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Abstract 
This thesis looks more closely at connectivity in the biotechnology sector, based on the 

answering of three research sub-questions: 

1 “How did the early firm development occur?” 
2 “How well connected are the firms?”  
3 “What are the specific dimensions of connectivity?” 
 

The thesis takes a multidimensional view in the analysis, as it looks both at the sectoral 

and national innovation system, and then goes more deeply into specific innovation 

processes, using case studies, where the collaboration of relevant actors are forming 

new networks. The main theoretical perspectives used are the sectoral system of 

innovation approach and the technological systems approach, combined with a dynamic 

capability view. The case regions (Leipzig, Boston and Oslo) are found to vary a lot in 

terms of its mix of actors, networks and institutions. The three case firms are located 

one in each region, respectively, and analysed based on the firms’ connectedness to the 

system. A framework for understanding boundary spanning work and micro-systems is 

introduced.   
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Preface 
The purpose of this thesis is to direct interest towards the blurring boundaries between 

firms in the biotechnology sector.  I refer to it as ‘blurring boundaries’ because 

increasing number of research and development collaborations (and other forms of 

collaborations) and semi-internal/semi-external individuals make it sometimes to see 

where the limits of the firm are. I am particularly interested in looking at this in a 

sectoral system of innovation context in terms of how firms connect to other actors in 

the system. Additionally, my motivation for selecting this topic is based on the 

accelerating public spending on healthcare, and with the threat of new and complex 

viruses and diseases (such as the bird flu), health care spending for the search for new 

and better drugs is increasing.  

 

The data in the thesis is collected over a time period of nearly two years, starting with 

an interview with the first firm in the spring of 2004. The data was collected via 

interviews and participant observation. The regions that I look at are regions that I have 

lived in my self for at least 3 months. This has been important to understand the 

contextual variables of the case firms. The actual case firms have been studied in 

different ways, and thus, the degree of insight is different. For example, I worked for 2 

½ months in the Boston case firm, 3DM Inc. The case firm in Oslo, PubGene, I have 

conducted several interviews and talks with. The third case firm, Bioscora, is based on a 

much more limited data set of just one interview, because the case is somewhat deviant 

to the other two firms, and had not yet developed much connections to other actors. For 

more details on data collection, see appendices. 

 

I have written this thesis alone, since I wanted very specifically to study biotechnology, 

and I wanted to take advantage of my two terms abroad (I spent three months in Boston 

at Boston University, and four months in Leipzig at Handelshochschule Leipzig).  

 

A central theme in this thesis is the use of personal networks of the people behind the 

bio start-up, and how they are employed to get access to knowledge, technology, 

finance and key people:   
The personal networks are critical in the start-up phase. Given your captive resources are 
limited, you need to depend on your network augment these a great deal. It can spell the 
difference between success and failure. 
 

Paul McManus, VC, Boston Milennia Partners 
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Part 1: Orientation 
1. Boundary blurring biotechnology 

2. Theoretical and conceptual framework 
3. Methodology of the study 

 
 
 
 
 
 

8000 BC 
Humans 
domesticate plant 
crops and 
livestock

1800 BC 
The principles of 
biotechnology 
first used to make 
wine, beer and 
bread with yeast 

500 BC 
In China soybean 
curds are used as 
the first antibiotic 
against infections

1663  
English physist, 
mathematician 
and inventor, 
Robert Hooke 
discovers the 
existence of the 
cell 

AD 

100 BC 
First insecticide 
produced in China –
from powdered 
chrysanthemums. 

1675 
Dutch student of 
natural history 
and maker of 
microscopes, 
Antony van 
Leeuwenhoek 
discovers bacteria

 
 

Biotechnology timeline (Part I) 
 
 
 
 
 
 
 
 
 

 
 

“Robert Hooke is one of the most neglected natural philosophers of all time. The inventor of, amongst 
other things, the iris diaphragm in cameras, the universal joint used in motor vehicles, the balance wheel 

in a watch, the originator of the word 'cell' in biology, he was Surveyor of the City of London after the 
Great Fire of 1666, architect, experimenter, worked in astronomy - yet is known mostly for Hooke's Law. 

He fell out with Newton, and certainly had a difficult temperament. He deserves more from history than 
he received in his lifetime”. 

Robert Hooke Science Centre, Westminster School, England 
 

“Mathematicians, that find out, settle and do all the business, must content themselves with being nothing 
but dry calculators and drudges, and another that does nothing but pretend and grasp at all things must 

carry away all the inventions as well of those that were to follow him as of those that went before... And... 
I must now acknowledge in print I had all from him and so did nothing myself but drudge in calculating, 

demonstrating and writing upon the inventions of the great man”. 
    Isaac Newton of Robert Hooke 

 1
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1 Boundary blurring biotech 
“The entrepreneurial process was nourished by the region’s networks of social 
relations and technical infrastructure (…). In this infrastructure of decentralized 
relationships – among Silicon Graphics, Stanford, venture capitalists, MIPS, and other 
local suppliers and service providers – the boundaries between the inside of the firm 
and its external environment were blurred. It was difficult to define where Silicon 
Graphics ended and Silicon Valley began. The founders of Silicon Graphics insist that 
the firm could not have been started anywhere else in the country and that proximity to 
the region’s sophisticated infrastructure was key to their ability to continue 
innovating”. 

 
Annalee Saxenian (1994) “Regional Advantage: Culture and competition in Silicon 

Valley and Route 128”, p. 113  
 

1.1 Purpose  
1.2 Setting the scene 
1.3 Research question and objectives 
1.4 Thesis outline 
1.5 Summing up 
 

1.1 Purpose 

Saxenian (1994) found that intensive collaborations “blur” the boundaries between the 

actors in the system. The purpose of this thesis is to direct interest towards what kind of 

boundary spanning work actors perform in the biotechnology sector. Thus, we are 

looking at how connectivity occurs in this specific sector; in terms of for example 

biotechnology firms can use collaborative projects to get products out in the market. 

1.2 Setting the scene 

Biotechnology is an important sector to look at, since life sciences and biotechnology 

are widely recognised to be, after information technology, the next wave of the 

knowledge-based economy, creating new opportunities for the economy as well as 

society1. Like ICT, biotechnology is an enabling technology that may be applied for a 

wide range of purposes. The biotech industry is extremely knowledge intensive, and 

was virtually born in the research laboratories. The biotech industry is expected to 

increase its relevance and importance for both the society in general, and more 

specifically, business, hence we have seen a boom of policy reports on a national or 

regional level on how the public can stimulate this sector (for example the EU strategy 

for the Biotech industry etc). The policy focus reflects a general consensus on the 

                                                 
1 EU Commision: “Life sciences and biotechnology – A strategy for Europe”. COM (2002) 27 final. 
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increasing importance of biotech, as well as the general acceptance that small 

knowledge intensive firms lead to job creation, regional development and new 

technological innovations (Müller et al. 2004). Despite controversies about the 

economic and social potentials of modern biotechnology, little truly comparative 

statistics or empirical evidence exists. Many studies are narrowly based, with poor 

comparative scope (McKelvey et al 2004:4). Thus, I have tried to keep this thesis as 

broad as possible in terms of topics, number of cases and regions, and comparative 

analysis is central.  

 

Many studies concentrate on comparing the relative success of bio-entrepreneurship and 

the shortcomings of the development of this sector in other countries (Müller et al. 

2004), ie. comparing the “laggards” in Europe to the “success stories” in the USA. This 

thesis is not really a comparative study of the national innovation systems in terms of 

success in biotechnology, but it is interesting to note that today there are more biotech 

companies in Europe than in the US, yet, the European companies are small, and 

achieve less revenue than the American companies. The new biotech companies are 

vulnerable, but may potentially generate large social returns (Cockburn 2004), and so 

research is necessary in order to provide useful advise to policy makers on how to 

ensure the survival and growth of this sector also in Europe. Could connectivity be a 

factor that helps explaining the relative success of different biotechnology companies?  

 

It is interesting to note that network density within the biotech industry had increased 

dramatically in the last decade (Powell et al 1996) at the same time as the number of 

new biotechnology firms is increasing. There is little comparable data on 

biotechnological performance internationally (OECD, STI scoreboard, 2003), despite 

the immense growth of the sector in the recent years. Inter-firm relations are of course 

not a new thing, but fast development in technology and globalization has increased the 

benefits connected with collaborating (Noteboom 2004), and biotechnology can now be 

characterised as an industry in which scientific and product development are 

collaborative. Inter-organizational scientific collaborations in biotechnology are known 

to be the vehicle that drives the industry forward (Oliver 2004). Due to the 

multidisciplinary nature of biotechnology (the knowledge/research field itself), coupled 

with a need of various kind of resources (funding, equipment, knowledge, materials 

etc), biotechnology require collaborations across organisations and disciplines (Oliver 

2004). 
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The thesis takes a multidimensional view in the analysis, as it looks both at the system 

level innovation, and then goes more deeply into specific innovation processes, using 

case studies, where the collaboration of relevant actors are forming new networks. 

1.3 Research question and objectives 

The current research question is formed to some extent with a Swedish Ph.D. thesis 

concerning New Technology firms and industrial dynamics (Rickne 2000) as 

background, and the issues pointed out there as interesting domains for further research. 

Rickne (2000) found that the concept of connectivity was powerful in explaining firm 

performance in the case of biomaterials in Sweden, Massachusetts and Ohio. Yet, the 

specific dimensions of connectivity are not extensively elaborated on. Closely related to 

this is the early stage development of the firm, because that often determines the degree 

and type of connectivity in later firm development. Birley (2002) found for example 

that the type of spin-off (hybrid, orthodox or technology spin-out) determines the 

relationship to the relationship to the “technology origin”. This raises a number of 

important questions, also related to the space in the market for biotechnology: Why 

does biotechnology firms exist at all? Why cannot the big pharmaceutical firms develop 

the new drugs themselves? What is the new role of universities and hospitals in this? 

How do these actors work together with each other and other parties involved in the 

process? These are all important issues that relate to my topic of study. Thus, the aim of 

the thesis is to understand the specific dimensions of connectivity within the context of 

biotechnological firms. Based on the above, the following research question will be 

explored in this thesis:  

 

Research question:  
How does the early stage biotechnology firms connect to the elements of the innovation 
system? 
 

The focus is on commercialisation of knowledge and on how a bio-venture develops 

within a regional/sectoral setting with multiple actors involved in the commercialisation 

process, such as universities, financial institutions, government bodies, pharmaceutical 

companies etc. The focus on early stage firm development, and the case firms selected 

are all quite young. 

 

In this thesis I focus on both the biotechnology firm in it self as well as the actual 

process and context of the biotechnology firm. The reason why we have to have this 
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dual focus is because “how” the process of starting the biotechnology company makes 

little sense without knowing “where” and “with what” it was being done. Thus, in line 

with Latour (1997), both the actor and the network/context are of significance. The 

perspective in the analysis is action-based, in the sense that it tries to identify the real 

life actions activities used in the organisation, compare and analyse these activities in 

light of relevant theory. In order to answer the research question, there are essentially 

three sub-questions that need to be answered:  

1. “How did the early firm development occur?” 
2. “How well connected are the firms?”  
3. “What are the specific dimensions of connectivity?” 

 

Sub-question one addresses the importance of connectivity in terms of personal 

networks in the commercialisation process in the early firm stage. Early-firm 

development could also say something about connectivity in later stages, in the sense 

that it is probable that a spin-off from a specific university will keep in touch with that 

university. Thus, pre firm activities involve looking at transfer of knowledge from 

parent organization, financing from venture capital firm, the experience/background of 

entrepreneur and the personal network of the founding team. 

 

Sub-question number two and three is partly addressed with some of the above issues, 

but also includes more specifically how the firm actually uses its initial resources (for 

example if it takes advantage of the connection with the university or not), or if/how it 

develops new dimensions of connectivity, by building a corporate board with external 

people that may work as gate-keepers for entry into new collaborations etc. Subquestion 

number two, also includes connectivity patterns and the spatial dimension. Subquestion 

number three asks for general tendencies in regard to the more specific dimensions of 

connectivity: type, density, dynamics and degree of flow of resources (as defined by 

Rickne 2000). In this respect, the spatial/relational dimension for connectivity is also 

relevant. 

 

The proposed research question is relevant and interesting because we need to uncover 

the relevant factors of success for this industry in order to give the correct guidelines to 

industry and policy-makers in their effort to stimulate the growth of the sector. It is also 

a sector that is relatively new, and despite that fact that there is now an enormous 

research focus on it, we still lack an understanding of the relevant success factors that 

are needed.  
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An intricate web of relations exists between actors generating, exploiting and using innovations. 
Indeed, the interdisciplinary character of modern biotechnology already mentioned implies that 
many types of organizations will need to develop strategies to access a variety of emerging 
fields. They may do so through internally mastering a multitude of competences and/or through 
developing collaboration.  

(McKelvey et al. 2004:50) 
 

Rickne (2000) managed to establish a relationship between firm success indicators and 

connectivity in the biomaterials sector in Sweden, Ohio and Massachusetts, and led to 

the conclusion that the concept of connectivity was indeed very viable to explore in 

order to explain the performance of the firm. There are few studies of this type (Rickne 

2000), also in regard to connectivity measures. Connectivity in it self is not a term fully 

conceptualized, and much can be learnt from real-life action. Since apparently some 

indicators of firm success (inventiveness, innovativeness, growth of employees and life 

span of the firm) can be influenced by strategic connectivity (Rickne 2000), it is a 

concept worth paying attention to. In my thesis work, I look at not only the mere 

advantage of having these relationships and networks, I also study what the connectivity 

consist of - what kind of collaborations are entered into and why, and how, since the 

appropriate strategic alliances is likely to be more important than the actual quantity of 

connectivity. However, the firms network pattern is to some extent path dependent, 

according to Rickne (2000), we also need to look at the initial and pre- firm 

development to see how connectivity is shaped. I theorize that the personal networks 

and experience of the founding team, key personnel and board members, play a 

significant role in how the firm connects and interacts with its sectoral environment, 

whether it be local or global. For management this implies that selecting well-

networked key people will increase likelihood of success. That is, if the relationship that 

Rickne established is valid of course.  

 

The importance of networks in innovation processes and for individual firms has been 

made quite clear in many studies (for example Saxenian 1994, Rickne 2000, Powell 

2005), but the formation of networks between actors may also be significant on a system 

level as well. The way tasks are divided among firms influence the scope for new 

entrants (Rickne 2004). 

 

Saxeninan (1994) pointed out the informal networks, which transcend organizational 

barriers and encourage interaction and learning, as one of they key success factors in 

Silicon Valley. Yet, empirical evidence that suggest that local interaction is superior to 

non-local interaction, does not exist to explain the regional specialisation and the so-
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called success of some clusters over others (Barthelt et al 2002). Thus, it is relevant to 

discuss whether or not biotechnology is global or local as a system. There are many 

studies have been conducted with national innovation system focus and with sectoral 

focus, i.e. pharmaceuticals. Yet, none of these explain differences in how and why 

national characteristics affect the sectoral application of biotechnology within a specific 

country (Senker 2004). I have brought the country/regional dimension somewhat into 

mind in my analysis, because according to (Laage-Hellmann et al 2004:4) “…some 

countries appear to have a higher concentration and density of network relationships 

than others - and thereby gain competitive advantage”. The question is why and how. 

 

Collaborative R&D allows companies to pool their skills in specific problem solving, 

hence also to go through learning processes more quickly. Communicating and learning 

from others means that we may learn faster and faster, so in fact policy makers should 

have incentives to enhance this collective learning. The growth of the firm is slower 

than the number of scientific opportunities. The importance of innovation networks 

shows how an increase and diversification in knowledge - dilemma - to specialize on 

individual or specific knowledge or to improve capabilities by collective learning. 
Importantly, these relations are unevenly distributed across the population of actors, where under 
some conditions the smaller firms have an advantage while under other conditions, it is the 
larger. 

(McKelvey et al. 2004:50) 
 

 
The topic of this thesis is also interesting and relevant because it looks at innovating 

outside the organizational boundaries, which in a way brings us back to classic dilemma 

of “make or buy” (Williamson 1975) in a different way. Yet, societal linkages in the life 

sciences are not directly about make or buy, but management of complex networks of 

capabilities shared to design specific innovative activities, or the share of knowledge is 

important in order to create new products. According to Quere (2004:90)”... Innovation 

networks seems to become a stable structural device in the current organization of the 

life science industry”. It is a central objective to this thesis to find out more about the 

actual workings these innovation networks.  
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According to the areas of concern stated above the main research objectives are: 

1. Develop an theoretical perspective for the study which includes an overview of 
relevant existing theory  

2. Conduct a regional analysis of three bio-clusters, mapping central actors and 
networks. 

3. Seek understanding on early firm development in three biotechnology firms  
4. Uncover how the mechanism of connectivity worked in the three case firms 
5. Conduct a comparative analysis of the three firms 
 

1.4 Thesis outline 

This thesis is divided into three main parts: 

 

Part 1: Orientation 

The first part prepares us for the empirical study. Chapter two introduces the theoretical 

framework, and different perspectives on systems of innovation are clarified and 

especially the sectoral/technological systems approach elaborated on. Secondly, it is 

necessary to clarify the concept of biotechnology as a sectoral system and all the 

analytical problems connected with terming it as such. Chapter three is the methodology 

of the study. 

 

Part 2: Investigating 

Part two is the “investigation” part of the thesis. In chapter four, the history and 

knowledge field of biotechnology will be introduced. Here, I also bring in the spatial 

dimension when the difference between the US and Europe in terms of sector-

performance will be discussed. The sectoral approach will be applied to analyse three 

biotechnological clusters. Actors, networks and institutions will be discussed in this 

context. In chapter five, the story of the three biotechnology firms will be told. 

 

Part 3: Understanding 

In part three we seek enhanced understanding of biotechnology through a discussion 

chapter (chapter six) where the cases will be discussed with the research question in 

mind. A wrap up with final conclusions and discussion of research and policy 

implications will be provided in chapter 7. 
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1.5 Summing up 

This introductory chapter has provided an overview of the aims and scope of the thesis, 

which is to direct interest to boundary spanning activity within the biotechnology sector. 

This will occur by investigating some case studies of biotechnology firms in three 

separate regional clusters with different characteristics. The research topic, area of 

investigation, and the objectives has been presented.  
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2 Theoretical and conceptual framework 
 

”The paradox of theory is that at the same it tells us where to look, it can keep us from 
seeing” 

Vaugham (1992:195) 
 

2.1 Overview 
2.2 Innovation as dynamic  
2.3 Innovation as a capability 
2.4 Innovation as inter-organizational 
2.5 Towards a conceptual understanding 
2.6 Understanding biotechnology as an SSI 
2.7 Summing up 
 

2.1 Overview 

In this study, I have used an exploratory approach in order to allow for naturalistic 

inquiry where I could be flexible in my inquiry and open to interesting findings. 

Generalisation is not the target for this research and mapping of special cases may be 

just as relevant as studies of large populations. Especially in new, unexplored fields 

where knowledge is limited, the more exploratory analysis serve well as grounds for 

development of hypothesis and theoretical frameworks. Glaser & Strauss (1967) 

emphasise the importance of studying an area without a preconceived theory that 

dictates, prior to the research, ”relevancies” in concepts and hypothesis. At the same 

time, I am aware that all studies will, implicitly, be based on models of interpretation 

(Andersen 1997), since everything studied will be interpreted within a framework of 

previously acquired knowledge. The aim of this chapter is to make the unstructured 

deduction structured, by providing a theoretical platform for analysis, through 

developing an overview of relevant theory and empirical evidence in the field that will 

be used as background for analysis. Based on this platform, a conceptual framework 

will be developed. These theoretical constructs will be utilised as analytical tools for the 

data analysis.  
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2.1.1 Structuring innovation theory 

It is necessary to define the concept of innovation for the proceedings of this thesis. In 

line with Schumpeter (1928), innovation is defined as stemming from one or more of 

the following: 

 1. Introduction of a new product or new quality of product 
 2. Introduction of a new method of production 
 3. Entering a new market 
 4. Exploiting a new source of raw material  
 5. New organisation of industry 
 

According to March (1994), the firm faces a constant difficulty in balancing 

exploitation and exploration activities, and one may claim that the pharmaceutical 

industry have long focused too much on exploitation, and in doing so creating a vacuum 

where biotechnological firms may thrive. 
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Figure 2.1: The Dual Focus of the firm (March, J.G. 1991) 

 

When innovation is seen as a linear process based on R&D efforts and then developed 

as a business model, it is called a “technology push” perspective on innovation. 

Innovation may also be seen as a response to market needs, or “market pull”. According 

to Freeman (1974), innovation looks nothing like the linear process from basic research 

to development. To be innovative an organisation or a cluster of organisations must 

favour interaction and adaptation (see for ex. Akrich et al 2002). Innovation in fact, is a 

coupling process where the market and technology side come together. The coupling 

model (Rothwell & Zegveld 1985) involves an understanding of innovation as a two-

way interchange between R&D and the demand side.  According to Schumpeter (1928), 

innovation is what drives the economic development. But what drives innovation? Are 

internal or external conditions most important? The perspective of this paper is that it is 

the interplay between the internal and external conditions that foster innovation. In total, 
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innovation and entrepreneurship processes are influenced by many factors: Firms 

interact with other organisations on a continuous basis.  

2.1.2 Theoretical perspective 

Different ”schools of thoughts” have diverse opinions and perspectives on innovation 

theory. The main theoretical perspectives that will be used as background for analysis 

may be divided into the following categories: 

1. Innovation as dynamic  
2. Innovation as capability  
3. Innovation as systemic 

 

The categories help structuring the discussion, and are chosen because they ease the 

transition towards what will be the final conceptual framework. The main theoretical 

perspective employed in the analysis, is the system level perspective. The reason why I 

choose to also include other innovation perspectives is because the often static system 

level does not seem to capture the actual interactions at firm level, and in this study, a 

part of the target is to map the very specific firm level approach to collaborations and 

connectivity, and also how these occur. 

 

The categories are not mutually exclusive. The challenge of structuring the theory stems 

from the fact that innovation theory has roots in many academic disciplines, and thus, 

authors speak of similar concepts with very different terminology depending on what 

scientific discipline they originate from, i.e. sociology, technology/industrial 

development, history, strategy and economics to name a few. Yet, it is useful divide the 

theoretical perspectives into more broad categories, as it helps structuring the discussion 

and analysis. The structure of this chapter will be that theory will be discussed under 

each of the above categories, and then further developed and summed up in a more 

complete holistic sense based on the dynamic capability perspective. After having 

discussed the three perspectives, a conceptual framework for analysis will be 

introduced. I have tried to integrate various perspectives on innovation in an IOR 

context, and that implies discussing theory from many different academic disciplines 

and schools of thought. In the final conceptual framework, I have taken together bits 

and pieces from the above discussed perspectives, and thus, one may say it is a rather 

eclectic view on innovation theory. For a summary of the perspectives used in this 

thesis, see table 2.1.  
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Table 2.1 Summing up the theoretical perspectives  
 

Theoretical 
Perspective 

Discipline Contribution by  
(among others) 

Summing up 

Types of 
innovation 

Management Systemic vs. 
autonomous (Teece 
1996), Radical vs. 
incremental (Hamel), 
Disruptive vs. 
sustaining (Christensen 
1997) 

Type of innovation influences 
industry dynamics and how 
the firm should react when 
facing such an innovation 

Market dynamics 
and business 
cycles 

Economics and 
history 

Schumpeter, Utterback 
& Abernathy, Langlois, 
Sturgeon,  

Innovation creates new 
business cycles, and may 
destroy existing. New 
organisational forms are 
required (integrated/ 
disintegrated). 

Transaction cost 
view 

Economics  Coase (1937), 
Williamson (1975) 

‘Market or hierarchy’ 
dichotomy, organising as 
market leads to transaction 
costs. 

Game theory Economics  Nash  Prisoners dilemma type 
situation, where collaborating 
may lead to a win-win 
situation 

Resource based 
view 

Management / 
Strategy 

Barney (1991), Leonard Superior resources 

Growth based 
theories 

Economics Solow. Greiner, 
Penrose 

Growth via capabilities 

Dynamic 
capability 

Management/ 
strategy 

Teece, Utterback, 
Coombs, Metcalfe 

Capabilities need to change in 
order to tackle dynamics 
introduced by innovation 

Network theory Sociology Latour, Powell Actors are linked via 
networks 

Competitive 
perspectives 

Management / 
Strategy 

Porter Competetive power via 
clustering together with 
related firms 

Systems 
Perspectives 

Industrial and 
regional 
development 
(Technology/ 
Political science/ 
economic 
geography) 

National systems of 
innovation (Landstrom, 
Edquist, Freeman) 
Sectoral systems 
(Malerba) 
Technological systems 
(Carlson) 

Systems view on innovation, 
innovation must be seen in 
context with larger structures, 
which may facilitate or 
hamper innovation (macro 
view on innovation). Systems 
may exist at different levels: 
Regional, national, sectoral, 
technological etc. 

Open source 
innovation/ 
commercialisation 
of knowledge 

Management / 
Strategy 

Chesbrough A company commercialise 
both its own ideas as well as 
innovations from other firms. 
The boundary between the 
company and its surroundings 
is porous, allowing 
innovations to float more 
easily inside and outside.  
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2.2 Innovation as a capability 
“Innovation is a quest into the unknown. It involves searching and the probing and reprobing of 
technological as well as market opportunities. With hindsight, much effort is spent travelling 
down blind alleys. Serendipity and luck play an important role.” 

David J. Teece (1996:2) 
 

Even though serendipity plays an important role for innovation, capabilities in the form 

of knowledge and key personnel for example, are probably more significant. In fact, 

three classes of factors affect what an organization can and cannot do, according to 

Christensen (1997): Its resources, its processes and its values. By seeing innovation as a 

capability, the firm and the strategy of the firm are in focus, i.e. the organizational 

capabilities of the firm and the people in it. It is important to note that the ability to 

innovate exists in all parts of the value chain, and the technology should be seen in 

relations to other aspects of the firm (Utterback 1994).  

 

The capability perspective has, to a large extent, its roots in the resource-based view 

(RBV), which holds that firms can earn sustainable above normal returns if they have 

superior resources and some form of isolating mechanism protects those resources by 

preventing their diffusion throughout the industry. Thus, superior resources should lead 

to sustaining competitive advantage and monopolistic rents. According to Teece (1996), 

Schumpeter was one of the first to note that perfect competition was incompatible with 

innovation. Classical economic theory holds that in the normal course, and in the 

absence of market imperfections, abnormal economic rents will get competed away by 

rivals or new entrants to an industry. Yet “a firm is more than an administrative unit; it 

is also a collection of productive resources the disposal of which between different 

users and over time is determined by administrative decision. When we regard the 

function of the private business firm from this point of view, the size of the firm is best 

gauged by some measure of the productive resources it employs” (Penrose 1959). 

 

Barney (1991) suggest that there can be heterogeneity or firm-level differences among 

firms that allow some of them to sustain competitive advantage. Therefore, the RBV 

emphasises strategic choice, charging the firm’s management with the important tasks 

of identifying, developing and deploying key resources to maximize returns. 

Differences may occur in the form of resources such as patents, properties, proprietary 

technologies, or relationships. Innovation may be a tool for the firm to achieve these 

VRIO capabilities. The capability perspective is aware that knowledge rests in the 

“minds of individuals”, and sharing of this knowledge occurs in many ways through 
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interaction. Transforming of the knowledge of the individual into the integrated 

knowledge of the organization is essential challenge to be able to keep the capabilities 

even when key people leave the organisation. The organisation becomes an operator for 

creating the collective from the individual (Cooms & Metcalfe 2000). The problem is 

that much is tacit knowledge, and cannot so easily be transferred.  

 

For a company, the core competencies is what it knows, and its strategic assets is what 

it owns (Hamel 2000). Innovation and creativity may be seen as an internal capability 

and a core competency to ensure competitive strength (Hamel & Prahalad 1994). This is 

in line with Leonard’s view (1995): Companies, and individuals compete on the basis of 

their ability to create and utilize knowledge, and Leonard adds: “Products are physical 

manifestations of knowledge” (Leonard 1995:xiii). Key innovation activities within this 

perspective are the importing of knowledge and knowledge building through 

experimentation. Signature skills are developed as a result of path dependency in type of 

tasks selected and the cognitive approach to setting up and solving the tasks (Leonard 

1995). This specialization via development of signature capabilities or skills, leads to 

expertise. Increasingly, the complexity of the problems, the proliferation of formally 

educated specialities, and the pace of globalization require that the problem-solving 

activities occur differently. Corporations foster certain skills, values and knowledge 

bases at the expense of others. Sharing of this knowledge in a “creative synthesis” may 

lead to new innovations (Utterback 1994). By developing capabilities based on 

sequences of path-dependent learning, a firm can stay ahead of its imitators and 

continue to earn superior returns (Dierickx and Cool, 1991; Teece et al., 1997). There is 

not to say, however, that most firms have the capacity to place themselves on a learning 

curve that would prevent rivals from leapfrogging them. Again the goal of inimitability 

is a highly demanding one, and begs the question of how to achieve it with assets, 

resources, or capabilities the firm does not already possess. In explaining how and why 

firms differ in their market performance, the capabilities view of the firm has placed its 

emphasis on the internal accumulation of the knowledge and skills, which underpin its 

productive activity (Coombs & Metcalfe 2000). The traditional capability perspective or 

resource based view does not take into account that industries changes and evolves, and 

so it lacks an element of dynamism to consider how new resources and capabilities are 

created, in order to adapt to emerging markets. More recently, the dynamic capability 

perspective has extended the Resource Based View to the realm of evolving 

capabilities, but first we will go more into the dynamics of innovation. 
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2.3 Innovation as dynamic  

A dynamic perspective on innovation relates innovation to markets, commercialisation, 

and economic theory. What I refer to is the changes occurring to markets, firms, sectors 

and technology and so on and so forth, because of the introduction of new innovations. 

