothesis, 

new information should be correctly and quickly revealed in its current security price 

in an efficient market. Our study contributes in this field by testing whether the stock 

prices could be predictable from past price movements. We also compare the results 

between pharmaceutical stocks listed on developed markets and emerging markets 

based on monthly and weekly stock prices, so as to explore the impact of past values 

on the stock prices. This research is believed to be a valuable complement in the study 

of pharmaceutical stock markets. In practice, the results of this research will provide a 

better knowledge for external investors to understand the pharmaceutical stock 

performance especially how the stock performance is superior or inferior to the 

overall stock market in both emerging and developed markets around the world. 

Moreover, the outcome of the study will be valuable to internal financial managers in 

pharmaceutical firms. As the effects of some macroeconomic variables on the 

sensitivity to stock return movements are investigated, such as the industrial 

production IP, inflation measures CPI (a consumer price index) and the money supply 

M2. This will provides some information for managers on how to react to 

macroeconomic factors changes, especially for those countries with a highly sensitive 

to macroeconomic fluctuation. Finally, the findings of this study will benefit to stock 

analysts, who will get new empirical evidences of stocks in pharmaceutical industry. 

They could make use of these evidences to evaluate or rate relative pharmaceutical 

stocks, predict or forecast the pharmaceutical stocks' movements and hence advise the 

investors on selection of pharmaceutical stocks. 

7.3 Suggestion for Further Research 

It is necessary for us to evaluate this study in terms of the limitation and suggestions 

for further research in this field.  

In this paper, we employed the time-series regression models to test the beta 

coefficients in CAPM. However, the model is often criticized as being impractical 
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according to the assumptions on which it is based, such as the investors are 

price-takers, in that their personal sell and buy decisions do not affect the stock price, 

which is analogous to the common perfect competition assumption of 

microeconomics. Therefore, the findings of this paper may be influenced in some way. 

In further researches, in order to improve the validity and reliability of the research, 

other statistical techniques and economic models is suggested to be applied to 

examine the relationship between the individual stock return movements and market 

index movements, such as Chi-squared statistic, Granger tests and Garch models. 

Moreover, it should be better to take into consideration of more variables in the model, 

for instance, financial distress and firm size. 

Moreover, our results for the predictability from past stock price changes indicate that 

further analysis of nonlinear model specifications for valuation ratios may help 

researchers to better understand stock price predictability, especially when longer 

horizon stock prices are tested. It also will be useful in predicting future stock prices 

by involving some valuation ratios, such as the price-earning ratios and price-dividend 

ratio. 

Furthermore, generally the weak-form market efficiency is explained from the 

perspective of the existence of time series predictability. However, it is still highly 

debated upon the implications of temporal dependence on market efficiency, specially 

stock return autocorrelation. Therefore, alternative approach is suggested, such as to 

measure the speed of stock price adjustment as an efficient market is defined as the 

stock price responds to new information in a timely and accurately manner.  

Finally, this paper only examines the impact of three macroeconomic factors on stock 

returns due to limited time and the difficulties of collecting data. Thus, a broader 

range of macroeconomic factors will be considered for further studies. Moreover, a 

longer time horizon is thought to be better for future researches to explore extensively 

the relationship. Since the effect of crisis may distort the stock prices and market 

returns, a relative long time horizon will be more appropriate to be the sample period.  
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Appendix 1 List of Sample Companies 

UNITED STATES:  JAPAN: 

JOHNSON & JOHNSON  TAKEDA PHARMACEUTICAL 

PFIZER  ASTELLAS PHARMA 

MERCK & CO.  DAIICHI SANKYO 

ABBOTT LABORATORIES  EISAI 

BRISTOL MYERS SQUIBB  CHUGAI PHARM. 

UNITED KINGDOM:  MITSUBISHI TANABE PHARMA   

GW PHARMACEUTICALS  SHIONOGI 

ECO ANIMAL HEALTH GROUP  ONO PHARM. 

GLAXOSMITHKLINE  KYOWA HAKKO KIRIN 

ASTRAZENECA  HISAMITSU PHARM. 

SHIRE  DAINIPPON SUMIT.PHARMA   

DECHRA PHARMACEUTICALS  SANTEN PHARM. 

VECTURA GROUP  SUZUKEN 

CATHAY INTL.HDG.  TSUMURA 

OXFORD BIOMEDICA  TAISHO PHARM. 

ALLIANCE PHARMA  CANADA: 

SINCLAIR PHARMA  VALEANT PHARMS.INTL. 

SWITZERLAND:  PALADIN LABS 

NOVARTIS 'R'  PATHEON 

ROCHE HOLDING  CARDIOME PHARMA 

FRANCE:  TRANSITION THERP. 

SANOFI-AVENTIS  NUVO RESEARCH 

VIRBAC  AFEXA LIFE SCIENCES 

GERMANY:  INTLP.INTERNATIONAL 

ANDREAE-NORIS ZAHN  AUSTRALIA: 

SWEDEN:  CSL 

MEDA 'A'  ACRUX 

DIAMYD MEDICAL 'B'  PHARMAXIS 

DENMARK:  STARPHARMA HDG. 

NOVO NORDISK 'B'  BIOTA HOLDINGS 

BELGIUM:  ASCENT PHARMAHEALTH 

OMEGA PHARMA  CLINUVEL PHARMACEUTICALS 

FINLAND:  SOLAGRAN 

ORION 'B'  OBJ 

SINGAPORE:  MEDICAL DEVS.INTL. 

HAW PAR  IMMURON 

LUYE PHARMA GROUP  IDT AUSTRALIA 

HONG KONG:   

CHINA SHINEWAY PHARM.GP.  ANXIN-CHINA HOLDINGS 

SINO BIOPHM.  WINTEAM PHARM.GROUP 

CHINA PHARMACEUTICAL  DAWNRAYS PHARM.(HDG.) 

HUA HAN BIOPHM.HDG.   
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Appendix 2 Developed Markets and Emerging Markets 

FTSE Group, a British provider of economic and financial data. It designates the 

market status of countries as Developed, Advanced Emerging, Secondary Emerging or 

Frontier on the basis of their economic size, wealth, quality of markets, depth of 

markets, and breadth of markets.  

According to the FTSE Group, the following 26 countries (or area) are classified as 

developed markets since September 2010: 

Australia Finland Ireland Netherlands South Korea United States 

Austria France Israel New Zealand Spain  

Belgium Germany Italy Norway Sweden  

Canada Greece Japan Portugal Switzerland  

Denmark Hong Kong Luxembourg Singapore Unite Kingdom  

As of September 2010, FTSE Group classified the following 22 countries (or areas) as 

emerging markets: 

The Advanced Emerging markets are 

Brazil Mexico South Africa 

Hungary Poland Taiwan 

The Secondary Emerging markets are 

Chile Egypt Morocco Russia 

China India Pakistan Thailand 

Colmbia Indonesia Peru Turkey 

Czech Republic Malaysia Philippines UAE 

MSCI Barra, a leading provider of investment decision support tools to worldwide 

clients. It offers products ranging from indices, portfolio risk and performance 

analytics to governance tools. 

According to MSCI Barra, the following 27 countries (or areas) are classified as 

developed markets since May 2010: 

Australia Denmark Hong Kong Japan Portugal United Kingdom 

Austria Finland Iceland Luxembourg Singapore United States 

Belgium France Ireland Netherlands Spain  

Canada Germany Israel New Zealand Sweden  

Cyprus Greece Italy Norway Switzerland  
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As of May 2010, MSCI Barra classified the following 21 countries (or areas) as 

emerging markets: 

Brazil Egypt Mexico Russia Turkey 

Chile Hungary Morocco South Africa  

China India Peru South Korea  

Colombia Indonesia Philippines Taiwan  

Czech Republic Malaysia Poland Thailand  

Russell Investments, a provider of strategic advice and implementation to institutional 

investors. Its Russell Indexes are considered to be a state-of-the-art performance 

benchmarks. Its investment programs and services are delivered throughout the world. 

According to Russell Investments, the following 26 countries are classified as 

developed markets since June 2009: 

Australia Finland Iceland Luxembourg Singapore United States 

Austria France Ireland Netherlands Spain  

Belgium Germany Israel New Zealand Sweden  

Canada Greece Italy Norway Switzerland  

Denmark Hong Kong Japan Portugal United Kingdom  

Source: Wikipedia 



 

99 
 

Appendix 3. Descriptive Statistics of Monthly Pharmaceutical stock Returns of 

Developed and Emerging Markets for the Period, January 2008 to 

December 2010 

Developed Markets 

 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

U N I T E D  S T A T E S 

JOHNSON  -,1693534 ,1068447 -,000652125 ,0565441033 -,733 1,267 

PFIZER -,2169241 ,1998285 -,005970460 ,0845024113 ,001 ,736 

MERCK -,2087420 ,2233400 -,009815189 ,0950506052 ,214 ,491 

ABBOTT -,1535001 ,0833333 -,003732047 ,0567005371 -,636 ,133 

BRISTOL -,1932697 ,2384442 -,000615790 ,0843801110 ,695 1,638 

UNITED KINGDOM 

GW -,3684211 1,1951220 ,040801804 ,2448682527 2,995 13,978 

ECO -,1684211 ,2713178 ,014248742 ,1268934291 ,291 -,939 

GLAXOSMITHKLINE -,1617886 ,1661371 ,000637182 ,0643886957 ,060 1,112 

ASTRAZENECA -,1685226 ,1599174 ,010210820 ,0700115061 -,065 ,393 

SHIRE -,2009901 ,1603399 ,010151917 ,0797061417 -,485 ,846 

DECHRA -,0990099 ,1574376 ,014426332 ,0733306195 ,264 -,799 

VECTURA -,3000000 ,2390244 ,010691794 ,1241330934 -,249 -,121 

CATHAY -,3333333 ,8750000 ,042484318 ,2094981526 1,979 6,979 

OXFORD -,5806962 ,8261649 -,000366155 ,2286951650 1,072 4,700 

ALLIANCE -,4319654 ,8060837 ,068880617 ,2218507342 1,005 2,776 

SINCLAIR -,4939040 ,7371237 ,000830895 ,2262091278 1,216 3,507 

S W I T Z E R L A N D 

NOVARTIS -,1310577 ,1131907 -,002966057 ,0563781846 -,361 -,160 

ROCHE HOLDINGS -,2409786 ,2554392 -,008429003 ,0778169031 ,456 4,410 

F R A N C E 

SANOFI AVENTIS -,1409971 ,0922598 -,006439565 ,0610803904 -,488 -,611 

VIRBAC -,2110626 ,1884884 ,020031940 ,0835063254 -,442 ,350 

G E R M A N Y 

ANDREAE -,3374074 ,1644444 -,001819667 ,0934094163 -1,068 3,644 

J A P A N 

TAKEDA -,1250000 ,1142857 -,014037343 ,0575016477 -,021 -,185 

ASTELLAS -,1506550 ,0773196 -,011964698 ,0545031588 -,668 -,036 

DAIICHI -,2717340 ,1571926 -,013884920 ,0887070157 -1,107 2,708 

EISAI -,2427885 ,2514178 -,010680950 ,0869609506 ,263 2,381 

CHUGAI -,2468750 ,2145329 -,002586470 ,0962264246 -,151 1,083 

MITSUBISHI -,2987637 ,1714006 ,009984698 ,0931661963 -,838 2,356 

SHIONOGI -,2506787 ,2500000 -,002671554 ,1070754774 -,072 -,013 

ONO PHARM. -,1288462 ,1482255 -,010021140 ,0658846431 ,750 ,511 
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 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

KYOWA -,2859680 ,1769499 -,006144771 ,0915111160 -,472 1,240 

HISAMITSU -,1272727 ,1503067 ,002779295 ,0723053623 ,122 -,918 

DAINIPPON -,1319520 ,1555556 -,002876309 ,0721025163 ,067 -,678 

SANTEN -,1009464 ,1546185 ,003594228 ,0552496303 ,166 ,261 

SUZUKEN -,3513932 ,2304147 -,005605434 ,1019512448 -,719 3,175 

TSUMURA -,1171171 ,2104208 ,005037242 ,0748113469 ,767 ,897 

TAISHO -,1712941 ,1414141 -,004442306 ,0569899836 ,326 2,619 

C A N A D A 

VALLEANT -,2342216 ,3326836 ,022922862 ,1044409146 ,223 1,550 

PALADIN -,1494845 ,3275517 ,033864517 ,0937737850 1,241 2,571 

PATHEON -,4666667 ,9051724 ,007937999 ,2073699772 1,950 10,225 

CARDIOME -,3275218 ,3988764 -,002133506 ,1663981867 ,146 ,010 

TRANSITION -,5407407 ,7362637 -,004472632 ,2532875275 ,475 1,356 

NUVO -,2307692 ,7000000 ,025159406 ,2127739283 1,639 3,067 

AFEXA -,3333333 ,8571429 ,013241615 ,2403555465 2,025 5,305 

INTLP -,5604396 1,0921053 -,005112729 ,3489784259 ,853 1,565 

A U S T R A L I A 

CSL -,1409474 ,1640000 ,002727352 ,0658411139 ,117 ,073 

ACRUX -,2688172 1,3275862 ,050671710 ,2689210870 3,129 14,287 

PHARMAXIS -,3106796 ,3680000 ,001381887 ,1620349197 ,375 ,225 

STARPHARMA -,3220339 ,5263158 ,031059229 ,1644954827 1,023 1,931 

BIOTA -,5351906 1,1232000 ,026891568 ,2837841224 1,751 5,687 

ASCENT -,3333333 ,4545455 ,009112700 ,1754789657 ,422 ,457 

CLINUVEL -,2432432 ,4418605 -,014975185 ,1399800884 1,155 2,055 

SOLAGRAN -,4620690 1,0871080 -,017549529 ,3228249121 2,037 5,048 

OBJ -,4444444 3,2000000 ,064910908 ,5871333134 4,561 24,398 

MEDICAL -,2222222 ,3076923 ,004926601 ,1408490066 ,755 -,009 

IMMURON -,4117647 ,4722222 ,008034672 ,1984442887 ,503 ,274 

IDT -,2846715 ,2285714 -,036352699 ,1031119040 ,418 1,163 

S W E D E N 

MEDA -,2470625 ,2382583 -,005701358 ,1128442103 ,241 -,347 

DIAMYD -,2172831 ,6150406 ,049956975 ,1664198796 1,610 3,148 

F I N L A N D 

ORION -,1184756 ,0918728 ,000501023 ,0578243076 -,299 -,762 

D E N M A R K 

NOVO NORDISK -,1075441 ,1494465 ,016820679 ,0610430944 ,044 -,306 

B E L G I U M 

OMEGA -,3230608 ,2888367 -,001725037 ,1279584305 ,290 ,752 

H O N G  K O N G 

CHINA SHINEWAY -,4400000 ,3649789 ,055539822 ,1641171257 -,003 1,446 

SINO -,2867133 ,5532272 ,051738006 ,1688967605 ,738 1,108 
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 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

