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Abstract 
 
Nowadays, high-technology-new-ventures have a significant effect on economic growth 
of developed countries and are considered to have a high rate of return on investment 
(ROI). For instance, in Sweden, policy makers, venture capitalists (VCs) and academia 
have paid a special attention to biotechnology and information technology (IT). These 
high-tech industries are considered to increase the national competitiveness and create 
opportunities for employment. Despite the fact that many empirical studies investigated 
the business aspects of these industries in Sweden, still a few number of firm-level 
studies focused specifically on biotech industry to investigate the critical success factors 
for biotech firms in Sweden. In fact, this study was carried out in order to better 
understand the economic, dynamic and managerial characteristics of an industry which 
is recognized as being highly risky and uncertain.       
 
The study departed from understanding the definitions regarding to what is meant by 
biotechnology industry and exploring the current state of this industry both globally and 
nationwide in Sweden. On the next step, a thorough analysis of literature carried out to 
figure out dynamics of this industry. Based on in-depth literature review, we identified 
five main factors which are critical for success of biotech firms including a number of 
criteria under each factor. To achieve the objectives of the study, a questionnaire survey 
was designed and sent to a number of active biotech firms. We asked top managers in 
these firms to participate in a web-based survey and express their attitudes towards the 
significance of each criterion based on a five-point Likert scale. Later, by means of 
mathematical model and statistical analysis tool, we prioritized and ranked each factor 
and belonging criteria.     
 
The results of this study revealed five main categories for critical success factors 
consisting of competencies that are distinct and different with the following priority: 1) 
Managerial and Human Capital; 2) Knowledge Assets; 3) Funding and Financial; 4) 
Alliances and Networking; and 5) Location and Market factor. Under each of these 
categories a number of criteria have been perceived and prioritized based on the 
significance for success. Besides, a comparative study was conducted between start-ups 
and established firms in our study, to investigate the differences in perceived 
significance of each factor for these two firm types. 
 

Keywords: Biotechnology, Critical Success Factor, New Venture, Knowledge Intensive 
Business Sector, Research and Development, Shannon Entropy 
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Chapter1.  Introduction and Summary of Thesis Structure 
 

1.1. Motivation for this study 
 
The success of new firms has always been a crucial issue in business studies. This is the 
case, especially in knowledge intensive business sectors (KIBSs) i.e. information 
technology and biotechnology. Nowadays, the highly competitive market conditions and 
complexity of business environment emphasize that the traditional measures are not 
able to identify the success factors for new venture and start-ups within a specific field 
of industry. In other words, these knowledge-based industries such as biotechnology 
should be re-evaluated considering different global, national and local actors.  
 
Considering the scientific and technological growth worldwide, biotechnology is among 
those fast growing industries in this regards. Patzelt & Brenner, (2008) in their book 
Bioentrepreneurship mentioned that establishing a biotech venture is one of the most 
risky, uncertain and sophisticated entrepreneurial efforts in terms of technology 
complexity, unusual R&D capital sensitivity and long time period from laboratory to 
market for discoveries. In fact, biotechnology is known as a very fragmented field with 
many special features. Here we quote Pisano (2006) to support the claim about 
complexity of this industry: 
 
“…The business of biotechnology is neither as simple as policymakers wish it would be, nor as 

theoretically straightforward and driven as most academic researchers of the field would like 

to make one believe…” 
 
Nowadays, biotechnology is considered as one of foundations for economic growth in 
many developed countries. Biotechnology industry has been growing considerably and 
has always been paid special attention by high-tech investors. Accordingly, the 
contribution of biotech sector to Sweden economy is of great interest for both scientists 
and policy makers. A better understanding of the extent, structure and development of 
biotech industry will help policy makers and active firms to make sound decisions.  
 
However, the very diverse nature of biotechnology context caused it difficult to 
speculate a comprehensive success model for firms which are active in this field. For 
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new biotechnology firms1 (NBFs) and their success in the market with quite long return 
on investment time period, a comprehensive model is rare especially for Sweden 
biotech industry, which makes this study demanding for many business practitioners 
and academic researchers. If we consider two aspects of biotechnology industry; 
scientific and commercial, this study will emphasize on commercial success of NBFs and 
will underpin the business success framework which will dedicate the long term viability 
of this very important industry. 
 
It has been mentioned by many authors that start-ups act as seeds of the biotech 
industry and without new firm formation, the success of an industry as a whole is not 
possible. Like many other industries, in biotech industry, new firms and start-ups play a 
significant role in economic dynamics of industry and the number of emerging and 
successful new ventures has been seen as an indication of economic well-being of 
regional and national growth. Even if the physical size of these NBFs is small still there 
are many significant issues such as financing and resourcing which will affect the long 
term development. 
 
Undoubtedly entrepreneurship plays an important role in competitiveness of 
biotechnology companies. NBFs should position themselves in the market through 
entrepreneurial orientation to stay on the competitive edge. In biotechnology industry 
the initial stage of starting up a firm in very crucial for future success in the market and 
the better understanding of economic and managerial issues of biotech industry and 
special characteristics of NBFs will help managers to overcome early stage challenges.  
     
In any field of industry there is a huge demand for defining the critical success factors 
(CSFs) for new start-ups which figure out what makes a firm successful. This is especially 
important for industries such as biotechnology which are highly dependent on external 
financial source where investors and venture capitalists are looking for predictable 
indices for evaluating the return on investment.  
 

                                                             
1 NBFs are basically active within applied research, but some of them are also active in clinical and industrial 
development (OECD, 2005, A Framework for Biotechnology Statistics). 
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The high-tech and science-based nature of bio-firms and the lack of a comprehensive 
attention to the Swedish biotech industry from a firm-level perspective justify this 
research. 
Singh, G (2009) mentioned biotechnology as an industry which has this capacity to 
create value more than other industries. Different practitioners will benefit from the 
value which is created by life science related firms. On the other side of the coin, 
knowledge intensive industries are highly financial and knowledge capital intensive. This 
means that establishing a biotech firm needs a huge amount of money to be spent on 
research and development, access to well-educated and talented employees and other 
facilities. Since it takes six to ten years on average to convert an original idea to a 
marketable product in biotech industry, firms need long-term investment. In other 
words, developing an industry such as biotechnology needs support from both 
governmental and private sectors.    
 
We believe that the business side of biotechnology industry in Sweden needs to be 
speculated more and in this regard the identification of critical success factors for young 
biotech firms will be interesting for many active agents such as CEOs, VCs and many 
academic researchers as well. 
 
The findings of this research will help to better understanding of industry dynamics and 
decrease the strategic uncertainty which is embedded in the nature of this industry. The 
results of this study will act as a practical roadmap for both investors and managers in 
biotechnology industry to modify the priorities of business development criteria and to 
discover or recognize the firm-level strategies towards a successful biotech venture.   

 

1.2. Main objectives of study and contribution to literature 
 
The main question of the study is: how new biotech ventures/start-ups survives in 
Sweden industry? And what are the key success factors for new biotech firms in Sweden 
economy. This study aimed to bring biotechnology as an important field of science 
together with concepts of entrepreneurship and new firm formation. The results will 
provide information and tools for either venture capitalists who are trying to analyze 
and value a biotech start-up or a CEO of large biotech firm who wants to decide whether 
to corporate and invest in early-stage-firms projects. 
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Many literatures in business studies have examined the biotechnology industry from 
various theoretical and empirical perspectives. A broad range of issues have been 
addressed, including strategic alliances, venture capital finding, and academic-industry 
relations. In analyzing such topics, scholars mostly have focused on one of the actors 
and its role from a macro-level point of view. Few studies, however, consider all factors 
at the same time from a firm-level lens and institute a model of success for small, new 
biotechnology firms (McKelvey 1996, Powell et al. 1996).  
 
In other words, this study is in search of answering the following question: ‘How to 
make a successful biotech company?’ to the extent that the time limitation and 
framework of research allow. By the way, we try to provide a detailed, as much as 
possible, and factual analysis of different aspects of biotech entrepreneurship which 
help biotech firms in their early stages of formation. The results will provide a success 
model for entrepreneurial businessman and scientists in biotech industry.  
 
This study will investigate the biotech industry and formation of new biotech ventures in 
Sweden from an entrepreneurial perspective, to identify the success factors for survival 
in highly risky and uncertain marketplace. In this study we will focus on biotechnology 
industry as general term rather than a more sector-specified field of biotech such as 
health care or agricultural biotechnology. By doing this, the results of the study will have 
more application in nationwide policies towards biotechnology industry.  

The study of economic performance and influence of high-technology start-up2 firms 
such as biotech start-ups will help policymakers to realize the economic potential of 
such technology-based start-ups and introduction of measures to foster their creation 
and growth. The results of this study will provide recommendation for managers and 
practitioners about early stage firms, which are mostly disregarded to be studied from a 
holistic framework in literatures, to pursue their entrepreneurial efforts.   

 

                                                             
2Here we differentiate between established firms and start-ups in accordance with earlier research which considered 
several criteria such as size, age and sales. We follow the work by Peterson., et al (2009) as they mentioned: 
“…Start-up firms were defined as meeting the following criteria: (a) in product development mode, (b) in business 
less than 5 years, (c) no public offering, (d) annual sales of less than $1 million, and (e) fewer than 50 employees. 
Established firms were defined as those with more than 50 employees, existing for more than 5 years, and having 
sales in excess of $3 million.” 
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1.3. The structure of the study 
 

This thesis is structured in the following way. First of all, a clear definition of 
biotechnology itself and its application will be presented and the dynamics of biotech 
industry will be explored based on the thesis objectives. In this stage the current state of 
global biotechnology industry will be briefly introduced and an in-depth investigation of 
Sweden biotech industry will be presented. It is mentionable that the discussion will be 
limited to the extent that is reasonable in the light of future sections of this study. 
 
Secondly, the main question of the research will be speculated deeply based on the 
latest literatures within the field of biotechnology and entrepreneurship while 
considering the micro-level perspective. Here the key success factors and criteria will be 
derived from past academic works and empirical studies. Also other sources of data 
such as reports and internet websites (for instance: VINNOVA’s3 website) will be used as 
well.  
 
Thirdly, a questionnaire survey will be carried out. In this part a number of key individual 
(mostly CEOs and Managers) in Swedish biotechnology firms will be asked to response 
to a questionnaire which includes questions about the significance of each perceived 
factor and criteria. Later, based on a mathematical model the factors and criteria will be 
ranked and findings will be discussed.  
 
Finally, the results will be analyzed with the most appropriate statistical analysis tool 
and the priority of each factor will be defined. A detailed explanation of research 
methodology as well as criteria for selecting case firms will be provided in next chapters. 
 
 
 
 
 
 

                                                             
3 VINNOVA  runs the National Program for Development of Innovation Systems in Sweden 
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Chapter 2. Literature Review 

2.1. Biotechnology Industry 

2.1.1. Definition of Biotechnology 
 
Researchers within biotechnology field emphasized that a variety of definitions exists for 
biotechnology (McKelvey et al, 2004). It is difficult to figure out a universal definition for 
biotechnology as different agencies and governmental offices (i.e. Organization for 
Economic Cooperation and Development (OECD), academic publications) defined it in 
different ways. However; a large number of published literature and reports cited the 
OECD definition of biotechnology as a comprehensive one. According to OECD, 
biotechnology is defined as: 

“…The application of science and technology to living organisms, as well as parts, 
products and models thereof, to alter living or non-living materials for the production of 
knowledge, goods and services4.”  

McKelvey et al, (2004) emphasized that this definition of biotechnology is broad enough 
and includes both modern and traditional biotechnology. 

Based on the objectives of study, some researchers focused on a very specific sector of 
industry while others considered the biotech industry in general terms. 

Dr. Dass (2004) in his book ‘Biotechnology and Food Security’ mentioned that 
biotechnology is a multidisciplinary science instead of a separate one which includes 
genetics, molecular biology, and biochemistry, embryology, and cell biology. These pure 
sciences will be connected to practical sciences such as chemical engineering and IT, 
which later on will resulted in productive processes.  

 

 

 

                                                             
4 OECD (2005), ‘A framework for biotechnology statistics‘ 
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2.1.2. Modern Biotechnology 
 

The phenomenon of modern biotechnology has been mentioned by McKelvey et al, 
(2004) as a wide domain of technological and scientific knowledge. Modern 
biotechnology has been growing fast considering range and rate of evolution of 
breakthroughs, methods and tools. This knowledge development has been affecting 
other organizational variables such as performance, productivity and return on 
investments. Modern biotechnology refers to the time when scientists found this ability 
to perform analysis of genes.  

Besides the scientific breakthroughs of modern biotechnology, it brought economic 
benefits for firms through commercialization of new ideas, methods, materials and 
tools. These innovations may stem from different sources such as academic research 
labs and industrial R&D; and be turned to economically useful products or services 
which will fulfill customers’ needs. In this regard, some young firms act as supplier of 
research and development for large firms.  

This extensive area of knowledge facilitated the formation of new firms and also 
influenced the incumbent firms in the market. Generating new ideas will enable firms to 
explore innovation opportunities within different sectors of biotech industry. Modern 
biotechnology, in comparison to traditional biotechnology, carries out an economic 
aspect which will be manifested in indicators such as sales number, type of process, and 
establishing new companies. Obviously, these changes in technology and knowledge 
within a multidisciplinary sector will bring about a more broad definition. This expansion 
has been explained by McKelvey et al, (2004) as following which we quote it: 

“…Initially in the mid- to late 1970s, modern biotechnology was mainly confined to 
genetic engineering techniques. In the decades since, the term has expanded to include 
many other things, which are as diverse as protein engineering, bioinformatics and life 
sciences for agro-food.” 

In the early phases of starting up a company and setting up the business model for 
producing new products or services, which are not currently available in the market, 
firms should either identify themselves as initially ‘Core Biotech’ company or being 
active on other related sectors. In either way, these firms will sell their acquired 
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knowledge in biotechnology or products/services to other firms active in industry such 
as pharmaceutical. This shows that it is difficult to differentiate, in a clear way, between 
growing science and products in biotechnology. As a matter of fact, we can conclude 
that the definition of modern biotechnology will change over time.      