It is essentially about creation itself and the creative destruction (see Foster & Kaplan 

2001) that follows it. There is a need to abandon the assumption of continuity when it 

comes to markets (Foster & Kaplan 2001). The reasoning behind Solow’s growth model 

is that technological change contributes as much to economic growth and wealth 

creation as the traditional factors of production, labour and capital (Solow 1956). The 

main drawback of the neo-classical growth theory is that it does not explain how or why 

technological progress occurs. Understanding the dynamics of industrial innovation and 

change is a central to understanding growth and technological progress (Utterback 

1994). Innovation may be seen as a creative and a destructive force, which changes 

markets and industries. Dynamics connected to innovation are usually studied in light of 

how they influence business cycles (Schumpeter 1928), but it is also are relevant to 

study how innovation influences organisations (Utterback 1994). Figure 2.2 (Abernathy 

& Utterback 1978) theorizes that the rate of major innovation for both products and 

processes follows a general pattern over time (Utterback 1994).  
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Figure 2.2: The Dynamics of Innovation (Abernathy & Utterback 1978) 

 

Dynamics in industry structure caused by innovation take place because a wave of 

radical innovation sweeps across the industry, and so other existing technologies 

become outdated. Thus, the firms with internal capabilities bound up in those existing 

technologies must either get aboard, or face possible shutdown in this segment. In the 

early start of the forming of the new innovation, many firms enter the market and 

 16
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incrementally improve the innovation by innovating in partial areas of the product. 

Biotechnology consist of a series of radical innovations, and on the road towards the 

innovation of having bacteria produce human insulin for example, there are many other 

“smaller” innovations that needs to be developed, before that product may be more than 

just science fiction: 
“They [Keiichi Itakura and Arthur Riggs] planned nothing less than to synthesize a human gene 
– that is, build the correct sequence of DNA from scratch in a test tube, using chemicals off the 
shelf. If that worked, they planned to plug this man made gene – for a hormone called 
somastostatin -  into bacteria and see if it could be cloned. And if that worked, they even had 
hopes of getting the bacteria to express this synthetic human gene – that is, read the genetic 
instructions and make a human brain hormone in a Petri dish. Riggs argued that somatistatin 
would be a good dry run – a ‘model system’, in lab lingo – for insulin”2. 

Hall (2002:68)  
 

The creation of dominant design, the one design generally preferred by the marketplace, 

usually come as a product of many other independent innovations3 which are then later 

put together into what becomes the “preferred product”. The dominant design have 

great impact on the nature of competition (Utterback 1994), since after dominant design 

has been reached, many firms exit the market place, and the focus turns from product 

enhancement and development to a more cost oriented competition. This process is, 

according to Utterback (1994), a repeatable pattern of the dynamics of innovation. 

 

Christensen (1997) combines a technological and a commercial dimension (value 

network approach), with his focus on companies as embedded in value networks 

because their products generally are embedded, or nested hierarchically as components 

within larger systems. Christensen (1997) defines two types of technologies: Sustaining 

and disruptive technologies. Sustaining technologies or innovations may be both radical 

and incremental; the important thing is that they may be developed alongside existing 

technologies Christensen’s concept of disruptive vs. sustaining technologies describe 

sustaining technologies have in common that they improve the performance of 

established products, while disruptive technologies bring to market a potential value to 

new customer groups and concerns a potential threat for the existing product range 

(Christensen 1997). Disruptive technologies bring to market different value 

                                                 
2 Arthur Riggs and Keiichi Itakura were biologists at City of Hope National Medical Center. The quote is 
a description of the answer Arthur Riggs gave microbiologist at the University of California, San 
Francisco: Herbert W. Boyer, when he called in January 1976 because he had started a company with VC 
Robert Swanson that had as target to produce human insulin. This company was later to become 
Genentech, the world’s first biotechnology company.  
3 A good example of this is the development of the modern bicycle, which took separate features from 
many other bicycle-like vehicles that had been developed previously. What became the dominant design, 
was a two wheel bike with all the great features from these other cycles put together in one. 
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propositions, and they under-perform compared to established products in mainstream 

markets. Yet, products based on DT might change the industry by gradually performing 

better and becoming cheaper than existing technologies. The problem with this is that 

the large organisations are generally not “fit” to pursue the development of these 

technologies, because they are adapted to a current technology that they are making 

money on. Biotechnological innovations could be analysed as a disruptive technology, 

as it changes the way the drug development process occur. Thus, the pharmaceutical 

industry does not have capabilities or processes to bring biotechnical innovations 

through the drug development pipeline. 

 

According to Christensen (1997), the company basically has three choices when faced 

with a potentially disruptive technology:  

1. Spin-out the technology as a separate company, and yet allowing the mother 

company to tap into some of the learning experiences. This new venture may also be 

started in partnership with other actors in the industry, which could be facing the same 

problems. This may lead enhanced innovation processes to occur at the firm boundaries. 

2. Change organisation: According to Christensen (1997), a corporation consists of 

resources, processes and values, and they are extremely hard to change, as there are 

cultural lock-ins (Foster & Kaplan 2001) in companies that make it difficult for them to 

change. There will always be someone who sticks to the “why change a winning team?” 

excuse and innovation in general sells scepticism as it involves uncertainty and risk. 

Also, if the company has focused for many years on developing core competence and 

signature skills (see Leonard 1995) in another area and another RVP framework, this 

cannot so easily be turned around in a flash. 

3. Acquisition: Get access to technology through using corporate venture capital, as a 

tool4. This may not necessarily be so easy as knowledge  developed by organizations is 

often highly tacit and difficult to codify (Polanyi 1962), and it is hard to transfer 

technology for example without transferring the key individuals (Teece 1996). 

 

As a consequence, the disruptive technology should rather be developed with a partner 

than alone, according to Christensen (1997). The value network framework asserts that 

even though the firm has technological capabilities to develop the disruptive innovation, 

whether they push it to market or not depend on whether their value networks in which 

 
4 For more on this, see for example Cooper et al (2001) or Block & MacMillan (1993). 
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the firm makes its money perceive it as a need to do so (Christensen 1997:52). Thus, he 

seems to be pessimistic about the firm changing its capabilities to handle the 

disruptiveness of the innovation, unless they are pushed by the value network that they 

operate within. It is all about creating capabilities that can cope with change, i.e. to 

acquire these capabilities externally (Christensen 1997). This dramatically changes the 

traditional structure of the firm. 

2.4 Innovation as systemic  
“No man is an island, entire of itself;  
every man is a piece of the continent, a part of the main.” 

 
John Donne (1573-1631), a passage from Meditation 17, from Devotions Upon Emergent 

Occasions, 1624 
 

We might adjust the famous John Donne prose to say “No innovative firm is an island”, 

when seeing innovation as inter-organizational or systemic, we are looking at 

innovation as something that is boundary spanning. It is a network approach or 

collaborative view on innovation, concerning ”innovating-in-between” the firm limits. 

Yet, traditional economists have seen firms as islands (Teece 1996), and Teece adds: 

“indeed Coase has referred to firms as ‘islands of conscious power’. Coase’s metaphor 

needs to be transformed from islands to archipelagos to capture important elements of 

business organization” (Teece 1996:18). This is because firms commonly need to form 

strategic alliances, vertically, laterally and sometimes horizontally in order to develop 

and commercialize new technologies. This perspective is imperative to bring in to get a 

wider conceptual understanding of the very central topic to this thesis; connectivity.  

 

Before looking at the different level of theory on inter-organizational innovation, we 

will discuss the transition from a ‘make or buy’ perspective to moving beyond the 

boundaries of the firm, to a completely view on boundary spanning activity, where it is 

seen as necessary in order to survive in a market with shorter product life cycles and 

tougher competition.  

2.4.1 From ‘make or buy’ to ‘collaborate or die’? 

Despite the rather melodramatic statement in the header of this part of the chapter, it is 

my hope that the reader will take the content quite seriously. Are we facing a paradigm 

shift in innovation theory? This part of the chapter will discuss the transition from a 

transaction cost view of inter-organizational relations, to the more recent dynamic 

capability view. 
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Transaction cost theory 

Coase (1937) suggested that firms and markets represented alternative means of 

organizing economic activity. Williamson (1975) extended this firms/markets 

dichotomy into a ‘make or buy’ strategic decision, where “transaction costs” where the 

costs that the firm ‘paid’ for using the ‘buy’ option. Transaction costs includes money, 

time and other resources, and risk. The basic message of transaction cost theory is that it 

is a choice between market and hierarchy in all firm processes. 

 

Today, contemporary firms are collaborating and blurring their boundaries that 

resemble neither market nor hierarchy (Powell 2005). The increase in non-hierarchical 

organizations challenges the market-hierarchy dichotomy. Rather than treating them as 

hybrids, theorists now see them as distinct organizational types that require new 

explanatory frameworks, and several labels has been used to describe these new 

collaborative organizational forms, such as networks, flexible specialization and virtual. 

Management literature introduces even more concepts: Alliance, virtual company, joint 

venture, M&A, decentralized firm, etc. 

 

Relationships are both formal and informal, although it is mostly the formal inter-firm 

organization that one speaks of. 

The changing structure of the firm 
“What we have got to accept is that the large-scale establishment has come to be the most 
powerful engine of progress”. 

Schumpeter (1942:106) 
 

Or is that really the case? Langlois (2003) presents a theory of the historical 

development of the firm and the changing structure of market, based on Chandler’s 

concept of the visible hand (1977) and Adam Smith’s concept of the invisible hand 

(1776). Langlois argues that the power has returned to the market place with the 

“vanishing hand”, and that the large conglomerates are no longer necessary, nor 

efficient enough. Langlois (2003) and Sturgeon (2002) among others, speak in favour of 

highly disintegrated company types based on focus on core competencies.  
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Figure 2.3: The vanishing hand hypothesis (Langlois 2003) 

 

It is clear that we see a changing structure in the pharmaceutical industry (see for 

example Cockburn 2004). There is a tendency towards deconglomeratisation and 

deverticalisation, and an increased core competency focus, which implies more 

horizontal and vertical concentration5.  

 

Sturgeon (2002) introduces a “Modular production network”: a new American model of 

industrial organization concerning market volatility and disintegration of the value 

chain between manufacturing and development. It is impossible for a firm to have the 

highest competence on all parts of the value chain, and actors in the market are more 

skilled in solving an area belonging to their “core competency”. The increased 

competition leads to more specialisation in production (Smith 1776), and so one needs 

flexibility and to be cutting edge on core competency to survive. If entrepreneurs can be 

persuaded to decentralize, a new organisation form which is flexible, responsive, 

creative and contains specialized expertise, ie, the systemic network of small specialized 

knowledge based firms (Carson et al. 1996). Teece (1996), on the other hand, argues 

that the virtual organisation is not always “virtuous” for innovation, and this depends on 

whether the innovation can be classified as “systemic” or “autonomous”. Systemic 

innovations are innovations that change the system and require a holistic and integrated 

approach in order to be brought to the market place. The autonomous innovation is a 

more “stand-alone” innovation and may co-exist alongside other products. A systemic 

innovation requires being or teaming up with a firm that has significant market power / 
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5 This will be elaborated on in greater detail in the next chapter of this thesis. 
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resources in order to push the innovation forward6. Thus, according to Teece (1996), the 

large multi-product firm may still be the best way of organising for systemic innovation 

despite its inflexibility and bureaucracy. Additionally, being too disintegrated is a risk 

because you may be giving away your core competitive power to one of your 

suppliers/customers. This is contradictory to Sturgeon’s (2002) and Langlois’ (2003) 

argument that being ‘virtual’ is necessary to survive. However, Chesborough & Teece 

(1996) also claims that outsourcing may be a first-rate strategy for innovation, provided 

that one is careful in selecting what to outsource and how to collaborate.  

 

Another issue is of course how to distinguish between collaboration and outsourcing. 

Outsourcing is a strategic management model transferring business processes to another 

company, where management and/or day-to-day execution of one or more business 

functions is performed by a third party service provider, who is in-sourcing those same 

processes. Thus, the company uses an outside firm to provide a necessary business 

function that might otherwise be done in-house. Its aim is mostly to make an 

organization more competitive by staying focused on its core competencies. It has 

generally been recommended to source out ‘non-core activity’ and keep ‘core-activity’ 

in-house. Yet, it may be difficult to determine what are core activities and what are not, 

due to the fact that for example what is non-core today, may be core tomorrow. 

Additionally, the firm may not always have the in-house capability to perform even the 

core activities on its own, and thus, even if the activity is deeply rooted in the core, the 

firm should search externally for competency. Thus, in its most advanced form, 

outsourcing makes it possible to build a large, entirely virtual company with only a 

single employee: the entrepreneur. The question is if the connectivity and collaborations 

in the biotechnology really can be seen as pure outsourcing?  

 

Outsourcing may be distinguished from other inter-firm relationships via examining 

three aspects of the activity, which is the subject of the relationship: complementarity, 

similarity and novelty/stability of the activities compared to other activities in the firm 

(Coombs & Battaglia 1998). A low similarity of activities and high complementarity, 

 
6 A classic case example on how market power may push forward systemic innovations, are IBM’s push 
to move from the large floppy discs to the 3,5 MB discs. This was possible because of IBM’s then very 
large market share and power (Teece 1996). Since then, the disc technology has remained the same for 
the last 15 or more years, because no actor has had the power to “change the system”. We are now seeing 
people moving over to flash discs that have to be docked on externally via the USB port, rather than being 
put into a drive. The USB ports are generic and may be used for a variety of purposes; thus, the USB flash 
drive discs are autonomous, since they require no real change to the computer.  
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combined with a need to create new capabilities, would, according to this framework, be 

best organised in an alliance. The perspective that we turn to now, the dynamic 

capability perspective, is the most complete to describe outsourcing according to 

Coombs & Battaglia (1998). 

The dynamic capability perspective  
“Dynamic capabilities are the ability to reconfigure, redirect, transform, and appropriately shape 
and integrate existing core competencies with external resources and strategic and 
complementary assets to meet the challenges of a time-pressured, rapidly changing, 
Schumpeterian world of competition and imitation. Dynamic capabilities thus reflect an 
organization’s ability to achieve new and innovative forms of competitive advantage despite 
path dependencies and core rigidities in the firm’s organizational and technological processes”. 

Teece et al (1997:337)  
 

‘Dynamic’ thus refers to the capacity to renew competencies as to achieve congruence 

with changing environment. The term ‘capabilities’ refer to the key role of strategic 

management in adapting the internal and external organizational competencies to match 

the requirement of the changing environment (Teece et al 1997). Competitive power lies 

in the managerial and organizational processes, its current position (based on 

technology, IP, assets, alliances etc.) and the strategic paths available to the firm (Teece 

et al 1997). Teece et al (1997) calls this Processes, positions and paths, and together it 

comprise the firm’s competitive power.  

 

The dynamic capability perspective is based on the fact that established firms must 

occasionally attempt to renew and diversify their core business rather than simply 

improve and expand their well-established business. In other words, how established 

firms may bridge the discontinuities created by technological change, and develop new 

capabilities. (Utterback 1994). This approach is particularly relevant to considerations 

of firm boundaries (Coombs & Battaglia 1998).   

 

Radical innovations turning industries upside down are usually done by industry-

outsiders (Utterback 1994). One example of this includes the new digital camera 

revolution, which is being led by non-traditional players, such as Casio, who has 

completely taken over. The point is, that it seems that also existing firms may turn 

around and gain new capabilities, even when facing disruptive technologies, but they 

might have to transcend the boundaries of the firm to acquire these capabilities. The 

Distributed Innovation Process perspective stresses that sectoral boundaries are 

radicalized by innovation, and there is a dynamic relationship between knowledge and 
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organization within innovation processes (Valentin et al 2004). It combines a 

capabilities perspective with the increasingly complex division of labour in the 

generation of science and technology, which include multi-firm innovating. Today, to 

be ‘designed to change’, the firm must act like the market (Foster & Kaplan 2001). It 

needs to change the way it operates, and this new fim requires a much more complex 

organization model. The new organization must support multiple mental models and 

fundamentally different approaches to business in a setting of ‘invisible architecture’ 

(Foster & Kaplan 2001:164) between two of more firms innovating together. 

2.4.2 Levels of inter-organizational collaboration 

Inter-organizational collaboration, specifically R&D collaborations, is analysed by 

literature on three levels: Projects, networks and systems (Valentin & Jensen 2004), as 

visualized below. 

 

 

 

 

 

 
Level of system attributes 

Level of network of actors based on 
patterns of collaboration 

Level of single collaborative projects 

 
Figure 2.4: Levels of analysis in theories on systems of technology creation (Valentin & Jensen 

2004) 

 

Each level will be discussed and used for the analysis, but the main focus will be on the 

network and system level, due to the importance in regard to this thesis and the many 

theory contributions with regard to biotechnology. 

Single collaborative projects 

At project level, the literature is focused on collaborative R&D, examining primarily 

how organisations benefit from participation in boundary spanning activity (Valentin & 

Jensen 2004). Getting access to resources is a classic explanation for the ‘make or buy’ 

dilemma, and stems largely from resource dependency theory. All organisations seek to 

control vital resources to reduce uncertainty (Pfeffer & Salanick 1978). This may also 

be a reason not to collaborate, because you might be giving away control over a vital 

resource. Having control over important resources, such as holding a patent, also gives 

power in the value chain, if the other firms have to licence the technology from you. 
 24
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However, power also arises from participating in the informal social networks both 

within (Brass 1984) and outside the organization, and enables people to get access to 

resources via connections and social relations.  

 

The traditional inter-organizational perspective includes collaborations with customers 

and/or suppliers, but increasingly we see collaborations and co-creation with users, 

knowledge institutions and other actors. With who to collaborate depends to a large 

degree on what the target of the collaboration is. Rickne (2000) has defined four 

purposes for connecting to other actors in the system: Offensive/defensive (Threat or 

opportunity based), supplier-customer (transfer of goods) relationships, to acquire 

resources and problem solving. The type of partners for the new technology based firm 

(NTBF) includes customers, suppliers, competitors, financiers, research organisations, 

bridging organisations, policy units, parent organisations/owners, semi-internal 

individuals (such as scientific advisory board), and individuals. The form of collaborate 

agreements varies from simple network exchanges to complex joint R&D efforts or 

M&A’s (Rickne 2000). 

 

Teece (1996) provides a typology of innovation, capabilities and preferred 

organisational forms. He distinguishes between systemic and autonomous innovation, 

and discusses different organizational designs in relevance to type of innovation. Thus, 

the type of innovation ‘determines’ how innovation should ideally be organized. 

 
Table 2.2 Type of innovation determines the organization structure (Teece 1996)  
 
                            Type of Innovation 

 Autonomous Systemic  

Capabilities exist inhouse 

 

Silicon Valley type Multiproduct integrated 

Capabilities exist outside 

 

Virtual (outsourcing) Alliances 

Capabilities must be 

created 

Alliances 

Silicon Valley type 

Silicon valley type 

 
 
Based on this, large, multi-product firms innovate through spin-offs and alliances due to 

the fact that the bureaucracy of such a large company hampers innovations processes 

and decision-making. The Silicon Valley type firm i.e. the entrepreneurial firm (like the 

biotechnology firm) should connect to VC or other firms for cash and resources, since it 

 25
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is normally cash constrained and highly specialized and needs to combine with other 

component parts – both in terms of product development and market competence. A 

technology fusion is encouraged, because of the ability to combine knowledge bases 

housed in different core technological capabilities in other firms. A virtual corporation 

in Teece’s view is seen as a sort of modular production network, where certain 

functions are outsourced. The firm should enter into alliances or other forms of 

collaboration in order to reduce transaction costs. Thus, if a pharmaceutical is 

developing an autonomous innovation (a new drug) where capabilities exist outside (in 

a biotechnology company), it might be developed through an alliance between the 

pharmaceutical company and the biotechnology company.  

 

The growth phase model (Greiner 1998) suggests that organizations go through 5 stages 

of growth and need appropriate strategies and structures to cope. It is a descriptive 

framework that can be used to understand why certain management styles, 

organizational structures and coordination mechanisms work and don't work at certain 

phases in the development of an organization. The growth phase model of Greiner 

describes five7 phases of organizational development and growth: Growth through 

creativity, direction, delegation, coordination and collaboration. Why is this relevant for 

inter-firm relations? It is relevant, because none of the growth phases take into account 

growth via external orientation (the stage of collaboration, is more an internal firm 

crisis, including use of cross functional teams and being creative again). More recently 

Greiner added a sixth phase to his growth phases model: Extra-organizational solutions 

via mergers, holdings, and networks of organizations. However, new knowledge and 

technologies emerges so quickly, increased need to network and collaborate, in all the 

phases of development (Carson 1996). 

Networks of actors 

The network level shifts the centre of attention to the patterns of actors contributing to 

multiple overlapping collaborative arrangements (Valentin & Jensen 2004). Directly 

and indirectly these arrangements make actors part of wider structures that impact even 

the individual actor, also in regard to the access of information (Powell 2005). The 

network terminology is often used to describe industries and businesses, usually within 

communication (Machine-to-machine networks for example). Traditionally the actor-

network (Latour 1985) approach has focused much of its attention on the role of 
 

7 Greiner later added a sixth growth phase (Greiner 1998) 
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technology in industrial relationships (Olsen 2000), and the diffusion of 

innovation/technology has been a common topic. Here, I use network theory to 

understand social structure. The network metaphor is useful as a bridge between 

economic and social dimensions. 

 

Networks encompass the totality of the associations or links between individuals, 

groups or organizations in a given social system (Carson et al 1995). In a business 

context associations may be instrumental, political, affective or normative. 

“Entrepreneurs interact regularly with people and businesses in their environment to 

acquire resources, initiate action and dispose of marketable goods” (Carson et al. 

1995:199). Relationship frequency, nature and type between individuals and 

organizations influence the manner in which the business is carried out. This thesis 

understands the network component identified as concerned with (Carson et al 1995): 

1. Linkages amongst actors or events 
2. The representation and conceptualization of linkages 
3. The problem of social embedding 
4. How structures of linkages form a context for action / events to unfold 

 

Of the above four, the aspect of how structures of linkages form a context for action is 

particularly relevant for this thesis, as I want to look at the linkages within and outside 

the biotechnical firm in relation to the technological field, as links between a firm and 

other organizations established by individuals involved in inter-organizational networks, 

are crucial to understanding the innovation process (Swan et al 1998). My perspective is 

also that personal and inter-organizational networks are crucial for diffusing new ideas.  

 

What comes to mind when hearing the word “network” is “Actor-network theory” 

(ANT), which represents on sociological approach to networks and social systems. An 

important implication of ANT is that any actor involved in the process of for example 

technology evolution, whether natural, social or technical, are in principle treated as an 

actor (Latour 1987). ANT tells us that entities take their form and acquire their 

attributes as a result of other entities (Law & Hussard 1999), and is really method for 

studying actors and their interactions, more than it is a theory. The problem with ANT, 

is that there is nothing outside the network (Munir & Jones 2004). There is no society, 

or separate technological system etc, it is only the actors and their connections. 

Everything is a network, and degrees of recognition of connections as well as longer or 

shorter connections. In conclusion, there can be no outside from which one can take 
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perspectives8 (Munir & Jones 2004). Thus, the main inspiration this thesis takes from 

ANT is the fact that actors are influenced by the other actors, and that artefacts, i.e. non-

human objects such as a technology, may also represent actors around which the other 

actors ‘act’. 

 

A network may be divided into different ‘hierarchical’ levels, including personal 

networks (PCNs), inter-organizational relationships (IORs), network of firms (clusters), 

and network of the technological “system” (which we will come back to in the next 

section) (Carson et al 1995). My perspective is that this division into network layers, 

may be slightly confusing, as for example IORs are almost always based on people 

interacting. Yet, this layering of networks is useful for analytical purposes. Personal 

contact networks (PCNs) are seen as particularly relevant in the entrepreneurial SME, 

since individual behaviour is strongly influenced by the context within which it takes 

place (Carson et al 1995), and the SMEs are by definition very small, and so the persons 

working within this setting and their network have more impact on the SME. 

Characteristics which define the quality and potential of the network (PCN) include: 

1. Density (Number of contacts which exist between people in the network) 
2. Reachability (Existence of pathways between people, and to what extent people 

in a network can make contact with each other). 
3. Diversity (Number of different sources from which information or assistance 

might be drawn, refers to the background of the people in the network, their 
skills, knowledge, experience etc.) 

 

The characteristics that define the PCN may also be as relevant in studying other 

network levels as well. The dynamic network of personal contacts, change with 

increased complexity of the firm. The nature of the networking changes as the firm 

grows via a pathway from social-oriented to business-focused to strategic (Carson et al 

1995). The perspective of this thesis is that the regional clustering, provide network 

externalities (Shy 2001), which are positive or negative ‘unintended’ effects of other 

biotechnical firms co-located in that area, which may draw the attention of or influence 

other actors. A good example is how in the Boston/Cambridge area, more and more 

firms get started as a ‘snow-ball’ effect, because there are many firms there already, 

which in turn makes it more and more interesting for investors etc. The more people or 

firms who are part of the network, the more the network is ‘worth’ so to speak. This 

 
8 Thus, by studying actors, one also becomes an actor and part of the network. 



GRA 6995 MSc Thesis                                          Major: Innovation & Entrepreneurship 

 29

brings us very naturally over to the system-level of innovation, which does try to see 

innovation and entrepreneurship in ‘context’. 

2.4.2 System-level innovation 

When we look at the system level of innovation, it is seen in wider perspective, as a 

collective and social endeavour in which the small firm has to depend on the expertise 

of a wider social context. It is a perspective where innovation, science and technology is 

seen as related to impact on firms and regions. System features are important to look at 

in terms understanding how external or macro factors (outside control of the firm) 

hamper or facilitate innovation for example. The system view brings in the relationship 

or network between the public and private sector (Freeman 1991), and not just 

relationships between companies. Systems of innovation may be defined at several 

levels, for example technological, national, sectoral etc (Geels 2004), but what does it 

mean that is a system? A quick search in the online dictionary Britannica.com provides 

us with more than five different definitions of the term “system” (see box 2.1). 

Interestingly, the word system is defined in terms that bring in words such as 

“organized” and “harmonious”, etc. There is a huge contradiction in my mind between 

innovating and random networking in a larger social structure, and an actual organized 

system. Critique of choice of terminology, does not however, make this perspective on 

innovation less relevant. 

 

Box 2.1: Defining the term “system” 
1. a regularly interacting or interdependent group of items forming a unified whole as a  

a) a group of interacting bodies under the influence of related forces  
b) an assemblage of substances that is in or tends to equilibrium b  
c) a group of related natural objects or forces  
d) a group of devices or artificial objects or an organization forming a network especially for 

distributing something or serving a common purpose   
e) a major division of rocks usually larger than a series and including all formed during a period 

or era  
f) a form of social, economic, or political organization or practice  

2. an organized set of doctrines, ideas, or principles usually intended to explain the arrangement or 
working of a systematic whole  
3. a) an organized or established procedure  

b) a manner of classifying, symbolizing, or schematising 
4. harmonious arrangement or pattern 
5. an organized society or social situation 
(Based on the online dictionary Britannica.com) 
 

The system of innovation model is an expansion of the view on origins of innovation 

beyond firms and markets to include institutional and contextual factors. Attempts to 

understand the structure and dynamics of such systems are at the core of modern 

thinking about innovation processes (Edquist 1997:4). The establishment, development 
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and performance of high-tech firms are influenced by the innovation system of which 

the firm is a part of. However, there is little clear understanding of the actual 

relationship between industrial dynamics and these entrepreneurial firms. There are four 

main perspectives on innovation systems that may be divided into international, 

national, local/regional and sectoral perspectives and focus on different core 

dimensions. It is necessary to give a brief overview of the main perspectives before we 

move on with the analysis using the sectoral/technological systems view, which I find 

most relevant in order to study biotechnology, despite some analytical problems, which 

we will come back to in later in this chapter.  