CHINA -,3360000 ,4312977 ,022704386 ,1759588092 -,051 ,057 

HUAHAN -,4352052 ,5537295 ,037508391 ,2095616577 -,080 ,859 

ANXIN -,3281250 ,5714286 ,043587410 ,2156529445 ,895 ,122 

WINTEAM -,2500000 ,6470588 ,035350459 ,1785077921 1,547 3,137 

DAWNRAYS -,1010638 ,5732218 ,048331910 ,1285729979 2,351 7,520 

S I N G A P O R E 

HAW PAR -,2733017 ,2131579 ,001304358 ,0899899819 -,923 3,026 

LUYE -,4166667 ,5172414 ,042229868 ,1642286553 ,339 2,411 

Emerging Markets 

 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

C H I N A 

SHANGHAI -,3411854 ,3852721 ,034217172 ,1550670060 ,069 ,259 

JIANGSU -,2269070 ,2266815 ,025929725 ,0999440330 -,472 ,226 

KANGMEI -,2812500 ,2822086 ,061162092 ,1432425439 -,837 ,225 

HARBIN -,3275261 ,3825000 ,019187412 ,1312024599 ,055 1,689 

SHAIFOSUN -,2692737 ,2670921 ,025649080 ,1415484667 -,384 -,114 

TIANJIN -,2742347 ,2502884 ,033678872 ,1380819110 -,484 -,131 

BEIJING -,3476621 ,2941700 ,025216163 ,1401408062 -,518 ,574 

GUANGXI -,3975241 ,5966102 ,068347029 ,2297537209 ,137 -,062 

ZHEJIANG -,2899408 ,4131122 ,045243293 ,1571498941 ,311 ,403 

JOINCARE -,4235589 ,3635359 ,027621706 ,1911633082 -,383 -,275 

ZHEJIANGMED -,3522829 ,6427605 ,043048986 ,2007284273 ,522 1,120 

BEIJINGDBLE -,3311632 ,2907245 ,019054041 ,1286248351 -,466 1,494 

NORTH -,3764151 ,4485126 ,033612068 ,1878928573 -,073 ,149 

INNER -,4387755 ,2685905 ,021988669 ,1707481029 -,996 ,700 

SPPHARMA -,4046512 ,4636364 ,030114068 ,2038439188 -,045 -,479 

GUANGZHOUPH -,3327155 ,3958785 ,022051884 ,1745911856 -,295 -,233 

CHINA NATIONAL -,2021739 ,1912046 ,022741808 ,1097358006 -,314 -,980 

WUHANHMNWL -,3489499 ,3498759 ,051364193 ,1646360260 -,519 ,085 

JIANGZHONG -,4744761 ,3691207 ,046591718 ,1837367313 -,621 ,512 

S O U T H  K O R E A 

YUHAN -,1527777 ,1974110 ,000373753 ,0798162732 ,451 ,107 

GREENCROSS -,2534435 ,4637095 ,018457817 ,1422937056 ,760 1,768 

DONGA -,1858589 ,1560846 ,009519870 ,0846815633 -,353 -,327 

DAEWOONG PHARM -,2929474 ,1713555 -,012400249 ,0953297952 -,553 1,225 

HANALL -,3055556 ,5514286 ,021769320 ,1844011567 ,867 1,229 

BUKWANG -,2500000 ,3312102 -,020428591 ,1298457306 ,609 ,871 

CHONGKUN -,2734807 ,2658730 ,008786883 ,1018533304 -,356 1,458 

HANMI -,4024067 ,2292683 -,023108970 ,1388346781 -,348 ,606 

ILYANG -,4595659 ,6939315 -,003881427 ,1908369332 ,747 4,946 
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 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

ILSUNG -,3972350 ,3774912 -,001770049 ,1406850392 ,127 2,794 

JEIL -,4000000 ,2782369 ,015591865 ,1205691205 -,664 3,172 

DAEWOONG -,3808511 ,3539326 -,012268739 ,1223866321 ,092 3,345 

IL DONG -,3482143 ,4096386 ,003541217 ,1241767668 ,759 4,043 

I N D I A 

SUN -,2384607 ,2072140 ,024288097 ,0942893726 -,089 ,718 

DRREDDYS -,2672026 ,2389527 ,035135743 ,1154859278 -,625 ,624 

CIPLA -,2450601 ,1505815 ,022354700 ,0808720703 -,748 2,007 

RANBAXY -,4963986 ,6547153 ,027920991 ,1866189868 ,436 3,834 

GLAXOSMITHKLINEP -,1697694 ,3006989 ,026317900 ,0852935374 ,715 2,446 

LUPIN -,2196471 ,1997175 ,049228563 ,0958635042 -,774 ,409 

CADILA -,1913348 ,2743794 ,045692811 ,0992506891 -,335 ,564 

PIRAMAL -,2610942 ,2831838 ,020021449 ,1132813203 ,084 ,332 

DIVIS -,3550886 ,3283953 ,000669364 ,1261318648 -,099 1,445 

GLENMARK -,5294018 ,4116156 ,010761681 ,1734443531 -,759 2,575 

AUROBINDO -,5281307 ,7743682 ,051333177 ,2244924343 ,364 3,554 

TORRENT -,2134131 ,2537313 ,039487701 ,1237229700 -,008 -,586 

AVENTIS -,1944357 ,1945893 ,023145546 ,0960687308 -,171 -,295 

WOCKHARDT -,3947778 ,5579384 ,016465550 ,1940649611 ,505 1,179 

PFIZERINDIA -,1991429 ,2338283 ,016818134 ,0890799852 ,213 ,830 

IPCA -,2917760 ,3342868 ,034344263 ,1199988665 ,100 1,092 

ASTRAZENECA PHAR -,2826863 ,6302239 ,034414388 ,1597764864 1,421 4,514 

STERLING -,2214070 ,1937937 -,007878992 ,0831787514 -,292 1,103 

STRIDES -,4404281 ,4366270 ,029896486 ,1887337919 -,153 ,494 

M A L A Y S I A 

PHARMANIAGA -,0913043 ,2105263 ,015099187 ,0614713980 ,998 1,666 

T A I W A N 

YUNGSHIN -,1820728 ,2387821 ,009094012 ,0833460851 ,866 2,080 

CHINA CHEMICAL -,2321900 ,4177632 ,026956701 ,1436330005 ,612 ,957 

I N D O N E S I A 

KALBE -,3307692 ,4426230 ,040600757 ,1537439453 ,498 ,894 

TEMPOSCAN -,1685393 ,3478261 ,028384215 ,1199048768 ,946 ,903 

ENSEVALPUTERA -,2784700 ,3766275 ,019316316 ,1282221185 ,659 1,478 

H U N G A R Y 

RICHTER -,0957042 ,1776451 ,006653277 ,0640230641 ,790 ,404 

T U R K E Y 

EISECZACIBASI -,3333333 ,3051948 ,017542927 ,1328352221 -,113 ,799 

S O U T H  A F R I C A 

ASPENPHMCRHDG -,1502008 ,2619048 ,030571248 ,0932512049 ,140 -,068 
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Appendix 4. Descriptive Statistics of Weekly Pharmaceutical stock Returns of 

Developed and Emerging Markets for the Period, January 2008 to 

December 2010 

Developed Markets 

 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

U N I T E D  S T A T E S 

JOHNSON -.1694065 .1148942 -.000545453 .0273468751 -1.257 10.503 

PFIZER -.2270987 .1329421 -.001709330 .0417933655 -1.127 7.116 

MERCK -.1919334 .1743006 -.003108157 .0491299696 -.300 2.548 

ABBOTT -.1682356 .1147000 -.001132191 .0329770176 -.719 5.659 

BRISTOL -.1513808 .1526919 -.000163845 .0391667866 .199 2.900 

U N I T E D  K I N G D O M 

GW -.4070898 .4380413 .002931677 .0905462972 -.077 7.002 

ECO -.1910552 .2215920 .003129179 .0620632947 .332 2.496 

GLAXOSMITHKLINE -.2112134 .1395434 -.000207195 .0385568397 -1.081 6.768 

ASTRAZENECA -.2518587 .1325840 .001880507 .0459844903 -1.195 8.199 

SHIRE -.1976337 .1018006 .001877940 .0405665109 -.769 3.525 

DECHRA -.1288939 .1394919 .002013258 .0391469285 .359 1.649 

VECTURA -.2766322 .2416758 .001652938 .0671234384 .114 2.701 

CATHAY -.5877867 .5511769 .006057174 .0971258397 -.100 16.729 

OXFORD -.9680902 .5412752 -.009141763 .1224206609 -2.285 26.066 

ALLIANCE -.2411621 .4595323 .010200037 .0785725029 1.323 7.550 

SINCLAIR -.3542912 .3824483 -.003402884 .0925140509 .821 5.628 

S W I T Z E R L A N D 

NOVARTIS -.2400477 .2126941 -.000779123 .0412136997 -.655 10.931 

ROCHE HOLDINGS -.2004867 .1690763 -.002268094 .0427792758 -.201 5.635 

F R A N C E 

SANOFI AVENTIS -.2679071 .1587738 -.001804355 .0503318187 -1.399 7.082 

VIRBAC -.1051621 .1036046 .004071605 .0389015548 -.165 .342 

G E R M A N Y 

ANDREAE -.1694300 .1628369 -.001837887 .0477615302 -.178 2.026 

J A P A N 

TAKEDA -.2918800 .0961924 -.003168600 .0394875268 -2.565 18.373 

ASTELLAS -.2891137 .1258489 -.002887300 .0432528997 -1.901 12.519 

DAIICHI -.4052775 .1150091 -.004207293 .0516921301 -3.095 23.035 

EISAI -.3167583 .1079307 -.002568121 .0456962248 -2.114 14.215 

CHUGAI -.3540990 .1192927 -.000453678 .0515978414 -3.052 19.596 

MITSUBISHI -.1894371 .1919835 .001644684 .0446077037 -.324 4.373 

SHIONOGI -.3084193 .1434789 -.001329245 .0515217637 -1.504 8.459 

ONO PHARM. -.2729051 .1335314 -.001940259 .0365548932 -2.216 19.759 
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 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

KYOWA -.4002432 .1645696 -.002270291 .0523159825 -2.916 21.896 

HISAMITSU -.2876821 .2271933 .000037357 .0425811965 -1.138 17.187 

DAINIPPON -.2949867 .1502470 -.000655532 .0443228010 -1.575 12.188 

SANTEN -.2413259 .0793367 .000185231 .0376017389 -1.823 10.333 

SUZUKEN -.1770894 .1834918 -.003028870 .0442464819 -.179 3.609 

TSUMURA -.1971466 .1080047 .001120230 .0407890101 -.587 3.858 

TAISHO -.2822325 .1405718 -.001213639 .0355729873 -2.573 25.804 

C A N A D A 

VALLEANT -.2426769 .3063368 .004872439 .0559023469 .718 6.941 

PALADIN -.1598487 .1270261 .007418306 .0430176729 .040 1.970 

PATHEON -.4324209 .6501811 -.001853016 .0976987701 1.250 17.750 

CARDIOME -.4268792 .2772381 -.002184361 .1017384913 -.685 3.804 

TRANSITION -.8147342 .2806149 -.011333775 .1191646532 -2.519 15.210 

NUVO -.3417493 .2876821 .002582580 .0925677385 -.131 1.772 

AFEXA -.2478362 .4198538 -.001614324 .0925815960 1.490 5.139 

INTLP -.5196575 .9848534 -.016322723 .1744075700 1.351 6.545 

A U S T R A L I A 

CSL -.2079230 .1176029 .000000000 .0435659839 -.719 3.195 

ACRUX -.3053817 .2806149 .005931416 .0818272001 -.021 3.032 

PHARMAXIS -.3180532 .2392297 -.002276088 .0838415574 -.589 2.122 

STARPHARMA -.1758907 .3877655 .004767809 .0767954181 .979 3.681 

BIOTA -.4244230 .4620474 -.000970813 .1018183973 -.099 5.596 

ASCENT -.2657032 .4393667 .000353948 .1049018973 .871 2.940 

CLINUVEL -.1941560 .2719337 -.002873289 .0754169163 .991 1.966 

SOLAGRAN -.5795115 .7621401 -.013798080 .1564984943 .780 4.604 

OBJ -.5172565 .6931472 -.002299448 .1633869826 .431 2.575 

MEDICAL -.2696636 .3074847 -.000310765 .0999731300 .184 1.051 

IMMURON -.4946962 .8823892 -.002386582 .1646107478 .960 6.495 

IDT -.2641516 .1947056 -.008987178 .0623091709 -.222 2.466 

S W E D E N 

MEDA -.2851742 .1758295 -.002570128 .0629121110 -.802 4.372 

DIAMYD -.1970638 .3042237 .009366182 .0751126719 .873 2.409 

F I N L A N D 

ORION -.1743151 .0842081 .000133684 .0365633240 -.995 3.327 

D E N M A R K 

NOVO NORDISK -.1494205 .1372011 .004012743 .0401618479 -.399 2.672 

B E L G I U M 

OMEGA -.3148224 .1833221 -.001679293 .0615726818 -.551 5.093 

H O N G  K O N G 

CHINA SHINEWAY -.2859564 .2924967 .008904599 .0754608875 .134 3.375 

SINO -.1926843 .2596581 .008634570 .0708866106 .739 1.827 
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 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