Figure (1) helps us to better understand and distinguish the different categories of 
biotech products and junction of biotechnology with other industries such as 
agriculture, environment and pharmaceutical. This is along side with the broad 
definition of biotechnology which was expressed by OECD. As far as our focus in this 
thesis is mostly on managerial and entrepreneurial aspects of biotech business, 
sometime we extend the definition of ‘Biotech Company’ to the extent that covers all 
companies which their main activity is production of life science goods.  

Here the concentration of research is more on entrepreneurial life sciences companies 
(ELISCOs), which are defined by Ernst & Young (2000) as: 

“…Venture capital-financed, research-intensive, growth-oriented, small- and medium-
sized companies that aim to commercialize modern biotechnology.”  

 

Figure 1:   Axis of product-based (sectors) in biotechnology: A combination of ‘core biotechnology’ and sectors (Source: 
McKelvey, Maureen; Annika Rickne; Jens Laage-Hellman (2004). The Economic Dynamics of Modern Biotechnology. P.28 

(Cheltenham, UK: Edward Elgar Publishers)) 
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2.1.3. Sectors and Business Segments  
 
It should be noted that there is a variety of categorization of life science field of 
activities and biotech companies are scattered among many categories. In many cases it 
is difficult to allocate a specific category to a firm’s activity and sometimes there are 
overlaps in this regards. According to VINNOVA reports, active firms in life science 
industry have been categorized in different sectors, business segments and core 
activities. Here VINNOVA defines three sectors as follow: medical technology sector, 
biotechnology sector and pharmaceutical sector (Figure 2). 

 
 

Figure 2:   Life science sectors (Source: VINNOVA report on life science companies in Sweden) 

 

Considering biotech activities in these three sectors, some companies belong to more 
than one sector. For example, a drug discovery company may also be considered as a 
biotech firm. 

According to VINNOVA report, in another classification companies are categorized base 
on type of activity as follow: manufacturing, consultancy, product development and 
R&D. Also the following business segments have been defined by VINNOVA: Drug 
discovery and development; Drug delivery; Biotech medical technology; Diagnostic; CRO 

Medical 
Technology

PharmaceuticalBiotechnology
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(Contract Research Organization) companies; Drug production; Biotech tools and 
supplies; Bio-production (health related); Agricultural biotechnology; Environmental 
biotechnology; Food-related biotechnology; Industrial biotechnology. In each of 
mentioned segments there are companies which belong to Biotechnology Sector. In this 
thesis we will base the OECD definition of biotechnology, which has been mentioned 
earlier, to identify biotech companies (Figure 3). 

 

 

 

 

 

Figure 3: Segmentation of active firms in Biotechnology industry (Source: OECD Report on Biotechnology Statistics 
2009) 
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2.1.4. Global and Sweden Overview of Biotechnology Industry 
 

According to Ernst & Young, (2006): 

 “…Biotechnology is one of the highest-profile science-based, high-risk and high-return 
industries, with over 4000 companies, $63 billion in revenues and $20 billion R&D 
investment worldwide…”  

Biotech start-ups are considered as high technology entrepreneurial firms worldwide. 
Sweden biotech industry is internationally considered as a rapidly growing high-tech 
industry and ranked four among European countries in this regard. According to 
SwedenBio5, while having 230 biotech firms Sweden gained the highest number of 
biotechnology firms per capita worldwide. These firms are mostly active in 
manufacturing, consulting, R&D and product development. Based on VINNOVA reports 
more than 45000 employees are active in Sweden life science and biotech industry in 
total.  

Many success stories have been reported among biotech firms in Sweden such as the 
case of Solna-based Meda which experienced 83% growth, the fastest growth in 
revenues in 2005 in Europe, to $756 million6 (source: www.businessweek.com). This 
success would not happen without high ranked academia, well-established intellectual 
property rights and availability of venture capital companies in Sweden market. In 2006, 
the Medicon Valley Region in southern Sweden was ranked the Europe’s fastest bio-
cluster in terms of product development7.  

As reported by Swedish Trade Council, In terms of number of biotech firms, Sweden 
ranked 9th in world and 4th among European countries in 2002. A growth rate of 35% 
was reported by VINNOVA in number of dedicated biotech firms in Sweden from 135 to 
183 during the period of 1997 to 2001 respectively. In 2006, AstraZeneca the giant life 
science company in Sweden was market leader while having 28% of total employees. 

 

 

                                                             
5 SwedenBio is the Swedish life science industry organization 
6 http://www.businessweek.com/globalbiz/content/aug2007/gb20070815_661505.htm 
7 http://www.mediconvalley.com 
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2.2. Challenges in Biotechnology industry 
 

As mentioned earlier biotechnology industry is one of high-tech fields which are 
characterized by high level of cost, risk, uncertainty, competition, time to market and 
knowledge intensive. Undoubtedly, these attributes will make many obstacles on the 
way to success, especially for newly formed biotech firms. Research projects in this field 
may require a huge amount of money which firms cannot provide individually. For 
instance, the process of developing a new drug from initial phases to launching to the 
market may take time averagely 12 years and may cost millions of dollars. Even if 
research projects in biotechnology and life science field are highly time and cost 
consuming, still there is no 100 % guarantee that the product will be successfully 
accepted by the market.  

On the other hand, access to up-to-date knowledge and scientific findings is essential for 
staying on the competitive edge. This raises the significance of networking and 
collaboration with other governmental and private research centers. Due to issues such 
as asymmetry of information and patenting, it is not that much easy for firms (especially 
new start-ups) to establish these kind of alliances.   

On the other side of the coin if a product i.e. a new drug is successfully accepted by the 
market it will bring back a huge amount of benefit for producer. By the means of 
intellectual property right and patenting firm will enjoy the economic aspects of its 
discovery for years. Besides economic aspects, as far as biotech and life science 
products and services target human lives, these prosperities will bring happiness to 
people’s daily life.  

Generally speaking, a biotech company starts out with conducting scientific research, 
discovering a product and when the product is mature enough, it will be launched into 
the market. Later on other aspects of the business such as manufacturing, marketing 
and sales will rise up. Even if it seems that biotech industry is profitable, still from 
investors’ point of view, the time lag between investment and return on investment 
(ROI) will downsize the interest for financing in this industry. 

Maurer & Ebers (2006) discussed measuring and appraisal of performance for start-ups 
in high technology industries as a challenging task. Traditionally, one of the criteria for 
performance measurement has been the accounting records of firms which in case of 
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biotechnology are not proper. These young firms have no income in the early stage of 
formation and mostly they spend money for research projects instead. 

Three main categories were realized by Woiceshyn & Hartel (1996) for success of 
product development in high technology industries namely; strategy, management 
characteristics, and the competitive environment.   

Even if the success or failure of a biotech start-up depends mainly on its scientific 
research activities, however it is interesting to investigate how other factors i.e. 
networks and alliances, CEOs skills in business science, management methods and firms’ 
business model will influence the future success of a biotech firm.  

To figure out well-founded and accurate criteria for evaluation of critical success factors 
for bio start-ups, a few authors exploited the criteria which have been used by experts 
in biotechnology industry. For instance, a research on German biotech firms based on 
the interviews with key persons in industry showed that these firms mostly count on 
employment and revenue growth as success criteria (Maurer & Ebers, 2006). All above 
noted challenges will be investigated in-depth with special attention to factors which 
applies to formation of new start-ups/ventures in Sweden biotech industry.  

 

2.3. Business Development in Biotechnology Industry 
 

Business development has been defined in many strategic management literatures in a 
general perspective. When it comes to biotechnology industry, the characteristics of this 
knowledge-intensive industry imply a more context-specific definition of business 
development. The way that business development tasks are organized and the way that 
resources are combined in biotech firms, are to some extent different from other 
industries. For instance, one of the characteristics of biotech ventures that make it 
different from other usual businesses is the high level of risk and uncertainty. The other 
issue that affects strategizing work in biotech business is the long time period between 
starting up the business and making the first sale or being profitable. It may take 10 
years for a biotech firm to achieve a success and make a breakthrough and bring it to 
market. Understanding the business development within biotechnology industry will 
help managers in this field to know how to strategize and organize tasks to create value 
and for strategic decision making.    
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The term “Business Development” for a biotech firm encompasses a step-wise 
approach. As far as many biotech start-ups in the beginning have no product on the 
market, they need to have a long-term plan to consolidate in the market. Focusing on 
developing new products or new markets help start-ups to gain a sustainable 
competitive advantage in the market. For example a firm could search for a new 
application of a drug in a different field that the drug is already used. Also many biotech 
firms try to have a global perspective for their products instead of only focusing on local 
or national markets.  

Besides that many literatures emphasize on firms internal resources and capabilities for 
developing products, however; in biotechnology industry the significance of acquiring 
external competencies have always been emphasized. Henderson & Cockburn (1994) 
who studied biotechnology firms, argued the importance of access to knowledge from 
inside and outside the firm. 

According to a survey which has been done by (S.Kind & D.Z Knyphausen-Aufseß, 2007) 
on a number of biotechnology firms in Germany, they found out three main categories 
for tasks in terms of business development: (1) refilling the research pipeline, (2) 
commercialization of products and technologies, and (3) network-building. This means 
that business development functions have to keep research and development pipelines 
of a biotech firms filled with up-to-date projects. Also establishing long term business 
relationship with partners and other companies may result in mergers or acquisition. 
Commercialization of results from research, which are mostly products and new 
findings, is another aspect that business development function is responsible for. The 
following is a commonly used definition of business development in terms of 
biotechnology industry: 

 

Source: Sonja Kind/Dodo zu Knyphausen-Aufseß (2007)* “WHAT IS “BUSINESS DEVELOPMENT”? 
− THE CASE OF BIOTECHNOLOGY” pp. 176-179 
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Nosella et al. (2006) carried out an empirical study on Italian biotech start-ups to derive 
the critical success factors of these young firms based on their strategic business model 
while considering the concepts of resource-based theory. It is worth pointing out that in 
resource-based theory, different aspects of organization’s ability are analyzed based on 
accumulated resources (mostly intangible), capabilities and competence. According to 
this theoretical framework, firms’ competitive advantages stems from their resources 
and capabilities (Teece et al., 1997). Based on this theory and considering firms’ 
business model, Nosella et al (2006) figured out three following competences which will 
affect the success of biotech start-ups from a resource-based perspective: 

1. Firm’s ability to establish and manage alliances and networks 
2. Technical and managerial capabilities 
3. Excellence in quality 

Accordingly, they measured the performance of biotech start-ups based on the 
following most mentioned indices in terms of innovative outputs: 

� Increase in R&D investments 

� Increase in the number of employees 

� Number of patents obtained 

� Number of products, processes, services being developed 

In the early phases of establishing a new high-tech venture firms mostly confront with 
limited resources in one hand and cost centers (i.e. R&D expenditure, employees’ salary, 
office cost) on the other hand. As a matter of fact, this is the art of top level managers to 
decide and allocate resources in the best efficient way. Also it is very important for 
managers to invest in a correct way in research projects which will bring back the 
maximum profit. 

It is evident that technical capabilities are essential for innovative achievements in 
biotechnology firms, but without social-organizational factors such as managerial 
competencies, human resource management skills and efficient networking ability of 
founders for finding financial and knowledge resources, the success of biotech start-ups 
will be under question.  

Once again it is has worth to be mentioned that business development in biotechnology 
industry is very context-specific and as far as research plays an important role in this 
industry, Business managers of biotech companies should be more action-oriented and 
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risk-taker for being competitive in market. The business environment in biotech field is 
highly dynamic and firms need to develop a kind of business model which fits these 
conditions. Small biotech ventures mostly aim to found their long term “sustainable 
business development strategy” rather than becoming large quickly. Focusing on niche 
markets or field of research instead of considering on a very wide area of research will 
ensure a more close-to-success pathway for biotech start-ups.   

 

2.4. Alliances and Networking in Biotechnology Industry 
 

Networking and alliance building have been argued by many scholars as very important 
criteria for success and survival of new biotechnology ventures (Powell et al, 1999). 
These networks will assist biotech firms to gain up-to-date knowledge in related fields 
(Liebeskind et al. 1996). The exchange of knowledge between young firms and well-
established biotechnology firms happens through joint research projects and R&D 
agreements (Powell, 1990; Sharp & Senker, 1999). These alliances and networking help 
incumbents and mature biotech companies to enjoy new breakthroughs and findings 
which emerge from R&D projects conducted by small and young biotech firms and on 
the other side new biotech firms will take advantage of regularly knowledge spillovers 
and financial support and funding from large and mature firms in the industry.  

Certainly biotechnology is a field of industry which is described as highly strategic 
alliance oriented (Hagedoorn, 1993). It is not far from reality that networking strategy in 
biotechnology industry acts as a facilitating framework for mutual benefit of well-
established company and early-stage ventures. In other words, alliance formation and 
network building will manifest the company’s governance approach as it play a 
significant role in biotechnology industry. Based on organization theory the 
collaboration between young entrepreneurial high-tech ventures and well-established 
rich incumbents enables firms to access a quick market share and profitability.  

As far as biotech firms are highly science-oriented, many studies show that new biotech 
ventures are mostly spin-offs of academic research institutes or mature biotech 
companies (Zucker et al., 1998; Stephan et al., 2000). In this regards, many bio-
entrepreneurs come from academic research centers and start up their business with 
proximity to academic area. Once more, it has worth to mention that as far as 
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biotechnology is very knowledge intensive, mostly biotech start-ups are founded by 
scientist or at least one academic member is among the founders. 

In addition, new biotech ventures require financial capital for conducting research and 
development projects to convert their findings to commercially marketable products or 
services. Through collaboration with established companies, young firms will be able to 
gain necessary capabilities (i.e. technological and financial) to develop their products 
and bring them to market. 

The smallness of young biotech firms (in terms of size) allows them to be more flexible 
and easily adapt to challenges in the market. Many literatures argued the effect of 
organizational form (business strategy) on the profitability of company and increase in 
ROI of research and development projects. Powell (1996) argued that the organizational 
structure of biotech companies have to be flat and flexible enough to enable robust and 
productive business environment. 

Joining a network of active firms within biotech field enables companies to benefit from 
financial aids and professional manufacturing guidance as well. In some cases these 
alliances allow firms to have access to distribution channels. 