 

Geographic
& functional

foci

national

Sectoral

Technology
Focused

(Carlsson & Stankievich)

Local
regional

inter-
national

Learning 
focused
(Lundvall)

Economic
Geography
Based
(Asheim)

Economic
Performance
Focused
(Porter)

Focus on
Core dimensions

 
Figure 2.5: Perspectives on innovation systems (Midttun 2005)9  

The national system of innovation approach 

The term “national system of innovation” was first used by Christopher Freeman in 

1987. In this early study he defines a national system of innovation as “the network of 

institutions in the public and private institutions whose activities and interactions 

initiate, import, modify and diffuse new technologies” (Freeman 1987:1). Essentially, it 

is a system of interacting private and public firms, universities and government agencies 

aiming at the production of science and technology within national borders. Interaction 

among these units may be technical, commercial, legal, social and financial, in as much 

as the goal of the interaction is the development, protection, financing or regulation of 

new science and technology (Niosi, Saviotti, Bellon & Crow 1993). An NSI can be 

thought of as a set of functioning institutions, organizations, and policies that interact 

constructively in the pursuit of a common set of social and economic goals and 

objectives and that use the introduction of innovations as the key promoter of change.  

There have been many attempts in industrialized countries to concisely define a 
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9 Figure not yet published. Taken from lecture slides by Prof. Atle Midttun in GRA 3111 Innovation 
systems, institutions and policy at BI The Norwegian School of Management. 
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National System of Innovation. OECD (1994:3) calls such a system "a network of 

institutions in the public and private sectors whose activities and actions initiate, 

import, modify and diffuse new technologies." An alternative, somewhat fuller 

definition (OECD 1994:3) of NSI is “a system of interacting private and public firms 

(either large or small), universities and government agencies aiming at the production 

of science and technology within national borders. Interaction among these units may 

be technical, commercial, legal, social and financial, inasmuch as the goal of the 

interaction is the development, protection, financing or regulation of new science and 

technology.” Freeman (1987) also mentions co-operation between research, 

corporations and society as the key to high innovative capacity. Yet, it is clear that 

many innovation systems transcend national borders. As we will learn from the 

following perspectives, an innovation system may also be supranational (Edquist 1997) 

or regional within a country in the form of a cluster (cf. Porter 1998) like for example 

Silicon Valley in California. It may also be limited to a specific technology (Carlsson 

1995). Innovation systems may be regional, national and multi-national, and we have 

seen increased globalisation and regionalisation of the NSI (National System of 

Innovation) due to cross-border technological alliances, international science 

collaborations and free movement of capital (Kaiser & Prange 2003).  

The economic performance/cluster approach  

Michael Porter has developed the theory of economic and industrial clusters. In his 

major work “The Competitive Advantage of Nations” (1990) he discussed national 

systems of productivity in terms of interconnected groups of competence which 

manifest productive advantages on the world market. Later (1999, 2000) he has 

discussed local systems of production and even argued that it is at the local level 

clusters really can be studied. Porter (2000) defines clusters as “geographic 

concentrations of related companies, specialised suppliers, service companies, 

companies in similar branches, institutions (universities etc.) which at the same time 

compete and co-operate, in the same area”. Through joint localisation companies in the 

cluster have specific advantages compared to other companies. Specialised products 

give access to specialised resources, f.ex. components, tools, services and people. 

Within the cluster companies gain access to specialised information. Personal contacts 

ease this flow of information. Companies can use the access to supplementary products 

and services in order to add value to their own product or service. If companies within 

the cluster can conduct common events, ex fairs etc they gain the favour of 
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supplementary marketing. In a cluster, specialised institutions and common resources 

can be developed, for example specialised education where companies can recruit 

persons with relevant competence. Although the discussion of clusters is fairly specific, 

the matter of how to establish new clusters does not seem simple so answer (Öhrström 

2002). The researchers have ideas about networking and similar matters, but they seem 

to neglect the connections with physical realities such as planning, real estate etc, which 

is a true weakness to this approach compared with the innovation system theory 

approach. Lately, there is a growing insight that it is not corporate productivity that 

constitute competitiveness. Rather, it is the ability to innovate, to bring products to the 

global market first. According to Freeman (1987) the ability to innovate is not merely a 

matter within the corporation. It is rather a matter of conditions in the corporate 

environment. However, the notion of local clusters is fruitful, because it is true that 

geographic proximity is a factor that not even our internet-based world can substitute 

(Rosenberg 2002), and modern biotech firms do tend to cluster together around a 

renowned university for example (although the reasons for this might be more complex 

than what Porter initially thought of), and so the cluster theory has useful elements that 

we may take into account when studying biotechnology.   

The sectoral / Technology Systems approach 

The sectoral or technological systems approach will be used to describe the field of 

biotechnology in this thesis, due to the fact that this approach limits it down to one 

industry or sector, rather than a nation or a region. A knowledge field or a technology in 

turn defines the industrial or sectoral boundaries. There are basically three approaches 

to sectoral innovation systems, and we will discuss each perspective in brief (also 

because we will come back to this in the analysis): 

!"Malerba’s sectoral approach (Malerba 2004) 
!"Carlsson & Stankievitz’s technological systems approach (Carlsson 2002) 
!"Geels’ sociotechnical approach (Geels 2004) 

1. Malerba’s sectoral approach 

A sector is defined by set of activities, unified by a related product group for a given 

demand that share some basic knowledge (Malerba 2004:9). A central question then is 

how is this common knowledge is defined. The three building blocks of a Sectoral 

System are; 

!"Knowledge & technology 
!"Actors & networks 
!"Institutions 
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Figure 2.6: Dimensions of the sectoral system (adapted from Malerba 2004) 

 

According to Malerba (2004) this sector specific knowledge has two domains; it 

consists of a specific scientific knowledge, and a knowledge application, user, and/or 

product demand. In other words, Malerba defines the knowledge based on both its 

science base and on its application and the actors involved. The actors are 

heterogeneous and may be both organisations (firms and non-firms) and individuals. 

The networks, according to Malerba (2004), differ across sectoral systems depending on 

the knowledge base. The institutions include norms, actions and interactions and are 

what govern the behaviour of the actors (i.e. agents).  

2. The technological systems approach 

Carlsson & Stankievitz’s (2002) define a technological system as “a network of agents 

interaction in a specific economic/industrial area; under a particular infrastructure; 

involved in the generation, diffusion and utilisation of technology” (Carlsson et al 

2002). Thus, the networks are what hold together the system (see figure below).  

TS TS 
TS 

A A

B

 

a 
The network of focal 
actor A to actors inside 
or outside the TS 

b 
The networks of actors 
A and B are 
intertwined 

c 
The networks of all the actors 
with the system make up the 
network of the entire system  

 
Figure 2.7: Networks of focal actors, and of an entire technological system (Rickne 2000: 42) 
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Rickne (2000) proposes that new technology based firms, i.e. biotechnology firms, are 

organisations of which networks are crucial for performing their business operations, 

and the firm’s own network, is also a part of the larger technological system. Important 

in this structure are the so-called network broker’s (Carson et al 1995) (the focal of the 

network). This could be an individual or an organization, but importantly, this actor is 

central to the network and connecting to it may connect the entrepreneurial firm to other 

important actors. Thus, this actor becomes a ‘connector’, i.e.one that puts other actors 

together. A technological systems area is determined by the nature of the technology 

and has four core elements (Carlsson 1997): 

1. The nature of knowledge and spillover mechanisms 

2. The receiver competence (or absorptive capacity) on the part of various actors 

3. The connectivity between various parts of the system 

4. The vigour of variety creation and selection mechanisms. 

 

There are essentially three dimensions in the theory of technological systems (Valentin 

& Jensen 2004), that is the economic dimension, the actor-network dimension and the 

cognitive dimension. We will look mainly at the actor-network and the cognitive 

dimension in this study. 
 

Economic dimension 
Incentives, allocation, exploitation, 
appropriation. Referring to market or an 
application field. 

The actor-network dimension 
Actors contributing to problem-solving, their 
linkages and non-economic relationship. 

The cognitive dimension 
The cognitive configuration of R&D 
technical capabilities, operands, search 
spaces. 

Competence block 

Competence block 

Actor relationships 

Cognitive relationships 
 

Figure 2.8. The three dimensions in the theory of technological systems (Valentin & Jensen 

2004, adapted from Carlsson 2002). 
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There are, however, certain problems in applying the technological systems approach. 

First of all related to the narrowness of the level of analysis, since technology is defined 

in sense of a knowledge field (there are industries with diverse and complex 

technologies. Carlsson also ran into problems with this in his 1997 paper, and had to 

analyse pharmaceuticals as an industry rather than based on a technology). There are 

also significant measurement performance problems, since evaluating the actors 

becomes nearly impossible, as firms, organizations, financial institutions are not seen as 

single entities, but connected in the system. 

3. Geels’ sociotechnical approach (Geels 2004) 

Geels moves from sectoral systems to socio-technical systems (Geels 2004), which 

focus on innovation and functionality and technology users (i.e. functionality areas 

based on needs such as “transport” and “nutrition”). Because it focuses on functionality, 

it includes both demand and supply side, which makes it a little difficult to apply to 

biotechnology. The socio-technical approach is also more oriented towards dynamics 

and change from one system to another. Elements of socio-technical systems include 

artefacts and knowledge, capital, labour, cultural meaning and so on and so forth. 

2.5 Towards a conceptual framework 

We are now on the road towards a more holistic understanding of innovation as multi-

dimensional and inter-organizational. In this section, the above discussed perspectives 

will be combined into an analytical tool or model, which will be further developed by 

analysing the regions and the case firms. We will turn to the conceptual framework and 

my understanding of the term “connectivity”. 

2.5.1 Conceptual framework: Understanding connectivity 

Connectivity is a very central concept in this thesis, and may broadly be defined as “the 

quality or state of being connective or connected, and especially the ability to connect 

to or communicate with another computer or computer system”10. When we talk of 

connectivity here in this case, we can replace computer with any actor really. My 

understanding of connectivity is based on seeing innovation as a product of the 

connections between individuals and their ideas. Thus, I have a quite broad perception 

of the term connectivity. The term of connectivity has been used to study the network 

behaviour firms in technological systems (Carlsson & Jacobsen 1997, Rickne 2000). As 

 
10 Definition adapted from online dictionary Britannica.com 
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we may recall, Carlsson & Stankievitz’s (1991, 2002) define a technological system as 

“a network of agents interaction in a specific economic/industrial area; under a 

particular infrastructure; involved in the generation, diffusion and utilisation of 

technology”. These actors will need to connect in some way to uphold that network 

structure, and thus, connectivity may be regarded as the ‘glue’ in the network structure 

(Rickne 2000).  In this thesis, we will look specifically at the networking patterns of 

individuals and firms, and not at the system as a whole, which would require a much 

larger study. However, connectivity may also be studied at firm level (Rickne 2000), 

and we will look at how the firms connect to other actors, and for what purpose they 

connect to these other actors. Thus, we also want to further develop the specific 

dimensions of connectivity. Rickne (2000: 44) defines the dimensions of connectivity as 

type, density, dynamics and degree of flow: 

 
Table 2.3 Dimensions of connectivity (Rickne 2000: 44) 
 
A. Type of connectivity 
With what purpose? Offensive/ defensive 

Supplier-customer relationship 
To acquire resources 
Problem solving 

With what partner? Organization or individual 
Position in the value chain 
Characteristics of partner 
Geographical location of partner 
Power structure between partners 

Form of collaborative agreement? Formal/ informal 
Type of formal agreement 

B. Density of connectivity 
Size of network 

Diversity of network 

Intensity of connectivity 

Number of specific partners 
Number of different kinds of partners 
Number of connections, time span of relationship 

C. Dynamics of connectivity 
 How connectivity changes over time 

How relations come about 
D. Degree of flow 
 Degree of flow of each type of resource 

Degree of flow from/to each type of partner 
Receiver capability 

 

We will look more into some of these dimensions when analysing the data, but the data 

was not collected with these specific dimensions in mind, and so our goal is not really to 

test this structure, but rather to see what dimensions of connectivity can be found in the 

case studies. Also, there may be other specifications of these dimensions. 
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We also want to look at the related term interconnectivity as “state of being connective 

or connected between”. The density of the network, in my view, refers to the degree of 

interconnectedness between the people in the network. Someone who connects other 

parties may be seen as interconnecting those other parties in question. 

 

How will the theoretical and conceptual framework be used? The framework will be 

used as sensitizing concepts which function as ”lenses” in the data analysis, and this is 

something I will go more into in the next section. 

2.5.2 How will the conceptual framework be used? 

The conceptual framework will be used as a background for analysis. It is important to 

note, that the conceptual framework and theoretical background has been developed as 

the study has progressed. Thus, it has not influenced the focus of the initial data 

gathering, but it has been a back and forth process going on continuously at the same 

time as data gathering11. As the study is conducted to some extent inductively, it is 

important that the analytical tools are flexible and adjustable to empirical insights 

during the course of the study. Yet, it is important to be aware that theories and 

hypothesis are also really formed while the study is in progress, so it is really ”theory 

formation in action” (Glaser & Strauss 1967). It is needed to relate to previous 

knowledge in order to capture the essence of the specific internship case, and theory and 

empirical data in previous research will be used as “lenses” to interpret the data. Figure 

2.7 visualises the concept of the lens as a ”guide to seeing”. 

 

 
Figure 2.9 The lense model  

 

The lens metaphor is common within perception theory and judgment theory in the 

cognitive school of psychology. Brunswick (1956) introduced the idea of a lens model 

in social judgement theory (SJT). Judgement refers to the cognitive aspects of the 

                                                 

 37
11 This is further elaborated on in chapter 3, where the methodology is discussed. 
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decision making process (Bazerman 1994). The Social Judgement Theory is based on 

Brunswick’s (1956) “Perception and the representative Design of Experiments”. The 

underlying assumption of SJT is that decision makers do not have access to “real” 

information, but instead perceive information through proximal cues. These cues 

quantitatively describe the relationship between an individual’s judgement and the 

information used to make that judgement. The SJT also captures “theories in use”, as 

opposed to the “espoused theories” of action. Within SJT, the lens model formally 

represents human judgements. The basic intuition of the lens model metaphor is that 

you have a lens that represent information cues in terms of observable current 

conditions, and these are the cues that the person has to base the decision on, as he/she 

cannot directly observe every aspect of the case he/she makes the decision about (i.e. 

the information is imperfect – and thus, the decision maker acts under bounded 

rationality, see Simon 1955). The point here is not to go further into decision-making 

theory, but more to give a background on why this lens metaphor is used in other fields, 

and how it will be used in this case. Our conceptual framework, also represents a lens, 

that we will be seeing the empirical material through. They also represent preliminary 

intuitive-hypothesis on connectivity (assumptions) or propositions based on theory and 

the data, which will be used as more structured “back of the head models” in the data 

analysis. 

2.6 Understanding biotechnology as an SSI  

The very nature of biotechnology brings up certain methodological problems, which 

should be brought up before go more into depth in the current study. In this part of the 

chapter, I will go more into the understanding of biotechnology as a sectoral system, 

according to Malerba (2004) and Carlsson & Stankievitz’s (2002). I will also broaden 

the discussion by bringing in other discussants and my own viewpoint. 

2.6.1 Biotechnology as a sectoral system 
“Let us take, for example, pharmaceuticals and biotechnology. Here science plays a major role, 
and several different types of firms are the protagonists of innovation, from large corporations to 
new biotechnology firms. Interaction between universities and venture capital is relevant. In this 
sector, regulation, intellectual property rights (IPR) and patents, national health systems and 
demand all play a major role in the innovation process”. 
Malerba 2004, p. 9. 

 

Malerba’s (2004) emphasis on knowledge and technology in his definition of a sector 

places the issue of sectoral boundaries at the centre of analysis:   
“In sectors in which innovation is quite rapid, sectoral boundaries are not fixed but change over 
time” (Malerba 2004:2) 
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It is not hard to argue that biotechnology is characterised by radical and quite rapid 

innovation. Yet, that does not mean that it is a sector in its own right. According to 

Malerba (2004), the sector-specific knowledge has two domains; it consists of a specific 

scientific knowledge12, and a knowledge application, user, and/or product demand. In 

other words, Malerba defines the knowledge based on both its science base and on its 

application and actors involved. This basic knowledge/technology is what delimit the 

firms’ behaviour and organization (Malerba 2004).  

 

It is more problematic that biotechnology is changing products (sectors) and knowledge 

bases, and it relates to well-developed industries and knowledge fields, as well as 

emerging ones.  Thus, there may be difficulties in applying a sectoral analysis to this 

knowledge field. The pharmaceutical industry may lend itself more easily for analysis 

under the SSI approach since it includes a large variety of actors in its innovative 

acitivities (McKelvey, Orsenigo and Pammolli 2004). 

 

The actors and application will however be different, across regions and sectors it is 

being applied to, and that is something we will go into more detail on in the next 

section. Accessibility of science specific knowledge is of essence. The source of 

technological change comes from both inside and outside the firms, for example in the 

shape of R&D activities; Scientific breakthroughs in universities as well as internal 

R&D in the firms (competitors, suppliers, own). By focusing on knowledge and 

technology as main building block of the sectoral system, also places at the centre of 

analysis, the issue of sectoral boundaries, which because the technological change, are 

not stable (Malerba 2004). Malerba’s main focus seems to be on description of sectors 

and the comparison between different sectors, rather than comparing regions (and other 

units of analysis) within the same sector. Uses new terms to distinguish between the 

different levels of aggregation: “sectors”, “sub-sectors”, “product-groups” and “product 

segments”.  
“When a sectoral system is examined, different levels of aggregation and large or narrow 
sectoral boundaries may be chosen. This depends on the goal of the analysis” 
Malerba (2004:5) 

 

 
12 The specific scientific knowledge of biotechnology is further elaborated on in the next section (section 
2.6.2) 
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2.6.2 Biotechnology as a technological system 

There are major methodological dilemmas at stake when attempting to study a 

technological system. The first dilemma concerns how to best capture the data and the 

content of the system, and the other how to delimit the object that you want to study 

(Carlsson 2002:18). To analyse biotechnology, as a sectoral system on its own, is 

virtually impossible due to the wide application areas of biotechnology, ranging from 

health, traditional industry, lab instruments to agriculture and foods.  

 

Biotechnical knowledge may be utilised in many industries. Carlsson et al. (2002) 

makes a separation of the biotechnology sector determined by the industry it is applied 

in (i.e. biomedicine and other application areas such as agriculture), see figure below. 

This paper will also narrow the focus to include only biomedical  (also referred to 

biopharmaceuticals) application of biotechnology. This may seem trivial enough, but 

many biotechnical firms sell products that may be used for more than biomedical 

applications.  

 

Bioindustries

Biomedicine Other applications in 
other sectors  

Figure 2.10: Definition of biotechnology. Adapted from Carlsson & Stankiewicz (2002) 

 

2.6.3 Biotechnology as an SSI: Analytically impossible? 

Brink et al (2004) defines biotechnology not as a sector, but as a technological area. The 

fact that it is arguable that biotechnology is not a separate sector makes quantitative 

studies difficult since it has no clear definition and that makes it very hard to 

operationalize, which is necessary for quantitative studies.  

 

Because of limited internationally comparable data on biotechnology R&D in OECD 

countries, the OECD is undertaking to develop a statistical definition of the 

biotechnology sector with a view to collecting internationally comparable data on this 

area. In the second ad hoc meeting on biotechnology statistics held in Paris in 2001, a 

 40
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"provisional" single definition and a list-based definition of biotechnology were 

adopted.  

 

Additionally, they have identified five main knowledge fields of biotechnology13:   

1. DNA (the coding): genomics, pharmaco-genetics, gene probes, DNA 
sequencing/synthesis/amplification, genetic engineering 

2. Proteins and molecules (the functional blocks): protein/peptide 
sequencing/synthesis, lipid/protein engineering, proteomics, hormones and 
growth factors, cell receptors/signalling/pheromones;  

3. Cell and tissue culture and engineering: cell/tissue culture, tissue engineering, 
hybridisation, cellular fusion, vaccine/immune stimulants, embryo manipulation 

4. Process biotechnology: bioreactors, fermentation, bioprocessing, bioleaching, 
bio-pulping, bio-bleaching, biodesulphurisation, bioremediation and 
biofiltration;  

5. Sub-cellular organisms: gene therapy, viral vectors. 
 

The above mentioned knowledge areas, make it quite clear that the biotechnology sector 

does not have its basis in one easily identified technology, but rather on many 

technologies and knowledge areas that together form the term biotechnology. This in 

itself conflicts with the very definition of a sector according to Malerba, as he defines a 

sector as “a set of activities, unified by a related product group for a given demand that 

share some basic knowledge” (Malerba 2004:9). McKelvey et al (2004) separated 

between “dedicated biotechnology firms” or “core biotechnology firms” that have 

business opportunities in the “dedicated biotechnology industry”, but also in existing 

industries such as pharmaceuticals and forestry, and they basically self-select in which 

industry they want to be a part of (based on their knowledge, network, location, where 

they see more business opportunity, personal background etc.).  This “self-labelling” is 

not at all stable (and decrease validity of study), and thus, the boundaries of what is 

defined as biotechnology will change over time.  

 

Another relevant question is whether we can define a sector solely based on the 

knowledge base? Maybe it is just as relevant to look at the demand side? (see Geels 

2004). According to Malerba (2004), the focus on users and institutions put a different 

emphasis on the role of demand. Demand is seen as made up of individual actors, 

consumers etc that are shaped by the same insitutions, and thus part of the sectoral 

system. Demand is actually central to dynamics and evolution of the sectoral system. 

 
 

13 http://www1.oecd.org/publications/e-book/92-2001-04-1-2987/A.6.1.htm accessed on the 1st of May, 
2005 

http://www1.oecd.org/publications/e-book/92-2001-04-1-2987/A.6.1.htm
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Market structure: It makes little sense to talk about “a biotechnology market”, even 

when it is limited to biomedicine. Markets in this area are usually defined by 

application/functionality (see Geels 2004 / Abate 2003) such as therapeutic area or drug 

development supplies. Thus, the same companies often operate in more than one 

“market”, and two companies may collaborate in one area, and compete in another. 

Many biotechnology projects target markets that are still nearly non-existent, although 

many of these potential markets will involve delivery of health care services. These 

biotech projects also face major regulatory hurdles14. 

 

Geels (2004) describes social groups that carry and reproduce Socio-Technical systems, 

as integration between the production side and the functional/user side. It is the 

production/functional integration that sustains the socio-technical system through social 

groups. However, as mentioned the boundaries are blurred. Five or ten years ago you 

could distinguish between pharma and biotechnology based on whether they made pills 

or proteins. “Drug companies (pharmaceutical companies) made small molecule 

medicines – commonly called drugs – while biotechnology firms made protein-based 

therapies, called biologics or biopharmaceuticals. Nowadays, those distinctions have 

blurred. (…) The term biotechnology now refers mainly to a way of approaching 

medical discovery.” (Abate 2003:44).  

 

If biotechnical knowledge as well as other forms of technical knowledge is used for 

finding cures in the disease area of Oncology (cancer),  (i.e. sectoral boundary based on 

functionality: “Cure cancer”) could we label is as the Oncology sector, or more broadly, 

Pharmaceuticals/Medicine? And if we do study it like that, based on therapeutic area, 

we will see that both pharmaceutical firms and dedicated biotechnology firms are 

involved, and so the traditional boarders between pharmaceuticals and biotechnology is 

at best, blurred, if at all they do exist. In the figure below, we see for example that 

Amgen and Genentech are just as heavily involved as traditional pharma-companies 

such as Roche and Aventis. Thus, this approach may easily blend suppliers with drug 

developers etc. 

 

The emerging state of the biotechnology sector, as well as the difficulty in classifying 

the biotechnology products as such, the plethora of biotechnology startups and the 

 
14 The National Institute of Standards and Technology 
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organisations/institutions fully or partially involved in biotech work, contribute to the 

difficulty in obtaining precise statistics (STAT-USA). 
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Figure 2.11: Firms that have revenue in the field of oncology/hematology (own previous 

research, based on industry surveys, such as Plunketts industry survey / S&P Industry surveys)  

 

The figure below (Brink et al 2004), captures some of these application areas, and tries 

to distinguish the products (sector) of “core” biotechnology from application in other 

associated industrial sectors. 

 

Modern
Biotechnology

Pharmaceuticals

Agriculture

Chemistry

Forestry, pulp & paper

Medical Technology

Food

Instruments & 
Equipment

Environment
 

 
Figure 2.12: Axis of product-based (sectors) in biotechnology: A combination of “core 

biotechnology” and sectors (Brink, Mckelvey & Smith 2004) 

 

The generic nature of many knowledge bases relevant to biotechnology implies that the 

companies involved can be found in different business sectors (Brink et al 2004). 

Carlsson’s concluded in his study of technological systems:“Our study of the 

pharmaceutical sector differs from the other areas [Factory automation, Electronics 
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and computers and Powder Technology] in that it focuses on an industry rather than a 

generic technology”. (Carlsson 1997:788). 

 

Based on the above discussion and the obvious problems in defining the sector of 

biotechnology very clearly as one separate sectoral system, we are forced to keep the 

definition more open15 (in line with Brink et al 2004), and talk more general about 

biotechnology as mainly a part of the biotechnical part of life science/pharmaceuticals16, 

but as a field that also touches other industries, such as marine biotechnology and 

agriculture. The focus of the analysis of this paper will, however, be the biomedical 

applications of biotechnology, mainly where biotechnology functions as enabling 

technologies in the drug development process. This, because most of the research is 

directed towards these applications, and most of the empirical data existing concerns 

this part of biotechnical utilisation.   

  

Thus, defining biotechnology as a sector is a complex task and no method of defining 

the boundaries is trouble free. However, defining the sector more clearly is necessary in 

order to narrow down what kind of data we are comparing.  

2.7 Summing up 

In this chapter of the thesis, we have discussed the main theoretical perspectives on 

innovation as dynamic, a capability and as inter-organizational. One of the main 

perspectives is that the firm has to manage its relations with a wider distributed system 

for generating new knowledge, internally and externally, as it does not seem to be able 

to be flexible enough, have enough specialized knowledge, or be able to turn around 

should a disruptive technology come along. This chapter has also presented a 

conceptual framework on connectivity. The conceptual and theoretical framework will 

be used as sensitizing lenses when analysing the data. Towards the end of the chapter, 

biotechnology has been discussed in regard to twhether it may be studied as a “system”. 

 

In the next chapter we will look at the methodology of the study. 

 

 
15 This is also due to the fact that I analyse secondary data, and the focus of these statistics are not always 
quite the same. 
16 Traditional pharmaceuticals are excluded since that is based on chemistry. However, it is often the 
same companies, insitutions, laws etc, that involve both old and new technology. 
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3 Methodology of the study 
 

“Judge of a man by his questions rather than by his answers.” 
Voltaire, French author, humanist, rationalist, & satirist (1694 - 1778) 

 
“Each person you question can take you into a new part of the world. For the person 
who is willing to ask and listen the world will always be new”.  

From Halcolm´s Epistemological Parables, quoted from Patton (1990:278)17   
 

3.1 Overview 
3.2 The research perspective 
3.3 Research design and methodology 
3.4 Methodological reflections 
3.5 Data analysis and substantive theory formation  
3.6 Summing up 
 

3.1 Overview 

Broadly speaking, science consists of two main paradigms; positivism/empiricism and 

hermeneutics/phenomenology. The preferred method of the modern positivist is the 

hypothetic-deductive methodology (Grenness 2001), where hypothesis are tested 

(mainly quantitatively) in line with Popper’s principle of falsification. However, some 

researchers argue that the traditional quantitative survey method with its positivist and 

rather strict discipline increases the distance between the researcher and the actual social 

reality that he or she tries to map (Grennes 2001), and makes the study very inflexible 

(Glaser & Strauss 1967). In this study, it has been my aim to avoid this distance and 

lack of flexibility, and so, I have chosen a qualitative method. Limitations addressed to 

qualitative studies are typically the issue of generalisation; however, one must keep in 

mind that development of universal theory is not the purpose of this study. The aim of 

the study is rather to truly understand what is going on in real-life interactions in the 

context of biotechnological innovations.  

 

According to the German philosopher Jürgen Habermas, one may, when facing social 

phenomena’s, use both hypothetic-deductive and hermeneutic research (Skirbrekk & 

Gilje 2000). This is a more eclectic approach to choice of research methodology, and 

                                                 
17 Appearing throughout Pattons book on qualitative methods is the fictional sage-like character Halcolm, 
a philosophical alter ego of Patton, who, "like his name (pronounced slowly)," forces the reader to ask 
"how come?" (Patton 1990:p A2). 
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implies that we can have both closeness and distance to the phenomena we study 

(Repstad 1990). Generalisation is not always the target for research, as mapping of 

special cases may be just as relevant as studies of large populations, and especially in 

new, unexplored fields where knowledge is limited, the exploratory case based analysis 

serve well as grounds for development of hypothesis and theoretical frameworks.  

 

In this chapter I will elaborate more on the chosen research approach, design and 

methods.  