CHINA -.2799600 .2258067 .003070430 .0721840285 -.713 2.235 

HUAHAN -.7199174 .3859355 .004141056 .1165042145 -1.282 9.971 

ANXIN -.4754237 .3651138 .006796902 .1119372409 -.160 4.195 

WINTEAM -.3215836 .2766322 .006997531 .0813428891 .081 2.813 

DAWNRAYS -.1823216 .2707120 .010079040 .0563365189 1.411 5.425 

S I N G A P O R E 

HAW PAR -.2011646 .1845121 -.000753673 .0382842541 -.810 10.147 

LUYE -.1984509 .2578291 .005195857 .0565509716 .449 4.490 

Emerging Markets 

 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

C H I N A 

SHANGHAI -.2237100 .2851173 .002933280 .0696702169 .176 2.373 

JIANGSU -.1451551 .1351590 .003758638 .0516442651 -.464 .374 

KANGMEI -.2041406 .1601477 .008841319 .0616798362 -.553 .869 

HARBIN -.2210508 .1702211 .001937652 .0674168495 -.523 1.152 

SHAIFOSUN -.2340198 .1856056 .002000059 .0635559404 -.405 1.105 

TIANJIN -.1983175 .1337674 .003924868 .0573405836 -.477 .527 

BEIJING -.1949967 .1737471 .001047844 .0649886760 -.237 .656 

GUANGXI -.2780202 .2973440 .008509303 .0878044428 -.126 1.278 

ZHEJIANG -.1865009 .1663538 .004878323 .0658329476 -.179 .329 

JOINCARE -.2955873 .2409060 -.000691766 .0851581069 -.163 .727 

ZHEJIANGMED -.2511641 .2483789 .003300118 .0766256706 -.210 1.474 

BEIJINGDBLE -.1497679 .1200413 .000117329 .0512305421 -.357 .329 

NORTH -.2336729 .1755335 .002149626 .0739760562 -.391 .300 

INNER -.2920971 .2094872 .000117956 .0881084779 -.339 .957 

SPPHARMA -.3543421 .3426172 .002362062 .0874716538 -.355 2.980 

GUANGZHOUPH -.1713702 .3310325 .001221289 .0762520844 .508 1.811 

CHINA NATIONAL -.1439791 .1692467 .002603160 .0572870287 -.073 -.140 

WUHANHMNWL -.2379586 .2593516 .007098315 .0745701780 -.135 1.029 

JIANGZHONG -.1752757 .2553184 .004280263 .0721606515 .077 .931 

S O U T H  K O R E A 

YUHAN -.1894389 .1006768 -.000068058 .0384909866 -.741 3.197 

GREENCROSS -.1268494 .3398678 .002648891 .0561884453 1.619 8.611 

DONGA -.2031153 .1229413 .001668120 .0478371339 -.022 1.736 

DAEWOONG PHARM -.2039561 .2421112 -.003459207 .0588618153 .204 2.538 

HANALL -.2168957 .2356773 .003393659 .0733570715 .328 1.128 

BUKWANG -.2587992 .2242990 -.006726405 .0673183161 -.412 2.753 

CHONGKUN -.3890346 .1901956 .000842471 .0596158221 -1.565 11.457 

HANMI -.3988032 .1558841 -.007707954 .0711288534 -1.582 7.640 

ILYANG -.3731225 .4412745 -.005031061 .1004784588 .250 4.580 
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 Minimum Maximum Mean Std. Deviation Skewness Kurtosis 

ILSUNG -.4155154 .2475621 -.001615304 .0664085876 -1.280 11.427 

JEIL -.3061321 .1831518 .001545380 .0549466552 -.664 7.359 

DAEWOONG -.1628590 .3188372 -.004860307 .0549967025 .977 7.808 

IL DONG -.3173836 .2109631 -.000353948 .0590479093 -.604 6.392 

I N D I A 

SUN PHARM -.1413105 .1352960 .004437991 .0449020107 -.356 1.511 

DRREDDYS -.2271936 .1435198 .005387167 .0487206585 -.748 3.269 

CIPLA -.2102792 .1129328 .003458980 .0437283845 -.822 3.801 

RANBAXY -.3044760 .2537703 .002324547 .0785184315 -.707 3.206 

GLAXOSMITHKLINEP -.1365126 .1514876 .005266634 .0385632977 -.282 2.426 

LUPIN -.2093449 .1952117 .008550937 .0492997234 -.550 3.879 

CADILA -.1162043 .1745307 .008766308 .0451655538 .314 1.173 

PIRAMAL -.2856730 .1818891 .002494127 .0537681435 -.786 5.723 

DIVIS -.1997825 .2258815 -.002390989 .0585583907 .230 1.739 

GLENMARK -.3911451 .2534907 -.002928344 .0842042850 -1.238 5.343 

AUROBINDO -.3230121 .2380144 .005736230 .0817601396 -.649 2.396 

TORRENT -.2029257 .1708112 .006927392 .0573353217 .149 1.473 

AVENTIS -.1058812 .1031912 .003520437 .0395262032 -.097 .639 

WOCKHARDT -.2105072 .4251459 -.000639220 .0785732508 1.292 6.004 

PFIZERINDIA -.0889838 .1245581 .002240540 .0353936212 .133 .777 

IPCA -.2276835 .1924329 .006121225 .0505849599 -.463 4.292 

ASTRAZENECA PHAR -.1777262 .3214214 .004736107 .0627074182 1.180 5.380 

STERLING -.1943516 .1006939 -.003332791 .0423542383 -.590 3.558 

STRIDES -.3033123 .3261295 .002853198 .0833807907 -.241 2.735 

M A L A Y S I A 

PHARMANIAGA -.1479968 .1983219 .003351811 .0344393310 .884 9.055 

T A I W A N 

YUNGSHIN -.1140971 .1117747 .001735900 .0360312571 -.051 1.223 

CHINA CHEMICAL -.2557887 .2054886 .003790723 .0661112626 -.372 1.969 

I N D O N E S I A 

KALBE -.2445985 .4970323 .006035307 .0774640266 1.227 11.518 

TEMPOSCAN -.1711483 .2040954 .005249525 .0586380016 .652 2.653 

ENSEVALPUTERA -.1764476 .2980501 .002554933 .0609613176 1.019 5.134 

H U N G A R Y 

RICHTER -.1774354 .1191538 .000159149 .0440798026 -.297 1.661 

T U R K E Y 

EISECZACIBASI -.3001046 .2284769 .002199434 .0541217307 -.681 7.488 

S O U T H  A F R I C A 

ASPENPHMCRHDG -.1787546 .1568788 .005624179 .0530522518 -.356 1.656 
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Appendix 5. Regression Results of Relationship between Pharmaceutical Stock 

Return Movements and Overall Market Index Return Movements 

*Significant at a two-side 10% level 

**Significant at a two-side 5% level 

***Significant at a two-side 1% level 

Insignificant results are marked in red font. 

Developed Market 

 Market  Firm Name 
Monthly Weekly 

Coefficient Constant adj. R2 Coefficient Constant adj. R2 

UNITED 

STATES 

JOHNSON  0.64*** 0.001 0.723 0.508*** 0 0.477 

PFIZE 0.848*** -0.004 0.561 0.712*** -0.001 0.401 

MERCK 0.804*** -0.008 0.39 0.808*** -0.002 0.373 

ABBOTT 0.324*** -0.003 0.162 0.46*** -0.001 0.267 

BRISTOL 0.711*** 0.001 0.387 0.687*** 0.001 0.426 

UNITED 

KINGDOM 

GW  0.929 0.042  0.031  1.077*** 0.003 0.189 

ECO ANIMAL  0.17 0.014  -0.022   0.115 0.003  -0.002  

GLAXOSMITHKLINE 0.573*** 0.001 0.301 0.597*** 0 0.325 

ASTRAZENECA 0.486*** 0.011 0.171 0.672*** 0.002 0.289 

SHIRE 0.714*** 0.011 0.305 0.612*** 0.002 0.308 

DECHRA 0.214* 0.015 0.006 0.163* 0.002 0.017 

VECTURA  0.233 0.011  -0.015  0.617*** 0.002 0.11 

CATHAY 1.167** 0.044 0.1  0.108 0.006  -0.005  

OXFORD  0.897 0.001  0.035  0.506* -0.009 0.017 

ALLIANCE  0.399 0.069*  -0.016   0.144 0.01  -0.002  

SINCLAIR 1.134* 0.002 0.075 0.462** -0.003 0.028 

SWIZERLAND 
NOVARTIS 0.73*** 0.002 0.51 0.832*** 0.001 0.573 

ROCHE 0.874*** -0.002 0.378 0.893*** -0.001 0.612 

FRANCE 
SANOFI-AVENTIS 0.55*** -0.002 0.389 0.808*** 0 0.46 

VIRBAC 0.633*** 0.025* 0.267 0.269*** 0.005 0.08 

GERMANY ANDREAE 0.554*** -0.001 0.18 0.289*** -0.002 0.06 

JAPAN 

TAKEDA 0.525*** -0.007 0.369 0.732*** -0.001 0.429 

ASTELLAS 0.524*** -0.005 0.412 0.82*** 0 0.449 

DAIICHI 0.764*** -0.004 0.325 0.867*** -0.001 0.35 

EISAI 0.719*** -0.001 0.297 0.871*** 0 0.454 

CHUGAI 0.823*** 0.008 0.32 0.602*** 0.001 0.166 

MITSUBISHI 0.404* 0.015 0.061 0.342*** 0.003 0.068 

SHIONOGI 0.838*** 0.009 0.264 0.761*** 0.001 0.27 

ONO PHARM 0.529*** -0.003 0.279 0.387*** -0.001 0.135 

KYOWA 1.009*** 0.007 0.551 1.008*** 0.001 0.464 

HISAMITSU 0.403** 0.008 0.119 0.576*** 0.002 0.225 
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Markets Firm Name 
Monthly Weekly 

Coefficient Constant adj. R2 Coefficient Constant adj. R2 

 JAPAN 

DAINIPPON 0.328* 0.002 0.07 0.79*** 0.002 0.396 

SANTEN 0.285** 0.007 0.098 0.362*** 0.001 0.111 

SUZUKEN 0.776*** 0.005 0.247 0.594*** -0.001 0.222 

TSUMURA 0.337* 0.01 0.067 0.333*** 0.002 0.078 

TAISHO 0.427*** 0.001 0.239 0.51*** 0 0.254 

CANADA 

VALEANT  0.109 0.023  -0.024  0.501*** 0.005 0.105 

PALADIN 0.546** 0.033* 0.136 0.401*** 0.007** 0.114 

PATHEON 1.505*** 0.006 0.227 1.173*** -0.002 0.193 

CARDIOME  0.366 -0.003  -0.006  1.07*** -0.002 0.147 

TRANSITION 1.538** -0.006 0.15  0.383 -0.011  0.008  

NUVO  0.849 0.24  0.048  1.011*** 0.003 0.159 

AFEXA  -0.007 0.013  -0.029  0.575*** -0.002 0.047 

INTLP  1.195 -0.007  0.028  1.059*** -0.016 0.045 

AUSTRALIA 

CSL 0.365** 0.006 0.09 0.454*** 0.001 0.113 

ACRUX 1.884*** 0.065 0.162 0.933*** 0.008 0.136 

PHARMAXIS 1.492*** 0.013 0.301 1.046*** 0 0.164 

STARPHARMA 1.446*** 0.042 0.271 0.611*** 0.006 0.063 

BIOTA 2.229*** 0.044 0.211 1.154*** 0.001 0.134 

ASCENT 1.156** 0.018 0.14  0.351 0.001  0.006  

CLINUVEL 0.79** -0.009 0.094 0.406** -0.002 0.025 

SOLAGRAN 2.525*** 0.002 0.209 1.21*** -0.012 0.059 

OBJ  1.26 0.075  -0.011   0.376 -0.002  -0.001  

MEDICAL  0.388 0.008  0  0.488** 0.001 0.02 

IMMURON  0.666 0.013  0.014   0.49 -0.002  0.003  

IDT 0.535* -0.032 0.075 0.464*** -0.008* 0.054 

SWEDEN 
MEDA 0.907*** -0.008 0.287 0.862*** -0.003 0.293 

DIAMYD  0.461 0.049  0.008  0.339** 0.009 0.026 

FINLAND ORION  0.16 0.002  0.022  0.383*** 0.001 0.174 

DENMARK NOVO NORDISK 0.233* 0.017 0.051 0.589*** 0.004* 0.409 

BELGIUM OMEGA 0.651** 0.005 0.134 0.775*** 0.001 0.27 

HONG KONG 

CHINA SHINEWAY 0.939*** 0.058* 0.222 0.505*** 0.009 0.076 

SINO 1.116*** 0.054* 0.307 0.652*** 0.009* 0.15 

CHINA 

PHARMACEUTICAL 
1.011*** 0.025 0.224 0.94*** 0.004 0.307 

HUA HAN 1.682*** 0.041 0.466 0.687*** 0.005 0.058 

ANXIN 1.032** 0.046 0.147  0.33 0.007  0.01  

WINTEAM 1.035*** 0.038 0.229 0.476*** 0.008 0.057 

DAWNRAYS 0.465* 0.049** 0.071 0.175* 0.01** 0.011 

SINGAPORE 
HAW PAR 0.838*** 0.001 0.605 0.65*** 0 0.403 

LUYE 0.7** 0.042 0.104 0.204* 0.005 0.012 
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Emerging Markets 