All these improve the probability of success of biotechnology products. Some authors 
argued that participation in academic research projects within areas close to core 
activity of a biotech firm will enhance the product development capabilities of firm 
(Pisano et al., 1988; Gambardella, 1992; Woiceshyn, 1993). 

This issue especially applies to new biotech ventures. Mangematin et al. (2003) 
investigated a number of biotechnology firms in France biotech industry and found that 
“the frequency of networks and alliances” is a function of firm’s business model and the 
system of IPR which surrounds firm’s environment.  

The type of organizational structure will affect the growth and success of biotech 
companies (Luukkonen, 2005). Although a variety of organizational structure among 
small biotech firms have been identified by researchers, but two main one are among 
the most distinguished. The authors identified two kinds of strategies; namely, vertically 
integrated and disintegrated for organizational structure of new biotech ventures 
(Luukkonen, 2005).  
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Vertically integrated firms are those which engage in small research activities, aim at 
small and specific markets, carry out incremental innovation and manufacture products 
in their own. This kind of organization form is less dependent on networks and alliances. 
Disintegrated firms work mostly on large research projects; target more extensive 
markets and predict higher rate of growth. This group of small biotech firms is more 
likely to collaborate with large firms (Mangematin et al. 2003).  

Pisano (1991) mentioned two fashions among new biotechnology firms. First, the one 
which are more likely to backward integrate with established firms for research and 
development and second, young biotech firms which have this tendency to forward 
integrate and engage in manufacturing and marketing activities. In fact, these trends 
stems from the business model which firms choose to work with. Considering the 
networking strategy, in forward networking strategy small firms mostly collaborate with 
large firms in manufacturing and marketing, while in backward networking firms 
participate in academic research projects.    

According to Luukkonen (2005) there are some factors such as “strictness of regulatory 
approval systems” for different application segments and “effectiveness of intellectual 
property right systems” that will affect the type of business strategy or organizational 
form among small biotech firms. A strong patenting system will increase the co-
operative activities between small and large biotech firms and makes firms to be more 
vertically disintegrated and more forward-collaborative. 

Actually a biotechnology firm is based on turning scientific researches into marketable 
products and services. In other words, from the very beginning of start-up phases this 
commercialization strategy should be embedded in the business model of firm (Gans et 
al., 2002). Corporation with local and national well-established biotech firms is a way of 
survival for start-ups. 

Powell et al (1996) studied different organizational and strategic aspects of 
biotechnology firms and emphasized the role of alliance building in growth of biotech 
start-ups. They found that strategic alliances play a significant role in growth of early-
stage-biotech firms which mostly suffer from lack of reliable fundamental knowledge 
and financial resources in post-start up days and they need to achieve reputation and 
credibility. Zucker et al (1998) also mentioned that biotech firms that are already 
established in areas with high number of VC companies and academia are more likely to 
enjoy rapid growing in comparison to those which are not. Collaboration or alliances 
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with others are particularly relevant to biotechnology firms in order to share the costs 
and risks of development as well as for pooling expertise (most small biotechnology 
firms do not have strong manufacturing and marketing skills).  

Niosi (2003) conducted an empirical study on a number of dedicated biotech firms in 
Canada and investigated the role of strategic alliances and other factors such as 
patenting, venture capital support, size of founding team, effective R&D management 
on the growth of biotech firms. Almost 70 % of studied firms confirmed that alliances 
and networks are significant factors of rapid growth. However; he figured out that firms 
should pay a special attention to time of contracts and alliances because sometimes too 
early alliances may result in losing profits of undeveloped breakthroughs by low 
estimation of their IPR value. From the other point of view, late alliances may not let 
biotech firms to benefit from financial supports of possible alliance contracts on the 
right time.  Finally he concluded that besides that alliances and networks with academia 
and other research centers are necessary for new biotech start-ups, however; these 
cannot guarantee success for early-stage firms without financial aid of venture capital 
companies. 

Some biotechnology firms establish team of experts whom their initial task is to monitor 
and trace other firms’ research projects in common fields (opportunity recognition); 
thereafter alliance collaboration may commence in mutual field of interests. Having 
knowledge about other biotech firms’ developments is along side with having 
entrepreneurial alertness especially for managers. 

These collaboration and alliances between firms in industry and private or public 
research institutes facilitates the transfer of knowledge and technology to some extent 
that in case of biotechnology industry the phenomenon of “University-based 
biotechnology spin-offs” emerges. In this environment, biotech firms have access to 
advanced academic knowledge flow from universities and on the other hand, the 
intellectual property right of academic scientists will be protected (Liebeskind et al. 
1996).  

Biotechnology industry is one of a kind high-tech field from different perspective such as 
being highly R&D intensive, lengthy period of time from initial idea to product/service in 
market, and intellectual property protection dependent. These attributes require a 
specific accumulation of resources and capabilities (scientific, managerial, financial, and 
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commercial) for developing a successful product or service. In light of this, biotech firms 
should build up networks and alliances which empower them to find resources. 

These collaborations between biotech firms will increase the pace of technological 
innovation and bring competitive advantages for firms (Powell et al, 1996). Forming 
alliances also helps the firms to cope with the complexity and uncertainty characteristic 
of biotechnology industry (Fildes, 1990). 

 

2.4.1. What is a network company and how it is applied to biotech companies? 
 
Luukkonen (2005) explains the notion of “Network Company” through activities which a 
firm engages within the entire value chain such as seeking knowledge at academia via 
informal contracts, outsourcing manufacturing, signing formal research & development 
agreements and finally sub-contracting marketing activities. In other words, part of 
organizational activities will be performed by other firms.  

One of the characteristics of biotechnology industry is its network-based structure. This 
attribute guarantee the credibility of scientific information which are generated by 
active firms (Liebeskind et al. 1996). In terms of biotechnology industry a network is 
mostly consisted of three main bodies, namely: public research centers (PRCs), large 
diversified firms (LDFs) and dedicated biotechnology firms (DBFs) which are acting 
reciprocally based on the level of technology development and clinical phases (Patzelt & 
Brenner, Handbook of Bioentrepreneurship). 

Biotech firms need to create knowledge and acquire resources and combine them to 
achieve success. This innovation network helps firms to achieve these goals and 
obviously the role of DBFs is to act as a mediatory between (LDFs) and (PRCs).  Alliances 
between a biotech start-up and a LDF will bring reputation for start-up and as a result 
more network connections will be possible. Based on an innovation network model, 
dedicated biotech firms have technological competences and motivation for 
breakthroughs and on the other hand large diversified firms have economic capabilities 
for commercialization phases (Pyka & Saviotti, 2005). 

As far as many biotech start-ups are founded by academic researchers, they will be able 
to source knowledge via their networks and alliances with academia.  
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Considering the competitiveness of biotechnology industry, social networking among 
entire value chain of a biotech firm will increase the organization learning and the 
flexibility of firms. NBFs may count on social network of university scientists to access to 
knowledge sources. This kind of networking will enhance the possibility of being ahead 
of all others, in a highly competitive market, to have access to scientific discoveries.   

Powell (1990) mentioned that sourcing knowledge through these networks has more 
level of reliability. Also Cohen et al (1990) noted that firms may integrate internal 
research activities with external knowledge pipelines which refer to the concept of open 
innovation.  

Grant (1996) emphasized that this collaboration via networks will decrease the cost of 
R&D projects through better access to funds for projects which stem from academic 
institutes. External linkages may help firms to gain help for cost-benefit analyzing of 
R&D projects and also reduction in marketing cost. When a firm is acting in a network-
base environment, it will be much easier to shift from one external source of knowledge 
to another. 

Flexible firms are mostly known as those which better adjust themselves to changing 
environments at strategic and organizational levels. Further, networking may allow an 
early stage biotech firm to have access to specific resources.  

Besides the fact that knowledge is significant for success of a biotechnology firm, 
Liebeskind et al. (1996) argued that some scientists only collaborate with firms which 
have this potential to commercialize their knowledge through a signed contract. 
Especially, many academic institutes limit the number of hours that their staffs are 
allowed to allocate to other research centers. 

These conditions make some scientists enthusiastic to work with biotech firms in private 
sector and gain monetary and reputation benefits. Lynskey (2003) studied a number of 
biotechnology start-ups in Japan and distinguished three main factors which impact the 
success of biotech start-ups in Japan biotechnology industry, namely, “sources of 
knowledge, venture funding and managerial/technical human resources”.   

In case of biotechnology industry, the emergence of entrepreneurial start-ups; which 
are mostly considered as dedicated biotech firms (DBFs); sets up an innovation network 
which its main characteristic is the capability to improve biotechnology knowledge 
created in public research centers. The innovation network is important for early stage 
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biotech firms since they are in need for resources to success and confront a competitive 
market situation which forces them to specialize (Patzelt & Brenner, Handbook of 
Bioentrepreneurship).   

2.4.2. Proximity to Bio-Clusters 
 

The phenomenon of clustering among firms has been argued by many researchers 
within high-technology industries such as biotechnology (Maine et al, 2010; Porter, 
2000). Some authors believe that this proximity will improve firms’ performance, at 
least from their manager’s point of view; even if there are a few empirical works which 
prove positive correlation between firm performance and proximity to related industrial 
system. Maine et al, (2010) also mentioned that through clustering, firms may enjoy 
available external resources (i.e. technological, financial or knowledge) in an easier way 
and earn competitive advantages.    

Since clustering allows firms to have access to unique resources and capabilities, which 
are not internally achievable, this proximity will affect the supply side of their 
businesses. The empirical results of (Maine et al, 2010) about new venture creation in 
high technology industries revealed that in biotechnology industry, clustering could 
positively affect the growth of new established firms. 

In other hands, geographical proximity to clusters will let firms to take advantage of 
knowledge spillovers from proximate competitors and other research centers. The 
results of a study by Aharonson et al. (2004) on Canadian biotechnology companies 
showed that these firms cluster to benefit from shared-knowledge.  

Biotechnology is often considered by researchers as a field which inherently is 
knowledge-intensive and on the other hands, in clusters knowledge spillover happens 
more frequently (Audretsch & Feldman, 1996). As a result, biotechnology firms benefit 
from being close to bio-clusters. Also Zucker et al. (2002) argued that biotech companies 
locate themselves close to academia to have easy access to “star scientists”.       

As has been mentioned earlier, breakthroughs in biotech field happen via interaction 
between different bodies such as public and private research centers, venture capital 
firms, and patent protection offices. These collaborations happen within a “regional 
innovation system” which is identified as an industrial cluster. In fact, knowledge 
integration and innovation will be fascinated through this setting. 
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Deeds et al (1999) expressed that selection of geographical location of firm should be 
considered as a significant decision for founders of biotech ventures because 
establishing a firm close to other well-established firms will increase the likelihood of 
finding up-to-date knowledge and talented employees. 
 

2.5. Financial Factors and Venture Capital Role in Success of Biotech 
Start-ups 

 

“…These days, startups have become the major source of biotech R&D -- and the bulk of their funding 
comes from venture capitalists.8” 

As mentioned by Dr. Eugen Steiner, a partner at venture capital firm HealthCap in 
Stockholm: 

”…There is a substantial amount of money going into Swedish biotechnology, one of the key clusters for 

innovation in Europe…" In 2007, venture capitalists invest more than $46 million into 
Sweden biotechnology industry9. 

According to a study by (Dimov & Shepherd, 2005) the amount of invested money was 
the best predictor of new start-ups’ success in the market from venture capitalists’ 
perspective. In their study they figured out that financial investment was even better 
measurement than human capital factors such as management team and founders’ 
skills. Bains (2009) in his book ‘Venture Capital and the European Biotechnology 
Industry’ mentioned that biotech start-ups which begin with too little money are more 
likely to failure.  

Finding financial capital for research projects has been mentioned as one of the key 
challenges of high-tech start-ups and many of them turn to venture capital firms to 
acquire fund for their costly research projects (Patzelt, 2010) and as a result, biotech 
industry is an active field of VC. Biotechnology has been known as a start-up capital 
sensitive industry. One of the major challenges for new biotech start-ups is finding 
venture capital as a source of investment. Many biotech entrepreneurs believe that: 
“…it is not hard to sign an investment deal with a business angel, however; it is hard to 
find them” (Bradford, 2003).  

                                                             
8 BusinessWeek Online; 8/16/2007, p3-3, 1p 
9 According to BioCentury, an independent market research firm in San Carlos, California, USA 
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New start-up and venture biotech firms conducting research and development projects 
need considerable financial resources. Furthermore, these firms need financial 
resources for long period of time. So, the internal monetary sources seem to be 
insufficient for biotech firms.  Many researchers (Champenois et al, 2006; Carpenter & 
Petersen, 2002) argued that gaining financial aid from governmental agencies for 
conducting research projects in high-tech industries is difficult, if not impossible. 

Some reasons have been mentioned by literatures for scarcity of governmental financial 
sources. In the words of Carpenter & Petersen (2002), “information asymmetries, lack of 
sufficient collateral value, bounded returns and negative effects on firms’ default risk” 
are among those reasons. As a matter of fact many biotech firms search for external 
source of financing for their high-tech projects.  

Two possible options for external source of financing R&D projects have been named by 
Champenois et al, (2006): (1) “private investors or Business Angels” and (2) “Venture 
Capital Companies or VCCs”. They also expressed that business angels have less financial 
capabilities compare to venture capital companies. The biotechnology industry has 
always been expected to grow since in many cases it is related to healthcare and life 
issues; as a result, a high ROI is anticipated especially for new innovative biotech 
companies. 

Also VCs are more interested to invest in research projects which will make disruptive 
innovation and breakthrough. Hence, a great attention will be paid to biotechnology 
projects by private investors (Champenois et al, 2006). One other possible option for 
acquiring financial sources for new start-ups is current incumbents such as large and 
mature pharmaceutical firms that are interested to invest and collaborate with early-
stage-biotech-firms. Incumbents are always in search of research projects which will 
increase the efficiency of their production process. These alliances and collaborations 
may downsize the level of risk and uncertainty of research and development projects for 
large firms.  

One problem that many start-ups in high-technology industries i.e. biotechnology face is 
“Attracting timely and adequate financing” (Lynskey M.J., 2003). Many literatures 
argued the entrepreneurial need for start-up capitals and reluctance of private investors 
and venture capitalist to invest on risky and uncertain high-tech ventures. The economic 
crisis and credit crunch could also make the situation worse for new start-ups and 
ventures.  
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Considering the nature of biotech start-ups and ventures, one suitable way of financing 
is the scientific portfolio and the firm’s innovation milestones along side with being 
strongly connected to business networks to access to external money for research 
projects. 