3.2 The research perspective 

The outline below visualises how the study is divided into parts, where the research 

question and objectives is based on a more general theoretical and empirical framework 

as described in the previous chapter.  

 

Theoretical 
Framework 

Research 
question and 

objectives 

Exploratory 
case analysis 

Conclusive 
Discussion 

 
Figure 3.1: An outline of the research approach 

 

However, figure 3.2 is a much better illustration of how the study was conducted in 

real-life because it captures the ”messiness” of an exploratory case approach. This 

messy approach to research may be regarded as a poor strategy which may only produce 

messy results. According to Law (2004), methods need to reinvent themselves and their 

politics to deal with mess, because the world is vague, fluid and ephemeral. I was more 

interested in understanding, rather than measuring interactions in the biotechnology 

sector, and thus, this research project started out with two basic, but quite vague, 

thoughts, or ideas about biotechnology and the theoretical concepts ”Cluster” and 

”Innovation system”. Thereafter followed a back-and-forth-and-back-again process of 
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constantly changing and refining research questions as more data was collected and 

evaluated and more existing theory in the field had been read.  

 

Biotechnology is 
interesting. Could be 
the next boom after IT? 

NIS & Cluster perspective is 
interesting. What is occurring 
in between the actors? 

2 basic thoughts: 

Existing theory / 
Theoretical lenses 

Case 1: 
Pubgene 

Case 2: 3DM 

Case 3: 
Bioscora 

Continuous Conceptual 
development as an 

explorative process with 
feedback loops and 

creative leaps. 

Research question and 
research objectives 

 
Figure 3.2: How the study was developed in real-life18

 

The data gathering process was very open and naturalistic, and I tried to capture as 

much as possible without over-analyzing in the beginning. I wanted to understand the 

sector and how the companies worked, before actually limiting my research question 

too much. As new concepts emerged, I also did follow up interviews with two of the 

companies. The search process was also narrowed down as data was collected, and so 

the inquiry was more open in the beginning. Thus, it was a very continous process, and 

an extremely flexible approach. I had the opportunity to utilize important findings and 

follow ”hunches” and instincts along the way. The concepts were developed from the 

data itself, and later combined with my ”theoretical lenses” (see previous chapter).  
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18 The reason why I have included this description of how the research progressed, is because I wanted to 
avoid the problem that has been the case with other research in the past, that is, creating ”a disjunction 
between how the research was approached and the way findings were eventually presented” (Platt 
1992:27). 
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To see the datagathering/construction in the case study as the systemizing of observable 

implications of the emerging theory, creates large degree of common factors between 

the theory generation and the evaluation part of the study (Andersen 1997). It is a 

process of theory development and a process of data collection, and both goes on at the 

same time and throughout the course of the study.  

 

Theory development occurs in a variety of levels, and this study will aim at developing 

substantive theories, that is, theories that are “restricted to a particular setting, group, 

time, population or problem” (Creswell 1994:83). Formal theory may in turn be 

developed from substantive theory via for example comparatve analysis of multiple 

studies. Thus, substantive theory development is important, and may be seen as a 

”strategic link” towards formal theory development (Glaser & Strauss 1967). 

3.3 Research design and methodology 

Let us recapitalise the research question: 

Research question:  

“How does the early stage biotechnology firms connect to the elements of the system?” 

 

The research question is clearly of exploratory nature (indicated also by the use of the 

word “how”, see Yin 1985). Although we have some ideas about how the biotech firms 

use its connectivity in more quantitative terms (number of firms aquiring knowledge, 

finance, get market access etc), we know little about the more general dimensions of 

connectivity and the informal interactions and its significance. Thus, it is valuable to 

explore this issue more thoroughly, and not limit ourselves to pre-established categories. 

As stated in chapter one, the research question includes a series of sub questions that 

needs to be answered on the road to answering the main research question: 

1 “How did the early firm development occur?” 
2 “How well connected are the firms?  
3  “What are the specific dimensions of connectivity?” 
 

Although the research question is explorative, some of the sub-questions have more 

descriptive tendencies. The research design will be explorative, allowing the researcher 

to be flexible, yet at the same time limits the scope, and the purpose is to get insight and 

create structure (Nachmias 1996). The study has some descriptive tendencies also, as it 

will pursue to answer the ”what” in the research question, assuming that connectivity 

exists. 
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The unit of analysis in this study could be at several levels. I have limited my scope to a 

micro level analysis, and the firm is the basic unit of analysis, due to time and resource 

limitations mainly. Since I look at connectivity, I also have to study other units as well, 

for example when looking more into collaborative projects, but I will then use the 

information provided by the firm and/or secondary material. Other levels of analysis 

when studying inter-organizational advantages could be single collaborative projects, 

network of actors based on patterns of collaboration, system attributes and networks 

(Valentin & Jensen 2004). There is also an approach referred to as the DIP approach – 

or the Distributed innovation process approach as outlined by Coombs et al (2000) 

where the innovation process is the unit of analysis, and includes semi-structured 

interviews with key people involved in innovation process (Valentiv & Jensen 2004). 

The DIP perspective stresses that sectoral boundaires are radicalized by innovation, and 

there is a dynamic relationship between knowledge and organization within innovation 

processes. In the forthcoming dataanalysis we will have the DIP approach in mind, 

since allthough I have only interviewed the firms, I took part in a biotechnological 

setting for several months and observed a great deal also on how the innovation process 

occured as an inside-outside process with many actors taking part. 

3.3.1 The case study method 

A case study is, according to Yin (1984:23), “an empirical inquiry that investigates a 

contemporary phenomenon within its real-life context; when the boundaries between the 

phenomenon and context are not clearly evident; and in which multiple sources of 

evidences are used”. The case study method is selected in this study to capture the 

complexity of the social interactions of the biotechnology case firms. A case study 

enables an empirical inquiry, and is the correct strategy when the research question 

starts with a “how” and the study focuses on contemporary events that need to be 

explored in context (Yin 1984). This systematic inquiry that occur in a natural setting, 

provides a much richer set of data than surveys or experiments. Historically, the case 

study method has been connected with many scientific discussions. Some have even 

claimed it to be unscientific (Andersen 1997), but it has been used in sociology for more 

than a hundred years and has been important for the development of prestigous theories 

such Festinger´s theory of cognitive dissonance from 1957 (Andersen 1997). Yet, 

”almost any analysis of a single case is guided by at least some vague theoretical 

notions and some anecdotal knowledge of other cases” (Lijphardt 1971:691), and so the 

case study selected has clearly theoretically interpretative tenencies, as I try to make 
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”back of the head” models more implicit via the theoretical or conceptual lenses, as 

described in chapter two. Now that we know the important elements of the case study 

method and why it has been selected in this study, we will look more closely at how 

data was actually collected. 

3.3.2 Data collection 

Qualitative methods basically19 consist of three kinds of data collection namely, in-

depth open-ended interviews, direct observation, and written documents (Patton 

1990:10). This study will use all of these techniques20, as methodology triangulation is 

valuable in order to secure the validity of the study (Yin 1994). The study will also use 

secondary data such as statistics and written reports in order to describe the innovation 

systems. Why is triangulation important? Some things may be tacit knowledge and 

diffictult to capture in for example an interview. Observation technique and open-ended 

interviews is very important in this case, as the respondents themselves may be very 

caught up in what is boundaries of the firm. 

Planning 

As stated, the study uses and inductive approach, and so the study should not be 

outlined in great detail upfront. Qualitative methods are flexible and allow the 

researcher to freely follow clues and evolve the methodology along the way. Yet, a 

study still requires some planning (Grennes 2001). Planning for this study involved 

getting in touch with firms and actors, developing interview guides, reading about 

previous studies and developeing the theoretical lenses (as described in the previous 

chapter). The interview guides (see appendices) is based on further analysis on the 

literature and is more meant as a flexible remembering list. The topics and general 

questions are generated from the theoretical framework and in alignment with the 

refined research question. It is emphasized to not be too detailed in the schedule to 

ensure that answers can be followed up, the interviewees can reason their answers and 

allows the interviewees to provide full explanations and descriptions. Also some of the 

topics and questions are in headword form to avoid the questions to be too detailed, and 

to encourage a natural discussion (Repstad 1998). The interview guide is more a sort of 

method to start off the conversation as my aim is to let the interviewee talk as much and 

 
19 There are of course varieties of the three types, like the focused group interview, which is a very 
separate form of interview compared to the one-on-one interview, due to being even more unstructured 
and includes group dynamics effects. 
20 In the appendices is a more elaborate description on data analysis. 
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as freely as possible without being interupted too much by leading questions. The 

interview guide includes following main and very general topics:  

1. Background of the company – How did it begin? (pre-firm acitivity) 
2. Background of the entrepreneur(s) and how they started working 
3. About the innovation (product) and who they have worked with 
4. About the location and co-location 

 

Along the way, I ask follow-up questions. 

In-depth interviews  
”It is a grave responsibility to ask. It is a privilege to listen.” 

Patton (1990:359) 
 

The type of interview that is selected is the focused-group and the one-to-one type of 

interview with open-ended questions (Nachmias 1996). The focused-group type of 

interview will be used where possible and will suit the research design well, as it is 

flexible and will allow the respondents to reveal unpredicted information. Using a group 

versus one-to-one interview is time and cost efficient, and allows for dynamics between 

the different respondents. Revealing attitudes may also be easier within in a group 

setting (Repstad 1998). The interview will follow an interview guide, serving as a 

checklist, not a questionnaire, as it is important to encourage a natural discussion 

(Repstad 1998). The success of the open-ended interview depends largely on the 

interviewer to minimize interviewer biases, as these are unstructured and semi-

strucutred informal interviews. Some of the interviews were more informal since they 

were conducted with people that I knew quite well, as a participant in the relevant social 

context. This personal contact is extremely important for fieldwork (Patton 1990). 

Because of this, objectivity becomes difficult, and it is important to make sure that as 

much accuracy and objectivity as possible may be secured. The ”clue” is to be as close 

to the phenomena as possible, and then manage to distance yourself from the 

phenomena (Repstad 1998) and be ”objective” in the analysis.  For instance, a 

video/audio recorder will be used to secure accuracy of data, where possible. Avoidance 

of leading questions is also very important and requires practice in interviewing 

technique.  

Observation 
”There are limitations, however, to how much can be learned from what people say. To 
understand fully the complexities of many situations, direct participation in and observation of 
the phenomenon o finterest may be the best research method”. 

Patton (1990:25) 
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Being in and around a natural setting, document it and use for qualitative analysis, 

allows the researcher to be open, discovery oriented and inductive in approach, and 

enables us to understand the context better (Patton 1990). In this study observation 

techniques will be employed to map the social environment in the different biotech 

companies studied. Different amounts of time has been spent in the different case firms 

due to time and accesibility constraints, and so the observation techniques emplyed vary 

somewhat depending on that. A holistic paricipatory observation has been employed 

extensively with one of the case firms, as I spent nearly three months with 

biotechnology firm 3DM Inc and worked for them as an intern.  For the two other 

cased, the time was much more limited, and the observation was conducted as single-

period non-participant observations. The observation had no clear objective other than 

providing a richer material, via field notes and journal entries, for analysis. 

Written documents etc. 

Written documents that the companies can either give or show will be utilised for the 

analysis of the case, and during the course of the study, I received extensive 

documentation of the firms via written documents such as powerpoint presentations and 

executive summaries. The firms also provide rich information on their websites. These 

written documents have been written for other purposes. Yet, they provide a good 

background of the firm and founders in terms of the more formal information, and 

allthough I seek the more tacit and implicit data, this information is still valuable for 

analysis and follow-up questions. 

Follow-up “survey” via e-mail 

Based on data collected and evaluated, there were certain issues I felt needed some 

more information on. Because distance and time put certain constraints on the 

proceedings of the research, an e-mail ”survey” with follow up questions was sent out to 

the case firms. 

Secondary material 

To get an overview of the rather complex biotechnology industry secondary material 

such as industry surveys etc has been used to describe the regions that the case firms are 

located in, and the sector it self. Next chapter includes a description of the innovation 

systems in the selected regions based on secondary material such as statistics and 

previous studies. The reason is to combine findings in other studies to create increased 
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insight into the field. The type of secondary data used includes relevant statistics, case 

studies, theory and literature. I will also conduct quite a bit of web-based research when 

identifying the actors in the selected sector. Most companies and organisations have 

extensive information about what they do on their websites, and although this is not the 

most reliable data (advertising, rather than informing?), it may be useful in locating the 

actors, as there are limited time and other resources for the development of this study. 

Thus, I will have to rely on data I myself previously have collected for other papers etc, 

and on secondary data and statistics such as OECD reports, consultants’ reports 

(especially the Ernst & Young reports on biotechnology) and previous academic 

research. It is important to note that secondary material has mainly been used to get 

background information and create an overview of the sector. 

3.4 Methodological reflections 
”The validity and the reliability of qualitative data depend to a great extent on the 
methodological skill, sensitivity, and integrity of the researcher (...) Generating useful and 
credible qualitative findings through observation, interviewing, and content analysis requires 
dicipline, knowledge, training, practice, creativity, and hard work”. 

Patton (1990:11) 

3.4.1 The importance of being Earnest 
Algernon: (…) Besides, your name isn’t Jack at all; it is Ernest. 
Jack: It isn’t Ernest; it’s Jack. 
Jack: My dear Algy, you talk exactly as if you were a dentist. It is very vulgar to talk like a 
dentist when one isn’t a dentist. It produces a false impression. 

Oscar Wilde, The Importance of Being Earnest, 1895  
 

The importance of reliability and validity is certainly captured in the quote from Oscar 

Wilde´s play, ”The Importance of Being Earnest”. Things are not always what they 

seem, and the ”flaws” in people´s subjective perception may lead the researcher to draw 

the wrong conclucions based on the raw data. Algernon sees the business card as 

”proof” of Jack´s identity as Mr. Ernest Worthing, and thus draws the conclusion that he 

must indeed be Mr. Ernest Worthing and not Jack Worthing.  

 

As previously stated, it is the methodological skill, sensitivity and integrity of the 

researcher that mainly influences the reliability and validity of the qualitative study 

(Patton 1990:11). Thus, is is important to be careful and senstive in the data gathering 

process. 

 

I argue that we do not know enough about connectivity and the specific dimensions of 

connectivity, and so it is better to do an exploratory qualitative study, rather than using a 
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quantitative measure with rather suspect reliability and validity. Thus, the reliability and 

validity is better taken ”care of” by this approach. Reliability, in terms of other 

researchers drawing the same conclusions when studying other firms, is really less 

important since we cannot claim that these are general tendencies for all firms in the 

biotechnology sector. We can however, make sure that the tendencies are accurate for 

the firms in question. Thus, internal validity is a more relevant measure in this study. 

Methodological triangulation is a method to secure the accuracy and validation, and one 

which we have employed here. 

3.4.2 Overcoming biases 

Qualitative inquiry is by nature, biased. It is a naturalisitc, in-depth inquiry that requires 

personal contact and insight. Thus, the actor-observer bias will naturally occur. The 

challenge then, is to manage this boundary between being an insider and an outsider, in 

terms of being able to be close to, yet distance oneself from the fieldwork. 

 

Another major challenge of this study will be to avoid interviewer biases. The interview 

schedule includes both a general guide for what to be aware of during the interview as 

well as a plan for the topics and questions. It is the interviewer who is responsible for 

these biases to be minimized. For example the first minutes can give the interviewee 

personal impressions that was not planned and this can bias the rest of the interview. It 

is also very important to avoid leading questions in the interview, and rather let the 

interviewee talk as much as possible. Probing and follow-up questions may minimize 

interviewing errors and biased. Even though the interviewer acts in the best interest of 

the study it can bias the results if he or she is for example positive or agreeing to the 

answers. The type of interview chosen relies greatly on the subjectivity and 

interpretations of both the researcher and the interview object. It is important that the 

interviews are carried out in the appropriate and planned manner. Allthough, one cannot 

really plan social interaction, it is important to be careful and aware of wording which 

may lead to false interpretations or misunderstandings, as well as lanuage and cultural 

barriers. Again, the success of the interview depends entirely on the interviewer and to 

minimize interviewer biases and errors.   

 

The tape recorder will show its advantages when interpreting and draw conclusions 

from the collected data. It will minimize processing errors which refer to incorrect 

transfer of information to the research. It will also be an advantage by enabling to give 
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exact quotations in the research report. In short it decreases the possible mistakes a 

researcher can make when screening each interview compared to taking notes. Also the 

observations that we made during the visits as well as both the documents that we saw 

and got copies of, will provide us with both necessary and additional information which 

will make our analysis more solid.   

 

Lost in translation? 

A bias may also have occurred, in the translation from Norwegian to English in the 

interviews. This has been reduced, by carefully reading over many times, to make sure 

the meaning does not dissapear.   

 

3.5 Data analysis  
”Analysis makes clear to researchers what would have been most important to study, if they only 
had known beforehand”. 

Patton (1990:371) 
 

Ideally, data should be gathered until ”theoretical saturation” is reached (Glaser & 

Strauss 1967). Limitations of time, access and budget means, however, that we have to 

stop the data gathering process much sooner than that. Data analysis happen paralell 

during the progression of the research, in line with grounded theory (Glaser & Strauss 

1967), and thus, theory and new knowledge are being developed while the study is on-

going. Yet, the major part of the data analysis occurs after the main proportion of data 

has been collected. Interviews and other data will be analysed by writing a case study 

for each unit studied ie. the firm. A descriptive analysis of the cases will then be written, 

as a sort of narrative of the development of the firm (Czarniawska & Gagliardi 2003).  

 

The main problem in dataanalysis is to distance yourself from all the detailed insights 

that a case study provides (Eisenhardt 1989). The interpretation phase includes look for 

tendencies in data, looking for patterns and themes and organizing the data into 

conceptual categories. Qualitative data analysis really is all about finding the right 

categories that best describe the phenomena we are investigating (Grennes 2001:206), 

and moving from raw data to a finished report. Tendencies in the case studies will be 

classified using matrices (Repstad 1993), real life quotes from the interviews will be 

used to highlight interesting points in the data. 
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After each case has been analysed separately, a comparative case analysis will follow 

(see figure below). The comparison multiple cases, will hopefully give a more clear 

indication of the general tendencies. 

 

 

 

 

 

 

 

 

 
 

Case study 1: 

3DM Inc. 

Case study 2: 

Pubgene Inc / AS 

Within case 
Analysis 

Within case 
Analysis 

Within case 
Analysis 

 
Comparative case study analysis 

Case study 3: 

Bioscora GmbH 

Figure 3.3 Case study layers of analysis 

 

The comparative case study will be conducted by looking at similarities and 

disimilarities, in line with the a-theoretical case study approach (Anderson 1997). I have 

purposefully selected cases in different georgraphical areas and different ”clusters” so to 

say, and it is relevant to also compare across national boarders and regional clusters, and 

look at that as a central difference. 

 

 
Comparative case 

study of the 
biotechnology firms 

Comparative case 
study of the regions 

 

Bringing together 
perspectives from both 
studies and analysing 
the firms in context. 

 

 

 

 

 

 

 
Figure 3.4: Putting the case studies into context 

 

A third part of the analysis will be to look more at the focus points of the four sub 

themes of the research question. This is done in order to find out whether we can in fact 

answer the research question. 
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3.6 Summing up the methodology of the study 

To sum up the methodology of the study:  

1. An expoloratory case inquiry analysing and comparing three cases will be 

conducted. Datagathering will occur using mainly in-depth interviews with 

open-ended questions and participant oberservation. 

2. Case studies, or narrartives, will be written for each unit of analysis, ie. the 

firms.  

3. Data will be evaluated and analysed seperately for each case by looking for 

general conceptual categories and tendencies. Real-life quotes will be used to 

highlight these tendencies. 

4. The cases will be compared by focusing at differences and similarities.  

5. Finally, the findings will be compared with the research question and sub-

themes. 

 

Finally, I will add, it is important to remember that: 
”Research, like diplomacy, is the art of the possible”  

(Patton, 1990:13) 
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Part 2: Investigating 
4. The biotechnology sector and the case regions 

5. Analysing three biotechnology start-ups 
 
 
 
 
 
 

1830 
Proteins 
discovered 

1833 
First enzyme 
discovered and 
isolated 

1859 
British Charles Darwin 
publishes  landmark book 
“On the Origin of Species”
 

1865 
Austrian monk 
Gregor Mendel, 
the father of 
modern genetics, 
discovers laws of 
heredity 

1861 
Louis Pasteur 
develops the 
pasteurisation 
process  

1919 
First use of the 
word 
‘biotechnology’ 
referenced in print

1922 
Doctors Sir 
Fredrick Grant 
Banting and    
C. H. Best 
discover insulin 
as treatment for 
diabetes

 
 
 

Biotechnology timeline (Part II) 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

"Man with all his noble qualities, with sympathy which feels for the most debased, with benevolence 
which extends not only to other men but to the humblest living creature, with his god-like intellect which 

has penetrated into the movements and constitution of the solar system- with all these exalted powers- 
Man still bears in his bodily frame the indelible stamp of his lowly origin." 

 
Charles Darwin, 1859. 
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4 The biotechnology sector and the case regions 
“What’s interesting is that it is really the academic researchers that pushed biotech 
forward, not corporate research and development”. 
 
Allan B. Haberman, Principal of pharmaceutical consulting firm Haberman Associates 

in Wayland, Massachusetts21.  
 

4.1 Overview 
4.2 Knowledge base and application in the healthcare sector 
4.3 The spatial dimension of biotechnology 
4.4 The regions: Boston, Leipzig and Oslo 
4.5 Summing up the chapter 
 

4.1 Overview 

Biotechnology is quite unique in how knowledge was commercialised: The people who 

pioneered the development of the sector were first of all academics, but combined with 

venture capital, they contributed to developing a promising industry (or arguably, a new 

generation of existing industries, in particular the pharmaceutical industry). This 

development occurred mainly on east and west coast of the USA (mainly in California 

and Massachusetts). Paradoxically, a large share of the multinational pharmaceutical 

companies had their headquarters and origin in Europe22. In this chapter, we turn to the 

spatial dimension as will look at some of the differences between biotechnology in the 

US and in Europe, and identify the main technological clusters for biotechnology. 

  

Today, bio-technical innovations typically reach the market through a symbiosis of 

university research, capital, governmental support, TTO’s, pharmaceutical and 

biotechnology companies. The product is either commercialised by the biotech firm 

itself or through an alliance with a larger industrial actor, such as a pharmaceutical 

company. This has lead to a dramatic change in the structure of the pharmaceutical 

industry, where they now tend to buy-in technology rather than developing the early 

stages of the drug entirely on their own. This co-development may be explained both by 

the fact that new drugs are increasingly more complex and the early stages of drug 

development are the most risky parts of the drug development chain. The large 

pharmaceutical firms do not have the organizational structure to cope with costly 

                                                 
21 Quote from Business Week, June 13, 2005, p. 42, European edition 
22 See section 4.3 for more elaboration on the pharmaceutical industry 
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development that may not turn into “blockbuster drugs”. As firms or industries grow 

and mature, they tend to loose the entrepreneurial spirit that originally made them 

flourish. Their success and size decreases their ability to innovate (Stoner, Freeman & 

Gilbert 1995) and thus, when new technologies and markets emerge, they are not fit to 

master the change23. According to Christensen (1997), companies stumble for many 

reasons, like bureaucratic organisational structure, arrogance, poor planning etc. Large 

companies can, however, find ways to compete and avoid stagnation by being creative 

and innovative (Stoner, Freeman & Gilbert 1995).  In order to avoid stagnation and 

reduce risk, the pharmaceutical firms ally with biotech as a means to get verified drug-

concepts (validated leads/targets) into their pipeline. This “method” for fostering 

organisational evolution is often termed intrapreneurship and/or corporate 

entrepreneurship/venturing. The changing structure of how drug development occurs, 

shows in practice how new innovations lead to structural changes in the industry, and 

also requires a change in internal capabilities and processes for all parties involved. In 

this chapter I will be introducing biotechnology in general, and look at the old and new 

structure of the drug value chain from discovery to development and commercialisation.  

 

This chapter will also look at if and how biotechnology may be studied in a sectoral 

perspective, using the theoretical perspectives of Malerba (2004) and Carlsson & 

Stankiewitz (2002).  Thus, this chapter and the next chapter are closely linked, since the 

objective of this chapter looks at biotechnology in a system perspective (top-down), and 

in the next chapter I will look more closely biotechnology in a micro-level/firm 

perspective and see how they network with other actors in their pursuit to 

commercialise knowledge. The biotechnology firms presented in the next chapter are 

located in three separate regions and countries, and those regions will be described in 

this chapter based on a sectoral/ technological systems approach. I will also provide 

some background information of the countries and regions to get an understanding of 

firm development and connectivity in-situ including a description of the laws, 

regulations and environmental preconditions that the biotechnology firms24 operate 

within. This information is structured based on Malerba’s (2004) concepts of Actors, 

Institutions, Knowledge as discussed in chapter 2. The system analysis is a descriptive 

 
23 Organisational changes occur both by evolution and revolution. The stages of evolution are usually 
phases of steady growth, while the stages of revolution are characterised by crisis and change of 
management practice (Greiner 1998). 
24 The reasoning behind the selection of the regions and cases is also explained for in this chapter.  
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analysis based on identifying actors, institutions and networks, based on my own 

experience of the regions, secondary sources (in particular industry reports and the 

internet) and by experiencing and learning about the biotechnology firms that I 

elaborate on in the next chapter.  

 

 

 

 

 

 

 

 
 

 

Analysing the context of the firms in a regional/sectoral 
perspective 

Comparative case study of 
connectivity in the biotechnology 

firms 

Case study 3: 
Pubgene Inc / AS 

Case study 2: 
Bioscora GmbH 

Case study 1: 
3DM Inc. 

Figure 4.1 Case study layers of analysis 

 

Thus, we employ a multi-level analysis, as the case studies are used as a kind of bottom-

up approach to studying the sectoral system of biotechnology and evolution of micro-

innovation clusters, and we also use the macro analysis to understand the firms and their 

pre-conditions for innovation and in particular, networked innovation (top-down 

approach)  (see figure 4.1). 

4.2 Knowledge base and application in the healthcare sector  

A sector is defined by set of activities, unified by a related product group for a given 

demand that share some basic knowledge (Malerba 2004:9). Biotechnology is based on 

a common knowledge that is global and transcends national and regional boarders. 

Whether or not a country has a large share of biotechnology companies then, depends 

more on systemic variables such as infrastructure for innovation in terms of finance, the 

right blend of actors, history, culture etc. To a large extent, the scientific knowledge 

base of the biotechnology sector stems from the discovery of the DNA and the research 

in what we call the post-genetic era. It is therefore necessary and quite natural to 

provide a brief overview of central knowledge that is behind this genetic revolution, as 

well as an overview of the historical development of the discovery and exploitation of 

the DNA. 

 61
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4.2.1 The scientific knowledge base: The discovery of the DNA 

All living creatures are made of cells. Life depends on the ability of cells to store, 

retrieve and translate the genetic instructions required to make and maintain a living 

organism. These instructions are stored within every living cell as genes. The genes are 

carried on chromosomes inside the nucleus of the cell, and these chromosomes consist 

of proteins and DNA. The deoxyribonuecleic acid (DNA) is the carrier of our genetic 

information. A DNA strand consists of hydrogen bonded base pairs, and the base may 

be either adenine (A), cytosine (C), guanine (G), or thymine (T). DNA encodes 

information in the order, or sequence, of the nucleotides along each strand. Each base – 

A, C, T or G – can be considered as a letter in a four letter alphabet that is used to spell 

out biological messages in the chemical structure of the DNA. Thus, organisms differ 

from each other because of their respective DNA molecules have different nucleotide 

sequences and, consequently, carry different biological messages. The complete set of 

information in an organism’s DNA is called its genome. The complete DNA sequence 

of the human genome is so long that stretched out it would fill more than 1000 thick 

books (Alberts et al 1998). 

 

 
Figure 4.2: The DNA: A double helix structure25   

 

Humans have been experimenting with DNA for thousands of years, without even 

realising that they have. Centuries with selective breeding have brought us large ranges 

of everything from dog breeds to potatoes26. One may also argue that the 

pharmaceutical industry has been around since 500 BC. Starting in the 1970s however, 

the scientific base of the industry was completely transformed with the genetic 

revolution as DNA experimentation became more complex. It became possible to 

isolate a given piece of DNA out of the millions of nucleotide pairs in a typical 

chromosome, and this in turn made it possible to create new DNA molecules in the test 

                                                 
25 From www.columbia.edu  
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26 For a fascinating description of human experimentation with hereditary traits in domesticated animals, 
see Darwin, 1859 

http://www.columbia.edu/
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tube and then introduce them back into living organisms. These developments, called 

“recombinant DNA” (or gene splicing/genetic engineering) make it possible to create 

chromosomes with combinations of genes that would never have formed naturally, or 

would at least take thousands of years of evolution. Recombinant DNA technology is 

also used to detect mutations in the DNA that are responsible for inherited diseases and 

to produce an increasing number of pharmaceuticals. The modern biotechnology sector, 

was born, so to say, in the US with the start of the firm Genentech in California in the 

1970s (see for example Nakagawa 2002:3): 
…the direct impetus for it was the success in 1973 by Stanley Cohen, at Stanford University, and 
Herbert Boyer, at the University of California, San Francisco, in creating the first genetically 
modified organism through recombinant DNA. In 1976, Boyer, with Robert Swanson, 
established Genentech, which two years later created the synthesis of human insulin. This 
success led to the creation of Biogen, Amgen, Chiron, and other University-led biotech firms.  