 Market  Firm Name 
Monthly Weekly 

Coefficient Constant adj. R2 Coefficient Constant adj. R2 

CHINA 

SHANGHAI PHARM 0.64*** 0.039 0.224 0.845*** 0.006 0.307 

JIANGSU 0.4*** 0.029 0.208 0.328*** 0.005 0.08 

KANGMEI 0.799*** 0.067*** 0.432 0.687*** 0.012*** 0.258 

HARBIN 0.517*** 0.023 0.201 0.461*** 0.004 0.093 

SHAI FOSUN 0.828*** 0.032 0.479 0.77*** 0.005 0.306 

TIANJIN 0.628*** 0.038 0.278 0.556*** 0.006 0.194 

BEIJING TONGRENT 0.795*** 0.031 0.449 0.768*** 0.004 0.291 

GUANGXI 1.119*** 0.077** 0.323 1.109*** 0.013** 0.334 

ZHEJIANG 0.548** 0.049** 0.151 0.486*** 0.007 0.11 

JOINCARE 1.196*** 0.037 0.552 1.198*** 0.004 0.415 

ZHEJIANG MEDI 1.105*** 0.051 0.421 0.921*** 0.007 0.301 

BEIJING DBLE 0.585*** 0.023 0.278 0.5*** 0.002 0.197 

NORTH CHINA 0.978*** 0.041 0.373 0.945*** 0.006 0.341 

INNERMONGOLIA 1.067*** 0.03 0.551 1.285*** 0.005 0.447 

S&P 

PHARMACEUTICAL 
1.102*** 0.038 0.404 0.988*** 0.006 0.265 

GUANGZHOU 1.042*** 0.03 0.499 0.948*** 0.005 0.323 

CHINA NATIONAL 0.426*** 0.026 0.194 0.332*** 0.004 0.065 

WUHAN 0.93*** 0.058*** 0.444 1.013*** 0.011** 0.387 

JIANGZHONG 0.703*** 0.052 0.188 0.769*** 0.007 0.236 

SOUTH 

KOREA  

YUHAN 0.289* -0.001 0.053 0.365*** 0 0.136 

GREEN CROSS 0.604** 0.016 0.084 0.341*** 0.002 0.052 

DONG A 0.363** 0.008 0.086 0.492*** 0.001 0.161 

DAEWOONG 

PHARM 
0.504** -0.014 0.147 0.531*** -0.004 0.123 

HANALL 1.155*** 0.018 0.218 0.74*** 0.003 0.155 

BUKWANG 0.862*** -0.023 0.248 0.806*** -0.007 0.221 

CHONGKUN 0.714*** 0.006 0.281 0.785*** 0 0.268 

HANMI  0.369  -0.024  0.015 0.626*** -0.008 0.116 

ILYANG 1.207*** -0.008 0.223 1.444*** -0.006 0.321 

ILSUNG 0.649** -0.004 0.105 0.702*** -0.002 0.171 

JEIL 0.929*** 0.012 0.345 0.223** 0.001 0.02 

DAEWOONG 1.025*** -0.016 0.413 0.641*** -0.005 0.209 

ILDONG 0.907*** 0 0.307 0.765*** -0.001 0.259 

INDIA 

SUN 0.444*** 0.022 0.262 0.273*** 0.005 0.07 

DR REDDYS 0.525*** 0.032 0.242 0.417*** 0.005 0.145 

CIPLA 0.235* 0.021 0.081 0.421*** 0.004 0.185 

RANBAXY 1.111*** 0.021 0.436 0.699*** 0.002 0.157 
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Market First Name 
Monthly Weekly 

Coefficient Constant adj. R2 Coefficient Constant adj. R2 

 INDIA 

GLAXOSMITHKLINE  0.114  0.026  -0.006 0.323*** 0.005* 0.138 

LUPIN 0.468*** 0.047*** 0.283 0.561*** 0.009** 0.26 

CADILA 0.558*** 0.042*** 0.386 0.412*** 0.009*** 0.166 

PIRAMAL 0.58*** 0.017 0.315 0.553*** 0.003 0.212 

DIVIS 0.759*** -0.004 0.446 0.903*** -0.002 0.485 

GLENMARK 0.936*** 0.005 0.353 0.815*** -0.003 0.187 

AUTOBINDO 1.663*** 0.042 0.691 0.923*** 0.006 0.256 

TORRENT 0.818*** 0.035** 0.545 0.764*** 0.007* 0.36 

AVENTIS 0.538*** 0.02 0.382 0.356*** 0.004 0.161 

WOCKHARDT 1.224*** 0.009 0.493 0.863*** 0 0.243 

PFIZER 0.519*** 0.014 0.417 0.408*** 0.002 0.268 

IPCA 0.785*** 0.03** 0.533 0.508*** 0.006* 0.202 

ASTRAZENECA 

PHARM 
0.601** 0.31 0.156 0.482*** 0.005 0.116 

STERLING 0.199 -0.009  0.046 0.317*** -0.003 0.109 

STRIDES 1.302*** 0.022 0.596 1.025*** 0.003 0.305 

MALAYSIA PHARMANIAGA 0.373* 0.014 0.057 0.318*** 0.003 0.036 

TAIWAN 
YUNG SHIN 0.621*** 0.007 0.361 0.572*** 0.001 0.304 

CHINA CHEMICAL 1.149*** 0.023 0.422 1.119*** 0.003 0.347 

INDONESIA 

KALBE 0.956*** 0.029 0.3 0.937*** 0.004 0.262 

TEMPO 0.79*** 0.019 0.34 0.71*** 0.004 0.263 

ENSEVAL 1.035*** 0.007 0.525 0.63*** 0.001 0.189 

HUNGARY RICHTER 0.478*** 0.007 0.441 0.593*** 0.001 0.423 

TURKEY EIS ECZACIBASI 0.679*** 0.01 0.322 0.694*** 0.001 0.373 

SOUTH 

AFRICA 
ASPEN  0.287 0.3*  0.012 0.433*** 0.005 0.086 

Note: Red figure in coefficient column also indicates that the null hypothesis tested in this section is 

accepted by corresponding pharmaceutical firm‟s stock respectively under different measures of 

frequency data and both segmental markets. 
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Appendix 6. Regression Results of Autocorrelation in Pharmaceutical Stock 

Returns  

*Significant at a two-side 10% level 

**Significant at a two-side 5% level 

***Significant at a two-side 1% level 

Insignificant results are marked in red font. 

Developed Market 

Market Firm Name 
  

  

Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

UNITED 

STATES 

JOHNSON 

ρ -0.062 -0.239 0.054 0.159 -0.103 0.021 -0.1 0.015 

Q-stat 0.15 2.454 2.575 3.656 1.684 1.756 3.361 3.398 

p-value 0.699 0.293 0.462 0.455 0.194 0.416 0.339 0.494 

PFIZER 

ρ -0.153 -0.092 0.21 -0.129 -0.176 -0.021 -0.05 0.083 

Q-stat 0.916 1.26 3.091 3.807 4.966 5.036 5.44 6.566 

p-value 0.338 0.533 0.378 0.433 0.026** 0.081* 0.142 0.161 

MERCK 

ρ -0.25 0.171 0.077 0.098 -0.118 -0.018 -0.189 -0.007 

Q-stat 2.448 3.62 3.866 4.273 2.222 2.276 8.094 8.103 

p-value 0.118 0.164 0.276 0.37 0.136 0.32 0.044** 0.088* 

ABBOTT 

ρ -0.079 -0.047 -0.122 -0.043 -0.173 -0.004 -0.013 -0.097 

Q-stat 0.246 0.333 0.951 1.028 4.763 4.766 4.795 6.331 

p-value 0.62 0.847 0.813 0.905 0.029** 0.092 0.187 0.176 

BRISTOL 

ρ -0.312 -0.121 0.215 0.04 -0.032 -0.054 -0.169 0.025 

Q-stat 3.803 4.395 6.305 6.375 0.164 0.633 5.27 5.37 

p-value 0.051* 0.111 0.098* 0.173 0.686 0.729 0.153 0.686 

UNITED 

KINGDOM 

GW ρ -0.001 0.109 -0.134 -0.034 -0.251 0.214 0.052 -0.033 

  Q-stat 0 0.475 1.219 1.27 10.112 17.504 17.947 18.126 

  p-value 0.995 0.789 0.748 0.866 0.001*** 0*** 0*** 0.001*** 

ECO ANIMAL ρ 0.151 -0.015 -0.285 -0.012 -0.04 0.036 -0.004 -0.019 

  Q-stat 0.891 0.899 4.267 4.273 0.262 0.466 0.469 0.528 

  p-value 0.345 0.638 0.234 0.37 0.609 0.792 0.926 0.971 

GLAXOSMITHKLINE ρ -0.163 -0.106 -0.001 -0.018 -0.188 -0.006 -0.096 0.04 

  Q-stat 1.043 1.496 1.496 1.511 5.671 5.677 7.175 7.438 

  p-value 0.307 0.473 0.683 0.825 0.017** 0.059* 0.067* 0.114 

ASTRAZENECA ρ -0.201 0.013 -0.059 -0.202 -0.23 0.026 -0.129 0.031 

  Q-stat 1.581 1.587 1.733 3.484 8.446 8.556 11.259 11.414 

  p-value 0.209 0.452 0.63 0.48 0.004*** 0.014** 0.01*** 0.022** 

SHIRE ρ 0.094 -0.296 0.022 0.277 -0.042 0.162 -0.06 0.052 

  Q-stat 0.346 3.875 3.895 7.185 0.28 4.496 5.077 5.514 

 

 

  

p-value 0.557 0.144 0.273 0.126 0.597 0.106 0.166 0.238 



 

112 
 

Market Firm Name  
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

UNITED 

KINGDOM 

DECHRA ρ -0.073 -0.288 0.138 -0.07 -0.186 -0.089 0.132 -0.06 

  Q-stat 0.209 3.535 4.324 4.533 5.523 6.804 9.623 10.21 

  p-value 0.647 0.171 0.229 0.339 0.019** 0.033** 0.022** 0.037** 

VETURA ρ 0.124 0.039 0.102 -0.018 0.003 -0.083 -0.019 0.071 

  Q-stat 0.606 0.666 1.096 1.109 0.002 1.105 1.162 1.991 

  p-value 0.436 0.717 0.778 0.893 0.967 0.576 0.762 0.737 

CATHAY ρ 0.139 0.048 0.366 -0.054 -0.127 -0.037 0.091 0.048 

  Q-stat 0.756 0.847 6.409 6.536 2.568 2.79 4.126 4.495 

  p-value 0.385 0.655 0.093 0.163 0.109 0.248 0.248 0.343 

OXFORD ρ -0.33 0.279 -0.188 0.289 -0.013 -0.092 0.003 -0.059 

  Q-stat 4.258 7.392 8.863 12.439 0.026 1.381 1.383 1.945 

  p-value 0.039** 0.025** 0.031** 0.014** 0.871 0.501 0.709 0.746 

ALLIANCE ρ -0.05 0.309 0.124 -0.029 0.119 -0.134 -0.054 -0.052 

  Q-stat 0.097 3.928 4.561 4.596 2.258 5.161 5.632 6.08 

  p-value 0.755 0.14 0.207 0.331 0.133 0.076 0.131 0.193 

SINCLAIR ρ -0.022 -0.071 -0.142 -0.171 0.077 0.287 -0.051 0.027 

  Q-stat 0.018 0.22 1.06 2.307 0.956 14.179 14.605 14.726 

  p-value 0.893 0.896 0.787 0.679 0.328 0.001*** 0.002*** 0.005*** 

SWITZER- 

LAND 

NOVARTIS ρ 0.324 0.17 0.116 -0.181 -0.295 0.084 -0.155 0.108 

  Q-stat 4.099 5.266 5.827 7.231 13.958 15.097 18.967 20.884 

  p-value 0.043** 0.072* 0.12 0.124 0*** 0.001*** 0*** 0*** 

ROCHE ρ -0.402 0.13 0.032 -0.019 -0.365 0.118 -0.111 0.095 

  Q-stat 6.312 6.992 7.035 7.05 21.341 23.587 25.576 27.038 

  p-value 0.012** 0.03** 0.071 0.133 0*** 0*** 0*** 0*** 

FRANCE 

SANOFI-AVENTIS ρ 0.021 -0.089 0.018 0.129 -0.323 0.13 -0.129 -0.081 

  Q-stat 0.017 0.335 0.349 1.061 16.737 19.471 22.163 23.247 

  p-value 0.895 0.846 0.951 0.9 0*** 0*** 0*** 0*** 

VIRBAC ρ -0.355 0.046 0.106 0.027 -0.025 -0.134 0.084 -0.078 

  Q-stat 4.926 5.015 5.477 5.508 0.104 2.993 4.146 5.14 

  p-value 0.026** 0.081* 0.14 0.239 0.747 0.224 0.246 0.273 

GERMANY 

ANDREAE ρ 0.139 -0.88 0.028 0.121 0.074 -0.117 0.008 0.184 

  Q-stat 0.754 11.07 1.103 1.733 0.874 3.09 3.1 8.602 

  p-value 0.385 0.586 0.776 0.785 0.35 0.213 0.376 0.072 

JAPAN 

TAKEDA ρ 0.128 -0.208 0.055 0.089 -0.079 -0.179 0.008 0.023 

  Q-stat 0.638 2.38 2.507 2.848 1.007 6.16 6.17 6.258 

  p-value 0.424 0.304 0.474 0.584 0.316 0.046** 0.104 0.181 

ASTELLAS ρ 0.278 -0.032 -0.075 -0.191 -0.279 0.083 -0.114 -0.027 

  Q-stat 3.013 3.055 3.291 4.854 12.428 13.536 15.641 15.762 

 

 

  

p-value 0.083* 0.217 0.349 0.303 0*** 0.001*** 0.001 0.003 
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Market Firm Name  
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