2.6. Merger & Acquisition in Biotechnology 
 

New biotech ventures confront a high degree of failure in the early phases of formation 
because of risk and uncertainty of research activities. Managers should establish a 
strong resource and capability foundation to develop advanced technologies (Jones et 
al. 2001). One recommended strategy for coping with financial difficulties for start-ups 
in biotechnology is a merger and acquisition (M&A) approach. As Patzelt et al, (2007) 
mentioned this will be seen by investors as a sign that the new venture is eager to 
“reduce costs” and “rebuild its project portfolio”. Accordingly, in case of domestic 
financial resource scarcity, these firms may merge with foreign firms active in the field. 
Also through merger and acquisition biotech ventures will be able to fill their project 
pipeline and apply already developed technology by other firms instead of developing 
technology in-house. The speed of progress and technology change in biotech industry 
is high, and for that reason firms cannot develop necessary technologies by their own 
capabilities. Zu Knyphausen-Aufsess et al. (2006) figured out that those biotech firms 
which were founded by scientists are less likely to accept M&A as a suitable strategic 
alliance option.     

2.7. How to source knowledge in Biotechnology Industry   
 

It has always been a question in strategic management textbooks that whether a firm 
should rely only on its own internal ability to gain needed knowledge or has to step 
towards external sources. Accordingly in highly knowledge intensive biotech industry, 
where companies should achieve complex knowledge to achieve breakthroughs, the 
significance of knowledge sources should be carefully considered. Bilateral collaboration 
between universities and firms in biotech industry through recruiting high-ranked 
researchers and top graduate students and also sending motivated personnel to 
academic institutes and research centers to participate in research projects, will help 
biotech firms to enjoy the advantage of gaining the most recent knowledge. In this 



Master Thesis                                                                                          Amir Pourhamidi 

 

26 
 

regards Buratti et al (1993) defined the term “scientific gatekeepers” in biotech as 
follow: 

“Scientific gatekeepers are the enabler of connections between basic scientific knowledge and 

possible industrial applications, as well as, more generally, between industry and scientific institutions.” 
(Handbook of Entrepreneurship, p.158)   

2.7.1. University- industry collaboration 
 

Knowledge has always been considered by scholars as one of anchors of economic 
growth. University knowledge plays an important role in access to external source of 
knowledge for high-tech start-ups (Mansfield, 1995). The complexity of products in high-
tech industries like biotechnology necessitates practical use and integration of academic 
skills and findings with capabilities to increase firms’ internal technological abilities. 
Cooperative relations through research projects and networking with university 
researchers will empower biotech firms to develop and reinforce their core 
competencies.  

New start-ups even benefits from connectivity to academic institute and the knowledge 
flows, which are usually spillovers from academia to industry, for dealing with the 
“competitive disadvantages of firm’s size” in infancy period (Cohen & Klepper, 1996).  It 
is interesting that Acs et al (1994) found that small firms enjoy more, compare to large 
firms, from contribution of external knowledge to their innovative activities. Burnham 
(1997) argued that the knowledge generated by academia will expedite the 
“innovations’ lead-time” and increase the “rates of return of R&D”. In practical terms, 
geographical proximity of new science-based ventures to academia affects their success. 
Young firms which are established closer to research centers or science parks will take 
advantage of access to resources and services such as consultancy and guidance, 
provided by these centers. Besides, this proximity will decrease the level of uncertainty 
for early stage biotech firms as they find more communication channels through 
networks with other academia and firms (Teece et al, 1997).    

In biotech field, the most important source of knowledge is the so called “Academic 
Community” (McMillan et al., 2000). This community is made of researchers and 
scientists within biotechnology related fields which share their knowledge and findings 
through seminars and conferences. Thus, being part of this community benefits firms to 
have access to new breakthroughs in a faster way.   
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2.7.2. Inter-firm collaboration 
 

A number of studies have been carried out investigating the role of collaboration 
between firms in an industry as a tool for sourcing new knowledge (Lynskey, 2003). For 
instance, Von Hippel (1998) argued that firms with more networks and ties are more 
likely to be innovative than those firms which have no or less collaborations with other 
firms. 

Also, Powell et al (1996) discovered that in biotechnology industry the “network of 
collaborative” ties, plays a significant role in enhancing the innovation capabilities of 
firms. They emphasized that without creating such network of collaborative work 
biotechnology companies are not able to compete in a highly competitive market 
environment. 

The extent to which a firm could benefit from external knowledge is related to its 
“Absorptive Capacity”. Cohen & Levinthal (1990, p.128) explained absorptive capacity as 
following: 

“The ability of a firm to recognize the value of new, external information, assimilates it, and applies it to 

commercial ends” 

Specifically, absorptive capacity enables organizations to analyze whether a research 
project has this potential to result in a marketable product/service. In fact, higher level 
of absorptive capacity makes firms more flexible and faster to adapt to new 
technological developments compare to other competitors in the market.  

Indeed, paying special attention to absorptive capacity is significant in biotech industry 
which scientific knowledge is generated very quickly (Pisano, 1994). 

Deeds et al. (1999) emphasized the importance of enhancing absorptive capacity of 
biotech firms by connecting it to “ultimate success” of those companies active in this 
industry. 
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2.8. Firm-level Innovation Strategies  
 

Technology-oriented and knowledge-intensive industries such as biotechnology are 
highly dependent on technological breakthroughs which will direct them toward new 
product development. Different researchers investigated the innovation process from 
different point of views, however; there is a consensus among them that the 
competitiveness of a knowledge-intensive organization is based on “Being Innovative” 
(Bernstein & Singh, 2006). 

As would be expected, innovativeness acts as a vital element for biotechnology firms. In 
biotechnology industry innovation process encompasses two stages. First, the early-
stage of innovation which firms try to focus on a huge research activity and product 
development. In the second phase, the commercialization of findings (new products or 
processes) takes place. From a firm-level perspective, the innovativeness of 
biotechnology firms is mostly influenced by firm-specific strategies and approaches 
towards innovation (Hall & Bagchi-Sen, 2007).  

The level of R&D activities and commitment of firm to these activities affect firm’s 
innovation performance. The amount of R&D spending has been mentioned in many 
empirical studies as a criterion of commitment of firms to research and development 
(Hall & Bagchi-Sen, 2007). In the words of Zahra (1996), “R&D spending is a major 
indicator of commitment to technological innovation”. 

This R&D intensity could be manifested in the number of registered patents and 
development of new products. Hall & Bagchi-Sen, (2007) in their study about firm-level 
innovation strategies in biotechnology firms, introduced two kinds of innovation, 
namely; “research-based innovation” and “production-based innovation”. Research-
based innovation has been considered as domestic and international patent applications 
(or approvals) and production-based innovation was defined as new or redesigned 
products (or processes). They indicated that the “R&D intensity” and productivity of 
research in biotech firms is better measured by “research-based innovation”. In other 
words, they figured out a positive correlation between R&D intensity and research-
based innovation.  

Firms which are in the early stage of formation needs to reinforce their research 
capabilities for enhancing the innovation performance. This may happen through 
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collaboration with other firms, research centers and universities. Also biotech start-ups 
have tried to specialize in a particular stage of the innovation process, or in a particular 
discipline via close collaboration with other firms active in the field.  Even if developing 
innovative products/services is achievable through both in-house and external sources, 
however, for biotechnology firms a high level of capabilities and competences is 
needed. Since biotech start-ups suffer from lack of those abilities, they prefer to use 
external sources such as joint-projects, outsourcing and R&D contracts. 

Baker A, (2003) suggested a model for innovation strategy among biotech firms which 
emphasizes on two components for a successful innovation-driven biotech firm. First, 
establishment of an “Innovation Center” within the firm which will focus on motivate 
innovation. Second, a “Capability Network” which consists of other actors that will 
supply biotech firms with manufacturing and sales services. She concluded that the 
combination of these two components will empower firms with well-crafted-strategy to 
gain capabilities for better innovation spirit and improving functional productivity. 

 

2.9. The theory of new firm formation and biotechnology industry 
 

Formation of new ventures is one of the key policies followed by many governments as 
an engine for economic growth (Hsu et al., 2005). Correspondingly, Zahra (1996) 
highlighted the significant role of new firm formation in growth and evolution of 
advanced technology industries such as biotechnology and IT. In light of this, many 
researchers tried to figure out the main determinants of new firm performance in 
technology-based industries.  

Zahra, 1996 (pp.293-294) summarized previous literatures on new venture performance 
and distinguished five organizational variables which will affect the performance of new 
ventures; namely: “capabilities and skills”, “management and leadership”, 
“organizational structure”, “life cycle” and “origin of venture”.  Here we explain them 
briefly: 

(1) Capabilities and skills. Influence the performance of new firm through providing 
competitive advantages. For example, human capital and financial factors alongside 
technological skills will affect firm’s performance at the time of establishment.   
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(2) Leadership and management. Organization development needs well qualified 
managers who can efficiently interact with other actors within firm’s environment. Also 
managers play a significant role through formulating long term strategic plan of firm.   

(3) Organizational structure. Some organizational structure’s attributes (i.e. degree of 
specialization and formalization) will influence firm’s performance. Researchers offered 
that a flexible structure will be suitable for better performance.    

(4) Life cycle. Since in different phases of growth firms experience different business 
conditions (internally and externally), they need to establish strategies and capabilities 
which fits current situation.  

(5) Venture Origin. Venture’s origin will clarify the ownership type of a new firm which 
may be an individual entrepreneur or a corporation. This will affect firm’s performance 
since in each type of ownership the access to resources differs.   

Hsu et al., 2005 (p.283) studied the formation of new biotech firms in Taiwan and 
identified some policies which will help bio-entrepreneurs. These policies include: 

1. Removing the institutional obstacles to entrepreneurship 

2. Enhancing the links between public and private sector research 

3. Providing government grants 

4. Encouraging cooperative networks 

5. Offering tax deduction programs 

 

There is a considerable difference between core activities of start-ups in biotechnology 
as a science driven field of industry and other technology-based industry start-ups, 
when it comes to using knowledge as a significant element of business strategy. In 
biotechnology the emphasis is more on R in R&D, instead of being on D in the early 
phases of firm formation (Patzelt & Brenner, Handbook of Bioentrepreneurship, p. 83). 
As a matter of fact, the study of managerial and business aspects of early stage 
biotechnology firms requires perceiving the importance of gaining knowledge and its 
affect on the success of new ventures. Moreover, biotech start-ups should consider 
continuous innovation as a key success factor which will contribute to a sustainable 
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competitive advantage. By the way, being only innovative cannot guarantee a 
commercially successful pathway for biotech firms. As Chesbrough (2006) argued, 
innovative activities need to be supported by well-planned business strategy, to be 
commercially successful in the marketplace.  

Although, research activities are named to be core competences of biotechnology firms; 
however, strategic business activities play a crucial role in this industry. The situation for 
new biotech firms is even more difficult since these start-ups should cope with both 
scientific and business aspects of industry simultaneously. Beside this fact that they 
need to conduct their research and development activities, they also need to follow 
organizational issues to establish a sustainable venture. Refusing to recognize each of 
these aspects will result in failure of business itself. Many failures of new biotech firms 
are caused by a mismatch between their business model which is mostly based on 
market needs in one hand, and the required business model by venture capitalists for 
granting financial funds on the other hand. Actually, business strategy should motivate 
venture capitalists to invest in research projects. This may for instance happen through 
better market orientation, firm’s management skill and being more product-oriented 
than service-oriented (Chaya, 2005).      

2.10. Social Capital and Managerial Issues 
 

Many studies have highlighted the importance of social capital for success of 
entrepreneurial firms. Nahapiet & Ghoshal (1998) identified two dimensions for social 
capital; namely, “structural and relational” which indeed will influence the future 
success of firm. Literature on biotechnology start-ups considered the role and 
significance of these dimensions on new ventures’ Social Capital Value (Maurer & Ebers 
2006). In terms of structural dimensions, Powell et al (1996) emphasized the positive 
effect of “Number and Diversity” of biotech alliances in firm’s network on success. 
Relational dimensions of social capital refer to the way biotech firms, source knowledge 
and find venture capital through external relation and networks (Liebeskind et al, 1996). 

Maurer & Ebers (2006) performed a case study analysis of new biotechnology firms to 
investigate the implication of social capital dynamics on biotech start-ups’ performance 
at the firm level. In the context of social capital they spell out how different dimensions 
of social capital and their configuration will impact the firm’s performance and success 
in the early firm formation phases. In this regards, they considered the success of 
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biotech start-ups based on the “growth in revenue, employment and number of 
patents”. Also “Network differentiation” helps biotech start-ups to recognize externally 
generated new and appropriate knowledge required for business improvement. 

Woiceshyn, (1996) studied the dynamics of biotechnology firms in Canada and 
introduced three managerial attributes which will influence the growth of this high-
technology companies, namely: (1) management skills, (2) relevant experience and, (3) 
completeness of the management team. As far as the nature of business in biotech 
industry takes very much time from research lab to sales in market and firm’s access to 
resources is limited, the above mentioned managerial characteristics sound pertinent to 
this industry. In fact, the capabilities of managers play a significant role in success of 
biotech companies and may be considered as a competitive advantage. 

Based on transformational leadership, Peterson et al, (2009) argued the CEO’s 
characteristics role in high-tech start-up firms’ performance. They identified 
transformational leaders as those who “positively motivate employees, inspire 
confidence and value strengths” in firm. A comparative empirical study of start-up CEOs 
and established firms’ CEOs results revealed that transformational leadership behavior 
is positively related to start-up performance in biotechnology firms. This kind of 
leadership style implies more “risk taking, innovative and creative” attitudes in 
technology intensive industries (ibid.).  

Zucker et al, (1998) argued that in high-tech industries such as Information Technology 
(IT) and Biotechnology, founders are mostly scientists from academia or other research 
centers. Their academic background enables them to speculate the trends in technology 
development and to cope with problems in future. In the words of Deeds et al. (1999: 
212):  

“….What a high technology venture appears to need is leadership that understands and has 

experience in the new product development process, but which is separate and distinct from the 
scientific team. This type of leadership keeps the scientific team focused on research and 

development, and out of the boardroom.” 