 

In this early phase, it was a race for research results between the east and the west coast 

of the US. Today, California and Massachusetts are still considered the world’s most 

progressed bio-clusters. However, there are many other regions in the US, Europe and 

not least, Asia, catching up.    

 

Today, modern biotechnology enables us to develop improved products more safely and 

more rapidly than ever before. McKelvey et al (2004) uses the term “modern 

biotechnology”, in order to deselect everything prior to the post-genetic engineering era. 

I use the same distinction here, although I simply refer to it as “biotechnology” 

henceforth.   

4.2.2 The pharmaceutical industry 

The pharmaceutical industry is a good example of a dynamic Sectoral System of 

Innovation according to McKelvey, Oresenigo and Pammolli (2004). The history of the 

evolution of pharmaceuticals may be described as progress via interchangeable phases 

of evolution and revolution: Over the last two decades the pharmaceutical industry has 

undergone profound changes in technology, demand and institutions (in terms of patents 

legislation etc) (McKelvey, Oresenigo and Pammolli 2004). The development of the 

demand and organisational, network changes in relationships between companies and 

actors is particularly visible through the many mergers and acquisitions. As may be seen 

in table 4.1, the industry has consolidated and the big ones just got bigger. The 

European companies have also lost ground to the USA. In 1990, there were five 

European companies among the top 10 companies, in 2000 there were only four 
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(GlaxoSmithKline, AstraZeneca, Novartis and Aventis). Of these four companies, at 

least one of them (Novartis) have since moved their headquarters to the USA. No 

German companies in the top 10 list anymore. This is quite extraordinary, since 

Germany used be a leader within pharmaceuticals with companies such as Bayer and 

Hoechst. The relationships and industry structure have partly changed due to change of 

technology and knowledge. Drugs used to be closely related to chemicals, especially in 

the period 1845-1945) (McKelvey, Oresenigo and Pammolli 2004:77): 
This is the period when drugs were closely related to chemicals, especially with the emergence 
of the synthetic dye industry in Germany and Switzerland.  Initially, Swiss and German chemical 
companies such as Ciba, Sandoz, Bayer, and Hoechst leveraged their technical competencies in 
organic chemistry and dyestuffs in order to begin to manufacture drugs later in the nineteenth 
century. Up until World War I, German companies dominated the industry, producing 
approximately 80 percent of the world’s pharmaceutical output. 

 
Table 4.1 Top 10 pharmaceutical companies (source: IMS World Review 1991 and 2000) 
 
 1990 2000 
Rank Company Nationality Global 

Market 
share 

Company Nationality Global 
Market 
share 

1 Merck & Co US 3.8% Pfizer US 7.1 % 
2 Bristol-Myers 

Squibb 
US 3.5% GlaxoSmithKline UK 6.9% 

3 Glaxo UK 3.3% Merck & Co. US 5.1% 
4 SmithKline 

Beecham 
UK 2.9% AstraZeneca UK 4.4% 

5 Ciba-Geigy Swiss 2.8% Bristol-Myers 
Squibb 

US 4.1% 

6 American 
Home Products 

US 2.6% Novartis Swiss 3.9% 

7 Hoechst German 2.6% Johnson & Johnson US 3.9% 
8 Johnson & 

Johnson 
US 2.2% Aventis French 3.6% 

9 Eli Lily US 2.2% Pharmacia27 US 3.2% 
10 Bayer German 2.2% American Home 

Products 
US 2.6% 

 Top 10 total  28.4% Top 10 total  45.2% 
 

The focus of the companies developed into different directions, with the Swiss/German 

companies moving in a different direction than the UK/US companies. While the 

Swiss/German companies continued to develop the field of organic chemistry, the 

UK/US companies moved more into biological areas such as further industrial 

development of penicillin (due to war-efforts, where antibiotics are much needed)28. 
                                                 
27 Now merged with Pfizer, further consolidating the industry, and giving Pfizer almost 11% of the global 
market share. 
28 For a more elaborate description of the evolution of the pharmaceutical industry, see Henderson, 

Orsenigo and Pisano (1999). 
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The different focus has lead to a different development of in-house capabilities and 

skills, which may have influenced the later progress of these companies.  

 

If we look at table 4.1, we can see that there has been a dramatic change in the 

nationality of the top 10 companies: In year 2000, there are no German companies in the 

top list. Interestingly, the only Swiss company on the list is Novartis, a company that 

was not featured on the list from 1990, and which quite recently29 moved its world 

research headquarters to Cambridge, Massachusetts.  

 

In total, the industry of today is much more consolidated. This has lead to more than 

quite funny company names (in some cases the names are simply put together, for 

example AstraZeneca and GlaxoSmithKline), but more importantly, greater power for 

each actor. Table 4.2 is a list of some of the pharmaceutical giants’ “path to dominance” 

of the industry.  

 
Table 4.2: Paths to dominance via mergers and acquisitions (Source: Pharmaceutical Review, 
02.12.2002) 
 

 
 

The M&A’s are in part a result of changes in networking patterns due to introduction of 

new technologies and increased R&D spending. One of the most important new agent 

for the pharmaceutical companies the biotechnology firms (McKelvey, Orsenigo and 

Pammolli 2004:96): 
The SSI in pharmaceuticals was transformed by the emergence of a new organizational form, 
namely the network of collaborative relations. 
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29 In the spring of 2004. 
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4.2.3 Focus: Biotechnology applied in drug discovery  

Biotechnology is complex, knowledge intensive and 

has wide applications ranging from health to 

agriculture and lab instruments. The OECD has 

defined biotechnology as widely as "the application of 

scientific and engineering principles to the processing 

of materials by biological agents to provide goods and 

services". This thesis will primarily focus on the 

medical/health application area of biotechnology, and 

then especially in terms of developing new drugs or 

medical devices and/or applications developed to assist in the development of new 

drugs. 

Box 4.1: Biotechnology may be 

applied in many sectors: 

!" Health 
!" Agriculture 
!" Foods 
!" Traditional industry 
!" Basic research: New 

understanding of biological 
system 

!" Lab instruments 
!" Improvement of the 

environment 
(Source: S&P’s industry survey 2003) 

 

The drug development process is a highly complex process requiring large amounts of 

time, knowledge and usually, capital. Drug discovery is the process of identifying drug 

candidates that may be used for drug development and the main phases of this 

development are portrayed in the figure below. Drug discovery and development have 

been defined to include basic R&D, drug discovery (target identification, lead 

identification, lead optimisation) pre-clinical studies and clinical trials. The life cycle of 

a new drug usually starts with an identification of the genes involved in a particular 

disease. Next, the proteins, or targets, are identified and validated. Target validation is 

the process of determining if a target is critically involved in a disease process.  Third, 

you try to identify small molecules, or leads, that will attach to the target protein and 

prevent it from causing the disease. 

  

Target  
Identification

Target  
Validation 

Lead 
Identification

Lead 
Optimisation 

Clinical  
Development 

 
Figure 4.3: Early drug discovery chain 

 

These leads are then further tested pre-clinically (on different cell types, both for desired 

effects and toxicology) and clinically on animals and humans. Finally, the 

pharmaceutical company must find financially viable ways of manufacturing and 

marketing the new product. By this time, the product patent usually expires within the 
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next ten years or less. This means that pharmaceutical companies need to develop new 

drugs on a continuous basis in order to stay in business.  

 

 
Figure 4.4: Drug development pipeline30

 

The pharmaceutical industry is dependent on cost and time cutting in the drug 

development process to ensure continued productivity and profitability. Currently, the 

development of a drug takes approximately 10 years to go from the discovery phase to 

the clinic phase, and this development costs the company between $400 million to $1 

billion31 (the later stages are more expensive and capital intensive than the early stages. 

In particular the clinical trials are extremely expensive). Allying with biotechnology 

companies (genomic technologies) may help improve effectiveness and help drugs “fail 

soon, to succeed early”32.   

 

Bioinformatics and biotechnology companies can assist the pharmaceutical companies 

to develop new drugs, and may function as enabling technology in the development of a 

new drug by making tools for drug development (i.e. Biomaterial bank databases, cell 

matrices and cultures, screening technologies for new drug candidates etc). The risk of 

spending capital on targets or leads that are not good enough for further development 

into drugs is thus reduced, and the pharmaceutical company can focus on the parts of 

                                                 
30 Figure from www.pfizer.com  
31 According to Cambridge Healthcare Institute (CHI) 
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32 “Fail soon, to succeed early” is the slogan in the creative development process employed by major 
design firm IDEO, and is valid for many industries and types of product development. 

http://www.pfizer.com/
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the pipeline where they have more expertise: clinical development, governmental 

approvals and marketing/sales. 

 

Biopharmaceutical firms may also develop the drugs on their own. However, the 

biotechnology companies are usually quite vulnerable, but may potentially generate 

large social returns (Cockburn 2004). In particular, the financial situation can be 

difficult for biotechnology firms and due to a long and capital-intensive drug 

development pipeline, growing a revenue base may be difficult. Getting capital from 

financial institutions may also turn out to be a challenge: Venture capital firms usually 

get on board at a later stage of the firm development, i.e. the growth phase, and banks 

etc. do not give loans to firms that have no security (i.e. assets or personal security), 

since their financial instruments are not adapted to high technology investments. 

Fortunately, biotechnology firms are able to look beyond the financial markets to 

sustain their growth: They may also use collaborations as a source of finance33. Sources 

of financial support for the biotech industry include the ability to attract finance from 

large multinational firms who are keen to put the biotech industry’s products into their 

own portfolios (acquisition/licensing). Thus, at a general level, both parties 

(pharmaceutical and biotechnology firms) have incentives to collaborate.  

 

The structure of power and the degree of formalism/hierarchy/professionalism is quite 

different between a pharmaceutical firms and a small biotechnology firm. This may be a 

capability challenge for both parties. These new collaborative agreements has led to 

new institutional arrangements in a way that has made the purchasing function/strategic 

alliance function in the pharmaceutical firm much more important, because they often 

have to look to the market place to access knowledge and technologies, rather than 

internally generated R&D. 

 

Because of lower risk, the pharmaceutical firms have been more interested in the later 

stage biotechnology firms: 
Pharma majors, concerned about the impact their own innovation deficits will have on their 
future prospects, maintained an appetite for late stage and marketed biotech products  
(Critical I Comparative Study for EuropaBio, 2005) 

 

 
33 This was one of the main findings in the CriticalI study report written for EuropaBio “Biotechnology in 
Europe: 2005 Comparative study. In addition, we also have many case examples of this: One example is 
the MIT based firm PeoplesGenetics, which solved its liquidity problems by being aquired by Beckman-
Coulter. This is described in more detail in the next chapter.  
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In the Critical I’s biotechnology study it was, not surprisingly, found that US biotech 

firms were the most popular bio-partnering targets reflecting once again the relative 

maturity of the US bio-industry, and this was reflected in the number of significant 

deals entered in 2004 (see table below), but European pharmaceutical companies have 

also emerged as important movers in bio-partnering.  

 
Table 4.3: Top Biopartnering deals in 2004 (Source: Critical I, 2005) 
 

 
 

This fact that maturity of the industry makes collaboration more likely, means that it is 

important to analyse the spatial dimension of biotechnology and the context of the 

regions further, before we look at the actual biotechnology firms (in the next chapter). 
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4.3 The spatial dimension of biotechnology 

In this section, I will discuss the spatial dimension of biotechnology and regional 

innovation systems. A central argument of this thesis is that geography matters in how 

clustering of firm occur, and it is not incidental. Asheim & Gertler go as far as to argue 

that one cannot understand innovation properly without appreciating the central role of 

spatial proximity and concentration (2005:292). The region may have enabling or 

facilitating factors for collaborations due to distinct regional characteristics, assets and 

institutional endowment. Maskell & Malmberg argue (1999:181) 
It is the region’s distinct institutional endowment that embeds knowledge and allows for 
knowledge creation which – through interaction with available physical and human resources – 
constitutes its capabilities and enhances or abates the competitiveness of the firms in the region. 
The path-dependent nature of such localised capabilities makes them difficult to imitate and they 
thereby establish the basis of sustainable competitive advantage. 

 

 In this section spatial dimension will be discussed by contrasting the perspective that “a 

sector is global” to the perspective that “a sector is regional or local”. I argue that 

biotechnology has both global and local domains in terms of the sector-elements: 

knowledge, actors, networks and institutions. That point will be further proven, when 

we turn to the discussion of the differences of the biotechnology cluster evolution in 

Europe and the US.  

4.3.1 Global or local? 

The issue of whether biotechnology, and indeed other sectors, is global or local is a 

difficult one, as it seems to have both global and then distinctly local dimensions. This 

may depend on the type of knowledge base, the distribution of actors across the world, 

history and tradition in terms of related industries and sectors that may use that 

knowledge in a very different way than anywhere else in the world, and indeed the types 

of actors, institutions and networks.  

 

The study will use a “Malerbian” approach to analysing the biotechnology sector (as 

described in Malerba 2004), combined with the cluster/economic region approach 

(Porter 1998). The reason for including this is due to the fact that even though we do 

look at the sector of biotechnology as a fully globalised industry, biotechnology firms 

tend to cluster together in metropolitan areas where they can find “trained workers, 

talented academic collaborators and risk-tolerant investors“ (Abate 2003:197). Of 

course, certain parts of the sector are equal regardless of location, the companies face a 

world market because customers, suppliers and the end-users are located everywhere. 
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Some regions perform better than others in terms of for example the start-up rate 

(Spilling 1996) and/or firm growth. Because dynamic processes such as firm formation 

are not independent of geography (Spilling 1996), it is useful to take a regional 

perspective on the analysis of the SSI. 

 

It may be argued that biotechnology has both global and local dimensions at all levels of 

the sectoral innovation system (actors/networks, institutions and knowledge). In 

addition to multinational firms, there are many global organisations and networks, for 

example the biotechnology industry organization (www.bio.org), and continental ones 

like the EuropaBio; The European Association for Bioindustries. Biotechnology 

transcends national boarders, but a small biotechnology firm may collaborate more with 

local actors due to convenience. Yet, most researchers have a large international 

academic and industrial network, and so the biotechnology firms will collaborate where 

they have network basically. The most localised parts of the sector may be the 

institutions such as national legislation.  

 

Whether or not the sector is global or local may also depend on the maturity of the 

industry: 
Apparently, innovative activity is promoted by knowledge spillovers that occur within a distinct 
geographic region, particularly in the early stages of the industry life cycle, but as the industry 
evolves toward maturity, decline may be dispersed by additional increases in concentration that 
have been built up within that same region. 
(Audretsch 2001:22) 

 

Spatially clustering in introduction and growth stages, may lead to overcrowding effect, 

that lead to diffusion or scattering of innovative activity (Audretsch 2001:22). 

Audretsch (2001) thus argue that clustering is more likely in early stages of industrial 

development. Recently, we have seen more and more new bio-clusters growing up 

around the world, and as the firms grow and mature they tend to collaborate more 

widely also with firms and actors that are not in the same geographic area. This may be 

a result of a more complex organisation structure as the firm grow that may handle and 

need a more widespread set of collaborative partners, and may be a sign that 

geographical proximity is indeed an important facilitator for innovation. 

Audretsch further argue that the concentration of an industry within a city promotes 

knowledge spillovers between firms and therefore facilitate innovation (Audretsch 

2001). Important for that assumption, is that knowledge spillovers really exist and only 

for firms in the same industry. Is really proximity enough for these spillovers to occur? 

http://www.bio.org
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Or are there other more personal relational factors that facilitate the sharing of 

knowledge and social-interactional learning. This is something we will further look at, 

when we turn to the case analysis.  

 

However, it is important to note that biotech is global, and more and more European 

biotech firms are listing on the American stock exchanges (Abate 2003). A more recent 

development has been the development of worldwide biotech regulations 

harmonisation, and programmes include the OECD´s BioTrack. Thus, it is not unlikely 

that over time the national sectoral systems will have more in common, as the sector 

further develops. Despite this fact, it is fruitful to take a cluster perspective in analysing 

this sector, because the differences that do exist are unrelated to the scientific base (i.e. 

the knowledge base) that forms the sector, and these differences (in the networks, 

institutions, actors, or the interplay between these three) could be the explanation to 

why for example Europe is performing so much worse than the US when it comes to 

commercialisation of biotechnical knowledge and performance and growth of the 

biotechnology companies. There is a need to identify these differences. Thus, we will 

look more closely at the relative maturity of the industry in the US and Europe. 

4.3.2 Biotechnology in Europe and the US: An overview 

In 2001, there were 1453 biotech companies in the USA, employing 141,000 people 

with total sales of $25 billion. In contrast, Europe had 1879 companies, but they were 

averagely smaller than their American counterparts, and employed only 34,000 people, 

and had sales of $7.5 billion (Ernst & Young 2002). Wired Magazine performed a 

Cluster rating in 2000 – to try and identify what would be the new “silicon valleys” in 

the world34. Wired consulted local sources in government, industry, and the media to 

find the 46 locations that matter most in the new technology geography. Each zone was 

rated from 1 to 4 on the factors that Wired thought is what make Silicon Valley the 

stronghold that it is35:  

1. The ability of area universities and research facilities to train skilled workers or 
develop new technologies  

2. The presence of established companies and multinationals to provide expertise 
and economic stability  

3. The population's entrepreneurial drive to start new ventures  
4. The availability of venture capital to ensure that the ideas make it to market.  

 
34 Wired Magazine Article: ”Venture Capitals”, Issue 8.07, June 2000,  
http://www.wired.com/wired/archive/8.07/silicon.html?pg=1  
35 Please note that the study by Wired included all kinds of high tech industry clusters, and not only 
biotechnology. 

http://www.wired.com/wired/archive/8.07/silicon.html?pg=1
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The cluster rating was conducted worldwide, but I have only selected to look at the 

results of the European and American clusters. From the results of the Wired Magazine, 

the two top clusters in the USA are Silicon Valley and Boston. For the European 

clusters, we have several Scandinavian clusters scoring high, as well as the UK.  

 
Table 4.4: The top high-tech clusters in Europe and the USA (Source: Wired Magazine, June 2000)  
 

USA Score Europe Score 
Silicon Valley, California 16 Stockholm-Kista, Sweden 15 
Boston, Massachusetts 15 Helsinki, Finland  14 
Raleigh-Durham-Chapel Hill, North Carolina 14 London, England  14 
Austin, Texas  13 Cambridge, England  12 
San Francisco, California 13 Dublin, Ireland  12 
Seattle 12 Flanders, Belgium  11 
Albuquerque, New Mexico 12 Bavaria, Germany  11 
New York City  12 Malmö, Sweden / 

Copenhagen, Denmark 
11 

Los Angeles, California  11 Baden-Württemberg, Germany 10 
Virginia 10 Oulu, Finland 10 
Chicago  9 Thames Valley, England 10 
Santa Fe, New Mexico 8 Paris, France 10 
Salt Lake City, Utah 8 Saxony, Germany  8 
  Sophia Antipolis, France 8 
  Glasgow-Edinburgh, Scotland  8 
  Trondheim, Norway  6 
 

In a study that looked more specifically at biotechnology conducted by Ernst & Young 

in 2000, it was found that the top 5 areas of biotechnology in the USA was as follows: 

 
Table 4.5: Top 5 US Biotech clusters 2000 (Source: Ernst & Young) 
 

Area # of public 
companies 

Market 
cap 

# of 
employees 

Revenue R&D Net 
income 

1. San Francisco 
Bay Area 

76 $92,168 26,464 $5,851 $2,956 ($1,228) 

2. New England 48 $53,575 20,641 $3,609 $2,105 ($980) 
3. San Diego 31 $23,272 7,976 $874 $555 ($573) 
4. New Jersey 21 $10,592 3,556 $550 $272 ($176) 
5. Mid-Atlantic 19 $22,240 3,871 $769 $591 ($510) 
 

In describing the European bio-landscape, we have a lot of quantitative indicators, 

which tells a part, but not the complete, story of the European performance in the field 

of biotechnology. One of these indicators may be biotechnology patent applications. 

According to EPO (the European Patenting Office), Europe is quite strong when it 

comes to biotech patent applications. In 2004, a total of 5.384 Patenting applications 

were filed and 3.369 where granted. The overall figures reflect a continuing flow of IP 
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for commercial biotechnology albeit divided differently among the patenting regions36. 

In Europe, seven countries account for almost 90% of biotech patents filed and granted 

in Europe 2004. Among these, Germany ranks as number one with 39% of the patent 

applications and an even larger share of the Patents granted (45%)37. It is granted 

patents, not applications that count most, when evaluating the strength of a national life 

science industry. Thus in 2004 France was second leading some 4 per cent before the 

UK which in turn was followed closely by the Netherlands. It comes as a surprise that 

Switzerland is only ranking as number 7 with a share nearly equal to Italy. 

 

 
Figure 4.5: Share of countries in biotechnology patents filed at the EPO, 200138

 

Despite a general slowdown in volumes, current European country figures reflect a 

continued drive for IP protection. In fact, if Scandinavia was counted as a single biotech 

patenting region, it would rank 5th in patents granted – Norway not even included39. In 

Europe innovative chemical and pharmaceutical industries are clearly boosting 

patenting. Germany retains the largest share in Europe as the country capitalises on two 

additional strengths: a large bedrock of small biotech companies, which often have no 

more assets than 1 or 3 patents, and a mature network of IP management organisations 

                                                 
36 OECD Science, Technology and Industry scoreboard, 2005 (www.oecd.org)  
37 Source: www.bioworld-europe.com  
38 Patent counts are based on the inventor’s country of residence, the priority date and fractional counting. 

Only countries with, on average, more than ten biotechnology patents during 1996-2001 are included in 

the graph (Source: EPO). 
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39 Since Norway is not a part of the EU, it is not a part of the centralised European patenting office (EPO) 
and has its own patenting office; Patentstyret.  

http://www.bioworld-europe.com/
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(university transfer offices, state agencies, private consulting and equity etc.), which 

provides its own incentives to the race for patents40. 

 

Another indicator if the European performance in the field of biotechnology is the 

number of biotechnology companies (see figure 4.6). Germany is the top-scorer with 

more than 500 core biotechnology companies, closely followed by the UK. Norway is 

in the lower range with only 32 companies.  

 

 
Figure 4.6: Number of European biotechnology companies and where they are located (Source: 

Critical I Study, 2005) 

 

4.3.3 Exploration of dynamics in the biotechnology sector 

The stakes are high in biotechnology and the returns if you succeed could be gigantic. 

Thus, it is natural that competitive pressure is high with many firms entering and exiting 

the market. When one estimates a therapeutic area to be worth millions (or perhaps even 

billions) of dollars, it is natural that many firms want to join the race. The 

appropriability regime is high due to long development times, costly research and hard-

to-imitate competence. Additionally, it is quite costly to get a drug to market, because 

even a generic drug (i.e. a copycat drug / a drug with an expired patent) still has to go 

through formal approval procedures, although somewhat less extensive, before it is 

                                                 

 75
40 Source: OECD Science, Technology and Industry scoreboard, 2005 (www.oecd.org) 

http://www.oecd.org/
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legal for therapeutic use. If we explore the variation-, selection-, and retention-

mechanisms in the biotechnology sector, we see that it is a market in motion: There is 

SME dynamics with many firms entering and exiting the markets. Is this motion 

horizontal or vertical (Audretsch 2001)? Interestingly it is both. The 

Biotechnology/pharmaceutical sector experiences both consolidation of larger firms and 

acquisitions of smaller suppliers of crucial technology inputs. It is the technological 

regime that influences the process of firm selection, and therefore the type of firm with 

a higher propensity to exit. New entrants replace incumbents in highly innovative 

industries, because they are more likely to innovate (entrepreneurial regime). The 

question of variation mechanisms can be attacked from three main perspectives: Firstly, 

we can discuss the variation within the system (based on the level of entries and exits, 

i.e. industry dynamics). Secondly, we can discuss variation between actors, networks 

and institutions, which are in the same sector, but in different geographic areas or 

clusters, and thirdly, we may analyse the variation between actors in different sectoral 

systems. All of these perspectives are both fruitful and interesting to analyse. However, 

based on the research conducted for this limited study, we know too little about other 

sectoral systems to be able to draw any meaningful conclusions on the matter.  

 

Mechanisms to create more variety are needed in order to avoid the gradual erosion and 

eventual collapse of the system. A dynamic environment with frequent entries and exits 

are more exposed to change and new competition. Therefore, we need to examine the 

how closed or open the system is, the extent to which the main players have a broad or 

narrow vision of their own role and of the technological and market opportunities 

(Carlsson 1997:780). To what extent is entry of new players encouraged? What is the 

role of institutions and public policy? These are questions that might produce answers 

for explaining variation in the system. There is little doubt that there are many new 

firms being formed in the biotech area. In Europe, it seems like the government are 

active in providing support for new start-ups, but the firms have trouble in surviving and 

growing (see for example Carlsson 1997, where the case of Sweden is analysed and it is 

shown that none of the firms had grown beyond start-up size). Table 4.6 shows the 

company count in biotechnology from 2002 to 2003.  
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Table 4.6: Company count in Europe and the US 2002-2003 (Source: Critical I, 2005) 
 

 
 

It is interesting to note that the US have more companies exiting the market than are 

being founded. There is no complete estimation for entry/exit ratios for Europe in total, 

but we can see that the same trend is followed in Norway (yet, the numbers are so small, 

it can hardly be called a ‘trend’). Germany however, has a positive entry/exit ratio.  

There are, as we have seen in the above discussion, and the table above, clear 

differences both in the output and in the mix of actors, networks and institutions 

between economic clusters in the US and Europe. The discussion of what mechanisms 

that create variation between firms in different geographic clusters within the same 

industry and sector, leads us back to a causality dilemma (what came first: The chicken 

or the egg?). According to Schumpeter (1928), innovation is what drives the economic 

development. But what drives, or facilitates, innovation? Are internal 

(firm/entrepreneur) factors or external (systemic) conditions most important? The 

perspective of this paper is that it is the interplay between the internal and external 

conditions that foster innovation.  The US competitive advantage is thought to be in the 

ability to generate and use a much higher quantity and quality of basic science as well as 

to commercialize diverse and rapidly adapting innovation opportunities (McKelvey et al 

2004:5). A reason for this could be the much more profitable incentive structure should 

you succeed in innovation, both for individuals and organisations. More start-ups create 

 77



GRA 6995 MSc Thesis                                          Major: Innovation & Entrepreneurship 

 78

                                                

more dynamics and more likelihood of innovating for any given amount of money 

invested in research.  

 

The core of the “silicon valley model” is networking: “Silicon valley firms established 

webs between themselves and related institutions such as universities and venture 

capitalists”. This takes more than physical proximity to create. (Saxenian 1994). In the 

US the focus has been on increased attention to partnerships and the role of the 

universities, while elsewhere, and especially in Europe, the focus has been on 

commitments to R&D funding (OECD Global Forum on the Knowledge Economy, 

2002).  

 

Selection and retention mechanisms “regulate” the variation of the system. Selection 

mechanism in the biotech sector are finance institutions (VCs only invest in “the best 

business models” – or the ones that will pay off), markets (small therapeutic areas are 

not invested much in unless there are beneficiaries who invest heavily into research in 

the area41), public research (NIH etc) and the FDA (and similar governmental agencies) 

in its selection of what therapies are to get approval for what use. 

 

There is a need to make a more in depth comparative analysis of Europe vs. the USA. 

However, the present study is limited in scope, and will only go into depth into three 

regions (one in the US, and two in Europe) and contrast them in a brief comparative 

analysis. 

 

 
41 An example is singer Olivia Newton Johns funding of research at MIT on therapies to cure vocal 
damage. 



GRA 6995 MSc Thesis                                          Major: Innovation & Entrepreneurship 

 79

4.4 The regions: Boston, Leipzig and Oslo 

The biotechnology companies we will introduce in the next chapter are located in 

Germany (Leipzig), Norway (Oslo) and the USA (Boston/Cambridge). Thus, we will 

now go more deeply into the reality behind the figures, as we look at pre-conditions for 

biotechnology and innovative activity in each of the focus region. Why? Because in 

order to compare the three cases in terms of connectivity in early firm development, we 

need to know to what extent the pre-conditions for interaction where in fact present. The 

three regions we are going to look more closely at is Massachusetts in the east coast of 

the USA, Saxony in the east of Germany (in the former German democratic republic, 

GDR) and Norway.  