JAPAN 

DAIICHI ρ 0.02 -0.236 -0.168 0.231 -0.008 -0.026 -0.089 0.072 

  Q-stat 0.016 2.248 3.421 5.693 0.01 0.118 1.399 2.248 

  p-value 0.899 0.325 0.331 0.223 0.92 0.943 0.706 0.69 

EISAI ρ -0.014 -0.333 0.038 -0.077 -0.209 0.117 -0.089 0.012 

  Q-stat 0.008 4.475 4.534 4.786 7.015 9.237 10.525 10.549 

  p-value 0.929 0.107 0.209 0.31 0.008*** 0.01*** 0.015** 0.032** 

CHUGAI ρ 0.086 0.001 -0.172 -0.169 -0.105 -0.047 -0.005 -0.033 

  Q-stat 0.291 0.291 1.511 2.732 1.778 2.133 2.137 2.312 

  p-value 0.59 0.865 0.68 0.604 0.182 0.344 0.544 0.679 

MITSUBISHI ρ -0.087 -0.278 -0.141 0.02 -0.078 -0.02 -0.047 -0.097 

  Q-stat 0.296 3.413 4.233 4.251 0.965 1.029 1.383 2.931 

  p-value 0.587 0.182 0.237 0.373 0.326 0.598 0.709 0.569 

SHIONOGI ρ -0.139 -0.397 0.084 0.2 -0.089 0.095 -0.147 -0.024 

  Q-stat 0.757 7.108 7.397 9.113 1.282 2.739 6.263 6.36 

  p-value 0.384 0.029** 0.06* 0.058* 0.258 0.254 0.099* 0.174 

ONO PHARM ρ 0.05 -0.223 -0.053 -0.275 -0.224 -0.097 0.052 0.06 

  Q-stat 0.099 2.091 2.206 5.447 8.026 9.552 9.985 10.582 

  p-value 0.753 0.352 0.531 0.244 0.005*** 0.008*** 0.019** 0.032** 

KYOWA ρ 0.067 -0.135 -0.008 -0.083 -0.189 0.215 -0.264 0.065 

  Q-stat 0.177 0.909 0.912 1.209 5.743 13.181 24.495 25.175 

  p-value 0.674 0.635 0.823 0.877 0.017** 0.001*** 0*** 0*** 

HISAMITSU ρ -0.048 0.31 0 -0.107 -0.344 0.245 -0.214 0.126 

  Q-stat 0.091 3.958 3.958 4.449 18.898 28.525 35.979 38.568 

  p-value 0.763 0.138 0.266 0.349 0*** 0*** 0*** 0*** 

DAINIPPON ρ -0.084 0.02 -0.181 0.08 -0.243 0.123 -0.149 0.021 

  Q-stat 0.273 0.289 1.65 1.924 9.437 11.894 15.477 15.549 

  p-value 0.602 0.866 0.648 0.75 0.002*** 0.003*** 0.001*** 0.004*** 

SANTEN ρ -0.046 -0.249 -0.173 0.101 -0.167 -0.088 -0.021 -0.019 

  Q-stat 0.084 2.571 3.807 4.246 4.444 5.69 5.763 5.82 

  p-value 0.771 0.277 0.283 0.374 0.035** 0.058* 0.124 0.213 

SUZUKEN ρ -0.028 -0.24 0.165 -0.048 0.085 -0.08 0.096 0.101 

  Q-stat 0.03 2.339 3.473 3.571 1.163 2.183 3.675 5.355 

  p-value 0.862 0.31 0.324 0.467 0.281 0.336 0.299 0.253 

TSUMURA ρ -0.029 -0.218 -0.052 -0.116 -0.168 -0.171 0.118 -0.034 

  Q-stat 0.033 1.937 2.05 2.627 4.5 9.197 11.454 11.641 

  p-value 0.857 0.38 0.562 0.622 0.034** 0.01*** 0.01*** 0.02** 

TAISHO ρ 0.059 -0.311 -0.145 -0.112 -0.28 0.119 0.024 -0.019 

  Q-stat 0.136 4.016 4.887 5.422 12.583 14.876 14.966 15.026 

 

 

  

p-value 0.712 0.134 0.18 0.247 0*** 0.001*** 0.002*** 0.005*** 
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Market Firm Name  
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

CANADA 

VALEANT ρ -0.217 -0.024 0.245 -0.012 -0.021 -0.073 -0.066 -0.101 

  Q-stat 1.846 1.869 4.356 4.362 0.074 0.933 1.637 3.296 

  p-value 0.174 0.393 0.226 0.359 0.786 0.627 0.651 0.51 

PALADIN ρ 0.067 -0.237 -0.196 -0.07 -0.151 -0.035 0.064 0.073 

  Q-stat 0.173 2.425 4.01 4.218 3.645 3.846 4.518 5.389 

  p-value 0.677 0.297 0.26 0.377 0.056* 0.146 0.211 0.25 

PATHEON ρ -0.199 -0.262 0.218 -0.189 -0.136 0.133 0 -0.211 

  Q-stat 1.552 4.322 6.297 7.823 2.981 5.846 5.846 13.119 

  p-value 0.213 0.115 0.098* 0.098* 0.084* 0.054* 0.119 0.011** 

CARDIOME ρ 0.033 -0.003 -0.117 0.077 -0.187 0.003 0.052 0.038 

  Q-stat 0.042 0.043 0.608 0.859 5.592 5.593 6.033 6.272 

  p-value 0.837 0.979 0.895 0.93 0.018** 0.061* 0.11 0.18 

TRANSITION ρ 0.074 -0.086 -0.267 -0.187 0.009 0.063 0.015 -0.088 

  Q-stat 0.213 0.514 3.468 4.963 0.014 0.655 0.689 1.959 

  p-value 0.644 0.773 0.325 0.291 0.905 0.721 0.876 0.743 

NUVO ρ 0.185 -0.087 0.083 0.011 0.07 -0.044 0.063 0.065 

  Q-stat 1.332 1.633 1.92 1.925 0.777 1.09 1.742 2.442 

  p-value 0.249 0.442 0.589 0.75 0.378 0.58 0.628 0.655 

AFEXA ρ -0.131 -0.153 0.196 -0.236 -0.03 -0.058 0.014 -0.069 

  Q-stat 0.674 1.614 3.202 5.591 0.149 0.684 0.714 1.491 

  p-value 0.412 0.446 0.361 0.232 0.7 0.711 0.87 0.828 

INTLP ρ -0.135 -0.068 0.133 -0.253 -0.07 0.016 -0.091 0.011 

  Q-stat 0.708 0.895 1.634 4.361 0.786 0.828 2.176 2.196 

  p-value 0.4 0.639 0.652 0.359 0.375 0.661 0.537 0.7 

AUSTRALIA 

CSL ρ -0.295 -0.194 -0.001 -0.009 -0.235 -0.011 -0.033 0.071 

  Q-stat 3.402 4.921 4.921 4.924 8.869 8.89 9.069 9.881 

  p-value 0.065* 0.085* 0.178 0.295 0.003*** 0.012** 0.028** 0.042** 

ACRUX ρ 0.044 0.169 -0.105 0.125 0.108 0.083 0.035 0.071 

  Q-stat 0.076 1.228 1.683 2.356 1.866 2.98 3.175 3.991 

  p-value 0.783 0.541 0.641 0.671 0.172 0.225 0.365 0.407 

PHARMAXIS ρ 0.385 0.011 -0.188 -0.263 0.06 -0.102 0.177 0.095 

  Q-stat 5.782 5.787 7.258 10.206 0.581 2.244 7.31 8.774 

  p-value 0.016** 0.055* 0.064* 0.037** 0.446 0.326 0.063* 0.067* 

STARPHARMA ρ -0.039 0.262 -0.056 0.082 0.013 -0.138 -0.023 0.105 

  Q-stat 0.059 2.817 2.949 3.234 0.028 3.116 3.201 4.994 

  p-value 0.808 0.244 0.4 0.519 0.867 0.211 0.362 0.288 

BIOTA ρ 0.119 0.117 0.275 0.115 0.084 0.007 0.133 0.065 

  Q-stat 0.552 1.105 4.248 4.815 1.126 1.135 4.011 4.697 

 

 

  

p-value 0.457 0.576 0.236 0.307 0.289 0.567 0.26 0.32 
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Market Firm Name  
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

AUSTRALIA 

ASCENT ρ 0.006 -0.267 -0.237 0.003 -0.253 -0.001 -0.029 -0.02 

  Q-stat 0.001 2.861 5.179 5.18 10.274 10.275 10.41 10.475 

  p-value 0.971 0.239 0.159 0.269 0.001*** 0.006*** 0.015** 0.033** 

CLINUVEL ρ -0.057 -0.127 0.038 -0.002 -0.131 0.023 0.037 -0.015 

  Q-stat 0.127 0.774 0.834 0.834 2.734 2.817 3.041 3.077 

  p-value 0.722 0.679 0.841 0.934 0.096* 0.244 0.385 0.545 

SOLAGRAN ρ -0.046 -0.011 -0.027 0.062 -0.152 -0.001 -0.036 -0.031 

  Q-stat 0.084 0.09 0.119 0.284 3.69 3.69 3.898 4.054 

  p-value 0.771 0.956 0.989 0.991 0.055* 0.158 0.273 0.399 

OBJ ρ 0.065 -0.026 0.06 0.116 0.009 0.007 0.039 0.107 

  Q-stat 0.163 0.191 0.34 0.913 0.014 0.022 0.273 2.158 

  p-value 0.686 0.909 0.952 0.923 0.906 0.989 0.965 0.707 

MEDICAL ρ 0.019 -0.01 0.079 -0.125 -0.277 -0.031 -0.03 0.017 

  Q-stat 0.014 0.018 0.277 0.947 12.315 12.473 12.619 12.665 

  p-value 0.905 0.991 0.964 0.918 0*** 0.002*** 0.006*** 0.013** 

IMMURON ρ 0.134 -0.024 -0.251 -0.236 -0.256 -0.128 0.021 -0.059 

  Q-stat 0.697 0.72 3.341 5.719 10.522 13.158 13.23 13.795 

  p-value 0.404 0.698 0.342 0.221 0.001*** 0.001*** 0.004*** 0.008*** 

IDT ρ -0.142 -0.049 0.031 0.109 -0.023 -0.029 -0.147 -0.016 

  Q-stat 0.793 0.891 0.931 1.439 0.084 0.218 3.707 3.747 

  p-value 0.373 0.64 0.818 0.837 0.771 0.897 0.295 0.441 

SWEDEN 

MEDA ρ 0.101 -0.442 -0.037 0.224 -0.118 0.045 0.084 -0.252 

  Q-stat 0.397 8.262 8.319 10.461 2.235 2.556 3.713 14.101 

  p-value 0.529 0.016** 0.04** 0.033** 0.135 0.279 0.294 0.007*** 

DIAMYD ρ 0.063 0.417 -0.213 -0.048 -0.112 -0.025 0.031 -0.049 

  Q-stat 0.156 7.147 9.027 9.126 2.025 2.122 2.278 2.663 

  p-value 0.693 0.028** 0.029** 0.058* 0.155 0.346 0.517 0.616 

FINLAND 

ORION ρ 0.166 -0.089 -0.164 0.105 -0.126 0.1 -0.088 -0.025 

  Q-stat 1.074 1.39 2.503 2.975 2.545 4.161 5.412 5.51 

  p-value 0.3 0.499 0.475 0.562 0.111 0.125 0.144 0.239 

DEMARK 

NOVO ρ -0.223 0.171 0.217 0.028 -0.313 0.155 -0.202 0.114 

  Q-stat 1.951 3.126 5.08 5.114 15.719 19.571 26.185 28.296 

  p-value 0.162 0.209 0.166 0.276 0*** 0*** 0*** 0*** 

BELGIUM 

OMEGA ρ 0.076 -0.088 -0.036 0.151 -0.008 0.017 0.037 -0.051 

  Q-stat 0.227 0.537 0.592 1.573 0.011 0.06 0.287 0.71 

  p-value 0.634 0.764 0.898 0.814 0.915 0.97 0.962 0.95 

HONG 

KONG 

 

 

 

CHINA SHINEWAY ρ -0.013 -0.147 -0.016 0.12 -0.157 0.035 0.102 -0.039 

  Q-stat 0.007 0.874 0.884 1.495 3.941 4.137 5.839 6.088 

 

  
p-value 0.934 0.646 0.829 0.827 0.047** 0.126 0.12 0.193 
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Market Firm Name  
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

HONG     

KONG 

SINO ρ 0.148 0.01 -0.071 0.119 0.03 -0.021 0.06 0.036 

  Q-stat 0.851 0.855 1.063 1.665 0.147 0.217 0.793 1.004 

  p-value 0.356 0.652 0.786 0.797 0.702 0.897 0.851 0.909 

CHINA 

PHARMACEUTICAL  
ρ -0.055 -0.07 0.04 -0.294 0.121 -0.024 0.051 -0.104 

  Q-stat 0.117 0.313 0.38 4.069 2.324 2.415 2.84 4.591 

  p-value 0.732 0.855 0.944 0.397 0.127 0.299 0.417 0.332 

HUA HAN ρ 0.111 0.058 0.211 -0.007 -0.026 0.025 -0.153 0.07 

  Q-stat 0.48 0.617 2.466 2.468 0.11 0.215 4.003 4.796 

  p-value 0.488 0.735 0.482 0.65 0.74 0.898 0.261 0.309 

ANXIN ρ -0.017 -0.189 -0.004 0.114 -0.17 -0.013 0.129 -0.037 

  Q-stat 0.011 1.447 1.448 2 4.635 4.664 7.372 7.59 

  p-value 0.918 0.485 0.694 0.736 0.031** 0.097* 0.061* 0.108 

WINTEAM ρ -0.224 0.134 -0.154 -0.126 -0.193 0.041 -0.106 -0.044 

  Q-stat 1.963 2.689 3.667 4.346 5.975 6.243 8.055 8.368 

  p-value 0.161 0.261 0.3 0.361 0.015** 0.044** 0.045** 0.079* 

DAWNRAYS ρ -0.036 -0.082 0.053 -0.016 -0.102 0.031 0.027 0.037 

  Q-stat 0.05 0.321 0.436 0.447 1.655 1.806 1.926 2.145 

  p-value 0.823 0.852 0.933 0.978 0.198 0.405 0.588 0.709 

SINGAPORE 

HAW PAR ρ 0.3 -0.033 -0.019 0.299 0.128 0.183 0.223 0.035 

  Q-stat 3.519 3.563 3.578 7.4 2.609 7.974 16.032 16.228 

  p-value 0.061* 0.168 0.311 0.116 0.106 0.019** 0.001*** 0.003*** 

LUYE ρ 0.142 0.026 0 -0.235 0.319 0.093 0.127 -0.014 

  Q-stat 0.79 0.817 0.817 3.186 16.309 17.694 20.313 20.347 

  p-value 0.374 0.665 0.845 0.527 0*** 0*** 0*** 0*** 

 