Woiceshyn & Hartel, (1996) noted that the management team skills and competences 
will influence the success of new biotech companies. In biotech industry, managerial 
skills of CEOs can be manifested in improving the performance, shortening the time-to-
market and reducing the expenditures of business.  
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Undoubtedly, the core activity of a biotech firm will be performed in its R&D 
department and this is the output of R&D section which will make a biotech firm 
successful. Deeds et al. (1999) argued that this is the art of R&D managers to find 
profitable research projects and lead firm’s research activities towards more innovative 
projects which are more likely to be accepted by market. Especially, in start-ups, the role 
of managers on firm’s performance is prominent since they are engaged in daily 
activities of firm (Wasserman, 2003).   

Patzelt (2010) investigated the CEOs’ role in obtaining venture capital for new biotech 
firms. He figured out that former education in management, previous experience in 
industry specific, firm-specific knowledge of founder and prior international business 
skills of CEOs will positively impact the willingness and of investors in venture capital 
market.  These CEOs’ characteristics were found positively correlated with venture 
capital obtained by new firms in a capital intensive industry like biotechnology.  

In general, management and scientific team competences and skills, is critical for 
product/service development in biotech firms.   

Despite the fact that scientific activities of R&D department acts as the heart of a 
biotechnology firm, it is worth pointing out that business and marketing sides of firm are 
critical for managing a biotech start-up professionally. In light of this, CEOs’ knowledge 
of “financial, administrative and operational” issues, play an important role in dealing 
with complexities and uncertain nature of biotechnology industry (Patzelt, 2010: p. 134).  
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Chapter 3. Research Methodology and Design 
 

In this chapter the methodology of research, designing the questionnaire as data 
collection tool and statistical analysis method for analyzing collected data and drawing 
the conclusion of research will be explained in depth. 

3.1. Research approach and strategy 
 

Many writers on social research methods, distinguished between two kind of approach 
toward research namely: deductive and inductive. According to Bryman & Bell (2007, 
p.11):  

“In deductive approach theory guides research findings and researcher, on the basis of what is 

known about a particular domain and of theoretical consideration in relation to that domain, 
deduces hypothesis that must then be subjected to empirical scrutiny and be translated into 
operational terms. On contrast, in inductive approach, researcher infers the implication of his 

findings/observations for the theory that promoted the whole exercise.”   

Here, since we are not trying to test any hypothesis, it is to some extent difficult to 
distinguish exactly if current research follows a deductive or inductive approach. 
However, since we departed this research by reviewing available literature and theories 
within the field of biotechnology and derived the initial critical success factors from 
previous works, it could be considered that this research is more deduction-oriented. 

As has been mentioned by Creswell (2009), researcher may choose different research 
strategies based on the objectives of research and research problem. Three type of 
research strategy is defined by Creswell (2009), namely: “Quantitative, Qualitative or 
Mixed”.      

Table (1) outlines in brief the differences between research strategies in term of 
methods and research problem. 
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Table 1: Quantitative, Mixed AND Qualitative Methods (Creswell, 2009, p. 15) 

It is argued that if a concept requires to be more explored, because of few previous 
researches about that topic, a qualitative approach is more suitable (Creswell, 2009). 

Although the study of critical success factors for biotechnology start-ups in Sweden may 
fit that description, but since we will perform statistical analysis on collected data, it is 
more appropriate to consider a mix-method strategy for this research. 

 

3.2. Data collection 
Two kinds of data sources have been identified by Ghauri & Gronhaug, (2005) namely: 
primary and secondary data sources. 

3.2.1. Primary Sources 
Primary source of data are defined as those which are “Original” to subject of research. 
These sources are absolutely along side with the phenomenon being studied such as 
written or oral statements by those who take part in research. The benefit of primary 
sources is that they are allocated specifically for research subject. Therefore, the results 
are more consistent with our investigation’s purpose. Ghauri & Gronhaug, (2005) 
introduced several methods for gathering these kinds of data such as: “observations, 
experiments, survey and interviews”. 

Considering the Survey method, it is mostly used in “Descriptive or Exploratory” research 
and through that researcher invites people to answer some questions via a 



Master Thesis                                                                                          Amir Pourhamidi 

 

36 
 

questionnaire. In this way, researcher obtains what his/her target group feels about a 
phenomenon (Robson, 2007).    

 

3.2.2. Secondary Sources  
Secondary sources do not have a direct connection with the phenomenon under 
research. These sources can help researcher to better perceive the research problem 
and gain related practical information. Examples of secondary sources of data identified 
by Ghauri & Gronhaug, (2005) including: “internet and websites, studies and reports of 
private and government organizations, census reports, academic and professional 
journals, textbooks, commercial research companies, and researches conducted by 
students”. In this regard, literature review is considered as a stepping stone for 
departing a research journey where the researcher investigate the previous works and 
findings related to his/her research. 

 

3.2.3. Data Collection for this research 
For conducting this thesis we used both primary and secondary sources. We did an in-
depth review of past literature within biotechnology business to set up a theoretical 
foundation for our research. In fact, we enjoyed many articles which investigate 
different aspects of biotech ventures both nationally and internationally. In terms of 
primary data, we designed a web-based questionnaire survey which will be explained 
more in next sections. Besides, other archival data such as company reports, OECD 
reports, and previous academic master and doctoral dissertation have been used. 

 

3.3. Scientific Credibility 

3.3.1. Validity 
The validity of a research represents the extent to which a research has been done 
efficiently. In other words, validity of research shows the level of compatibility between 
applied “Conceptual and Operational” definitions (Cohen et al., 2007). Hence, it is 
applicable to both quantitative and qualitative research methods. Two types of validity 
were identified by Ghauri & Gronhaug, (2005) namely: Internal and External validity. 
Internal validity indicates the degree that “a casual relationship exists between two 



Master Thesis                                                                                          Amir Pourhamidi 

 

37 
 

variables” (Ghauri & Gronhaug, 2005). External validity indicates the generalizability of 
research findings to a specific time, group of people or setting (Yin, 2003). 

3.3.2. Reliability  
Reliability of research mentions the state that the same results will be achieved if the 
study is going to be performed in almost similar conditions. In other words, reliability of 
research is manifested in being consistent and dependent (Neuman, 2003). In fact, 
when the results of a research are reliable, it means if another person follows the same 
path of the research in a different time, will gain the same results.    

 

3.3.3. Scientific Credibility of Research 
We guaranteed our research validity and reliability through building up a reciprocal 
comprehending of research aims between us and those who participated in empirical 
part of the study. The respondents to our web-based questionnaire were absolutely 
well-acquainted with the dynamics of biotechnology industry in Sweden and had 
appropriate business and scientific experience within the field. The combination of right 
participant and right questions helped us to acquire the most relevant information along 
side with research objectives. Furthermore, the reliability of our research was tested by 
calculating the Cronbach's α (alpha), which is a coefficient of reliability, and the value of 
75% achieved which means satisfactory level of internal consistency.      

 

3.4. Questionnaire as measurement tool 

3.4.1. Designing Web Survey  
There has been a considerable growth in the number of surveys being administered 
online. Couper, (2008) in his book “Designing Effective Web Surveys” mentioned that:   

“Internet or Web surveys have rapidly emerged as a major form of data collection in the 
survey profession and research literature.  Compare to a postal questionnaire which 
usually is sent by regular mail and takes more time to be received and be send back, 
web-based questionnaire could be easily designed, sent, answered and respondents’ 
answers can be automatically saved in a database”. The advantage of doing this is that 
most respondents may feel more comfortable completing the questionnaire online. A 
web-based questionnaire survey is designed to measure survey factors and criteria. In 
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this questionnaire we include both open and closed questions. In fact, we formulated 
our questionnaire to gather two kinds of data: a descriptive company profile including 
items such as age, size and R&D expenditure; and respondents view on each factor and 
criterion based on five-point Likert scale. On the basis of a review of previous research 
on biotechnology firms and success of their business, several criteria measuring 
strategies contributing to success of biotech firms were identified and later on, 
questionnaire items were drafted to represent these criteria.  

The items were written to represent issues considered to be of strategic importance to 
biotechnology firms, such as ownership and funding arrangements, alliances with other 
firms, collaboration with universities and human capital issues. The majority of items 
were statements which asked the respondent to describe his or her view by selecting an 
item on a five-point scale, ranging from ‘strongly disagree’ to ‘strongly agree’. The 
original questionnaire was screened and items were discussed by supervisor to prevent 
any kind of ambiguity in questions or wording. After some changes to a few questions, 
the revised questionnaire was designed in web and then through an e-mail, we directed 
our prospective respondents to a website in order to answer an online questionnaire 
and asked to rank the relative importance of factors and criteria influencing their 
business. The questionnaire used included 38 questions in total; 10 company profile 
questions and 28 criteria related questions that yielded 28 criteria in 5 main categories 
(see the questionnaire in appendix). The questionnaire was sent to 50 key person and 
we received 27 responds. In this regard, we obtained 50-59% response rate to our 
questionnaire which is acceptable according to Mangione (1995) classification.  

3.4.2. Five-point Likert Scale 
In designing our survey questionnaire and in order to obtain each respondent’s 
evaluation of criteria, we use Likert scale which is one of most common and used scaling 
method in questionnaire surveys. Through Likert scale, it will be easier for respondent to 
express their degree of “Agreement or Disagreement” to an item embedded in a 
question. In case of our questionnaire, we chose a 5-point scale which has the following 
format:  

1. Strongly disagree 
2. Disagree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree 
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3.5. The sample 
 

The sample is made-up of firms active in Sweden biotechnology industry, thereby 
limiting the geographic scope of our research.  

The selected case companies were chosen through multiple data sources such as “The 
Swedish Biotech Industry Guide”, “SwedenBio” and “Scandinavian Life Science”. We 
tried to include a diversity of firms operating in different segments of biotech industry 
with different size in our sample (according to OECD definition). Due to confidentiality 
arrangements, the companies cannot be identified in this research. Table (2) provides 
brief descriptions of these firms. 

The population of interest was mostly CEOs, general managers or the heads of R&D of 
the biotech firms in Sweden. These top level managers are supposed to be well 
informed and aware of activities in their companies and dynamics of biotech industry 
and have insight into what is required to make a biotechnology company successful, so 
the collected data through our questionnaire survey will be considered highly reliable.  

It is worth pointing out that we received most of the questionnaires that we received 
were completely answered and more than 75% of participants were willing to have a 
summary of our research findings.  

 

 

Population 50 firms 
Responses 27 firms 

Participation 54 % 
Confidence level 95% (Z=1.96) 

Sample procedure Questionnaire was sent to 
every population firm 

Geographical are Sweden 
Period of data collection Sep-Oct 2011 

Unit of analysis Firm 
Table 2: Empirical Technical Data 
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3.6. Mathematical Model for Ranking and Weighting of Perceived 
Factors and Criteria 

 

In order to obtain the weight and rank of the factors and criteria we will apply a 
mathematical model known as “Shannon Entropy” which is derived from systems theory 
(Hosseinzadeh & Fallahnejad, 2010). This method which is one of Multi Attribute 
Decision Making (MADM) tools that is much stronger and more effective than other 
methods of data analysis in terms of prioritization of items. Zhang et al. (2003: p.683) 
mentioned that MADM method is appropriate while: 

“…Making preference decisions (e.g., evaluation, prioritization, and selection) over the available 
alternatives that are characterized by multiple, usually conflicting, attributes…”. 

Obviously, the criteria which we perceived from literature review have different 
explanation; hence we cannot suppose that they have the same weight. For this reason, 
we apply one of MADM tools to achieve the proper weight of each criterion in our 
model. Shannon entropy is a method which identifies the weights of criteria by 
following and solving a mathematical algorithm. Shannon entropy has been applied as a 
tool to indicate the “measure of uncertainty” (Hosseinzadeh & Fallahnejad, 2010).  

In fact, the larger value of entropy related to a criterion represents the lower 
significance of that criterion from a decision maker’s point of view. In light of the above 
mentioned explanation about Shannon entropy method, we follow the work by 
Hosseinzadeh & Fallahnejad (2010) to calculate the weight and rank of factors and 
criteria. In the following we explain the steps and algorithm of mathematical model in 
more detail. As mentioned earlier Entropy is a criterion to measure uncertainty through 
a probability distribution. This uncertainty can be expressed as follow: 

][},...,,{
1

21 in

m

i
in PLPKPPPSE �

�

���
 

K is a positive constant to provide  10 �� E  

E: uncertainty probability distribution 

iP : Data frequency of criterion i 

n iL P : Natural logarithm for criterion i 
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In our case, the above mathematical relationship expresses that each criteria will be 
analyzed by m person’s point of view and within n given categories.  

The matrix of initial collected data which figures out each criterion and corresponding 
given value by respondents is showed in Table (3), {where xij is the rating of alternative i 
with respect to criterion j}. For explaining the Shannon Entropy algorithm, first of all the 
frequency of response for each criteria should be counted.  

 

Table 3: Structure of the alternative performance matrix (source: Hosseinzadeh & Fallahnejad (2010), p. 54) 

According to the data from Table (3) the algorithm’s steps are as follow: 

Step 1) the data frequency matrix should be normalized10 based on the below equation: 
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Step 2) the informative weight of each j is calculated as: 
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Step 3) the significance ratio of each criteria will be calculated considering the weight 
computed in step 2 

                                                             
10 As was explained by Hosseinzadeh & Fallahnejad (2010, p. 55): “The raw data are normalized to eliminate 
anomalies with different measurement units and scales. This process transforms different scales and units among 
various criteria into common measurable units to allow for comparisons of different criteria”. 
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Here jW
 is the index that expresses the significance ratio of each criterion in relation to 

all responses in table (3). 

3.7. Perceived Success Factors and Criteria 
 

Considering the fact that few empirical studies were conducted speculating the 
organizational and management attributes of biotech start-ups in Sweden, and 
concerning the main objective of this research which was to analyze the success factors 
of new biotechnology firms in Sweden, once more we reiterate the main steps of this 
theses as: 

� An In-depth exploration of national and international literature on dynamics of 
biotech industry with a special attention to works which focused on biotech start-
ups in Sweden 

� A web-based questionnaire survey was designed and sent to 50 biotech firms 
active in Sweden biotechnology industry for gathering data. 