 
Table 4.7: Brief overview of key statistics for regions42

 

 Massachusetts, USA Saxony, 
Germany  

Norway 

Total population  6,416,505 4,400,000 4,525,000 
GDP43 $276,786,000 $90,581,354  

(�75,8 billion) 
$190,500,000 

GDP per capita $43,14 $47,04 (� 39,37) $42,10 
Main cities (more than 100.000 
inhabitants) 

Boston, Worcester, 
Springfield, Lowell, 
Cambridge. 

Dresden, Leipzig, 
Chemnitz, 
Zwickau 

Oslo, Bergen, 
Trondheim, 
Stavanger 

Number of biotechnology firms 280 150 32 
Number of universities and 
colleges44  

264 42 74 

Number of patents granted per 
year (ca.) 

3,672  1,036 45 5,49846

Number of 
biotechnology/medical 
technology patent applications 

612 N.A. N.A. 

The public spending on 
supporting biotechnology/ R&D 
(R&D effort as % GDP) 

High High Low 

 

The limits of the regions are not set. I will focus mainly of the metropolitan areas (Oslo, 

Leipzig and Boston/Cambridge), but in some aspects there was a need to expand the 
                                                 
42 Data from official country statistics (SSB, US central bureau of statistics), the Economist, NIFU/STEP, 
OECD, CIA World book of facts and www.saxony.com 
43 For Massachusetts and Saxony, we use the GSP (Gross State Product) and not the GDP for the whole 
country. 
44 The numbers for the different regions are collected from different sources, and for example what is 
defined as an educational institution may vary. For Norway for example, it includes all institutions 
offering higher education (and even 1-year degree programmes are included). 
45 Please note that this number is not very recent (from the annual report in 1998, published by Deutsches 
Patent- und Markenamt). 
46 Number of patents applications,  2004 
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focus beyond the three cities and include elements of the surrounding regions that 

turned out to be relevant for the SSI in the region47. A brief comparative table (table 

4.7), shows some of the overall characteristics such as population size and GDP. 

 

Additionally, it natural that concentration and centralisation is higher in the more 

mature regions because of a critical mass of actors and networks within a metropolitan 

area, where the smaller actors need not go beyond the borders of the region to find 

relevant collaboration partners. I like to think of this as “islands of innovation” vs. 

”belts of innovation”, where a belt would be more stretched out geographically/scattered 

with firms.   

 

The capabilities of a region are anchored in its organisational structure (i.e. its 

companies, industrial structure and patterns of specialisation and its institutional 

structure (Malerba 2004, Cooke 2000). Thus, each region will be described according to 

its actors, networks and institutions. In the following, I will analyse the impact of firms, 

networks, public authorities and governance structure in three regions, Massachusetts, 

Norway (Oslo) and Saxony. This is done, because it is likely that the performance of the 

region has influence on the performance of the companies. The main focus is on 

mapping actors and formal networks, because I theorize that the availability of formal 

network structures and a critical mass of a variety of actors will, in turn, influence on 

the connectivity patterns of the biotechnology firms. The actors described here include 

firms (pharmaceutical, biotechnological, venture capital/financial firms, 

customers/users) and non-firms (individuals, users, universities, research institutes, 

centres and hospitals, governmental actors etc.).  In the description of the networks, I 

have primarily included the formal networks, because the informal networks are more 

case specific and will be looked at more closely in chapter 5.   

 

For each region, I provide a brief historical background of the industrial development of 

the region. The reader may ask why this is necessary, and I must assure you that this is 

more than an amusing historical anecdote: I argue, on the contrary, that the history of 

the industrial development is quite significant for the present and future cluster 

evolution, especially in terms of the development of the national institutional 

 
47 A central part of the SSI in Oslo, is for example the agricultural and biotechnical milieu at the UMB in 
Aas, the University of Life Sciences and Biotechnology, which is located 30 mins from Oslo. It also 
turned out that Gothenburg, a major city on the Swedish side of the border, was a relevant part of the SSI 
in Oslo. 
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framework and regional focus. How pre-firm activities influence the firm formation and 

initial firm development (in terms of connectivity) are the activities that underlie the 

firm creation (Rickne 2000).  Contrasting patterns of technological change may also be 

explained by the different institutional frameworks established at a national level, as an 

example the types of economy may lead the regions to develop separately. The more 

liberal market economies, such as the US, encourage firms to develop effective 

innovative competencies in industries dominated by rapidly emerging technologies. Co-

ordinated market economies, such as Germany and Norway, have developed institutions 

that favour long-term and incremental innovation, and may inhibit more radical 

innovation (Casper & Whitley, 2004, Nooteboom, 2000).   

 

I will also list the relevant institutions on national and regional level. It is relevant to ask 

what are the relationship between these and the national institutional frameworks? The 

national institutions have different effects on innovation in different sectors, and overlap 

across sectors (see figure 4.7). In particular institutions such as patent protection 

legislation influences a sector more or less directly, and may be more “designed” for 

some sectors, and hamper others.  

National institutions
Norms, routines, common
habits, established practices,
rules, laws

Sectoral
systemSectoral

system Sectoral
system

 
Figure 4.7: National institutions may have relevance to more than one sectoral system (Adapted 

from Malerba 2004, Prof. Olav Spillings lecture notes) 
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4.4.1 Preconditions for biotechnology in Boston, Massachusetts 

Massachusetts is a part of the New England region, considered to be the wealthiest 

region in the US, which consists of Connecticut, Maine, Massachusetts, New 

Hampshire, Rhode Island and Vermont. The state of Massachusetts consists of 15 

counties, see figure 4.8. 

 
Figure 4.8 Counties in Massachusetts 

 

The regional analysis will be focusing on the coastal areas of Massachusetts, and in 

particular the two cities Cambridge and Boston (which is virtually the same city, 

separated only by the river Charles).  

A brief history of Cambridge and Boston 

The Cambridge-Boston area is considered to be the old USA, but it is still quite young 

in terms of civilization and industrial development. However, a lot did happen quite 

quickly to the area in the mid 1600s when more and more settlers came to live there 

(Maverick, 1660): 
At that time (1626-33) all the houses there, except three or four at New Plymouth and those 
which I had, could not be valued worth £200, and now to behold the handsome Houses and 
Churches in so many Townes as I have named is a wonder. The place in which Boston (the 
Metropolis) is seated, I knew then for some yeares to be a Swamp and a Pound, now a great 
Towne, two churches, a gallant Statehouse and more to make it complete, than can be expected 
in a place so late a wilderness. 
 

Early on, Boston began to emerge as an intellectual and educational centre with the 

arrival of noted theologians and statesmen, and the founding of Boston Latin School 

and Harvard University. The first printing press in the American colonies (Later to 

become the USA) was built in Cambridge by Stephen Daye in 1639, and due to its 

excellent harbour, Boston became the leading commercial centre. Colonial Boston was 

a world leader in shipbuilding and the primary port of North America. The growth of 
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the Boston area continued in the 18th century. As settlements grew into towns around 

the city, overseas trade increased, and mills were built along the rivers for logging, the 

forging of iron, and processing wool. Boston became a leading centre of colonial 

resistance as a great philosophical distance began to grow between the Colonies and 

Britain.  

 

Massachusetts prospered in the early 19th century with improved roads, new canals, and 

the construction of railways, linking cities and towns. By the 1840’s there were not 

enough locals to fill the work force, and luckily, the answer came with the arrival of the 

first non-English immigrants, from Ireland. The Civil War was a profitable time for 

Boston manufacturers, with the production of weapons, shoes, blankets, and other 

materials for the troops. The late 19th century was Boston's greatest industrial era. 

Boston's manufacturing went into a state of decline during the first decade of the 20th 

century. The once thriving factories and mills had become old and obsolete. Many 

businesses closed and relocated to the south. Boston suffered with the rest of the nation 

during the Great Depression. With the outbreak of War II, factories were retooled for 

the war effort, and people went back to work on the production lines. By the 1950's, the 

Boston area emerged as a leader in the fledgling computer and high-tech industries. 

Many of these new businesses were created and staffed by graduates of MIT and the 

other colleges in the Boston area, and other universities are also strongly involved in 

building up entrepreneurial ventures:  
A walk around the MIT neighbourhood in Cambridge, Massachusetts today reveals a 
neighbourhood stunningly different from the one I first encountered as a graduate student 25 
years ago. In 1970, the are was truly derelict, a clutter of boarded-up buildings, all relics of New 
England’s heyday as the centre of American manufacturing. Today many of those buildings 
house new companies that have crawled up like hermit crabs into the abandoned shells of the 
industrial past (…). The Bilrite factory that made shoe soles and heels has been razed to make 
room for one of the several new biotechnology companies in town. 

James M. Utterback (1994) 
 

The Boston cluster was built on the lagging mainframe industry (remember Wang Computer and 
DEC?). Boston has the highest concentration of research centres, engineers, scientists, and 
researchers in the country - an intellectual ground zero that's fed by 65 colleges and universities 
and generates the most patents per capita in the US. Venture backers are taking a liberal turn 
away from their reticent Yankee past: Funding reached $3 billion in 1999, second only to Silicon 
Valley. Harvard Business School grads have begun monthly networking presentations called 
Round-one to capitalize on their ideas. And the city's Big Dig project will put several miles of 
highway underground, freeing up more space for startups.  

Wired Magazine on Boston (June 2000). 
 

In the US, the regions are specialised in terms of that the clusters have a somewhat 

different focus on biotechnology, in terms of output (products, research, 
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devices/substances). The Cluster Mapping Project at Harvard University48 (lead by 

Professor Michael Porter) has divided the USA into zones of regional specialisation (see 

figure 4.5). According to this, the Boston regional focus is on medical equipment and 

research organisations (Mainly research and devices). 

 
 

Figure 4.9: Regional specialisation (Cluster Mapping Project, 2002) 

 

The state of Massachusetts has a unique set of strengths that have made it one of the 

world's leading centres of the biotechnology industry. The state’s world-renowned 

universities and medical centres provide strong partners for basic research. The state’s 

history of entrepreneurship and commerce has made it a breeding ground for new 

biotech companies that have already brought some 40 new products to market, 

including drugs, bio-devices, and diagnostic tests. The state’s well-educated work force 

has provided a strong pool of employees. And the Massachusetts venture capital 

industry and legal and technological communities have provided important financial 

support and expertise. All these strengths have made it possible for the Massachusetts 

biotech industry to grow with dramatic speed over the past decade. 
 

The Cluster Mapping Project led by Michael Porter at Harvard University, uses the 

below figure as an overview of the workings of the Boston Life Science cluster, 

showing the interplay between various actors and products involved in the cluster: 
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48 I have in this chapter used some material from the Cluster Mapping Project. Unfortunately, I cannot 
give proper references to this, since it is not taken form articles that are published. All information and 
publications from the Cluster Mapping Project is collected from their website http://data.isc.hbs.edu/isc, 
for subscription users (there is a limited availability to the site free of charge).  

http://data.isc.hbs.edu/isc
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Figure 4.10: Overview of the Boston Life sciences cluster (Source: The Cluster Mapping Project, Institute 

for Strategy and Competitiveness, Harvard Business School). 

 

Figure 4.10 may not be the ideal representation of the workings of the sectoral system in 

this region, but it does provide a useful overview and more importantly, it emphasises 

the relevance of specialised organisations such as specialised business services, risk 

capital and hospitals. This may be an indication of a more focused and mature region.  

 

The following sections looks more closely at the sectoral innovation system of 

biotechnology in Boston. Some of the elements of the sectoral system analysed below 

are also part of a global or national sector of biotechnology, or of other sectors and 

industries. 

Actors 

Firstly, in this section, I will try to provide an overview of some of the actors that 

influences the biotech sector in Boston, starting with relevant firms: 

  

Biotechnology firms: According to the MassBiotech 2010 report, there are some 280 

biotech companies in Massachusetts, more than three times the number ten years ago. 

Approximately 230 of these companies were founded in Massachusetts. Within 

biomedicine, a lot of investors and management consultants divide the companies in 

after disease/therapeutic area. In addition you have a kind of “toolmaker” category 

(bioinformatics, biochips) and the drug discovery and development firms (including 
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firms that supply reagents and other drug discovery supplies). Boston is not very strong 

on bioinformatics (Massbiotech 2010), but has a range of the other firm categories. In 

the table below (Table 4.8) is a list of some of the major biotechnology companies 

registered in Boston.  

 
Table 4.8: Top biotechnology companies in Boston (Data compiled by Compustat, 2003) 
 
Biotechnology firms ranked by revenue 2002 revenue (millions) % change from 2001 
1. Biogen 1,148.4 10.2 
2. Genzyme Corp. 1,080.2 10.0 
3. Waters Corp 890.0 3.6 
4. Millipore Corp. 704.3 7.2 
5. Charles River Laboratories 
International 

554.6 19.1 

6. Millennium Pharmaceuticals 353.0 43.4 
7. Genzyme Biosurgery 240.1 2.1 
8. Sepracor 239.0 57.1 
9. Vertex Pharmaceuticals 161.1    -3.8 
10. Bruker Daltonics 116.4 25.5 
 

Pharmaceutical firms: In the past ten years, many of the world’s largest pharmaceutical 

companies, including Abbott, Aventis, Bayer, Bristol-Myers Squibb, GlaxoSmithKline, 

AstraZeneca, Merck, Novartis, Johnson & Johnson, Roche, Wyeth and Pfizer, have 

chosen to locate offices and research facilities in the state of Massachusetts. The 

companies often have both sales and research facilities in the Boston/Cambridge area. 

   

Venture Capital/Financial firms:  The US venture capital industry is the most mature on 

the world and has definitely been a major contributor to boosting high technology 

industries and regional clusters (in particular; Silicon Valley). The state of 

Massachusetts has an immense number of VC funds that focus mainly on 

biotechnology, such as:  
 

MPM Capital, Polaris Venture Partners, Prism Venture Partners, Oxford Bioscience Partners. Atlas 

Ventures, Zero Stage Capital, Flagship Ventures, Ampersand Ventures, Greylock, Advent International, 

Bain Capital, Summit Partners, Bessemer Venture Partners, Advanced Technology Ventures, BancBoston 

Ventures, Claflin Capital Management, Highland Capital Partners, Venrock Associates, Village Ventures, 

St. Paul Venture Capital, Boston Millenia Partners, Boston University Community Technology Fund, CB 

Health Ventures, Healthcare Ventures, Medical Science Partners, New England Partners, Schroder 

Ventures Life Sciences, Seaflower Ventures and Spray Venture Partners. 

 

In addition Boston is only 4 hours away by car from the financial capital New York 

City. This means that the sector has no lack of risk taking financial support for growth 
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stage firms, and can provide capital for many new start-ups in the region. However, 

there has been a shortage of seed capital in Massachusetts, and so state-initiated seed-

funds have been developed. 

  

There are many generic type management-consulting firms located in Boston (BCG, 

McKinsey etc). Many of these are not, however, a really good resource for 

biotechnology firms. They are usually more relevant for larger firms that can spend a 

larger sum on strategy development, thus they are both too expensive and too large-firm 

oriented for the smaller biotechnology companies. They do however, consult to the 

pharmaceutical firms, and may function as connectors between the biotechnology firms 

and the pharmaceutical firms. There are also more specialised advisory groups that 

target industries more directly such as the Monitor Group, a consultancy started out of 

Harvard University that for example hire top surgeons from John Hopkins hospital and 

similar to do consulting work for the life science industry. 

 

In a larger city like Boston, there is also a set of unrelated, yet necessary service firms 

that make a regional cluster attractive for the biotechnology companies such as hotels, 

restaurants, cultural institutions etc. 

 

Non-firm actors: 

The most relevant unit of analysis may not always be firms it could also be individuals 

within an SSI. For biotechnology, business angels have been a critical source of finance, 

especially in the seed phase. The business angels are usually people who themselves has 

been entrepreneurs, either in biotechnology or from the first wave of the New Economy: 

IT. In Boston there are also certain legendary figures that have contributed a lot to the 

growth of the sector in this area. One of them was the previously mentioned Professor 

Phillip Sharp that started Biogen. Other such individuals include Dr. Robert Langer. Dr. 

Langer is a professor of Chemical and Biomedical Engineering at MIT and is 

recognized worldwide as one of the most prolific inventors in medicine. His work 

centres around biodegradable polymers, biomaterials, controlled drug delivery, tissue 

engineering, and mammalian cell transplants. Dr. Langer has written over 700 articles 

and has received over 120 major awards. He has over 500 issued or pending patents 

worldwide, many of which have been licensed or sublicensed to over 100 

pharmaceutical, chemical, biotechnology and medical device companies. He served as a 

member of the United States Food and Drug Administration's SCIENCE Board, the 
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FDA's highest advisory board, from 1995 to 2002 and as its Chairman from 1999-

2002.49 The notorious Dr. Langer has been involved with hundreds of Boston biotech 

start-ups.  

 

Other such important individuals were the members of the socalled RNA tie club50, 

researchers that were vital in knowledge development on DNA and RNA from the 

1950s and up until today (some of them still hold important positions in pharmaceutical 

and biotech firms), such as Dr. Alexander Rich (on the advisory board of the case 

company from Boston/Cambridge, 3DM Inc, described in the next chapter). 

 

I think it is also important to mention the individuals who are employed within the 

biotechnology/life sciences cluster in Boston. Collectively, that cluster employs more 

than 25,000 workers. Luckily, one is assured a steady flow of new high competence 

labour, due the many universities in the region. 

 

Users: Roughly speaking we can talk about two kinds of ”uses” of medical 

biotechnology (defined by FDA. The National Food and Drug Administration): Use for 

research and use for therapy (disease cure, control, diagnostics etc). The research user 

groups are mainly the pharmaceutical firms and the research institutions (universities, 

institutes etc). The other user group would include patients and medical personell. The 

market for these products are global, and the use is conducted globally. 

 

Universities: The area includes some of the best-known universities in the world such as 

the Massachusetts Institute of Technology (MIT) which alone produces more than 518 

patents per year51, Harvard University, UMass, Boston University and so on. These 

universities are vital in forming bridging organisations, such as the MIT Enterprise 

Forum, and research centres and technology incubators, such as the Boston University’s 

Photonics Center52. The biotech cluster in Boston allegedly sprang out of a company 

start-up by a young Associate Professor named Phillip Sharp at MIT. He had been 

giving advice on whether to invest or not in the Silicon Valley based firm Genentech53, 

and upon return to Boston, he started the company that later became Biogen, the 7th 
 

49 Biography from www.puramatrix.com 
50 As described in the book ”Genes, girls and Gamow: After the double Helix” written by James Watson.   
51 Note: Not only in biotechnology. 
52 http://www.bu.edu/photonics/  
53 The world’s first modern biotechnology company in the world founded by Swanson and Boyer in 
California in the 1970s. 

http://www.bu.edu/photonics/
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largest biotech firm in the US in terms of market capitalization (BioVenture View 

Newsletter, January 2002).  Thus, it is only natural that MIT and the area surrounding 

the MIT campus (around Kendall square), is important for the Boston/Cambridge 

biomedical cluster (or Route 128 as it is often referred to as). Once the domain of high-

tech startups, Kendall Square has become the anchor of Cambridge’s growing cluster of 

biotech and drug companies. Thirteen of the 25 largest biotech firms in Massachusetts 

have set up operations within a mile (1.6 kilometres) of the Massachusetts Institute of 

Technology (MIT). 

  

Each year, more than $750 million in sponsored research is conducted on campus at 

M.I.T., at Lincoln Laboratory, and at the Whitehead Institute. This research leads to 

about 400 new inventions per year. The most important actor for technology transfer in 

Boston/Cambridge is the Technology Licensing Office (TLO) of Massachusetts 

Institute of Technology. This is one of the most active university patent and licensing 

offices in the USA. M.I.T. has had over 1000 issued U.S. patents in its portfolio, many 

with foreign counterparts. In each of the past five years, the TLO have had over 100 

U.S. patents granted and have signed over 60-100 option- and license agreements. In the 

technology-licensing endeavour, M.I.T. is following the mandate of the U.S. Congress 

when it gave universities title to inventions developed with federal funds (see the Bayh-

Dole Act). Royalties derived from licenses support, further research and are shared with 

inventors to provide incentives for further innovation (sharing-model).  

 

Research Institutes include the Whitehead Cancer Institute, Dana Farber Cancer 

Institute, The Boston Biomedical Research Institute (BBRI) and many more. The 

centres include specialised research units and centres of excellence, such as the BU 

Protonics Center. These organisations are often a combination between private and 

state/university owned. Hospitals are central for biotechnology companies when it 

comes to research, clinical testing of the products and input of expertise on various 

diseases. In Massachusetts there are 131 hospitals54, including Massachusetts General 

Hospital (a part of Harvard Medical School).  

 

Governmental actors regulate and stimulate the sector through various organisations on 

both local and national level. Local committees include the Institutional Biosafety 

 
54 Source: MHA Massachusetts hospital directory (http://www.mhalink.org/public/mahospitals)   

http://www.mhalink.org/public/mahospitals
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Committee, the Institutional Animal Care and Use Committee, the Institutional Review 

Board, Massachusetts Biotechnology Council (MBC) and The Boston foundation55. 

Other organisations include Massachusetts Technology Collaborative (The state’s 

development agency for renewable energy and the innovation economy. This unit 

provides industry reports for free download and compiles news-clips on various issues 

in different sectors), and Massachusetts High Technology Council (a Non-profit, 

nonpartisan lobbying and advocacy group of business leaders of Massachusetts high 

technology and value-added service companies for public policy objectives and 

industry-specific public policy issues in Massachusetts and in Washington, DC).56  

 

A very important national research stimulator is the NIH – the National Institute of 

Health, an organisation that pours out billions of dollars each year in grants and research 

support. In addition, they themselves have a large research body and several research 

institutes. NIH are located in Washington DC.  

 

The Agencies primarily responsible for regulating biotechnology in the United States 

are the US Department of Agriculture (USDA), Environmental Protection Agency 

(EPA), and the Food and Drug Administration (FDA). Products are regulated according 

to their intended use, with some products being regulated under more than one agency.57  

 

The Food and Drug Administration has the greatest regulatory power of the medical 

Biotech industry in the USA. All drugs to be marketed in the US need an FDA approval 

(a process which may take several years to achieve, and is very costly and complex). 

The FDA has after local lobbying, opened up a local office in Boston.  

 

The USA has a large public spending on research related to life sciences, which has 

contributed to making it a leader in the field. National institute of health had a record 

budget in 1999 of $15,6 billion. Basic research in biological sciences is supported by 

the National Science Foundation with a budget for 1999 at $391 million. Other federal 

agencies which have major research programmes that impact biotechnology is the US 

department of Agriculture, NASA (in particular the Office of Life and Microgravity 

 
55 http://www.tbf.org  
56 There are of course many more organisastions working more generally for entrepreneurship and 
business development. However, I found it most relevant to mention those that are more specific to 
biotechnology. 
57 USDA website: www.aphis.usda.gov 

http://www.tbf.org/
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Center, budget of $264 million), and the US department of Energy (in particular the 

Office of Biological & Environmental Research, which supported the human genome 

mapping project, annual budget of $233). 

 

The main focus of the US public spending is on supporting research. Developing 

businesses is for venture capital. However, there are governmental development 

programmes. The Small Business Innovation Research Program (SBIR) set aside money 

for funding R&D in small businesses. A firm can get two types of grants: Grants that 

cover feasibility studies (up to $100,000) and grants that cover development studies (up 

to $750,000). 

Networks 

Accessibility of science specific knowledge is of essence, and in Boston there exists 

many opportunities for gaining external knowledge. According to a venture capitalist 

that I spoke with: 

Boston is one of the major biotech center in the U.S. and an ideal location for 
networking and collabortion. 

Paul McManus, Venture capitalist and partner (Boston Millenia Partners) 
 

Formal networks: A very distinct feature of the Boston area is the existence of many so-

called “Bridging institutions” that play a major role as brokers between business and 

academic research. Empirical evidence on the importance of such collaboration 

networks in a study by Carlsson and Stankiewiz show the presence and relevance of 

such “bridging institutions” in a bio cluster in Ohio (Carlsson 2002), and in Rickne’s 

(2000) investigation of Ohio and Massachusetts, compared to the Swedish setting.  

 

The Cluster Mapping Project has divided these networking organisations into industry 

associations (general and specific), economic development initiatives, university 

initiatives, informal networks and joint research initiatives. This is a sensible taxonomy 

for the institutions for collaboration, and some of the initiatives are listed in the exhibit 

below (figure 4.12). I will only elaborate on a few of these.  
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Figure 4.11: Institutions for collaboration (The Cluster Mapping Project, Institute for Strategy 

and Competitiveness, Harvard Business School). 

 

Of the university initiatives, I would like to put forward the example of The MIT 

enterprise forum as an interesting and well-functioning forum. It functions both as a 

formal and an informal network, as there is an organised part (lectures, critique of 

business plans, matching of entrepreneurs and VCs, panel debates) and an informal part 

(mingling with a glass of wine and talking to people). Many new companies have 

received funding after presenting at the MIT enteprise forum and many new companies 

are a result from meetings at this forum (See “Lessons from the MIT Enterprise Forum” 

by Rich & Gumbert, 1985).  

 

Of the life sciences industry related associations, the MBC is probably the oldest and 

most influential. The Massachusetts Biotechnology Council (MBC) has existed for 15 

years as a lobbying organisation. Its work has included managing to pressure the FDA 

(Food and Drug Administration) to open up offices in Boston for example. Other 

lobbying efforts in the tax credits programme by the state of Massachusetts. There are 

also many industry related networking groups such as the Massachusetts Hospital 

Association, and many that are connected to the many universities in the area: 
My personal network in Boston is over 5000 professionals, almost half of which are in the life 
sciences & and healthcare fields.  In addition, there are more than a dozen formal industry 
related networking groups along with organizations related to the various medical schools in the 
city.    

Paul McManus, Boston Millennia Partners 
 

Informal networks develop everywhere, but what is special about the Boston/Cambridge 

area, is that there are so many people living there with higher education. When parents 
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who are PhD’s take their kids to school, it is very likely that the other parents that they 

meet or that live in the neighbourhood also have a very high education, often within 

related disciplines. It is not very unlikely that some of these chance meetings may lead 

to business creation, new ideas and the like. When you go jogging along the Charles 

River in the morning before work, people are jogging in their MIT, Harvard, and Yale 

sweaters, and sometimes they stop and chat to people. The president of the company 

where I worked in Boston said:  
We (him and his wife) bought the house from two Harvard Professors – a medical doctor and a 
psychologist. They had painted the house in crazy colours all over the place, and this is the kind 
of thing that happens here. You meet interesting people everywhere! 

Zen Chu, President, 3DM Inc. 

Institutions 

Norms, routines, common habits, established practices; informal rules that are all 

examples of institutions that govern parts of the innovation system within a sector 

according to Malerba (2004). In Boston there are many common habits and meeting 

places like The Marriot Hotel for conferences and coffee talks and Le Bon Pain at 

Kendall Square for lunch;  
Most of Boston’s million dollar deals have been made over a cheap French loaf at the Bon Pain 
on Kendall Square, 

 Zen Chu, President, 3DM Inc.  
However, one needs to study the actor’s patterns of behaviour very thorough to be able 

to say much as an outsider about these institutions, as these things are very tacit 

knowledge and behaviour, and one cannot easily get that knowledge from asking the 

actors themselves. 

 

Laws as institutions governing behaviour within a sector, is somewhat easier to get hold 

of. The laws and regulations under which the FDA operate includes: The Federal Food, 

Drug, and Cosmetic Act (FFDCA) - 21 USC 9 and the Statement of Policy: Foods 

Derived from New Plant Varieties, Federal Register: May 29, 1992 (Volume 57, 

Number 104).  An important law for the biotech sector and other sectors has been The 

Bayh-Dole Act or more formally, The Patent and Trademark Law Amendments Act, 

from 1984. With the passage of the Bayh-Dole Act, colleges and universities 

immediately began to develop and strengthen the internal expertise needed to 

effectively engage in the patenting and licensing of inventions.  In many cases, 

institutions that had not been active in this area began to establish entirely new 

technology transfer offices; building teams with legal, business, and scientific 

backgrounds. The belief that Bayh-Dole “worked” in the United States has led other 
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industrialized countries to try to emulate it. A report by the Organization of Economic 

Cooperation and Development (OECD) notes that in nearly all OECD countries there 

has been a marked trend towards transferring ownership of publicly funded research 

from the state (government) to the (public or private) agent performing the research. 

The underlying rationale for such change is that it increases the social rate of return on 

public investment in research58. The Bayh-Dole Act is one institution on a national level 

that has huge impact on more than one sector. Institutions also include science regimes 

(see Geels 2004) such as research grants etc, such as those awarded by the National 

Institute of Health (NIH) (see discussion above). State level institutions include the state 

tax incentives (cut in state tax) introduced by the state of Massachusetts. Such 

incentives have huge impact on the regional system of innovation development, 

especially if the surrounding states or does not offer these incentives (lead to a 

biotechnology concentration within Massachusetts). Massachusetts offer a set of tax 

incentives, including a 10-15% tax credit on research with a 15 year carry forward, and 

a 3% investment tax credit on fixed assets with a three-year carry forward. 