Emerging Markets 

Market Firm Name    
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

CHINA 

SHANGHAI PHARM ρ -0.197 0.134 0.0888 0.024 -0.209 0.147 -0.028 0.033 

  Q-stat 1.518 2.245 2.565 2.59 6.995 10.481 10.61 10.785 

  p-value 0.218 0.325 0.464 0.629 0.008*** 0.005*** 0.014** 0.029** 

JIANGSU ρ -0.339 0.191 -0.129 0.033 -0.221 0.212 -0.106 -0.111 

  Q-stat 4.487 5.948 6.64 6.687 7.847 15.102 16.918 18.945 

  p-value 0.034** 0.051* 0.084* 0.153 0.005*** 0.001*** 0.001*** 0.001*** 

KANGMEI ρ -0.306 0.228 -0.014 0.012 -0.106 0.1 -0.023 -0.017 

  Q-stat 3.659 5.752 5.76 5.767 1.791 3.402 3.49 3.537 

  p-value 0.056* 0.056* 0.124 0.217 0.181 0.183 0.322 0.472 
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 CHINA 

HARBIN ρ -0.06 -0.174 -0.059 -0.143 -0.108 0.063 0.094 -0.063 

  Q-stat 0.139 1.359 1.505 2.379 1.86 2.492 3.927 4.579 

  p-value 0.709 0.507 0.681 0.666 0.173 0.288 0.269 0.333 

SHAI FOSUN ρ -0.226 0.13 -0.009 -0.114 -0.115 0.099 0.008 -0.102 

  Q-stat 2.005 2.685 2.689 3.241 2.113 3.692 3.702 5.407 

  p-value 0.157 0.261 0.442 0.518 0.146 0.158 0.295 0.248 

TIANJIN ρ -0.337 0.274 0.08 0.133 -0.051 0.049 0.044 -0.105 

  Q-stat 4.45 7.463 7.731 8.493 0.416 0.798 1.109 2.911 

  p-value 0.035** 0.024** 0.052* 0.075* 0.519 0.671 0.775 0.573 

BEIJING TONGRENT ρ -0.28 0.241 -0.095 0.049 -0.095 -0.049 0.113 -0.062 

  Q-stat 3.066 5.4 5.774 5.878 1.434 1.825 3.881 4.513 

  p-value 0.08* 0.067* 0.123 0.208 0.231 0.402 0.275 0.341 

GUANGXI ρ 0.044 0.163 0.132 0.134 0.064 0.122 0.097 -0.031 

  Q-stat 0.075 1.143 1.861 2.624 0.662 3.057 4.568 4.723 

  p-value 0.785 0.565 0.602 0.623 0.416 0.217 0.206 0.317 

ZHEJIANG ρ -0.171 0.201 -0.096 -0.076 -0.084 0.082 -0.056 -0.063 

  Q-stat 1.148 2.766 3.151 3.4 1.139 2.216 2.725 3.379 

  p-value 0.284 0.251 0.369 0.493 0.266 0.33 0.436 0.497 

JOINCARE ρ -0.052 0.243 0.018 -0.011 -0.01 0.046 0.085 -0.004 

  Q-stat 0.105 2.473 2.486 2.491 0.015 0.36 1.524 1.526 

  p-value 0.746 0.29 0.478 0.646 0.902 0.835 0.677 0.822 

ZHEJIANG MEDI ρ -0.384 0.26 -0.032 -0.122 -0.051 0.061 0.012 -0.063 

  Q-stat 5.761 8.491 8.533 9.173 0.411 1.009 1.033 1.682 

  p-value 0.016** 0.014** 0.036** 0.057* 0.521 0.604 0.793 0.794 

BEIJING DBLE ρ -0.624 0.381 -0.175 -0.079 -0.01 0.059 -0.031 -0.222 

  Q-stat 15.221 21.053 22.319 22.585 0.016 0.568 0.72 8.772 

  p-value 0*** 0*** 0*** 0*** 0.901 0.753 0.869 0.067* 

NORTH CHINA ρ -0.262 0.137 -0.184 -0.119 -0.028 0.136 0.011 -0.136 

  Q-stat 2.688 3.446 4.857 5.464 0.123 3.115 3.134 6.135 

  p-value 0.101 0.179 0.183 0.243 0.726 0.211 0.371 0.189 

INNER ρ 0.103 0.07 -0.192 -0.108 -0.1 0.098 0.054 -0.006 

  Q-stat 0.417 0.613 2.141 2.643 1.609 3.143 3.619 3.625 

  p-value 0.518 0.736 0.544 0.619 0.205 0.208 0.306 0.459 

S&P 

PHARMACEUTICAL 
ρ -0.167 0.132 0.016 -0.063 -0.002 0.006 0.027 -0.041 

  Q-stat 1.094 1.795 1.806 1.977 0.001 0.007 0.129 0.404 

  p-value 0.296 0.408 0.614 0.74 0.981 0.997 0.988 0.982 

GUANGZHOU ρ -0.114 0.108 -0.037 0.021 -0.043 0.115 0.113 -0.162 

  Q-stat 0.51 0.976 1.032 1.051 0.293 2.437 4.512 8.808 

  

 
p-value 0.475 0.614 0.794 0.902 0.589 0.296 0.211 0.066* 
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 CHINA 

CHINA NATIONAL ρ -0.269 0.179 -0.017 -0.038 -0.148 0.105 -0.174 -0.049 

  Q-stat 2.828 4.115 4.127 4.19 3.487 5.277 10.207 10.607 

  p-value 0.093 0.128 0.248 0.381 0.062* 0.071* 0.017** 0.031** 

WUHAN ρ -0.213 0.259 -0.04 -0.061 -0.048 0.057 0.049 -0.101 

  Q-stat 1.777 4.47 4.535 4.695 0.372 0.897 1.281 2.946 

  p-value 0.183 0.107 0.209 0.32 0.542 0.639 0.734 0.567 

JIANGZHONG ρ -0.325 0.171 -0.146 -0.054 -0.028 0.147 0.083 -0.194 

  Q-stat 4.14 5.323 6.209 6.332 0.128 3.627 4.746 10.901 

  p-value 0.042 0.07 0.102 0.176 0.72 0.163 0.191 0.028** 

SOUTH 

KOREA 

YUHAN ρ -0.172 -0.293 -0.114 0.137 -0.143 -0.028 -0.038 0.024 

  Q-stat 1.153 4.608 5.145 5.944 3.259 3.387 3.623 3.72 

  p-value 0.283 0.1 0.162 0.203 0.071* 0.184 0.305 0.445 

GREEN ρ -0.143 0.002 -0.165 0.101 -0.056 -0.068 0.047 0.039 

  Q-stat 0.804 0.804 1.931 2.367 0.506 1.247 1.61 1.855 

  p-value 0.37 0.669 0.587 0.669 0.477 0.536 0.657 0.762 

DONG-A ρ -0.117 -0.326 0.105 0.166 -0.008 -0.038 -0.116 -0.116 

  Q-stat 0.535 4.815 5.268 6.443 0.01 0.242 2.436 4.613 

  p-value 0.464 0.09* 0.153 0.168 0.921 0.886 0.487 0.329 

DAEWOONG 

PHARM 
ρ 0.146 -0.16 0.141 0.042 -0.29 0.089 0.038 0.13 

  Q-stat 0.832 1.862 2.682 2.756 13.423 14.702 14.936 17.675 

  p-value 0.362 0.394 0.443 0.599 0*** 0.001*** 0.002*** 0.001*** 

HANALL ρ 0.124 -0.111 -0.032 0.081 -0.021 0.093 0.039 0.026 

  Q-stat 0.603 1.098 1.141 1.422 0.07 1.477 1.724 1.833 

  p-value 0.437 0.578 0.767 0.84 0.792 0.478 0.632 0.766 

BUKWANG ρ -0.313 0.264 -0.14 0.126 -0.065 0.025 -0.051 -0.006 

  Q-stat 3.837 6.64 7.452 8.135 0.681 0.783 1.205 1.211 

  p-value 0.05** 0.036** 0.059* 0.087* 0.409 0.676 0.752 0.876 

CHONG ρ -0.014 -0.138 -0.169 0.221 -0.068 -0.073 -0.055 -0.02 

  Q-stat 0.007 0.778 1.956 4.05 0.746 1.604 2.09 2.154 

  p-value 0.931 0.678 0.581 0.399 0.388 0.448 0.554 0.708 

HANMI ρ -0.065 -0.066 0.37 -0.117 -0.032 0.075 0.032 0.049 

  Q-stat 0.165 0.338 6.025 6.614 0.159 1.055 1.224 1.622 

  p-value 0.664 0.845 0.11 0.158 0.69 0.59 0.747 0.805 

ILYANG ρ 0.105 0.061 0.026 -0.004 -0.048 -0.023 0.024 0.103 

  Q-stat 0.433 0.583 0.611 0.611 0.375 0.463 0.554 2.27 

  p-value 0.51 0.747 0.894 0.962 0.54 0.793 0.907 0.686 

ILSUNG ρ -0.255 -0.131 0.032 0.064 -0.011 0.068 -0.074 -0.005 

  Q-stat 2.551 3.245 3.288 3.462 0.02 0.762 1.644 1.647 

  

 
p-value 0.11 0.197 0.349 0.484 0.886 0.683 0.65 0.8 
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SOUTH 

KOREA  

JEIL ρ 0.226 -0.13 0.085 0.032 -0.005 0.039 0.129 0.025 

  Q-stat 1.99 2.669 2.968 3.013 0.004 0.253 2.969 3.069 

  p-value 0.158 0.263 0.397 0.556 0.951 0.881 0.396 0.546 

DAEWOONG ρ -0.135 0.151 -0.004 0.06 0.006 0.026 0.145 -0.023 

  Q-stat 0.708 1.63 1.631 1.785 0.006 0.116 3.504 3.587 

  p-value 0.4 0.443 0.652 0.775 0.938 0.944 0.32 0.465 

IL DONG ρ 0.048 -0.148 0.01 0.165 -0.139 0.163 -0.129 0.065 

  Q-stat 0.092 0.975 0.979 2.143 3.077 7.359 10.062 10.752 

  p-value 0.762 0.614 0.806 0.709 0.079* 0.025** 0.018** 0.029** 

INDIA 

SUN ρ -0.165 0.034 -0.09 0.216 -0.086 -0.072 0.097 -0.089 

  Q-stat 1.07 1.117 1.453 3.445 1.183 2.011 3.526 4.818 

  p-value 0.301 0.572 0.693 0.486 0.277 0.366 0.317 0.307 

DR REDDYS ρ 0.049 -0.001 0.142 0.01 0.023 0.084 0.111 0.063 

  Q-stat 0.094 0.094 0.934 0.938 0.082 1.212 3.212 3.85 

  p-value 0.759 0.954 0.817 0.919 0.774 0.546 0.38 0.427 

CIPLA ρ -0.093 -0.327 0.105 0.246 -0.215 0.096 -0.006 0.023 

  Q-stat 0.336 4.646 5.107 7.693 7.373 8.872 8.878 8.964 

  p-value 0.562 0.098* 0.164 0.103 0.007*** 0.012** 0.031** 0.062* 

RANBAXY ρ -0.047 0.072 -0.105 0.147 0.154 0.009 -0.094 0.06 

  Q-stat 0.087 0.297 0.756 1.681 3.784 3.797 5.229 5.82 

  p-value 0.768 0.862 0.86 0.794 0.052* 0.15 0.156 0.213 

GLAXOSMITHKLINE ρ -0.44 0.052 0.023 -0.07 -0.068 -0.009 -0.066 -0.006 

  Q-stat 7.557 7.664 7.687 7.896 0.748 0.761 1.462 1.469 

  p-value 0.006*** 0.022** 0.053* 0.095* 0.387 0.683 0.691 0.832 

LUPIN ρ -0.059 0.185 -0.181 -0.153 -0.17 0.026 -0.055 0.113 

  Q-stat 0.135 1.514 2.872 3.87 4.648 4.758 5.246 7.344 

  p-value 0.713 0.469 0.412 0.424 0.031 0.093 0.155 0.119 

CADILA ρ -0.078 0.032 0.076 0.235 -0.063 0.058 -0.082 0.055 

  Q-stat 0.236 0.278 0.518 2.886 0.64 1.174 2.27 2.756 

  p-value 0.627 0.87 0.915 0.577 0.424 0.556 0.518 0.6 

PIRAMAL ρ 0.094 -0.117 -0.083 0.197 -0.134 0.198 -0.009 0.121 

  Q-stat 0.347 0.893 1.182 2.834 2.86 9.203 9.214 11.596 

  p-value 0.556 0.64 0.757 0.586 0.091* 0.01*** 0.027** 0.021** 

DIVIS ρ -0.227 -0.169 0.115 -0.018 -0.008 0.162 -0.106 -0.029 

  Q-stat 2.017 3.167 3.714 3.728 0.009 4.252 6.074 6.214 

  p-value 0.155 0.205 0.294 0.444 0.922 0.119 0.108 0.184 

GLENMARK ρ -0.044 -0.013 0.119 0.089 -0.014 -0.005 0.14 0.018 

  Q-stat 0.077 0.083 0.667 1.002 0.032 0.036 3.198 3.251 

  

 

 

p-value 0.782 0.959 0.881 0.909 0.858 0.982 0.362 0.517 
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Market Firm Name  
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