� Identifying and ranking of critical success factors for biotech start-ups based on 
collected data while applying mathematical model. 

In light of the above mentioned, we distinguished five main categories for factors which 
will influence the success of biotech firms. These factors include: 

1. Alliances and Networking Factor 
2. Managerial and Human Capital Factor 
3. Funding and Financial Factor 
4. Knowledge Assets Factor 
5. Location and Market Factor 

Each of the above mentioned category consist a number of criteria which have direct 
impact on success of a biotech firms which will be briefly explained here (see summary 
in Table (4)). 
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3.7.1. Alliances and Networking Factor 
1. University Partners 

This criterion explains firm’s collaboration with partners from academic institutes and 
other university research centers which are active in fields related to biotechnology. 

2. Number of Alliances 

This criterion represents the quantity of scientific or commercial partners and alliances 
in firm’s business network. 

3. Diversity of Alliances 

This criterion emphasizes the alliances’ variety in firm’s business network. 

4. Alliances effect on reduction of Risk and Uncertainty 

Since R&D projects in biotech industry are characterized by high level of risk and 
uncertainty, this criterion shows the role that alliances and networking with other firms 
will play in decreasing the risk and uncertainty of research projects. 

5. Corporation with Local and National established biotech firm 

This criterion specifically emphasizes on collaboration with other established and 
mature biotechnology firms. 

6. Reputation and Credibility gained through collaborate with established firms 

This criterion expresses the reputation which young firms will acquire through 
collaboration with well-established biotech firms. 

3.7.2. Managerial and Human Capital Factor 
1. Ability of CEOs to choose profitable research projects 

This criterion emphasizes on managers’ capability and skills to fill in the firm’s research 
pipeline with beneficial projects. 

2. CEO's Managerial Skills and Knowledge in Business 

This criterion focuses on CEO’s previous knowledge and experiences in business and 
administration sciences. 
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3. Ability of CEOs to find financial resources 

This criterion expresses the skill and capability of managers to find financial resources 
for research and development projects.  

4. Ability of CEO to attract cooperating partners 

This criterion expresses the skill and capability of CEOs to build collaborative network 
with other active firms in industry.    

5. Size of founding team 

This criterion expresses the quantity of those who establish the firm. 

6. Quality of founding team 

This criterion emphasizes on the scientific quality of the firm’s founding team. 

7. Access to skilled human resources 

This criterion focuses on role of skilled and talented employees in accomplishing 
scientific achievements. 

3.7.3. Funding and Financial Factor 
1. Initial Financial Capital 

This criterion mentions the starting up capital for new firms at early stage of 
establishment. 

2. Government Financial Support for R&D activities 

This criterion specifically emphasizes on governments financial aids and subsidies for 
research and development projects. 

3. Availability of Venture Capital firm in region 

This criterion accentuates the importance of access to venture capital firms. 

4. External Financing 

This criterion expresses the significant of external sources for financing research 
projects. 
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5. Collaboration with large biotech firm 

This criterion accents the possibility of obtaining financial support through collaboration 
with well-established firms in industry. 

3.7.4. Knowledge Assets Factor 
1. Specialization of Research in Biotechnology 

This criterion emphasizes on performing scientific research toward a specific filed in 
biotechnology, instead of simultaneously targeting different industry category.  

2. University-Industry collaboration 

This criterion emphasizes on close collaboration with research centers in academia and 
industrial firms. 

3. Networking and Alliances as source of knowledge 

This criterion express the role which networking and alliances will play in gaining 
knowledge as input for scientific discoveries for biotech firms. 

4. In-house R&D activities 

This criterion emphasizes the role of internal R&D activities in comparison to external 
sourcing of research and development through other firms in industry. 

5. Protection of Intellectual Property 

This criterion accents the significance of protecting IPs by means of legal ways such as 
patenting. 

3.7.5. Location and Market Factors 
1. Proximity to Bio-Cluster 

This criterion expresses the firm’s closeness to geographical area where massive 
numbers of biotechnology firms exist (Bio Clusters).   

2. Number of Research Institute in Region 

This criterion mentions the quantity of research centers, either universities or other 
research institutes, to firm. 
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3. Segmented Target Markets 

This criterion expresses firm’s strategy for targeting niche markets for developing 
products and performing research.  

4. Targeting Large Markets 

This criterion expresses firm’s marketing strategy in terms of targeted market size.  

5. Targeting foreign Markets 

This criterion emphasizes either firms should target foreign markets or just focusing on 
domestic markets. 
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  Main Factors Criteria 

Cr
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l S
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rs
 

Alliances and Networking Factor 

University Partners 

Number of Alliances 

Diversity of Alliances 

Alliances and Networking_Risk and Uncertainty 

Corporation with Local and National established biotech firm 

Collaborate with established firm_Reputation and Credibility 

    

Managerial and Human Capital Factor 

Ability of CEOs to Choose Profitable research projects 

CEO's Managerial Skills and Knowledge in Business 

Ability of CEOs to find financial resources 

Ability of CEO to attract cooperating partners 

Size of founding team 

Quality of founding team 

Access to skilled human resources 

    

Funding and Financial Factor 

Initial Financial Capital 

Government Financial Support for R&D activities 

Availability of Venture Capital firm in region 

External Financing 

Collaboration with large biotech firm 

    

Knowledge Assets Factor 

Specialization of Research in Biotechnology 

University-Industry collaboration 

Networking and Alliances as source of knowledge 

In-house R&D activities 

Protection of IP 

    

Location and Market Factor 

Proximity to Bio-Cluster 

Number of Research Institute in Region 

Segmented Target Markets 

Targeting Large Markets 

Targeting foreign Markets 

Table 4: Summary of Factors and criteria 
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Chapter 4. Data Analysis 
 

To calculate the rank and significance of each criterion based on the collected data, first 
of all the linguistic11 data were converted to numeric ones. To do so, we considered 
“Strongly Disagree equal to 1”; “Disagree equal to 2”; “Neither agree nor disagree equal 
to 3”; “Agree equal to 4” and; “Strongly Agree equal to 5” (see Appendix B for detailed 
calculations).  

Next, we normalized the numeric data which was assigned by respondents to each 
criterion. Gustafsson, J., (2000, p. 58) explains that:  

“Normalization means that the original scores are not weighted and they are measured on the same 

scale such that the highest and lowest values are the same on each criterion”. 

On the next step, we followed the mathematic algorithm of Shannon Entropy, which has 
been explained earlier, to achieve the rank and weight of each criterion. In fact, while 
having normalized and weighted criterion (resulted from algorithm), we will be able to 
rank and compare them between categories. (See appendix for detailed calculations). 

It needs to be stressed that for analysis of outputs from our mathematical model, we 
followed the work which has been carried out by Vanderbyl & Kobelak, (2007). 

According to our calculation, Table (5) represents rank and weight of each criterion for 
perceived success factors. This ranking order depicts the relative effectiveness of each 
criterion perceived by respondents. 

 

 

 

 

 

                                                             
11“A linguistic variable is a variable whose values are words or sentences in natural or artificial language. For 
example linguistic variables may take values such as ‘Agree’, ‘Disagree’, or ‘Neither agree nor disagree’ (Hsu et al., 
2005, p. 284)”. 
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Rank Criterion Weight 

1 University-Industry collaboration 0.0347039729 

2 Ability of CEO to attract cooperating partners 0.0347022876 

3 Networking and Alliances as source of knowledge 0.0347001803 

4 Ability of CEOs to find financial resources 0.0346735156 

5 Ability of CEOs to Choose Profitable research projects 0.0346679421 

6 CEO's Managerial Skills and Knowledge in Business 0.0346452152 

7 Alliances and Networking_Risk and Uncertainty 0.0346400483 

8 Protection of IP 0.0346353551 

9 Corporation with Local and National established biotech firm 0.0346059456 

10 Initial Financial Capital 0.0345902075 

11 University Partners 0.0345762074 

12 Targeting foreign Markets 0.0345642455 

13 Specialization of Research in Biotechnology 0.0345365285 

14 Access to skilled human resources 0.0345231754 

15 Quality of founding team 0.0345175791 

16 Segmented Target Markets 0.0345154023 

17 Number of Alliances 0.0344460162 

18 Collaboration with large biotech firm 0.0344429412 

19 Government Financial Support for R&D activities 0.0344373021 

20 External Financing 0.0344119514 

21 Collaborate with established firm_Reputation and Credibility 0.0343804407 

22 Targeting Large Markets 0.0343748826 

23 Diversity of Alliances 0.0343313018 

24 Size of founding team 0.0343121698 

25 Availability of Venture Capital firm in region 0.0343078732 

26 In-house R&D activities 0.0342986911 

27 Proximity to Bio-Cluster 0.0342096308 

28 Number of Research Institutes in Region 0.0341868829 
Table 5: rank of each criterion 
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Based on the categorization of factors and the weight calculated for each criterion, 
ranking of factors is as table (6): 

Rank Factor 
Number of 

Criteria Weight 

1 Managerial and Human Capital Factor 7 0.0345809788 

2 Knowledge Assets Factor 5 0.0345749456 

3 Funding and Financial Factor 5 0.0344380551 

4 Alliances and Networking Factor 6 0.0344060204 

5 Location and Market Factor 5 0.0343702088 
Table 6: Ranking of Factors 

In summary, each main factor priority and corresponding criteria’s rank is depicted in 
Table (7) as bellow: 

Priority Factor Priority Criterion 

1 Managerial and Human 
Capital 

1 Ability of CEO to attract cooperating partners 
2 Ability of CEOs to find financial resources 
3 Ability of CEOs to Choose Profitable projects 
4 CEO's Managerial Skills and Knowledge in Business 
5 Access to skilled human resources 
6 Quality of founding team 
7 Size of founding team 

2 Knowledge Assets 

1 University-Industry collaboration 
2 Networking and Alliances as source of knowledge 
3 Protection of IP 
4 Specialization of Research in Biotechnology 
5 In-house R&D activities 

3 Funding and Financial 

1 Initial Financial Capital 
2 Collaboration with large biotech firm 
3 Government Financial Support for R&D activities 
4 External Financing 
5 Availability of Venture Capital firm in region 

4 Alliances and 
Networking 

1 Alliances and Networking_Risk and Uncertainty 
2 Corporation with Local and National established biotech firm 
3 University Partners 
4 Number of Alliances 
5 Collaborate with established firm_Reputation and Credibility 
6 Diversity of Alliances 

5 Location and Market 

1 Targeting foreign Markets 
2 Segmented Target Markets 
3 Targeting Large Markets 
4 Proximity to Bio-Cluster 
5 Number of Research Institutes in Region 

Table 7: Summary of priority of factors and criteria 
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Chapter 5. Discussion and Conclusion 
 

5.1. Descriptive Findings 

5.1.1. Description of Sample Biotechnology Firms 

  Age No. of Employees 

Mean 11.4 27.55 

Standard Error 1.49 6.62 

Median 10 12.00 

Standard Deviation 7.72 34.38 

Count 27 27 
Table 8: Descriptive Statistics of sample 

Descriptive statistic analysis for the firms surveyed shows (Table 9) that sixty seven 
percent (n=18) of total firms which participated in our survey aged more than five years 
and therefore are considered as established firms. The remaining 33 % (n=19) firms 
aged less than or equal to five years. The mean age of firms is eleven years and the 
median equals to 10. When measured by the number of employees, the majority of the 
firms, 74 % (n=20) were small, employing fewer than 50 people. Five firms had 
employee more than 50 and two firms reached more than 100 employees. The median 
number of employees is 12, and the mean 11.  

According to the earlier mentioned definition of start-up (consistent with Peterson., et 
al (2009)), while considering age and size variables, nine or 34 % of surveyed firms 
fulfilled the condition to be considered as biotech start-ups. It is worth pointing out that 
we differentiated between being small and being start-up. 
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Characteristic No. of firms (%) Mean 

        

Age 
> 5 (Matured) 18 (67 %) 

12 
≤ 5 (Young)   9 (33 %) 

        

No. of employees 
>50 (Large) 7 (27 %) 

28 
≤ 50 (Small-Mid) 20 (74 %) 

        

Type 
Start-up   9 (33 %)   

Established 18 (67 %)   
Table 9: Characteristics of Surveyed Biotechnology Firms 

In terms of receiving funds for R&D activities almost 85% (n=23) of surveyed firms 
received some sort of (either public or private) funds for their R&D activities. Only 15% 
(n=4) of firms expressed that they didn’t receive any form of funds which two of them 
were start-ups and two established one. More specifically, 90 % of established firms and 
80 % of start-ups received external R&D funds. In terms of collaboration with academia, 
except one firm, all surveyed firms confirmed that they have cooperation with 
universities and other academic research institutes.   

 

5.2. Exploratory Findings 
 

We chose field of biotechnology for our research for number of reasons. First, the 
formation of new firms has always been encouraged by industry itself. Second, venture 
capital companies have paid a special attention to active firms in this industry, because 
they expect a high level of growth potential in life science related industries. Third, 
successful firms will enjoy a huge number of returns on investment and in case of failure 
they will burn enormous amount of financial capital. 

Apart from the fact that biotech industry is known for its high level of risks, however it is 
mentioned that firms active in this industry have a great potential for revenues as well 
(Vanderbyl & Kobelak, 2007). 

The critical success factors defined for the biotechnology companies in Sweden are 
placed into five categories and prioritized based on ranking score. This was achieved 
through a questionnaire survey where respondents expressed the significance of each 
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criterion on basis of relevance for success. In addition, the priority of each criterion 
under the category which it fell was derived.  

It is worth pointing out that, all the factors and criteria which we mentioned earlier 
(extracted from earlier studies) are significant for biotechnology firms which are acting 
in a highly risky and uncertain environment. Even if a criterion gained a low rank in our 
results, it does not necessarily mean managers should put it aside or neglect it totally. 
But our findings help CEOs and especially those who are in the early phases of 
establishing bio-start-ups, to put more emphasis on and pay special attention to factors 
which are most vital for their future success.  