 

How does the regional sectoral system of Boston/Cambridge relate to the specificities of 

the national innovation system? And more importantly, how does it relate to the sector 

as a whole (worldwide).  According to Malerba and Orsenigo (1996), the biotech sector 

as developed in the US should share many similarities with the biotechnology sector in 

other countries, and it seems that this is to some extent true. The sector does share the 

same knowledge base, markets, customers etc. However, the sector is much less 

developed economically, and the firms in other countries do not seem to be growing 

enough. Additionally, the firms in Europe, for example have to be much more globally 

oriented, than the firms in the US, due to a much smaller internal market (Abate 2003). 

Thus, the firms in other countries than the US acquire other forms of competence when 

it comes to international orientation.  There are also fewer “bridging organisations” in 

Europe (Rickne 2000), and the universities are not used to being oriented to the market 

and towards commercial activities. Finally, the supporting VC sector is not as well 

developed in Europe as in the USA, and this has been used by many as an explanation 

of why the commercialisation of R&D is slower and less successful in Europe than in 

the USA. 

 
 

58 OECD 2002, p.48 
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A sum up of the regional SSI of Boston/Cambridge 

The life sciences cluster in Massachusetts is strongly centralised in Boston/Cambridge 

due to the clustering around MIT and the other universities. Thus it is an island of 

innovation and not a belt of innovation. The major strengths of the system is the many 

top ranking universities and research, and many VC funds, the large selection of 

Bridging institutions (the importance of these bridging institutions have also been 

pinpointed by Rickne 2000), publicly funded R&D – combined with a culture of the 

“self made man” and good incentives monetarily wise for taking risk and starting up a 

company. In addition, the universities are commercially oriented and there are large 

sums spent on basic research. The major weaknesses that I find in this very limited 

research, is that the region might find trouble in competing with new, forthcoming 

clusters in other parts of the world like Japan, because of expensive academic staff. In 

addition, some parts of the knowledge base is not developed in the region, such as bio-

informatics. Smaller clusters elsewhere in the world may exploit these niches. 

 

4.4.2 Preconditions for biotechnology in Leipzig, Germany 

As Europe’s largest economy and most populous nation, Germany remains a key 

member of the continent’s economic, political, and defence organisations59. Germany 

has more than 80 million inhabitants and is known for its engineering and industry 

capability (in particular, the automotive industry is renowned). Germany is a nation 

consisting of 13 states and 3 free states. There are approximately 10 biotechnology 

clusters in Germany, the largest being Munich, Baden-Württemberg and Berlin-

Brandenburg. The Free state of Saxony is among the ten, but in the lower tier. Saxony 

has been characterised by phases of both prosperity and downturns. Currently, it is also 

among the states with the highest unemployment rates. However, in 2004, Saxony was 

the state in Germany that displayed the highest growth, investments and productivity 

increase according to Wirtschaftswoche60  (No. 41, 06.10.2005).  

 

The focus of this study will be the bioregion in Saxony, and in particular the BioCity in 

the city of Leipzig. It is, however, necessary to include some background information 

on the other states of Central Germany, i.e. the states of Sachsen-Anhalt (Saxony-

Anhalt), Sachsen (Saxony) and Thüringen (Thuringia), because the three states are 

 
59 CIA’s world book of facts, www.odci.gov/cia/publications/factbook  
60 The German version of Business Week 

http://www.odci.gov/cia/publications/factbook
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closely intertwined, not only in history and industrial development, but also when it 

comes to biotechnology.  

 
Figure 4.12: Central Germany 

 

Interestingly, the blurring boundaries between the three states are caused, in part, by 

historical reasons. 

A brief history of Saxony and Leipzig 

The outskirts of the city of Leipzig was the site of the defeat of 150,000 French troops 

under Napoleon command when faced with 300,000 Austrian, Prussian and Russian 

soldiers on 18th of October in 1813. The King of Saxony, whose troops fought with the 

French, was captured. Later, at the beginning of the nineteenth century, Leipzig, a major 

city of Saxony, became an important commercial centre in Europe. Possessing one of 

the most ancient and important universities in Europe, scholars and traders were to be 

found often in the streets of Leipzig. The city had by then grown from an old Slavonic 

settlement into a commercial strength. Its book trade was important for many centuries 

and attracted travellers from all over Europe. The kingdom of Saxony became the state 

of Saxony after 1918, and joined the Weimar Republic. Dresden became its capital. At 

the beginning of the twentieth century with a united Germany, the Saxon industry 

continued to develop and contributed significantly to Germany’s industrial strength, 

Saxony at this time was the most densely populated area of Germany. In the 19th and 

early 20th century, Saxony became one of the most industrialized German states, with a 

noted textile industry. Chemnitz became its main industrial centre and Leipzig its chief 

commercial hub.  
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After World War II the state of Saxony was reconstituted (1947) under Soviet 

occupation and became part of the German Democratic Republic (GDR/DDR) in 1949. 

From 1952 to 1990 Saxony was significantly developed as the main industrial centre of 

the Communist State and produced about a third of East Germany's gross domestic 

product. Following reunification, Saxony found that its industries could not compete in 

the new “open” market and a new industrial revolution has had to take place. The old 

DDR factories have been closed down, and the state tries to attract firms from West 

Germany. It has also started to build up new industries – but it is a long way to go if 

Saxony is to regain its former prosperity. Because many people moved to West 

Germany when the wall came down in 1989, the rent price is unbeatably low in Saxony. 

Thus, the business incubators such as The Business Innovation Centre (BIC) often offer 

free office space for start-up companies. 

Saxony is located in the middle of Germany, and the most important cities in Europe 

can quickly be reached via highways and high-speed trains.  

Biotechnology in Saxony 

The number of new technology-based businesses started every year is increasing in 

Germany. Small and medium sized enterprises have a special position in this country 

(as in many other European countries) and every new business foundation, on average, 

contributes to about four new employments. In addition, Germany provides more 

investments for biotechnology than any other European country, which is one of the 

reasons Germany is a leader in Europe when it comes to biotechnology:  
Beginning in the mid 1990s, the German government introduced a range of new technology 
policies designed to create clusters of entrepreneurial start-up firms. Starting in 1996, the 
government decided to provide “public venture capital” in the form of “sleeping” or silent equity 
partnerships from federal sources. Over the past 5 years well over 1 billion DM has been 
channelled into such investments, with over half of the new firms specialising in information 
technology, communications, or biotechnology  

(Casper & Whitley, 2004:99). 
 

The State Government of Saxony (led by Georg Milbrandt, Ministerpräsident in Saxony 

the last 5 years) will support this sector with more than 200 million euros – and thus 

occupies a top spot among the German states in terms of investments. This is a very 

conscious development targeted at economic growth in an area with up to 20% 

unemployment. Saxony has, however, a long tradition supporting industrialisation. 

Biotechnology is maturing into a product-based industry, and Saxony has all the 

resources, infrastructure and expertise to support the development of biotechnology and 

life sciences companies from their basic research and development, to cost-effective 

manufacturing and production enterprises. In Saxony, there are 51 core biotechnology 
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companies, further 50 companies producing instrumentation and equipment for life 

sciences, 5 pharmaceutical companies, 40 service providers and distributors, and 10 

support companies offering financial or other consultancy services61. In total, Wired 

Magazine gave Saxony a score of 8 out of 1662 for its bioregion, based on among others 

the following success factors:63

First, a skilled workforce that, due to high unemployment, is willing to work for low wages. 
Second, a hands-on government that - in a region with only modest venture capital - has 
implemented wide-ranging investment incentives for both German and foreign investors.  

(Wired Magazine, 07.07.2000) 

Actors and Networks 

Firms: In Saxony there is a well-developed industry in medical devices and 

instrumentation (and research instrumentation). According to Casper & Whitley (2004), 

the biotechnology companies in Germany in general focus on platform technology: 
Turning first to biotechnology, most of the leading German companies are in the platform 
technology area (Qiagen, Lion Biosciences, Evotec etc). On the other hand very few German 
companies focused on therapeutics have found success. 

(Casper & Whitley 2004:99) 
 

This is true to some extent also in Saxony, as there are several biotechnology companies 

that focus on drug discovery or technology platforms. Depending on the type of 

definition used, there are from about 50 to 150 biotechnology companies in Saxony64, 

and table 4.9 display the names and location of some of them. Saxony’s core 

biotechnology companies65 has particular strengths in genomics, proteomics, tissue 

engineering, diagnostics, drug discovery, environmental biotechnology and clinical 

biotechnology66.  

 

                                                 
61 Source: Biosaxony (http://www.biosaxony.de)  
62 See table 4.4. 
63 Wired Magazine Article: ”Venture Capitals”, Issue 8.07, June 2000,  
http://www.wired.com/wired/archive/8.07/silicon.html?pg=1  
64 Ernst & Young’s definition of biotechnology in general includes all innovative methods, products and 
treatments containing living organisms or their cellular, or sub-cellular parts, as well as, all commercial 
transfer of knowledge from the fields of molecular biology, virology, microbiology and cell biology. 
Products and treatments that are not purely bio-technical, but that play a significant role in the biotech 
industry, such as bio-informatics, also fall in this category. The Ernst & Young definition of “core biotech 
firms” are firms “whose aim is the commercialisation of modern biotechnology, and which are active in 
research, development, and marketing of biotech products, technologies and services”.  Ernst & Young's 
rigid definition has consistently produced the most conservative estimates in the field (According to 
Industry Canada, a department of the Federal government of Canada, http://strategis.ic.gc.ca). In line with 
the Ernst and Young definition of core biotechnology companies, there are only 53 companies in Saxony.  
65 As defined by Ernst & Young (see footnote 42) 
66 Source: Wirtschaftsförderung Sachsen GmbH (The Saxony Economic Development Corporation). 

http://www.wired.com/wired/archive/8.07/silicon.html?pg=1
http://www.biosaxony.de
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Table 4.9: A list of some of the major biotechnology companies in Saxony (Source: 
Wirtschaftsförderung Sachsen GmbH 200467)  
 
Biotechnology firm Location URL 
ABX advanced biochemical compounds GmbH Dresden  www.abx.de
BioPlanta GmbH Leipzig www.bioplanta-leipzig.de
Biostim Biotechnological Products  Chemnitz www.biostim.de
BIOTECTID GmbH  Leipzig www.biotectid.de
Biotype AG  Dresden www.biotype.de
bi-utec – Biologische Umwelttechnik an der Neisse GmbH Neiße  www.bi-utec.de
Bruker Saxonia Analytik GmbH  Leipzig www.bruker-daltonik.de 
BUSSE GmbH Leipzig www.busse-gmbh.de
Cenix BioScience GmbH  Dresden www.cenix-bioscience.com 
Chemieanlagenbau Chemnitz GmbH (CAC)  Chemnitz www.cac-chem.de/start.html 
CORTEX Biophysik GmbH  Leipzig www.cortex-medical.de 
CyTecs GmbH Goerlitz www.cytecs.de
Endress+Hauser Conducta Doebeln www.conducta.endress.com
euroderm GmbH Leipzig www.euroderm-biotech.de 
Feinchemie GmbH  Sebnitz Dresden  www.feinchemie.de 
G.E.O.S. Freiberg Ingenieurgesellschaft mbH Dresden  www.geosfreiberg.de 
Gene Bridges GmbH Dresden www.genebridges.com 
GeSiM Gesellschaft für Silizium-Mikrosysteme mbH Dresden www.gesim.de
IBFB Pharma GmbH Leipzig www.ibfb.de
Labor Diagnostik GmbH Leipzig www.lab-leipzig.de
Linde-KCA-Dresden GmbH Dresden www.linde-kca.de
Medizin- und Labortechnik Engineering GmbH Dresden www.mle-dresden.de
NAMOS Ltd. Dresden www.namos.de
Nimbus Biotechnologie GmbH Leipzig www.nimbus-biotech.com
OXYPHEN GmbH Dresden www.oxyphen.com 
pe Diagnostik GmbH Leipzig www.pe-diagnostik.de 
RESprotect GmbH Dresden  www.resprotect.de 
Roboscreen Gesellschaft für molekulare Biotechnologie mbH Leipzig www.roboscreen.com
SAXONIA MEDICAL GmbH Dresden  www.saxonia-medical.de
SensLab GmbH  Leipzig www.senslab.de
VITA 34 AG  Leipzig www.vita34.de
 

Pharmaceutical firms: In terms of conducting drug discovery research, the 

pharmaceutical industry is not well developed in Saxony in terms of conducting 

research, but it has long traditions for production and manufacturing of drugs. The 

Leipziger Artzneimittelwerk has for instance been producing pharmaceuticals since 

1926 in Leipzig, and employs around 150 people. Other pure manufacturing plants 

include SCHWARZ PHARMA Produktions GmbH & Co. KG, which is a 

manufacturing site for the global pharmaceutical company Schwarz Pharma AG. The 

pharmaceutical company GlaxoSmithKline is also active in Saxony with the enterprise 

Sächsisches Serumwerk Dresden, which is a part of the GSK Group that focuses on 

manufacturing of vaccines against influenza etc68. It also packages and bottles all of 

                                                 
67 The Saxony Economic Development Corporation 
68 Could develop into an important site with the emerging threat of new viruses, such as the virus causing 
bird flu.   

http://www.vita34.de/
http://www.abx.de/
http://www.bioplanta-leipzig.de/
http://www.biostim.de/
http://www.biotectid.de/
http://www.biotype.de/
http://www.bi-utec.de/
http://www.busse-gmbh.de/
http://www.cytecs.de/
http://www.conducta.endress.com
http://www.gesim.de/
http://www.ibfb.de/
http://www.lab-leipzig.de/
http://www.linde-kca.de/
http://www.mle-dresden.de/
http://www.namos.de/
http://www.nimbus-biotech.com/
http://www.roboscreen.com/
http://www.saxonia-medical.de/
http://www.senslab.de/
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GSK’s liquid vaccines. There are only a few pharmaceutical companies focusing on 

development of novel drugs and biopharmaceuticals, such as the company Elbion AG in 

Radebeul, which was founded in 2002 as a spin-off from the Dresden based 

pharmaceutical company AWD Pharma GmbH & Co KG (a manufacturing site for 

many central drugs). Other pharmaceutical companies based in Saxony include 

APOGEPHA Arzneimittel GmbH, HEXAL Syntech GmbH and Kallies Feinchemie 

AG. 

 

Venture Capital/Financial firms: Venture capital is poorly developed in Germany in 

general, and even worse so in Saxony, where the biotechnology industry is not yet 

mature enough at a general level for VC financing. Thus, the state of Saxony set aside 

$180 million for the development of the biotechnology sector, and there are different 

sets of grants that can be achieved through various governmental actors. The banking 

sector is also in general very important in Germany, and the Leipziger Sparkasse (the 

largest eastern German savings bank) offers loans and financial support arrangements 

for startups (for example beneficial loans that the company only have to pay back if 

certain financial targets are reached etc. The eventual losses from the bank are then 

covered by the state for example). 

 

Non-firm actors: 

Universities: It is difficult to say whether or not the academic research focus has any 

influence on the R&D (product) focus of the companies. The research focus in Dresden 

is on tissue engineering, post genomic development of novel drugs, 

(bio)nanotechnology and molecular bioengineering. The main focus of research in 

Leipzig is regenerative medicine, biomedicine and environmental biotechnology69. The 

research network in Saxony comprises four universities and five technical colleges. The 

major universities in Saxony include the University of Leipzig and the TU Dresden, 

which is the technical university in Dresden, and has been awarded the first German 

Research Foundation (DFG) Research Center in the new (old GDR) German States. 

Very close by (but not really in Saxony) is the Martin-Luther Universität Halle-

Wittenberg. One of the highest accredited independent business schools is also located 

in Saxony; Handelshochschule Leipzig (HHL) (Leipzig Graduate school of 

Management), which the industry may utilise as cheap management/marketing/business 

                                                 
69 Source: BioSaxony (http://www.biosaxony.de)  

http://www.biosaxony.de/
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advisors. In addition there are several non-university research facilities (it is quite 

common in Germany to have many independent research institutes, which are fully 

sponsored by the Ministry of Education and Research, and are organised as 

groups/societies – Gesellschafts) such as the twelve Fraunhofer Institutes70, six Max 

Planck Institutes71, a Helmholz Institute72 and twelve state research institutes. In total 

research facilities include (Box 4.2): 

 

Box 4.2: Biotechnological research facilities in Saxony  
 
Biotechnological Center (Biotec) of Dresden University of Technology (Dresden)  
Center for Biotechnology and Biomedicine (BBZ) at the Leipzig University (Leipzig) 
Center for Environmental Research Leipzig/Halle (Leipzig-Halle) 
Chemnitz University of Technology (Chemnitz)  
Coordination Center for Clinical Trial Dresden (KKS-DD) (Dresden) 
Coordination Center for Clinical Trials (Leipzig) 
Dresden University of Technology (Dresden) 
IZBI – Interdisciplinary Center for Bioinformatics (Leipzig)  
IZKF – Interdisciplinary Center for Clinical Research (Leipzig) 
Kurt-Schwabe-Institut für Mess- und Sensortechnik e.V. Meinsberg (Doebeln)  
Leipzig University (Leipzig) 
Max-Bergmann-Center of Biomaterials (Dresden)  
Max-Planck-Institute for Evolutionary Anthropology (MPI-EVA) (Leipzig)  
Max-Planck-Institute for Molecular Cell Biology and Genetics (MPI-CBG) (Dresden)  
Medical-Theoretical-Center at the Dresden University of Technology (Dresden) 
Research Center Rossendorf (Dresden) 
University of Mining and Technology Freiberg (Freiberg)  
Zittau/Goerlitz University of Applied Sciences (Zittau/Goerlitz) 
 
(Source: Wirtschaftsförderung Sachsen GmbH - The Saxony Economic Development Corporation)  
 

In addition, the universities have recently enforced the development of knowledge 

transfer institutions and patent exploitation agencies. Moreover, there exist support 

structures apart from the university-based knowledge transfer, like innovation support 

by technology and research centres, or innovation support counselling for local 

companies by the Chambers of industry and commerce. Such organisations include the 

BIC (the Business and Innovation Centre in Leipzig), which is startup support and a 

business incubator, offering aid to technology-oriented companies. 
 

                                                 
70 The Fraunhofer-Gesellschaft is an institute for contract research in all fields of the engineering sciences 
(http://www.fraunhofer.de)  
71 The research institutes of the Max Planck Society perform basic research in the interest of the general 
public in the natural sciences, life sciences, social sciences, and the humanities (http://www.mpg.de). 
72 Helmholtz Association research centres: With its 15 research centres and annual budget of approx 2.2 
billion euros the Helmholtz Association is Germany’s largest research institution with more than 24,000 
employees.  It is focuses its work on six research fields: Energy, earth and environment, health, key 
technologies, structure of matter, and transport and space (http://www.helmholtz.de/). 

http://www.fraunhofer.de/


GRA 6995 MSc Thesis                                          Major: Innovation & Entrepreneurship 

 102

                                                

Saxony has built two biotechnology centres/business incubators: BIOZ in Dresden 

(BioInnovationsZentrum Dresden) and BIO CITY in Leipzig that provide lab and office 

space for companies and academic research in modern buildings. BioZ collaborates 

quite closely with TU Dresden and Bio City collaborates closely with the University of 

Leipzig. These centres make expensive lab equipment and resources available for the 

startup firms. In the information from BioSaxony, the coordinated office/network for 

the bioregion Saxony, it said: 
Thus, a company that establishes itself in one of these incubators has immediate access, by the 
academic researchers in the same building, not only to their resources but also via them to the 
rest of Saxony’s, Germany’s and Europe’s academic networks73.   

 

However, the reality may be quite distant from that reality as it became evident in my 

investigation of some of the companies in BioCity Leipzig that collaborations between 

the companies and the university needs to be further facilitated74, which may imply that 

physical proximity is not enough to create connectivity, which is something we will 

discuss further in the next chapters.  

 

Important governmental actors at national level include the German Ministry for 

Economics and Technology (Bundesministerium für Wirtschaft und Technologie, 

BMWi), which has institutionalised an arrangement of matching of private capital with 

state funding that some say has significantly contributed to made Germany a leader in 

Europe when it comes to biotechnology, despite its scarce venture capital industry. The 

German Information Office of Biotechnology (Informationssekreatariat Biotechnologie) 

is sponsored by the Ministry for Education and Research, and provides relevant 

information about the sector. The Ministry for Research and Education 

(Bundesministerium für Bildung und Forschung, BMBF) has set aside $720 million for 

the next 4 years to sponsor intensified biotechnology research and education75.  

 

In Saxony, the most important governmental actor is the administration of the free state 

of Saxony. The state of Saxony, and in particular the Staatsministerium für Wirtschaft 

und Arbeit, is extremely important for biotechnology when it comes to financing and 

general investments (BioSaxony was an initiative promoted by the Saxon Land 

governement since 2000, which aims to turn Saxony into one of the leading 

biotechnology clusters. Over 200 million euro were put into this initiative and two 
 

73 Source: http://www.biosaxony.de  
74 See next chapter. 
75 Source: US STAT, 2004 

http://www.biosaxony.de/
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biotechnology incubators were erected in Leipzig (BioCity) and Dresden76). The 

Saxony Economic Development Corporation (Wirtschaftsförderung Sachsen GmbH) is 

a part of the initiative to build Saxony as an attractive place for business and is 

supposed to be a bridge-builder between companies in Saxony and cooperation partners 

from outside the state. They offer information and data on the economy and business 

environment77. 

 

The Unternehmensgrundungsburo Leipzig (UGB) is a start-up assistance office which 

help startups with developing business plans and get financing. The UGB has a network 

of partners that it can utilise, such as for example the Leipziger Sparkasse, the Landkreis 

Leipzig (support for young entrepreneurs), BIC (Business Innovation Centre in 

Leipzig), the Industrie- und Handelskammer zu Leipzig (Leipzig Chamber of 

Commerce and Trade) etc. The UGB has a special workshop for biotechnology under 

the motto “Motivate for becoming self-employed” which supports PhD students, 

assistants and interested students of the biosciences in developing ideas commercially. 

The workshop is organized by the UGB, KPMG Leipzig and the Handelshochschule 

Leipzig (Leipzig Graduate school of Management).  

Networks 

Formal networks: The BIO-NET LEIPZIG Technologietransfergesellschaft mbH 

specialises in providing guidance to new companies and potential entrepreneurs and is 

essentially a technology transfer office that in addition provides extensive coaching. 

 

The most important bridge-building network for biotechnology must be the BioSaxony 

initiative, which links the Bio-areas in Saxony (Dresden and Leipzig) together, and also 

links to the other bio-regions in surrounding states.  Biosaxony has its main office in 

Dresden and is a network between politics, financial world, technology platforms and 

industry. It concentrates on biotechnological oriented research institutions and 

enterprises. 

  

Research collaborations: In addition to the university centres in the Bio City and the 

BIOZ, the scientific potential is reinforced further through collaborative projects, such 

as the first German Research Foundation (DFG)-funded collaborative research centre 

 
76 Source: http://www.biosaxony.de  
77 And has been a very useful source of information for this thesis too! 

http://www.biosaxony.de
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for stem cell research. This project is a joint venture between the Biotec Center and the 

medical faculty at the TU Dresden. 
 
The network BioMeT Dresden consists of 70 partners with research interest in life 

sciences. This network jointly applied for funding from the German Ministry of 

Education and Research (in their InnoRegio competition) and received 20 million euro 

for funding research related to life science (in particular medicine), and can give out 

funding to projects that can contribute to make Dresden and Saxony into a world leader 

in life sciences. 
 

Networking beyond Saxony 

Why is it necessary to see Saxony in a wider context with the two other states Thuringia 

and Saxony-Anhalt? First of all this has historical reasons (the regulations of the 1815 

Vienna Congress after the Napoleonic Wars, split the region into administrative 

districts, creating the basis for the development of the boundaries between the federal 

states of Thuringia, Saxony and Saxony-Anhalt as they exist today. These 

administrative boundaries split industrial centres with strong traditional and cultural 

ties). Secondly, the Ministerial Conference for Territorial Planning have declared the 

so-called “Saxon triangle” (Dresden, Halle and Leipzig) to be one metropolitan area, 

even through Halle is really a part of the neighbouring state Saxony-Anhalt. Thirdly, 

there is geographical proximity and Leipzig and Halle even has a common airport, 

Halle/Leipzig. Thus, it is only natural that there are special networks in place and 

centralised regional planning for “Central Germany” as one economic region. In this 

region, a diverse range of industries and services are clustered along a diagonal of about 

100 kilometre length: mechanical engineering and precision mechanics, optical 

engineering and electronics industry, automotive industry, petro and chlorine chemical 

industries, agro and biotechnology, information technology, and print and media 

services. Leading businesses from the region have joined forces in an initiative to 

promote the Central German Region. Their aim is to sharpen Central Germany’s profile 

and efficiently communicate the region’s economic advantages to the outside world. 

These activities are coordinated and implemented by the Regional Marketing company: 

Regionmarketing Mitteldeutschland, which makes plans for marketing of the innovation 

region or clusters crosses the traditional borders of the states. The initiative is currently 

embracing more than 50 structurally determining businesses from the region. Central 

Germany concentrates its economic development in dynamic clusters; that is, in 
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regional concentrations of producers, suppliers, service industries, and research, 

educational and other institutions. 

 

There are three main biotechnology initiatives in central Germany; Biosaxony, BMD 

and BioRegio Jena, and these work together via Regionmarketing Mitteldeutschland 

(see figure 4.13). This initiative is quite recent, as the Biotech Cluster Central Germany 

was “established”/incorporated in 2004. The “cluster” is represented by a steering 

committee, the Clusterboard, of which each member is situated in either the scientific, 

research, or economic sector. The clustering process is supported by the three central 

German Federal States Saxony-Anhalt, Saxony and Thuringia. The objective of the 

process is to increase focus on core competencies of the region of Central Germany, 

such as neurosciences, plant biotechnology, and medical bioengineering.  

 

 
Figure 4.13: The central German region for biotechnology78

 

In total, the three biotech clusters in Central Germany has 135 Biotechnology 

companies, 31 Fachhochschulen79, 20 Pharmaceutical companies, 11 Universities, 9 

Gottfried-Wilhelm-Leibniz-Institutes80, 8 Max-Planck-Institutes81, 7 Biotechnology 

Incubators, 5 Fraunhofer Institutes82 and 2 HGFs83. 

                                                 
78 Source: Regionmarketing Mitteldeutschland 
79Specialised higher education schools (colleges). 
80The Wissenschaftsgemeinschaft Gottfried Wilhelm Leibniz e.V. is a scientific organisation comprised 
of 84 non-university research institutes and service facilities (http://www.wgl.de).  
81The research institutes of the Max Planck Society perform basic research in the interest of the general 
public in the natural sciences, life sciences, social sciences, and the humanities (http://www.mpg.de). 
82 The Fraunhofer-Gesellschaft is an institute for contract research in all fields of the engineering sciences 
(http://www.fraunhofer.de)  
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83 Helmholtz Association research centres: With its 15 research centres and annual budget of approx 2.2 
billion euros the Helmholtz Association is Germany’s largest research institution with more than 24,000 
employees.  It is focuses its work on six research fields: Energy, earth and environment, health, key 
technologies, structure of matter, and transport and space (http://www.helmholtz.de/).  

http://www.fraunhofer.de/
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The Central Germany collaboration has led to increased cooperation among scientific 

and research organisations. An example of such scientific cross-border cooperation is 

the partnership of the universities of Halle, Jena and Leipzig, allowing students to 

participate in courses and lectures on all three universities reciprocally. Moreover, there 

exist an immense number of institutions and networks in the research sector, where 

local cooperation abounds, besides the general national and international networks (for 

example the Fraunhofer Institutes). Another example is the RegMedNet: a network of 

researchers from different disciplines and institutions in the cities Halle and Leipzig 

within the emerging field of regenerative medicine. Interestingly, this network was 

started as a quite narrow network, and has since expanded:  
Founded two-and-a-half years ago, it first targeted only clinical researchers. The need for and 
benefits of an expansion to include basic scientists quickly became apparent and the network 
grew to include members from a broad spectrum of research institutes in Leipzig and Halle84. 
 

RegMedNet focuses among other things on the promotion of young scientists and 

innovative projects.  

 

Other networks of actors at a national level include the DECHEMA (Society for 

Chemical Engineering and Biotechnology), a non-profit scientific and technical society 

based in Frankfurt on Main founded in 1926 with more than 5000 private and 

institutional members. The aim of the network is to promote research and technical 

advances in the areas of chemical engineering, biotechnology and environmental 

protection. Experts from science, business, and government departments cooperate in 

working parties and subject divisions. 