INDIA  

AUROBINDO ρ 0.162 0.088 0.062 0.184 0.084 0.179 0.25 0.146 

  Q-stat 1.025 1.338 1.496 2.947 1.139 6.273 16.41 19.896 

  p-value 0.311 0.512 0.683 0.567 0.286 0.043** 0.001*** 0.001*** 

TORRENT ρ 0.022 0.206 -0.029 0.235 -0.109 0.145 -0.062 0.113 

  Q-stat 0.018 1.723 1.757 4.112 1.905 5.284 5.913 7.984 

  p-value 0.893 0.423 0.624 0.391 0.168 0.071* 0.116 0.092* 

AVENTIS ρ -0.256 0.092 0.095 0.118 -0.027 0.121 -0.03 -0.082 

  Q-stat 2.569 2.91 3.284 3.88 0.115 2.478 2.622 3.717 

  p-value 0.109 0.233 0.35 0.422 0.735 0.29 0.454 0.446 

WOCKHARDT ρ 0.3 -0.002 0.153 0.229 0.061 0.157 0.053 0.119 

  Q-stat 3.506 3.507 4.476 6.71 0.588 4.539 4.999 7.291 

  p-value 0.061* 0.173 0.214 0.152 0.443 0.103 0.172 0.121 

PFIZER ρ 0.062 -0.097 0.078 0.107 0.142 0 -0.021 0.05 

  Q-stat 0.149 0.524 0.777 1.263 3.21 3.21 3.284 3.696 

  p-value 0.699 0.77 0.855 0.868 0.073* 0.201 0.35 0.449 

IPCA ρ 0.19 0.134 0.24 0.284 0.157 -0.051 -0.013 0.153 

  Q-stat 1.412 2.132 4.514 7.955 3.958 4.371 4.397 8.212 

  p-value 0.235 0.344 0.211 0.093* 0.047** 0.112 0.222 0.084* 

ASTRAZENECA ρ -0.32 0.05 -0.104 -0.014 -0.036 0.011 -0.006 -0.129 

  Q-stat 3.991 4.09 4.54 4.548 0.211 0.231 0.236 2.955 

  p-value 0.046** 0.129 0.209 0.337 0.646 0.891 0.972 0.565 

STERLING ρ -0.079 -0.163 0.06 0.256 -0.146 0.063 -0.02 0.033 

  Q-stat 0.244 1.311 1.458 4.25 3.431 4.074 4.137 4.314 

  p-value 0.621 0.519 0.692 0.373 0.064* 0.13 0.247 0.365 

STRIDES ρ 0.135 0.033 -0.085 0.091 -0.121 0.219 -0.051 0.157 

  Q-stat 0.717 0.762 1.058 1.414 2.329 10.043 10.471 14.5 

  p-value 0.397 0.683 0.787 0.842 0.127 0.007*** 0.015** 0.006*** 

MALAYSIA 

PHARMANIAGA ρ -0.089 0.343 0.278 -0.134 -0.269 0.021 0.061 -0.149 

  Q-stat 0.309 5.032 8.227 8.999 11.578 11.651 12.261 15.861 

  p-value 0.578 0.081* 0.042** 0.061* 0.001*** 0.003*** 0.007*** 0.003*** 

TAIWAN 

YUNGSHIN ρ -0.07 -0.166 -0.032 0.213 -0.196 0.122 0.034 0.019 

  Q-stat 0.19 1.302 1.343 3.289 6.171 8.581 8.774 8.835 

  p-value 0.663 0.522 0.719 0.511 0.013** 0.014** 0.032** 0.065* 

CHINA CHEMICAL ρ 0.16 -0.209 0.035 0.209 -0.156 0.186 0.103 -0.103 

  Q-stat 1.003 2.765 2.817 4.684 3.878 9.476 11.182 12.906 

  p-value 0.317 0.251 0.421 0.321 0.049** 0.009*** 0.011** 0.012** 

INDONESIA 

KALBE ρ 0.178 0.296 0.231 -0.1 -0.029 -0.023 -0.015 -0.071 

  Q-stat 1.245 4.778 6.987 7.413 0.134 0.22 0.257 1.08 

  

 

 

p-value 0.265 0.092* 0.072* 0.116 0.714 0.896 0.968 0.897 
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Market Firm Name  
Monthly Weekly 

Lag 1 Lag 2 Lag 3 Lag 4 Lag 1 Lag 2 Lag 3 Lag 4 

INDONESIA 

TEMPO ρ 0.245 0.216 0.121 -0.028 -0.021 0.013 -0.029 0.01 

  Q-stat 2.353 4.232 4.835 4.87 0.073 0.101 0.237 0.255 

  p-value 0.125 0.121 0.184 0.301 0.787 0.951 0.971 0.993 

ENSEVAL ρ 0.595 0.172 -0.022 0.07 0.002 0.046 0.235 0.03 

  Q-stat 13.845 15.031 15.05 15.257 0 0.338 9.279 9.429 

  p-value 0*** 0.001*** 0.002*** 0.004*** 0.984 0.844 0.026** 0.051* 

HUNGARY 

RICHTER ρ 0.208 0.046 0.073 0.021 -0.244 -0.02 -0.028 0.049 

  Q-stat 1.698 1.784 2.005 2.024 9.494 9.556 9.68 10.072 

  p-value 0.193 0.41 0.571 0.731 0.002*** 0.008*** 0.021** 0.039** 

TURKEY 

EIS ECZACIBASI ρ 0.035 0.216 0.054 -0.188 0.041 0.112 0.13 -0.131 

  Q-stat 0.048 1.923 2.042 3.553 0.276 2.302 5.039 7.848 

  p-value 0.826 0.382 0.564 0.47 0.6 0.316 0.169 0.097* 

SOUTH  

AFRICA 

ASPEN ρ -0.042 -0.074 -0.327 0.009 -0.154 0.045 -0.006 -0.125 

  Q-stat 0.07 0.289 4.73 4.733 3.811 4.133 4.139 6.69 

  p-value 0.791 0.865 0.193 0.316 0.051* 0.127 0.247 0.153 

Note: Red figure in p-value row also indicates that the null hypothesis tested in this section is accepted 

by corresponding pharmaceutical firm‟s stock respectively at any lag under different measures of 

frequency data and both segmental markets. 
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Appendix 7. Regression Result of IP 

*Significant at a two-side 10% level 

**Significant at a two-side 5% level 

***Significant at a two-side 1% level 

Insignificant results are marked in red font. 

Developed Market 

Market Firm Name Coefficient Constant adj. R
2
 

UNITED 

STATES 

JOHNSON & JOHNSON 0.515 0 -0.019 

PFIZER 0.563 -0.005 -0.024 

MERCK 0.521 -0.009 -0.026 

ABBOTT 0.471 -0.003 -0.021 

BRISTOL 0.273 0 -0.028 

UNITED 

KINGDOM 

GW 4.652 0.054 0.014 

ECO ANIMAL -0.406 0.013 -0.028 

GLAXOSMITHKLINE 0.67 0.003 -0.016 

ASTRAZENECA 1.261 0.014 0.01 

SHIRE 1.987 0.016 0.045 

DECHRA 0.636 0.016 -0.02 

VECTURA 1.375 0.015 -0.015 

CATHAY -0.416 0.041 -0.029 

OXFORD -0.547 -0.002 -0.029 

ALLIANCE 3.666 0.079 0.003 

SINCLAIR 5.145 0.015 0.033 

FRANCE 
SANOFI-AVENTIS -0.089 -0.007 -0.029 

VIRBAC 0.305 0.021 -0.026 

GERMANY ANDREAE 0.803 -0.001 0.018 

JAPAN 

TAKEDA 0.439 -0.013 0.037 

ASTELLAS 0.65** -0.01 0.132 

DAIICHI 0.508 -0.012 0.008 

EISAI 0.422 -0.009 -0.003 

CHUGAI -0.059 -0.003 -0.029 

MITSUBISHI -0.287 0.009 -0.019 

SHIONOGI 0.414 -0.001 -0.012 

ONO PHARM 0.151 -0.01 -0.023 

KYOWA 0.618 -0.004 0.022 

HISAMITSU 0.551 0.005 0.037 

DAINIPPON 0.08 -0.003 -0.028 

SANTEN -0.073 0.003 -0.027 

SUZUKEN 0.766 -0.003 0.035 

TSUMURA -0.17 0.004 -0.024 
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Market Firm Name Coefficient Constant adj. R
2
 

JAPAN TAISHO 0.218 -0.004 -0.013 

CANADA 

VALEANT -33.357** -0.628*** 0.11 

PALADIN -3.296* -0.052*** 0.068 

PATHEON -6.919** -0.12*** 0.128 

CARDIOME 93.846** 1.606*** 0.108 

TRANSITION -14.327* -0.236*** 0.072 

NUVO 46.899** 0.796*** 0.097 

AFEXA -16.647* -0.33*** 0.102 

INTLP -219.608* -4.032*** 0.098 

SWEDEN 
MEDA -0.113 -0.006 -0.029 

DIAMYD -0.4 0.048 -0.026 

FINLAND ORION 0.037 0.001 -0.029 

DENMARK NOVO NORDISK -0.138 0.017 -0.007 

BELGIUM OMEGA 0.118 -0.001 -0.03 

SINGAPORE 
HAW PAR -0.093 0.002 -0.018 

LUYE 0.766*** 0.037 0.197 

Emerging Markets 

Market Firm Name Coefficient Constant adj. R
2
 

CHINA 

SHANGHAI PHARM 0.179 0.033 -0.015 

JIANGSU -0.061 0.026 -0.026 

KANGMEI 0.195 0.06 -0.01 

HARBIN 0.084 0.019 -0.025 

SHAI FOSUN -0.027 0.026 -0.029 

TIANJIN -0.033 0.034 -0.029 

BEIJING TONGRENT 0.14 0.024 -0.019 

GUANGXI 0.121 0.067 -0.027 

ZHEJIANG 0.221 0.044 -0.009 

JOINCARE 0.463 0.024 0.032 

ZHEJIANG MEDI 0.515 0.039 0.039 

BEIJING DBLE 0.09 0.018 -0.024 

NORTH CHINA 0.399 0.031 0.018 

INNERMONGOLIA 0.223 0.02 -0.012 

S&P PHARMACEUTICAL 0 0.03 -0.029 

GUANGZHOU 0.332 0.02 0.008 

CHINA NATIONAL 0.123 0.022 -0.016 

WUHAN 0.05 0.195 -0.015 

JIANGZHONG 0.292 0.044 -0.003 

SOUTH KOREA 

YUHAN -0.341 0.002 -0.006 

GREEN CROSS 0.339 0.017 -0.022 

DONG A -0.244 0.011 -0.019 
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Market Firm Name Coefficient Constant adj. R
2
 

SOUTH KOREA 

DAEWOONG PHARM 0.199 -0.013 -0.024 

HANALL 0.225 0.021 -0.027 

BUKWANG -0.057 -0.02 -0.029 

CHONGKUN 0.875* 0.004 0.067 

HANMI 0.719 -0.027 0.005 

ILYANG 0.862 -0.008 -0.003 

ILSUNG 0.784 -0.006 0.011 

JEIL 1.531*** 0.008 0.18 

DAEWOONG 1.002* -0.017 0.058 

ILDONG 0.275 0.002 -0.023 

INDIA 

SUN -0.007 0.024 -0.03 

DR REDDYS -0.069 0.035 -0.029 

CIPLA -0.045 0.023 -0.029 

RANBAXY 0.592 0.027 0.004 

GLAXOSMITHKLINE 0.702*** 0.024* 0.203 

LUPIN 0.035 0.046 -0.03 

CADILA 0.167 0.044 -0.021 

PIRAMAL -0.068 0.023 -0.029 

DIVIS 0.335 0.002 -0.006 

GLENMARK 0.438 0.008 -0.008 

AUTOBINDO 0.388 0.05 -0.02 

TORRENT 0.072 0.04* -0.029 

AVENTIS 0.116 0.022 -0.025 

WOCKHARDT 0.069 0.01 -0.03 

PFIZER -0.071 0.02 -0.028 

IPCA -0.199 0.037* -0.021 

ASTRAZENECA PHARM 0.386 0.032 -0.01 

STERLING -0.231 -0.005 -0.004 

STRIDES -0.128 0.032 -0.029 

MALAYSIA PHARMANIAGA 0.008 0.015 -0.029 

TAIWAN 
YUNG SHIN 0.169 0.008 -0.021 

CHINA CHEMICAL 0.223 0.026 -0.025 

INDONESIA 

KALBE 1.528 0.036 0.015 

TEMPO 1.372 0.024 0.029 

ENSEVAL 0.86 0.017 -0.009 

HUNGARY RICHTER 0.264 0.008 0 

TURKEY EIS ECZACIBASI 0.183 0.016 -0.017 

SOUTH AFRICA ASPEN 0.314 0.031* -0.02 

Note: Red figure in coefficient column also indicates that the null hypothesis tested in this section is 

accepted by corresponding pharmaceutical firm‟s stock respectively under different measures of 

frequency data and both segmental markets. 
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Appendix 8. Regression Results of M2 

*Significant at a two-side 10% level 

**Significant at a two-side 5% level 

***Significant at a two-side 1% level 

Insignificant results are marked in red font. 