Earlier studies on business side of biotechnology industry in Sweden did not prioritized 
clearly the critical success factors for this knowledge-intensive industry; however, our 
literature review found only one study on Canadian biotech firms which is relatively 
similar to our study (See the work by Vanderbyl & Kobelak, 2007). Therefore, it is to 
some extent difficult to compare, in general, the ranking and sequence of perceived 
factors of this research with earlier studies within the field in Sweden. Most of the 
previous studies tried to investigate and focus on a very specific factor in comparison to 
having a holistic view on dynamics of biotech industry which was our main objective 
indeed. More specifically, earlier studies within this context only highlighted the success 
elements which are relatively significant for biotech firms without any prioritization of 
factors which is our research novelty and originality. 

Besides the above mentioned facts, considering our findings regarding to the general 
ranking of success factors which was achieved through mathematical model, there are 
mostly supporting and a few contradictory evidences between our results and those 
results from earlier studies. We will mention some of these confirmatory/conflicting 
issues, in the following, while arguing our findings. 

As per Table (6), managerial and human capital factor is given top priority compare to 
other which will influence the success of a new established biotech firm. Indeed, this 
emphasizes that young biotech firms need top managers with “proven track record” and 
capabilities such as finding profitable projects, network building and finding financial 
sources. It needs to be stressed that, the ability of CEOs to attract cooperating partners 
is the second most important criterion among all criteria. Furthermore, four of a total 7 
criteria which fall under managerial and human capital factor and represent CEOs’ 
characteristics are among the top 10 most important criteria. In terms of size and 
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quality of founding team, results show that these criteria are not important compare to 
other criteria for this factor and in general.  

In fact, these results are supported by findings of Woiceshyn, (1996) where he 
emphasized the managerial skill and relevant experience of CEOs effect on growth of 
biotech companies in Canada. In addition, Nosella et al. (2006) expressed the 
significance of managerial competences on success of Italian biotech start-ups. Also, 
Zahra, (1996) accentuated the importance of leadership capabilities of managers and 
their effects on new firm performance in general.  

Knowledge assets factor gain the second priority among all factors. This is not surprising 
when taking into account that biotechnology is one of the most R&D intensive industry 
sectors in the world (Kermani & Bonacossa, 2003). Among the criteria for this factor, top 
priority was given to university-industry collaboration as knowledge source, followed by 
high value placed on networking as another source of knowledge. It should be 
mentioned that, university-industry collaboration is the most important criterion which 
may influence the success of a biotechnology firm. This is along side with the literature 
that in high- tech industries like biotechnology knowledge plays an important role in 
firms’ success and in this regard, connectivity to universities and industrial research 
centers enables firms to have access to external source of knowledge (Mansfield, 1995). 
Protection of IP placed third among this category and ranked 8th among all criteria. 
These three criteria are among the top 10 most important criteria in general. As far as, 
relying only on in-house R&D activities cannot guarantee the competitive advantages for 
young firms in this industry, this criterion was ranked the least important one in this 
category.   

In a similar study by Vanderbyl & Kobelak, (2007) on Canadian biotech firms, the 
knowledge assets factor was named the most important one as a critical success factor 
for biotech ventures. Even if there are some differences between our research and the 
recent mentioned study in Canada in terms of number and nature of criteria which fall 
under this category, still we consider it as a supporting reference for our results. Both 
studies highly emphasized on knowledge and R&D as key elements for success of active 
firms in this industry.  

Our results depict that funding and financial factor is placed third in spite of the fact 
that, this factor is supposed a highly important one for industry. The fact that funding 
and financial factor and its criteria are given relatively low ranks in our results is to some 
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extent contradictory with considerable emphasis given to these factors on previous 
studies. For instance, Bains (2009) argued that biotech start-ups are highly dependent 
on initial financial capital to survive. 

Besides, considering the five criteria under this category, all of them (except ‘initial 
financial capital’) are placed among those low ranked criteria. This is a conflicting finding 
of the study since biotechnology is financial-capital-sensitive. One possible explanation 
for almost low rank appointed to financial factor is that most of those who participated 
in our research came from well-established firms which are fairly good in their business 
and have products on the market and benefit from a financially stable situation. 

It should be noted that new biotech ventures are dependent on initial financial capital in 
order to cope with preliminary phase of development of their business (where there is 
no product pipeline or profitable project) before obtaining other extensive investment 
source.   

Alliances and networking factor was ranked fourth place as success factor in our study. 
Even criteria under this category were scored as not highly important to success. The 
only criterion which has a fair level of importance is the effect of network building on 
reducing the risk and uncertainty embedded in R&D projects. Despite the fact that some 
researchers such as Rautiainen (2001) mentioned that alliances and networking is a 
significant factor, however in our findings we confronted contrasting outcomes where 
none of the criterion under this factor placed among those very significant one which 
will influence the success. One possible reason for these conflicting results may stems 
from the nature of surveyed firms which were mostly well-established and have already 
built-up strong networks. Therefore, their CEOs who participated in our survey 
expressed less significance about these criteria.    

Finally, location and market factor ranked lowest among all five factors. In this category 
top priority was given to ‘Targeting foreign markets’ followed by ‘Segmented target 
markets’. Since biotechnology breakthroughs and innovations have a numerous possible 
applications world-wide, the importance of targeting foreign market should be taken 
into account as a significant criterion. 

It is evident from the survey that those mature biotech companies which already have 
products in their pipeline, have targeted foreign markets as a highly potential market 
share. Even if it may not be significantly crucial, but access to foreign markets will be 
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important in later phases of business development especially for firms active in 
biotechnology and life science. In practical terms, it should be included in firm’s long-
term marketing strategy.    

In light of these results, it is clear that the success factors of bio-start-ups are composed 
of a variety of criteria. A more in-depth comprehension of critical success factors of 
biotech firms in Sweden could be very interesting for university scientists, CEOs of 
biotechnology companies and VC firms. From a broader perspective, we tried to clarify 
the most significant criteria and decline the high level of uncertainty for young firms 
existing in this industry. 

The results of our study are along side with findings of Nosella et al. (2006) where they 
mentioned that: “success is linked to abilities of top managers to direct firm’s research 
pipeline towards profitable projects, attract venture capitalist, and build networks with 
large corporate partners”. As has already been highlighted, Managerial Capabilities and 
Skills are essential in growth of biotech ventures. Some of these capabilities include: 
recruiting skilled staff, establishing effective networks, attracting VCs and finding the 
most beneficial research projects. As would be expected, these abilities are manifested 
in CEOs who have previous experiences within the field.       

5.3. Differences in Rankings According to Type of Firm 
 

When the sample firms were divided based on the type of company, we figured out 
differences in priority of factors. Start-up firms gave ‘Alliances and Networking’ rank one 
and established firms chose ‘Knowledge Assets’ as main concern. (Figure 5) 

 

Table 10: Rank of Factors based on firm type 

As we see through Figure (5), the largest difference in rank is related to ‘Knowledge 
Assets’ factor where start-up firms in our sample assigned priority 4 and established 
firms assigned the top priority to this factor. As it would be expected, start-ups are more 

Alliances and Networking 
Managerial and Human Capital 

Funding and Financial 
Knowledge Assets 

Locational and Market 5 5

3 2

2 4

4 1

Factor
Rank of Factors based on Firm Type

Start-Up Established

1 3
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relying on building alliances and networks (external elements), since they are on the 
initial steps of business development through these channels they could earn both 
financial and scientific aids. 

 

Figure 5: Ranking of factors based on firm type 

On the other hand, established firms focus more on ‘Knowledge Assets’ factor.  In fact, 
established firms already have products or services in the market and as a result have 
their own-source of revenue. For this reason, established firms assigned lower priority 
to financial issues compare to start-ups. In terms of ‘Managerial and Human Capita 
Factor’, both established and start-up firms considered it as a fairly significant factor for 
success by assigning rank 2 and 3 to it respectively. 

5.4. Managerial Implications 
 

We were inspirited to select biotechnology industry for our research, taking into 
account the prominent role of biotech companies in today’s economic growth of 
developed countries and also few numbers of empirical researches on bio-start-ups in 
Sweden.  

Identifying and prioritizing critical success factors for bio-ventures in Sweden generates 
a model of success for young bio-entrepreneurs who are zealous to start-up a biotech 
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venture. The findings of this research emphasize the managerial and human capital 
assets as critical factor which will bring about the establishment of a rich 
product/service pipeline. This will make a better portfolio of company and will be a 
positive signal towards venture capital companies’ to do investment in such a company.   

As far as “Alliances and Networking” factor was given the first priority by start-up firms 
in our sample, we suggest bio-entrepreneurs, who plan to establish a biotech start-up or 
are in the early phases of running company, to focus more on building networks and 
find alliances including well-established incumbents within biotechnology, center of 
excellences and academic research centers. Especially, large biotech firms should be on 
the centerpiece of their business strategy because these established firms always have 
profitable research projects in their pipelines and are willing to focus on activities 
related to later phases of product development (commercialization and marketing 
approved products) and outsource initial research projects to small research-oriented 
firms. By doing this kind of joint projects, young firms achieve some success stories 
which will improve their portfolio for acquiring future projects.     

Funding and financial factor is placed on the second most significant rank for start-up 
firms in our sample. This means that new biotech ventures should figure out a solution 
to overcome the scarcity of financial capital where these firms have no product/service 
to earn revenue. There are both public and private organizations (especially in Sweden 
market) which fund innovative research projects. The available venture capital 
companies should be targeted by start-ups as well. In general, if bio-start-ups be 
successful to find appropriate alliances, it will be much easier for them to source 
financial capital. In fact, the sequence of significant factors shows the roadmap for new 
start-ups to follow. 

On the other hand, according to our findings established firms need to focus more on 
knowledge asset factors. Performing more context-specific research projects and having 
more in-depth collaboration with universities to source required knowledge. Also, 
established firms should value the abilities and previous experiences of their CEOs 
through finding profitable projects, alliance building and recruiting skilled staff.  

In other words, the findings of this study act as a roadmap for incumbents and new 
entrants into biotech industry to improve their business model. The results are 
suggestive from the point that managers and business strategists in biotech firms will be 
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able to analyze and compare their present business activities and decide how to apply 
these strategies to improve their performance. 

Managers and entrepreneurs can learn practically from our findings because they point 
out the most critical criteria which truly set the scene for a successful biotech start-ups 
in Sweden based on the real case studies. 

 

5.5. Limitations and Future Research Directions 
 

Since we only focused on one industry, the findings should be considered and 
interpreted while paying special attention to this fact. It may bring up an issue about the 
applicability of results to other industries. Also, readers should consider that we 
gathered our data from Swedish biotech firms and it may not be possible to generalize 
the results to biotech industry in other countries. 

Keeping in mind that we gathered our data from one source of individuals (mostly CEOs) 
and limited sample size increase the likelihood of source bias, although it cannot be 
diminished totally. Another limitation of the study is that although we achieved valuable 
findings within our research framework, further studies need to be conducted to 
examine other aspects of biotechnology firms. For instance, a study of different business 
models of biotech firms within a more sector-specific context may be interesting for 
both industry practitioners and academic researcher.  

In addition, an empirical research with focus on firm performance and the level of 
innovativeness may be interesting and contribute to literature. Future research may 
apply the same methodology of this research to investigate the success factors for new 
ventures in other knowledge-intensive industries.  

From a broader perspective, exploratory research on the national policies for 
encouraging bio-entrepreneurship between pioneer countries within this industry may 
open a new research direction.   
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Appendix A. QUESTIONNAIRE 
Survey of Critical Success Factors of Biotechnology Start-ups in Sweden 

General Questions 

1. Please indicate your company name 

 

2. Please indicate your position in company (i.e CEO, R&D Manager,...) 

 

3. What is your firm’s year of foundation? 

 

4. What is current number of employees in your firm? 

 

5. Does your company have any research collaboration or joint project with academia? 

  

6. Have your company received any public R&D funds? 

  

7. Have your company received any private R&D funds? 

  

8. How much is your firm’s average revenue/sale (per year/MSEK)? 

 

9. How much is your company’s R&D expenditure (per year/MSEK)? 

 

10. How many patents does your firm have already granted or applied for? 
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Factors Related Questions 

For the next several questions, please indicate how much you agree with the Item highlighted in 
the statement. 

Alliances and Networking Factor 

1. To what extent do you think University Partners will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
2. To what extent do you think Number of Alliances will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
3. To what extent do you think Diversity of Alliances will affect the future success of your company? 

  
Strongly 
disagree Disagree

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
4. To what extent do you think alliances and networking will decrease the Risk and Uncertainty of 
projects of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
5. To what extent do you think Corporation with local and national established biotech firms will help 
the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  
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6. To what extent do you think collaborate with well-established biotech firms will bring Reputation 
and Credibility for your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
 

Managerial and Human Capital Factor 

1. To what extent do you think Ability of CEO(s) to choose profitable research projects will affect the 
future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
2. To what extent do you think CEO(s) ‘previous managerial skills and knowledge in business will affect 
the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
3. To what extent do you think Ability of CEO(s) to find financial resources will affect the future 
success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
4. To what extent do you think Ability of CEO(s) to attract cooperating partners will affect the future 
success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  
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5. To what extent do you think Size of founding team will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
6. To what extent do you think Quality of founding team will affect the future success of your 
company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
7. To what extent do you think Access to Skilled Human Resources within biotechnology science will 
affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
 

Funding and Financial Factor 

1. To what extent do you think Initial Financial Capital will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
2. To what extent do you think Government Financial Support for R&D activities will affect the future 
success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  
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3. To what extent do you think Availability of Venture Capital firm in region will affect the future 
success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
4. To what extent do you think External Financing will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
5. To what extent do you think Collaboration with large Biotech firms will act as a positive sign for VCs 
to invest in your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
 

Knowledge Assets Factor 

1. To what extent do you think Specialization of Research in Biotechnology will affect the future 
success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
2. To what extent do you think University-Industry collaboration as external source of knowledge will 
affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  
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3. To what extent do you think Networking and alliances as source of knowledge will affect the future 
success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
4. To what extent do you think In-house R&D activities will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
5. To what extent do you think Protection of intellectual property will affect the future success of your 
company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
 

Location and Market Factors 

1. To what extent do you think Proximity to bio-clusters will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
2. To what extent do you think Number of Research Institutes in region will affect the future success of 
your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  
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3. To what extent do you think Segmented Target Markets will affect the future success of your 
company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
4. To what extent do you think Targeting Large Markets will affect the future success of your company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
5. To what extent do you think Targeting Foreign Markets will affect the future success of your 
company? 