Developed Market 

Market Firm Name Coefficient Constant adj. R
2
 

UNITED 

STATES 

JOHNSON & JOHNSON -4.524*** 0.02 0.165 

PFIZER -3.476 0.01 0.022 

MERCK -6.144** 0.018 0.098 

ABBOTT -2.115 0.006 0.013 

BRISTOL -5.153 0.023 0.084 

UNITED 

KINGDOM 

GW 8.385 0.008 0.002 

ECO ANIMAL -4.257 0.031 0.001 

GLAXOSMITHKLINE 1.447 -0.005 -0.016 

ASTRAZENECA 0.534 0.008 -0.028 

SHIRE 4.75* -0.009 0.066 

DECHRA 2.935 0.003 0.014 

VECTURA 3.234 -0.002 -0.011 

CATHAY -4.979 0.062 -0.014 

OXFORD 11.117 -0.044 0.034 

ALLIANCE 13.195* 0.017 0.066 

SINCLAIR 0.077 0.001 -0.029 

SWIZERLAND 
NOVARTIS -0.666 0.005 0.037 

ROCHE -0.237 -0.005 -0.025 

FRANCE 
SANOFI-AVENTIS -1.229 -0.001 0.046 

VIRBAC -0.909 0.024 -0.007 

GERMANY ANDREAE -1.571 0.004 -0.012 

JAPAN 

TAKEDA -1.945 -0.01 -0.012 

ASTELLAS -0.989 -0.01 -0.024 

DAIICHI 1.094 -0.016 -0.027 

EISAI -0.089 -0.011 -0.029 

CHUGAI 6.077 -0.015 0.031 

MITSUBISHI -3.206 0.016 -0.011 

SHIONOGI 8.046* -0.019 0.057 

ONO PHARM -1.998 -0.006 -0.015 

KYOWA 6.202 -0.018 0.041 

HISAMITSU 1.828 -0.001 -0.02 

DAINIPPON 2.071 -0.007 -0.017 

SANTEN -1.895 0.007 -0.011 
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Market Firm Name Coefficient Constant adj. R
2
 

JAPAN 

SUZUKEN 8.321* -0.022 0.072 

TSUMURA 4.065 -0.003 0.016 

TAISHO 2.841 -0.01 0.008 

CANADA 

VALEANT 48.892*** -1.015 0.304 

PALADIN 5.518*** -0.095 0.274 

PATHEON 9.312*** -0.194 0.288 

CARDIOME -138.313*** 2.7 0.301 

TRANSITION 24.011*** -0.425 0.288 

NUVO -72.262*** 1.366 0.303 

AFEXA 25.175*** -0.528 0.305 

INTLP 336.506*** -6.688 0.303 

AUSTRALIA 

CSL 1.158 -0.007 -0.017 

ACRUX 2.351 0.032 -0.026 

PHARMAXIS 5.042 -0.04 0.009 

STARPHARMA 1.431 0.019 -0.026 

BIOTA -4.082 0.06 -0.021 

ASCENT -4.743 0.048 -0.001 

CLINUVEL -0.304 -0.013 -0.029 

SOLAGRAN -1.941 -0.002 -0.028 

OBJ -27.775* 0.291 0.059 

MEDICAL 0.393 0.002 -0.029 

IMMURON -6.149 0.058 0.008 

IDT 1.576 -0.049 -0.02 

SWEDEN 
MEDA -2.76** 0.009 0.094 

DIAMYD -0.8 0.054 -0.025 

FINLAND ORION -0.918 0.005 0.002 

DENMARK NOVO NORDISK 0.003 0.017 -0.029 

BELGIUM OMEGA -1.217 0 -0.018 

HONG KONG 

CHINA SHINEWAY 2.008 0.047 0.016 

SINO 0.045 0.052 -0.029 

CHINA PHARMACEUTICAL -2.077 0.032 0.013 

HUA HAN -1.349 0.044 -0.017 

ANXIN 0.536 0.041 -0.028 

WINTEAM 0.675 0.032 -0.025 

DAWNRAYS 1.63 0.042 0.019 

SINGAPORE 
HAW PAR -1.415 0.013 -0.009 

LUYE -1.376 0.054 -0.024 
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Emerging Markets 

Market Firm Name Coefficient Constant adj. R
2
 

CHINA 

SHANGHAI PHARM 2.576 -0.008 0.01 

JIANGSU 2.9** -0.22 0.092 

KANGMEI 2.373 0.022 0.01 

HARBIN 2.729 -0.026 0.033 

SHAI FOSUN 5.297*** -0.062 0.173 

TIANJIN 2.085 -0.001 0.003 

BEIJING TONGRENT 1.959 -0.007 -0.001 

GUANGXI 9.067*** -0.081 0.195 

ZHEJIANG 3.528 -0.013 0.043 

JOINCARE 5.277* -0.06 0.081 

ZHEJIANG MEDI 3.373 -0.013 0.011 

BEIJING DBLE 0.995 0.003 -0.021 

NORTH CHINA 5.526** -0.058 0.095 

INNERMONGOLIA 4.708* -0.056 0.08 

S&P PHARMACEUTICAL 8.397*** -0.109 0.215 

GUANGZHOU 3.282 -0.032 0.022 

CHINA NATIONAL 2.644* -0.021 0.054 

WUHAN 3.561 -0.007 0.038 

JIANGZHONG 3.96 -0.019 0.038 

SOUTH KOREA 

YUHAN 0.545 -0.004 -0.026 

GREEN CROSS 1.321 0.009 -0.023 

DONG A -0.436 0.013 -0.028 

DAEWOONG PHARM 1.781 -0.026 -0.005 

HANALL -0.3 0.024 -0.029 

BUKWANG 1.418 -0.031 -0.021 

CHONGKUN 3.535* -0.017 0.054 

HANMI -0.147 -0.022 -0.029 

ILYANG 2.721 -0.024 -0.015 

ILSUNG -1.97 0.013 -0.016 

JEIL 0.886 0.009 -0.026 

DAEWOONG 2.444 -0.03 -0.002 

ILDONG -0.609 0.008 -0.028 

INDIA 

SUN 0.578 0.017 -0.008 

DR REDDYS -0.331 0.039 -0.025 

CIPLA 0.519 0.016 -0.006 

RANBAXY 0.69 0.019 -0.021 

GLAXOSMITHKLINE 1.932*** 0.002 0.268 

LUPIN 0.033 0.049 -0.029 

CADILA 0.362 0.041 -0.022 

PIRAMAL -0.188 0.022 -0.028 
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Market Firm Name Coefficient Constant adj. R
2
 

INDIA 

DIVIS -0.376 0.005 -0.024 

GLENMARK 0.118 0.009 -0.029 

AUTOBINDO 0.883 0.04 -0.02 

TORRENT -0.08 0.04 -0.029 

AVENTIS 0.468 0.017 -0.016 

WOCKHARDT 0 0.016 -0.029 

PFIZER 0.144 0.015 -0.028 

IPCA -0.583 0.042 -0.016 

ASTRAZENECA PHARM 1.294 0.018 0.009 

STERLING -0.459 -0.002 -0.012 

STRIDES -0.587 0.037 -0.024 

MALAYSIA PHARMANIAGA -1.708* 0.029 0.051 

TAIWAN 
YUNG SHIN -0.958 0.014 -0.025 

CHINA CHEMICAL -2.016 0.037 -0.023 

INDONESIA 

KALBE -0.539 0.047 -0.025 

TEMPO -0.577 0.035 -0.02 

ENSEVAL -0.817 0.029 -0.013 

HUNGARY RICHTER -2.136*** 0.013 0.159 

TURKEY EIS ECZACIBASI -3.961*** 0.08 0.16 

SOUTH AFRICA ASPEN -1.797 0.04 0.044 

Note: Red figure in coefficient column also indicates that the null hypothesis tested in this section is 

accepted by corresponding pharmaceutical firm‟s stock respectively under different measures of 

frequency data and both segmental markets.
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Appendix 9. Regression Results of CPI 

*Significant at a two-side 10% level 

**Significant at a two-side 5% level 

***Significant at a two-side 1% level 

Insignificant results are marked in red font. 

Developed Market 

Market Firm Name Coefficient Constant adj. R
2
 

UNITED 

STATES 

JOHNSON & JOHNSON 3.531** -0.005 0.093 

PFIZER 1.059 -0.007 -0.024 

MERCK 4.05 -0.015 0.028 

ABBOTT 1.792 -0.006 0.002 

BRISTOL 0.345 -0.001 -0.029 

UNITED 

KINGDOM 

GW 3.731 0.032 -0.022 

ECO ANIMAL -2.531 0.02 -0.016 

GLAXOSMITHKLINE 0.058 0.001 -0.029 

ASTRAZENECA 0.126 0.01 -0.029 

SHIRE 0.149 0.01 -0.0029 

DECHRA 1.165 0.012 -0.021 

VECTURA 1.481 0.007 -0.025 

CATHAY 6.182 0.029 -0.001 

OXFORD -1.116 0.002 -0.029 

ALLIANCE 13.667** 0.038 0.096 

SINCLAIR 6.842 -0.014 0.001 

SWIZERLAND 
NOVARTIS 1.912 -0.004 -0.005 

ROCHE 3.817 -0.01 0.022 

FRANCE 
SANOFI-AVENTIS -1.106 -0.005 -0.026 

VIRBAC 1.222 0.019 -0.027 

GERMANY ANDREAE 0.876 -0.003 -0.028 

JAPAN 

TAKEDA 3.431 -0.013 0.014 

ASTELLAS 6.618** -0.01 0.152 

DAIICHI 4.198 -0.012 -0.002 

EISAI 2.835 -0.01 -0.016 

CHUGAI 10.53 0.001 0.118 

MITSUBISHI 1.525 0.011 -0.026 

SHIONOGI 0.701 -0.002 -0.029 

ONO PHARM 5.53* -0.008 0.057 

KYOWA 5.347 -0.004 0.013 

HISAMITSU 5.22 0.005 0.035 

DAINIPPON 1.21 -0.002 -0.026 

SANTEN 1.878 0.004 -0.015 
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JAPAN 

SUZUKEN 5.585 -0.004 0.007 

TSUMURA -1.967 0.004 -0.021 

TAISHO 2.423 -0.004 -0.007 

CANADA 

VALEANT 1.498 0.021 -0.025 

PALADIN 2.105 0.031 -0.02 

PATHEON 5.674 0 -0.015 

CARDIOME 9.635 -0.015 0.035 

TRANSITION 5.098 -0.011 -0.022 

NUVO 20.767*** -0.002 0.155 

AFEXA 10.299 0 0.006 

INTLP 15.33 -0.026 0.008 

AUSTRALIA 

CSL 5.312 -0.009 0.011 

ACRUX -22.149 0.1 0.012 

PHARMAXIS -11.613 0.027 0.002 

STARPHARMA -15.945 0.066 0.028 

BIOTA -28.367 0.09 0.032 

ASCENT -14.226 0.041 0.011 

CLINUVEL -12.951 0.014 0.023 

SOLAGRAN -6.577 -0.003 -0.027 

OBJ -15.503 0.099 -0.025 

MEDICAL -3.105 0.012 -0.026 

IMMURON -30.717** 0.076* 0.118 

IDT -6.498 -0.022 -0.005 

SWEDEN 
MEDA 7.175* -0.014 0.073 

DIAMYD 4.546 0.045 -0.011 

FINLAND ORION -1.896 0.004 -0.01 

DENMARK NOVO NORDISK 1.756 0.014 -0.016 

BELGIUM OMEGA -9.185 0.013 0.036 

HONG KONG 

CHINA SHINEWAY -0.894 0.057 -0.027 

SINO -2.924 0.057 -0.005 

CHINA PHARMACEUTICAL -1.884 0.026 -0.02 

HUA HAN -1.881 0.041 -0.023 

ANXIN -2.203 0.048 -0.021 

WINTEAM -4.574 0.044 0.025 

DAWNRAYS 2.994 0.043 0.015 

SINGAPORE 
HAW PAR 0.198 0.001 -0.029 

LUYE 5.103 0.03 0.008 

 

 



 

131 
 

Emerging Market 

Market Firm Name Coefficient Constant adj. R
2
 

CHINA 

SHANGHAI PHARM -0.123 0.034 -0.029 

JIANGSU 0.73 0.026 -0.026 

KANGMEI 1 0.062 -0.026 

HARBIN -0.561 0.019 -0.028 

SHAI FOSUN 0.498 0.026 -0.029 

TIANJIN 0.293 0.034 -0.029 

BEIJING TONGRENT 1.009 0.026 -0.026 

GUANGXI 0.93 0.069* -0.028 

ZHEJIANG 3.561 0.047* 0.006 

JOINCARE 2.125 0.029 -0.021 

ZHEJIANG MEDI -3.082 0.042 -0.013 

BEIJING DBLE -1.005 0.019 -0.025 

NORTH CHINA -4.539 0.031 0.011 

INNERMONGOLIA 0.755 0.022 -0.028 

S&P PHARMACEUTICAL -1.238 0.03 -0.027 

GUANGZHOU 2.468 0.023 -0.016 

CHINA NATIONAL 1.971 0.024 -0.007 

WUHAN -1.176 0.051 -0.026 

JIANGZHONG -1.6 0.046 -0.024 

SOUTH KOREA 

YUHAN 9.291*** -0.026* 0.163 

GREEN CROSS 4.168 0.007 -0.017 

DONG A 3.877 -0.002 0 

DAEWOONG PHARM 5.7 -0.029 0.021 

HANALL -4.485 0.035 -0.021 

BUKWANG 4.333 -0.033 -0.014 

CHONGKUN 5.872 -0.008 0.018 

HANMI 7.579 -0.045 0.013 

ILYANG 6.836 -0.023 -0.011 

ILSUNG 3.182 -0.011 -0.022 

JEIL 0.373 0.015 -0.029 

DAEWOONG 7.344 -0.033 0.022 

ILDONG 1.339 0 -0.028 

INDIA 

SUN -0.614 0.03 -0.025 

DR REDDYS 3.24 0.006 0.048 

CIPLA 1.981 0.004 0.029 

RANBAXY 1.74 0.012 -0.021 

GLAXOSMITHKLINE 0.998 0.017 -0.016 

LUPIN 1.728 0.034 0.002 

CADILA 3.207* 0.017 0.073 

PIRAMAL 2.487 -0.002 0.018 
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INDIA 

DIVIS 0.936 -0.008 -0.024 

GLENMARK 0.474 0.006 -0.029 

AUTOBINDO 5.466 0.002 0.029 

TORRENT 0.533 0.035 -0.028 

AVENTIS 1.032 0.014 -0.018 

WOCKHARDT 2.119 -0.003 -0.018 

PFIZER 0.628 0.011 -0.025 

IPCA 0.625 0.029 -0.027 

ASTRAZENECA PHARM 4.327 -0.005 0.043 

STERLING -3.894*** 0.027 0.186 

STRIDES 2.052 0.011 -0.018 

MALAYSIA PHARMANIAGA 1.875 0.011 0.025 

TAIWAN 
YUNG SHIN -0.054 0.008 -0.017 

CHINA CHEMICAL -0.008 0.027 -0.029 

INDONESIA 

KALBE -2.773 0.056 -0.018 

TEMPO 2.414 0.015 -0.015 

ENSEVAL -7.464** 0.061** 0.089 

HUNGARY RICHTER -0.001 0.007 -0.028 

TURKEY EIS ECZACIBASI 1.88 0.006 -0.015 

SOUTH AFRICA ASPEN 1.986 3.068 -0.017 

Note: Red figure in coefficient column also indicates that the null hypothesis tested in this section is 

accepted by corresponding pharmaceutical firm‟s stock respectively under different measures of 

frequency data and both segmental markets.
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