  
Strongly 
disagree Disagree 

Neither 
agree nor 
disagree 

Agree Strongly 
agree  

     
 

Do you want to receive summary of the findings of this research? (If yes, please write your e-mail 
below) 

 

Comments 

Thank you for completing this questionnaire. Please provide comments below on any of the information 
you have supplied or if you have any suggestions for improvement. 
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Appendix B 
 

For a better understanding of our data analysis model, we demonstrate the mathematical algorithm of 
Shannon entropy model through computing the data for start-ups which comprise of nine firms. We 
chose this group of our sample because of lower volume of numeric data. 

Step 1) converting the linguistic data to numeric one based on 5-point Likert scale and generating the 
initial alternative performance matrix. {Table (3) in chapter 3} 

 

 

 

 

 

Alliances and Networking Factors Firm 1 Firm 2 Firm 3 Firm 4 Firm 5 Firm 6 Firm 7 Firm 8 Firm 9 SUM
University Partners 4 3 3 4 5 4 3 4 5 35
Number of Alliances 5 4 2 3 5 4 4 4 4 35
Diversity of Alliances 3 4 4 2 5 3 3 3 3 30
Alliances and Networking_Risk and Uncertainty 4 2 4 3 4 4 5 5 4 35
Corporation with Local and National established biotech firm 3 4 2 2 5 5 2 2 3 28
Collaborate with established firm_Reputation and Credibility 4 3 4 3 5 5 3 4 3 34
Managerial and Human Capital Factors
Ability of CEOs to Choose Profitable research projects 5 5 5 5 5 3 4 5 4 41
CEO's Managerial Skills and Knowledge in Business 5 4 4 4 5 5 4 4 4 39
Ability of CEOs to find financial resources 5 3 5 5 5 5 5 5 4 42
Ability of CEO to attract cooperating partners 5 4 4 5 5 5 5 4 4 41
Size of founding team 3 3 2 3 3 2 3 2 2 23
Quality of funding team 4 3 5 4 4 5 5 4 3 37
Access to skilled human resources 5 3 4 3 4 5 4 5 5 38
Funding and Financial Factors
Initial Financial Capital 5 3 5 4 4 3 5 4 3 36
Government Financial Support for R&D activities 3 3 2 5 4 3 4 3 3 30
Availibility of Venture Capital firm in region 2 3 3 4 4 4 4 4 4 32
External Financing 5 3 5 5 4 4 4 5 4 39
Collaboration with large biotech firm 2 3 4 5 4 4 3 4 3 32
Knowledge Assets Factors
Specialization of Research in Biotechnology 4 3 3 4 3 4 3 3 4 31
University-Industry collaboration 5 4 4 4 4 4 4 4 5 38
Networking and Alliances as source of knowledge 5 4 4 4 5 4 5 4 5 40
In-house R&D activities 5 4 2 3 3 4 4 2 3 30
Protection of IP 5 3 5 5 4 5 5 5 4 41
Locational and Market Factors
Proximity to Bio-Cluster 2 4 3 3 5 3 2 2 3 27
Number of Research Institute in Region 2 4 4 4 5 4 3 4 2 32
Segmented Target Markets 4 3 3 5 5 5 4 4 4 37
Targeting Large Markets 4 3 4 3 5 5 3 2 3 32
Targeting foreign Markets 4 3 4 3 4 5 4 4 3 34
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Step 2) data frequency matrix should be normalized. To do so, we divide each number by summation of 
same row. 

�
�

ij

ij
ij F

F
P

 

 

0.114286 0.085714 0.085714 0.114286 0.142857 0.114286 0.085714 0.114286 0.142857 
0.142857 0.114286 0.057143 0.085714 0.142857 0.114286 0.114286 0.114286 0.114286 

0.1 0.133333 0.133333 0.066667 0.166667 0.1 0.1 0.1 0.1 
0.114286 0.057143 0.114286 0.085714 0.114286 0.114286 0.142857 0.142857 0.114286 
0.107143 0.142857 0.071429 0.071429 0.178571 0.178571 0.071429 0.071429 0.107143 
0.117647 0.088235 0.117647 0.088235 0.147059 0.147059 0.088235 0.117647 0.088235 
    
0.121951 0.121951 0.121951 0.121951 0.121951 0.073171 0.097561 0.121951 0.097561 
0.128205 0.102564 0.102564 0.102564 0.128205 0.128205 0.102564 0.102564 0.102564 
0.119048 0.071429 0.119048 0.119048 0.119048 0.119048 0.119048 0.119048 0.095238 
0.121951 0.097561 0.097561 0.121951 0.121951 0.121951 0.121951 0.097561 0.097561 
0.130435 0.130435 0.086957 0.130435 0.130435 0.086957 0.130435 0.086957 0.086957 
0.108108 0.081081 0.135135 0.108108 0.108108 0.135135 0.135135 0.108108 0.081081 
0.131579 0.078947 0.105263 0.078947 0.105263 0.131579 0.105263 0.131579 0.131579 
    
0.138889 0.083333 0.138889 0.111111 0.111111 0.083333 0.138889 0.111111 0.083333 

0.1 0.1 0.066667 0.166667 0.133333 0.1 0.133333 0.1 0.1 
0.0625 0.09375 0.09375 0.125 0.125 0.125 0.125 0.125 0.125 

0.128205 0.076923 0.128205 0.128205 0.102564 0.102564 0.102564 0.128205 0.102564 
0.0625 0.09375 0.125 0.15625 0.125 0.125 0.09375 0.125 0.09375 

    
0.129032 0.096774 0.096774 0.129032 0.096774 0.129032 0.096774 0.096774 0.129032 
0.131579 0.105263 0.105263 0.105263 0.105263 0.105263 0.105263 0.105263 0.131579 

0.125 0.1 0.1 0.1 0.125 0.1 0.125 0.1 0.125 
0.166667 0.133333 0.066667 0.1 0.1 0.133333 0.133333 0.066667 0.1 
0.121951 0.073171 0.121951 0.121951 0.097561 0.121951 0.121951 0.121951 0.097561 
    
0.074074 0.148148 0.111111 0.111111 0.185185 0.111111 0.074074 0.074074 0.111111 

0.0625 0.125 0.125 0.125 0.15625 0.125 0.09375 0.125 0.0625 
0.108108 0.081081 0.081081 0.135135 0.135135 0.135135 0.108108 0.108108 0.108108 

0.125 0.09375 0.125 0.09375 0.15625 0.15625 0.09375 0.0625 0.09375 
0.117647 0.088235 0.117647 0.088235 0.117647 0.147059 0.117647 0.117647 0.088235 
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Step 3) the natural logarithm of each cell will be calculated. 

�� (�) 

 

 

Step 4) calculating the following formula: 

][
1

ijn

m

i
ijj PLPKE �

�

��
 

Where � =
1

��  9
= 0.4551196133 

 

 

-2.1690537004 -2.4567357728 -2.4567357728 -2.1690537004 -1.9459101491 -2.1690537004 -2.4567357728 -2.1690537004 -1.9459101491
-1.945910149 -2.1690537004 -2.8622008809 -2.4567357728 -1.9459101491 -2.1690537004 -2.1690537004 -2.1690537004 -2.1690537004
-2.302585093 -2.0149030205 -2.0149030205 -2.7080502011 -1.7917594692 -2.3025850930 -2.3025850930 -2.3025850930 -2.3025850930

-2.1690537 -2.8622008809 -2.1690537004 -2.4567357728 -2.1690537004 -2.1690537004 -1.9459101491 -1.9459101491 -2.1690537004
-2.233592222 -1.9459101491 -2.6390573296 -2.6390573296 -1.7227665977 -1.7227665977 -2.6390573296 -2.6390573296 -2.2335922215
-2.140066163 -2.4277482359 -2.1400661635 -2.4277482359 -1.9169226122 -1.9169226122 -2.4277482359 -2.1400661635 -2.4277482359

-2.104134154 -2.1041341543 -2.1041341543 -2.1041341543 -2.1041341543 -2.6149597780 -2.3272777056 -2.1041341543 -2.3272777056
-2.054123734 -2.2772672850 -2.2772672850 -2.2772672850 -2.0541237337 -2.0541237337 -2.2772672850 -2.2772672850 -2.2772672850
-2.128231706 -2.6390573296 -2.1282317058 -2.1282317058 -2.1282317058 -2.1282317058 -2.1282317058 -2.1282317058 -2.3513752572
-2.104134154 -2.3272777056 -2.3272777056 -2.1041341543 -2.1041341543 -2.1041341543 -2.1041341543 -2.3272777056 -2.3272777056
-2.036881927 -2.0368819273 -2.4423470354 -2.0368819273 -2.0368819273 -2.4423470354 -2.0368819273 -2.4423470354 -2.4423470354
-2.224623552 -2.5123056240 -2.0014800002 -2.2246235515 -2.2246235515 -2.0014800002 -2.0014800002 -2.2246235515 -2.5123056240
-2.028148247 -2.5389738711 -2.2512917986 -2.5389738711 -2.2512917986 -2.0281482473 -2.2512917986 -2.0281482473 -2.0281482473

-1.974081026 -2.4849066498 -1.9740810260 -2.1972245773 -2.1972245773 -2.4849066498 -1.9740810260 -2.1972245773 -2.4849066498
-2.302585093 -2.3025850930 -2.7080502011 -1.7917594692 -2.0149030205 -2.3025850930 -2.0149030205 -2.3025850930 -2.3025850930
-2.772588722 -2.3671236141 -2.3671236141 -2.0794415417 -2.0794415417 -2.0794415417 -2.0794415417 -2.0794415417 -2.0794415417
-2.054123734 -2.5649493575 -2.0541237337 -2.0541237337 -2.2772672850 -2.2772672850 -2.2772672850 -2.0541237337 -2.2772672850
-2.772588722 -2.3671236141 -2.0794415417 -1.8562979904 -2.0794415417 -2.0794415417 -2.3671236141 -2.0794415417 -2.3671236141

-2.047692843 -2.3353749158 -2.3353749158 -2.0476928434 -2.3353749158 -2.0476928434 -2.3353749158 -2.3353749158 -2.0476928434
-2.028148247 -2.2512917986 -2.2512917986 -2.2512917986 -2.2512917986 -2.2512917986 -2.2512917986 -2.2512917986 -2.0281482473
-2.079441542 -2.3025850930 -2.3025850930 -2.3025850930 -2.0794415417 -2.3025850930 -2.0794415417 -2.3025850930 -2.0794415417
-1.791759469 -2.0149030205 -2.7080502011 -2.3025850930 -2.3025850930 -2.0149030205 -2.0149030205 -2.7080502011 -2.3025850930
-2.104134154 -2.6149597780 -2.1041341543 -2.1041341543 -2.3272777056 -2.1041341543 -2.1041341543 -2.1041341543 -2.3272777056

-2.602689685 -1.9095425049 -2.1972245773 -2.1972245773 -1.6863989536 -2.1972245773 -2.6026896854 -2.6026896854 -2.1972245773
-2.772588722 -2.0794415417 -2.0794415417 -2.0794415417 -1.8562979904 -2.0794415417 -2.3671236141 -2.0794415417 -2.7725887222
-2.224623552 -2.5123056240 -2.5123056240 -2.0014800002 -2.0014800002 -2.0014800002 -2.2246235515 -2.2246235515 -2.2246235515
-2.079441542 -2.3671236141 -2.0794415417 -2.3671236141 -1.8562979904 -1.8562979904 -2.3671236141 -2.7725887222 -2.3671236141
-2.140066163 -2.4277482359 -2.1400661635 -2.4277482359 -2.1400661635 -1.9169226122 -2.1400661635 -2.1400661635 -2.4277482359
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E 
0.9918302446 
0.9974117084 
0.9995915843 
0.9974117084 
0.9975407127 
0.9973268782 
  
0.9944599503 
0.9973686189 
0.9948782841 
0.9972647253 
0.9912110449 
0.9925299030 
0.9918291156 
  
0.9904170189 
0.9965915843 
0.9956605140 
0.9944200094 
0.9970668960 
  
0.9952982816 
0.9978815247 
0.9971731338 
0.9814366254 
0.9944599503 
  
0.9785577009 
0.9822341220 
0.9925299030 
0.9834732781 

0.9937091068 
 

Step 5) the significance ratio of each criteria will be calculated through  

�
�

� n

j
j

j
j

E

E
W

1  
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Alliances and Networking Factor W Avg (W) 

University Partners 0.0356625122 

0.0358430808 

Number of Alliances 0.0358632008 
Diversity of Alliances 0.0359415810 
Alliances and Networking_Risk and Uncertainty 0.0358632008 
Corporation with Local and National established biotech firm 0.0358678393 
Collaborate with established firm_Reputation and Credibility 0.0358601506 
Managerial and Human Capital Factor     
Ability of CEOs to Choose Profitable research projects 0.0357570666 

0.0357484473 

CEO's Managerial Skills and Knowledge in Business 0.0358616514 
Ability of CEOs to find financial resources 0.0357721083 
Ability of CEO to attract cooperating partners 0.0358579158 
Size of founding team 0.0356402481 
Quality of funding team 0.0356876693 
Access to skilled human resources 0.0356624716 
Funding and Financial Factor     
Initial Financial Capital 0.0356116979 

0.0357704155 
Government Financial Support for R&D activities 0.0358337122 
Availability of Venture Capital firm in region 0.0358002344 
External Financing 0.0357556305 
Collaboration with large biotech firm 0.0358508026 
Knowledge Assets Factor     
Specialization of Research in Biotechnology 0.0357872098 

0.0357135578 
University-Industry collaboration 0.0358800936 
Networking and Alliances as source of knowledge 0.0358546225 
In-house R&D activities 0.0352887964 
Protection of IP 0.0357570666 
Location and Market Factor     
Proximity to Bio-Cluster 0.0351852811 

0.0354565035 

Number of Research Institute in Region 0.0353174714 

Segmented Target Markets 0.0356876693 
Targeting Large Markets 0.0353620269 

Targeting foreign Markets 0.0357300691 
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