Institutions 

There are many historical reasons and parts of the German culture that make a huge 

impact in the biotechnology clustering in Saxony and the East-German states. East-

Germany, and Saxony in particular, has a history of commerce and trade and Leipzig 

was the capital of music and books85. After WWII, when Germany was split into zones, 

the Russians built Leipzig and Dresden into “shop-window” displays for the success of 

communism, and a lot of industry was booming with secured sales to the Communist 

world. With the decline of the USSR and the end of the Cold War, German unification 
 

84 Source: http://www.regmednet.de  
85 Many of the great musical composers took their education in Leipzig, like for example W.A. Mozart 
and Edvard Grieg. G.S. Bach worked and lived in Leipzig for 27 years, and Schiller and Goethe also lived 
in Leipzig for large parts of their lives. 

http://www.regmednet.de/
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was a fact in 1990, everything collapsed in East-Germany. Since then, Germany has 

expended considerable funds to bring Eastern productivity and wages up to Western 

standards, and there has also been political will to make special technology grants for 

the “Neue Bundesländer”. This type of money transfer make Saxony into a special 

region when it comes to biotechnology, since the cluster development seems to be more 

government-driven, than market driven (i.e. industry, venture capital, entrepreneurs etc) 

and technology (leading university research etc) driven.  

 

As a German state, Saxonian biotech innovations may apply for patent protection via 

EPO, the common patenting office for the EU. The European Guidelines for the 

Protection of Biotech Inventions in 1998 (98/44/EG) sets limits to what may be patented 

or not (for example human DNA sequences or and all other thing in the human body 

that “occur naturally” may not be patented. For a patent of an industrial application of a 

gene sequence, the patents may only be acquired for this particular gene function).  

 

There are also institutions at work in Saxony in the form of innovation and 

entrepreneurship awards such as IQ Innovationspreis Mitteldeutschland. There is one 

award for each state of Mitteldeutschland (Thuringia, Saxony and Saxony-Anhalt), and 

the awards are given to best-practice firms in the focus areas: Automotive, 

biotechnology/life sciences, chemistry/new materials, energy/environment and 

information technology. There is also the FutureSAX, a business plan competition, 

where 15.000 euro for the best business and marketing concepts. This is run by 

Businessplan Wettbewerb Sachsen GmbH (BPWS). 

A sum-up of the regional SSI in Saxony 

The main clustering occurs around the metropolitan areas of Leipzig and Dresden, with 

the area around Leipzig stretching towards Halle. The University of Leipzig and the TU 

Dresden seems to be the most important actors in terms of research and business 

incubators (Bio-City and BioZ). All in all, the biotechnology SSI is not very big and not 

very mature in Saxony. The companies are quite young and there is a small 

pharmaceutical sector in the region that has a strong manufacturing focus. It is probably 

a need to expand perspective beyond the state borders in order to achieve critical mass 

of companies and infrastructure. Collaboration between academia and biotechnology 

companies needs to be facilitated. Most of the infrastructure and tools are quite recently 

put to work, and thus, it is not yet possible to say anything about the real effects. 
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However, Saxony has experienced a much higher growth than the other German states 

last year, and the state government are very targeted in the development of the region. 

What is missing is a more market driven approach with industrial research and 

development. As the sector mature in this area, a venture capital sector to accompany it 

becomes nessecary. 

4.4.3 Preconditions for biotechnology in Norway 

Because of its small population, Norway’s economy is small by world and, indeed, by 

European standards. In terms of GDP it ranked 12th out of 19 west-European countries. 

Based on GDP adjusted for purchasing power parity (PPP), Norway ranked 14th. 

However, in terms of GDP per head (almost US$37,024 (at PPP) in 2002), Norway is 

one of the wealthiest countries in the world. It ranked second in Europe in 2001 in this 

respect (and was around 18% higher than the west-European average), behind 

Luxembourg and ahead of Iceland, Denmark and Switzerland86. 

 

 
Figure 4.14: Norway in between Denmark and Sweden (Map of Scandinavia) 

Norway – in between Sweden and Denmark for more than 500 years 

From year 1450 a treaty established a union between Norway and Denmark. This treaty 

was also to serve as a guarantee of the equality of the two realms. This was the theory; 

practice proved otherwise. In 1536 Norway ceased to be an independent kingdom. The 

close political link with Denmark drew Norway unavoidably into the wars that 

Denmark waged with Sweden and the Baltic Sea powers. At the Battle of Nations in 
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Leipzig in 1813 Napoleon suffered heavy defeat. One of his opponents on the 

battlefield, the kingdom of Sweden, now wished to have Norway as a safeguard on its 

western border, since it had already lost Finland. Sweden’s allies had therefore pledged 

Norway to should they conquer Napoleon and the French. In January 1814, the Danish 

king Fredrik VI surrendered, cut the links with Napoleon, and handed Norway over to 

his Swedish opponents. In this way ended 434 years of union between Norway and 

Denmark, and Norway was in a new union with Sweden as a republic that was governed 

by Sweden.  

 

Early industrial development  

The foundation for modern industry in Norway was laid in the 1840s, with the 

establishment of the first textile factories and engineering workshops. Between 1850 

and 1880 the size of the Norwegian merchant fleet increased drastically. In 1905, 

Norway and Sweden dissolved the union peacefully via diplomacy, and Norway again 

became a monarchy and was enjoying a period of economic growth, which lasted right 

up to WWI in 1914. The GNP rose by 55 per cent, i.e. by an average 4 per cent per year. 

The population grew rapidly and the employment situation eased. This was a result of 

the second phase of the industrial revolution, which in Norway was characterized by the 

exploitation of cheap hydro-electricity, and foreign capital investments, because even 

through the union of Norway-Sweden was dissolved, the industry of Norway and 

Sweden was still not split: Norway was dependent on Swedish investors and capital to 

build its industrial development. For the first time in Norway the electrochemical and 

electrometallurgical industries were built up, and new products appeared on the market. 

Major concerns such as Norsk Hydro (which still exist) were established and a number 

of new industrial centres sprang up.  The first two years of industrialization, however, 

brought relatively modest changes in the country's social structure. As late as 1910 42 

per cent of the work force was still engaged in agriculture and forestry. In 1920 the 

corresponding figure was 37 per cent. Today this figure has sunk to 6 per cent.  

 

The post-war years: The oil economy 

The post-war years have been marked by steady progress in the Norwegian economy: In 

the 1960s came the oil age. Exploring in the North Sea revealed rich finds, bringing 

considerable oil and gas production. Later, finds have also been registered in the 

Norwegian Sea and the Barents Sea. The major production now takes place in the 

Norwegian Sea, off central Norway. The petroleum age has led to a considerable 
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restructuring of Norwegian trade and industry. The traditional industries – 

manufacturing and industry with high labour costs – have experienced problems in 

competing internationally and severe cost cutting and downsizing has been necessary.  

 

The biggest policy issue in Norway in the post-war years has been whether or not to 

join the Common Market, or the EU (there has been two national referendums, in 1972 

and in 1994, both in which Norwegian voters has turned down membership). However, 

the Agreement on the European Economic Area (EEA), which was signed by the EU 

and the EFTA countries in 1992, ensures Norwegian participation in the development of 

the EEA, gives the country access to the EU common market and opens the door to co-

operation in a number of adjacent areas (for example research and education). Under the 

Agreement, Norwegian industry is guaranteed equal terms of competition with other 

EFTA and EU countries on the Western European market. Institutions have also been 

established which give Norway influence over the formulation of new sets of rules in 

the areas covered by the Agreement. 

Biotechnology in the Oslo Region and in Norway 

The main focus of this analysis of Norway will be on Oslo (and surrounding regions). 

Apart from being the national capital of Norway, Oslo is by far the most important city 

in Norway when it comes to high technology (Spilling & Steinsli 2003) (the runner-up 

is Trondheim, which has a strong IT focus). The region is well “endowed with key 

institutions” such as technology transfer offices and universities, in part due to the 

function as Norway’s capital (Spilling & Steinsli 2003:89). In Norway, the majority of 

the research and development institutions within biotechnology and biomedicine are 

located in the Oslo region, with the University of Oslo being the largest.  

 

The Oslo region is the leading Norwegian centre of research and industry within the life 

science sector. Paradoxically, the region of Oslo is considered as “leading” in Norway, 

but it does not really measure up to the top regions for high technology in Europe and 

the US (See for example Isaksen & Aslesen 2001, Spilling & Steinsli 2003 and Spilling 

2005).  

It is a fact that there are not that many biotechnology companies in Norway yet, with 

only 32 core biotechnology companies, according to the more limiting Ernst & Young 

definition.  The relatively modest effort spent by the industry on research and 

development gives an indication of the size, maturity and competitiveness of the sector, 
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and in particular, the resources spent by the industry on early stage drug discovery and 

basic research, says something about how little developed the biopharmaceutical 

industry is (because development of biopharmaceuticals does require basic research). In 

sum, the pharmaceutical industry in Norway spent no more than $58 millions in 200187 

on research, and this includes clinical studies and clinical development (as a 

comparison, the worlds biggest pharmaceutical company, Pfizer, spent $7,7 billions on 

research and development in 2004).  Only 3 % of the $58 million was spent on basic 

research. 

R&D spending in the manufacturing of pharmaceuticals, medicinal 
and botanical products in Norway, 2001

3 %

32 %

65 %
Basic Research
Applied Research
Development

Figure 4.15: R&D spending in the pharmaceutical industry in Norway (based on data from the 

Community Innovation Survey, 2001, Statistics Norway)   
 

Despite the relatively small size of the Norwegian industry, the number of new 

companies focusing on biotechnology is increasing, and there is potential because many 

exciting research areas are being explored:   
Commercially speaking we do not yet have a biotechnology sector in Norway worth mentioning 
to this date, but there is enormous potential, because there is so much exiting knowledge and 
technology being developed in research institutes and universities, but it does not get out from 
there.   

Eirik Næss-Ulseth, Business Angel/Bio-entrepreneur  (Interview 26.08.05) 
 

Many of these are materialising in close connection to the R&D institutions in the 

region. The Oslo region’s specialisation in biotechnology and biomedicine is evident in 
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a number of fields, such as analysis and treatment of cancer, cardiovascular and 

immunology research, aquaculture, animal health, marine resources, bio-informatics and 

functional genomics. The region’s close proximity to the rest of Europe, and in 

particular the closeness both in distance, culture and language to the rest of Scandinavia, 

opens up the possibility for extensive co-operation with other Nordic countries.  
  

Actors 
Firms: Oslo is the breeding ground for innovation and new business activity in Norway 

(Isakensen & Aslesen 2001), and in particular for the new biotechnology sector, since 

most of the firms are clustered in and around this region. The focus of the Oslo region is 

in particular cancer/oncology based research, where Norway has strengths:  
The Norwegian Radiumhospital is the biggest cancer milieu in Northern Europe  

Eirik Amble, Partner in NeoMed Investment ASA (DN 27.09.05) 
 

Cancer research based companies include Algeta, Biotec Pharmacon, Clavis Pharma, 

DiaGenic, GemVax and Photocure. Biotec Pharmacon ASA recently announced an IPO 

on the Norwegian Stock Exchange (DN Tuesday September 27th, 2005) and was based 

on research by biochemistry professor Jan Raa who studied betaglukan effect on 

cancercells at the University of Tromso.  

 

PhotoCure ASA is a Norwegian pharmaceutical company listed on Oslo Stock 

Exchange (PHO). The company develops and sells pharmaceuticals and medical 

devices based on proprietary photodynamic technologies, targeting key dermatology 

and oncology markets. Photocure has its offices near Blindern, Rikshospitalet and the 

Norwegian Radium Hospital. The timeline for PhotoCure ASA, is interesting because it 

shows how long time it takes to commercialise biotechnical innovation. Photocure was 

founded in 1993 with the aim to commercialise photodynamic technologies developed 

by the Norwegian Radium Hospital, and in 1994, the first patent applications were filed. 

The first round of equity financing was achieved in 1996, and in 1997 clinical studies 

for their first product, Metvix, were started. In 2000, the company was listed on Oslo 

Stock Exchange. The first marketing authorisation for Metvix was received in 2001. 

The first marketing authorisation obtained for Hexvix, the second product, was received 

in 2004, and in 2005, Hexvix has been approved in all EU/EEA countries, launched in 

the Nordic region and an NDA (new drug application) has been filed for in the US. 

Thus, it takes many years of development and there is a need to target an international 
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market. Other biotechnology firms in Oslo and close nearby are listed in the table 

below: 

 
Table 4.10: Biotechnology companies in the Oslo region 
 
Name of Company Brief description Location 
Affitech AS Target discovery to create therapeutic antibody for 

treating cancer, infectious disease, inflammation 
etc. 

Oslo 

Algeta ASA Anticancer radiopharmaceuticals (tumour targeting) Oslo 
Aminotech AS Enzymes (fishproteins) Oslo 
Aqua Bio Technology AS Enzymes Oslo 
Axis-Shield ASA Medical diagnostic products Oslo 
Biomolex AS High resolution imaging for accurate quantification 

of protein expression arrays etc. 
Oslo 

DiaGenic ASA Diagnostics for diseases based on gene expression 
technology. 

Oslo 

Diatec.com AS Custom production of monoclonal antibodies Oslo 
Dynal Biotech (an Invitrogen 
Corporation) 

Monosized magnetic particles for use in 
immunology, biological and clinical research and in 
vitro diagnostics. 

Oslo 

GemVax AS Immunotherapy Porsgrunn 
Geno Breeding schemes for Norwegian Dairy Cattle Hamar 
GeNova Biobank Oslo 
Genpoint AS DNA samples Oslo 
Inovio AS Gene delivery technology for skeletal muscles Oslo 
Lauras AS HIV therapy based on immune stimulation Oslo 
Lingvitae AS Method for DNA sequencing Oslo 
MedProbe AS Research reagents Oslo 
Norchip Molecular diagnostics Hurum 
Norsvin Biobank, pig breeding development and research Hamar 
Bovibank AS Biobank, Norwegian cattle Aas 
OptiNose AS Devices for nasal delivery of vaccines and drugs Baerum 
PCI Biotech AS Technology for transporting macromolecules into 

living cells 
Oslo 

Photocure ASA Pharmaceuticals developed from photodynamic 
technologies 

Oslo 

Pronova Biocare AS Omega 3 based products Oslo/Baerum 
PubGene AS Bioinformatics (database with biological 

information) 
Oslo 

Qiagen AS Sample preparation (DNA) and tissue typing Oslo 
Rheumatech AS Patented gene function in immune cell Oslo 
Spermatech AS Non-hormonal birth control for men Oslo 
 

Interestingly, the pharmaceutical industry in Norway has its roots in the area around the 

river Aker (Nydalen). Nycomed is one of very few pharmaceutical companies that was 

actually started in Norway. It was started in 1874 as an import company of foreign 

pharmaceuticals. In the early 1900’s, the company started producing generic drugs 

(copycat drugs), which created a revenue base for developing own drugs, and in 1925, 
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Nycomed (or Nyegaard & Co as it was called then) started research. At that time, no 

one else in Norway were involved in pharmaceutical research. One of the most 

successful drugs of Nycomed was the painkiller Globoid. In 1940, the company moved 

to Nydalen. In 1986, the name was changed to Nycomed, and today it is a subsidiary of 

Amersham Health. 

 

 
Figure 4.16: Original packaging of the drug Globoid, one of the few Norwegian produced 

pharmaceuticals throughout history 

 

Unfortunately, the tradition of Nyegaard has not been “followed up” in the 

biotechnological revolution: 
There is no concrete collaboration with Norwegian biotechnology companies. At concern level 
[the Nycomed HQ is now in Denmark], we have contact with international biotechnology 
companies, primarily in the USA, with thoughts of future product initatives. 

Trond Lien, Financial Director in Nycomed Pharma AS 
 

There are not that many pharmaceutical firms left in Scandinavia, due to the global 

trend of consolidation: Swedish Astra merged with British firm Zeneca, Upjohn merged 

with Swedish Pharmacia, which later became a part of Pfizer. AstraZeneca still has 

some development in Sweden, in particular within cancer research. The Federation of 

Norwegian Process Industries, PIL, has estimated that there are about 10 pharmaceutical 

firms present in Norway, employing around 2800 people88. These include Alpharma 

AS, Amersham Health AS, Bionor AS, Nycomed Pharma AS and Weiders 

Farmasøytiske. 

   

Venture Capital: There are many venture capital companies located in the Oslo region, 

which invest in firms all over Norway. A significant share of their investment, however, 

is put to work in Oslo-based firms (Spilling & Steinsli 2003). Nevertheless, the VC 

market in Norway is not extensively developed. The VCs come into at later stages 
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(growth and later stage development) and invest mainly in more traditional industries, 

which make them almost irrelevant for most Norwegian biotechnology firms: 
(…) a majority of private investors concentrating on later stage venture capital and restructuring 
investments. Similarly, a relatively large share investments targets traditional industries and 
primary sectors. A majority of both private and public based investors have historically been 
involved with investments in a broad spectrum of industries, including more conventional and 
less technology intensive industries (Spilling & Steinsli, 2003:104). 

  

There are but a few of the venture capital firms that specialise on investing in 

biotechnology, despite the fact that this is a field that require in-depth knowledge in 

order to be a successful investor. One on the few venture capital firms that focus on life 

sciences is NeoMed Management, an international investment firm, which target the 

entire life sciences industry, including the pharmaceuticals, drug discovery, 

biotechnology, diagnostics and medical technology sectors, and has four investment 

funds in three countries (British Virgin Island, Jersey and Oslo). The Norwegian branch, 

NeoMed Innovation ASA, is a Norwegian limited liability company, established in 

1998, which has invested in 12 emerging companies in the pharmaceuticals, 

biotechnology, diagnostics and medical technology subsectors. The fund is currently 

fully invested in seven companies  (five investments have been sold following trade 

sales or Initial Public Offerings of shares).  

 

A developing business is the specialised business services firms that provide legal and 

commercial advise, such as Amino AS which provide legal and consultancy services 

specialised for the pharmaceutical industry (regulatory environment and drug 

registrations etc). Some of these firms are purely commercial and some work as fully or 

partly non-profit.  

 

Non-firm actors: 

Universities: The infrastructure for innovation is centralised around the University of 

Oslo campus and the largest research based hospitals in three main locations in the area: 

Blindern, Forskningsparken and Nydalen. In addition, the municipality of Aas south-

east of central Oslo, is important because it houses the University of Life Sciences and 

Biotechnology, which used to be an agricultural university, but which now focuses 

more and more on advanced biotechnology research. 
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Forskningsparken 
Nydalen 

Blindern 

Aas (UMB)

Figure 4.17: The four main locations of R&D/biotechnology institutions in the Oslo Region 

 

Blindern is the campus of the University of Oslo, Norway’s largest and oldest 

institution of higher education. It was founded in 1811 when Norway was still under 

Danish rule. Today the University of Oslo has approx. 30,000 students and 4,600 

employees. Four Nobel Prize winners should be a valid proof of the quality of the 

research at the University. The Technology Transfer Office at the University of Oslo is 

named after the scientist Kristian Birkeland who laid the foundation for one of 

Norway’s major industrial companies: Norsk Hydro. Birkeland innovasjon was 

established January 1, 2004 as a direct result of changes in the Norwegian legislation 

late 2002 where the universities were given the right and duty to commercially exploit 

research results, and share any financial gain from this with its researchers (inspiration 

from the US Bayh Dole Act). Birkeland innovasjon is responsible for stimulating and 

creating incentives for commercially relevant research and identification of 

opportunities in the form of new inventions at the university, secure the IP based on 

research conducted at the University of Oslo and its partners and the commercial 

exploitation of the IP through licensing and forming companies.  

 

 116
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Within steps from Blindern is Forskningsparken, where Oslo Innovation Center 

(Forskningsparken AS) is located two major hospitals (Rikshospitalet and 

Radiumhospitalet). Oslo Innovation Centre was established in 1990 based on a merger 

between an innovation centre, a research foundation and an incubator (Spilling & 

Steinsli 2003). Oslo Innovation Centre now contains more than 100 companies which 

means that around 1000 people work in the Park. The University of Oslo owns a large 

share of the Oslo Innovation Centre (the rest is owned by Oslo Municipality and SIVA).  

 

Norway is strong in epidemiological studies and has a unique patient database in which 

input from all medical journals of patients can be found (without there being 

opportunities for actually identifying the personal details of the patient). However, 

Norway is not considered as strong in clinical research compared to for example 

Denmark or other Nordic countries. Norway spends considerably less money on clinical 

and health research than comparable countries (for example the Nordic countries). In 

2001, a new reform for hospitals was introduced in Norway89, which emphasised the 

responsibility for clinical research, and the target is to spend 3% of the hospital turnover 

on clinical studies and research in the hospitals (for 2005, the target is to spend 353 

million NOK for clinical research). This is a significant increase in funding compared to 

previous years. In total there are five university hospitals in the Oslo region, and in 

Forskningsparken you can find two of the most renowned research based hospitals. The 

Norwegian Radium Hospital is the largest Cancer Hospital in Northern Europe and 

Rikshospitalet is Norway’s leading university and research hospital and renowned for 

its strength in the fields of transplantation, immunology and cardiovascular research, but 

with research that extends from clinical studies involving patients to cellular and 

molecular research. Currently, a merge of these two hospitals is in progress. 

Radiumhospitalet has been active in technology commercialisation and has its own 

technology transfer office and industry collaboration initiative; the Norwegian Radium 

Hospital Research Foundation, which has been involved in the commercialisation of, 

and has ownership in, Photocure, GenVax, PCI Biotech and Biomolex. NRH Research 

foundation also does clinical studies on contracts basis. Medinova is an innovation 

centre for biotechnology at Rikshospitalet, and shall provide assistance in technology 

transfer and research collaborations. Thus, it is a kind of two-way bridging mechanism: 

Outside in between industry and research, and inside-out via technology 

 
89 The so-called “Helseforetaksreform”  
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commercialisation, Medinnova’s objective is to generate a revenue stream that may be 

reinvested into research. Medinnova has been a part of the start of Bio-Medisinsk 

Innovasjon AS (BMI) in Forskningsparken, an organisation aiming at increasing value 

of biomedical innovations and introduce them to the investor community. BMI was 

started as a joint venture between Medinnova AS and Oslo Science Park 

(Forskningsparken AS), and works with the Birkeland technology transfer office and 

the University of Oslo to commercialise projects. In between Blindern and Nydalen, is 

the University hospital of Ullevål, which has more than 8000 employees and conducts 

independent clinical studies of new drugs and procedures. 

  

Close to Forskningsparken and Blindern, is Nydalen (”the New Valley”), a name that 

brings associations to another “valley” (the Silicon Valley in the US), also because it 

houses many ICT companies (such as SOL; Scandinavian Online, NetCom; a major cell 

phone service provider, Ergo Group; a business IT solutions company, etc). Nydalen 

was important in the early industrialisation of Oslo and Norway, and is now regaining 

importance as a location for the IT and communications sector and the campus of the 

Norwegian School of Management BI, which houses 10.000 business and marketing 

students and a large academic staff in a brand new building. Affiliated with the 

management school is Start-up Nydalen, a business incubator, which has not yet been 

involved in biotechnical startups. 

 

Located 20 minutes outside Oslo, is the small municipality of Aas, where you can find 

The Norwegian University of Life Sciences and Biotechnology (UMB), a university 

focusing on higher education and research within environmental- and biosciences. The 

University's main specialisation areas are: biology, food, environment, land use and 

natural resource management. In total, UMB has some 2,800 students of which about 

248 are PhD students. UMB was started in 1859 as the only Norwegian agricultural 

post-graduate college, and research did not take a primary role before nearly 40 years 

later. Quite recently (1 January 2005), UMB was granted university status in Norway. 

Aas has its own biotechnological science park, Bioparken AS, which was established in 

1991 (Spilling & Steinsli, 2003). The shareholders behind this initiative are Akershus 

County Council, UMB, SIVA and several smaller private shareholders. Bioparken has 

been involved in approximately 60 commercialisations so far. 

 



GRA 6995 MSc Thesis                                          Major: Innovation & Entrepreneurship 

The most important governmental actor shaping research policy in Norway, is the 

Norwegian Research Council (RCN) (Dober et al, 2004), which allocates grants based 

on guidelines provided by the government via the Ministry of Research and Education. 

The RCN’s budget for 2005 is 4607 million NOK (around $ 650 million). It is the target 

of RCN to get Norway’s public R&D spending at the same level compared to other 

OECD countries. This effort is measured in public R&D spending of the GDP, and the 

current level in Norway is less than 2% (OECD average is slightly above 2%, see figure 

4.18). US public research spending is well above OECD level with around 3% of GDP. 

3% of GDP is also the target for EU according to the so-called Barcelona statement. 

Thus, Norway must increase research spending drastically, in order to level with the 

OECD and the EU. 

 

 

Sweden 
Finland 

Norway 

Denmark 

Iceland 

OECD average

Figure 4.18: Norwegian research funding relative to selected countries and OECD average90

 

Another important governmental actor is Innovasjon Norge, which as of 1 January 2004 

replaced the following four organisations: The Norwegian Tourist Board, the 

Norwegian Trade Council, The Norwegian Industrial and Regional Development Fund 

(SND) and the Government Consultative Office for Inventors (SVO). Innovation 

Norway promotes nationwide industrial development profitable to both the business 

economy and Norway’s national economy, and helps release the potential of different 

districts and regions by contributing towards innovation, internationalisation and 

promotion. Innovasjon Norge has a clear regional focus in its operations, and grants are 

distributed on a regional basis. The new state owned company employs more than 700 

people. Innovation Norway has offices in all the Norwegian counties and in more than 

30 countries worldwide. The head office is situated in Oslo. 
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The Norwegian patent office (Patentstyret) has as main function to process applications 

for patent protection, and for trademark and design registration, and is a government 

authority organized under the Ministry of Trade and industry.  
 

Oslo Teknopol is a regional development agency established by the City of Oslo and 

Akershus County Council. Oslo Teknopol is a non-profit organisation that provide 

services and information to foreign investors considering the Oslo region as a possible 

location for future activities.  

 

Public financing of biotechnology 

The main funding organisations at national level for biopharmaceutical research in 

Norway is the Ministry of Education and Research, the Ministry of Health, the Ministry 

of Environment and the Ministry of Industry and Commerce (Dobos et al, 2004:18). 

The funds are channelled through the RCN and the universities. In total the public 

expenditure on biotechnology R&D is estimated to € 85 million (Dobos et al, 2004:18).  

 

Special grants and programmes include MEDKAP, a programme started in January, 

2000 as a continuance of the programme KAPBIO (Capitalise on biotechnology) and 

the Industry development from medical research programme (Næringsutvikling fra 

medisinsk forskning)91. Its target is to promote value creation through increased 

commercial exploitation of research from medical and health related research. In 

general the program received support from individual or small research groups that 

work within the biomedical and the hospital and research institute sector and its total 

budget is 15 million NOK ($100.000), which it administers as research grants 

(verification of technical concepts, evaluation of patentability, mapping of market 

potential and purchase criteria). MEDKAP is a part of the FORNY programme. 

 

The Research Council of Norway and the Norwegian Industrial and Regional 

Development Fund (SND) has have established a joint programme called “FORNY” 

comprised of employees and students at scientific facilities who have good, but latent 

ideas for projects. Scientific facilities are defined as universities, colleges and research 

institutions. FORNY is designed to encourage students, researchers and research 

administrators to focus more attention on the potential commercialisation of research 

 
91 Source: Naeringsrettet bioteknologi i Norge (RCN 2000). 
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results. This could mean that the inventor of the idea and other rights holders could take 

part in a commercial success based on the idea at hand. 

 

In 2000, central actors within research in Norway took initiative to make a national plan 

in order to enhance the knowledge field of functional genomics Norway. The result of 

this initiative is FUGE. The annual budget for FUGE (2003-2007) is 150 million NOK 

($20 million) until 2011. 

 

SKATTEFUNN is collaborative R&D incentive effort between RCN and Innovasjon 

Norge. It is a tax relief scheme for small and medium sized enterprises with sales less 

than € 10 million and less than 100 employees. The tax credit is set at 20% of the R&D 

expenses and can be applied up ca. half a million EUR for internal research and € 1 

million for external research (Dobos et al, 2004:16). Thus, it should promote boundary 

spanning research and development. 

Networks 

In the last couple of years, formal business networks have started forming. In Oslo 

today, there are many networks that focus on innovation. Some only have meetings 

once per year (organized as larger conferences etc), and some have frequent meetings 

that they organise. 

 

“Non-specialised” forums include First Tuesday, Venure Lab and Polyteknisk forening 

for example. First Tuesday is an open network that focuses on getting people together in 

a relaxed and informal atmosphere. The main target of the network is to connect ideas 

with capital, but essentially all parties interested in innovation are welcome to come at 

the organised events and meetings where there are plenty of opportunities for 

networking. First Tuesday tries to increase focus on innovation in the Norwegian 

society, and at the events, innovation competency is enhanced through lectures and 

panel debates. 

 

VentureLab focused on connecting VCs, business angels and corporate investors with 

high technology firms. Once a year, they organise the VentureLab Investment Forum 

where key players in the venture capital industry join to discuss trends, facts and 

possibilities in the fast-growing global Venture Capital Market. The Forum also 

showcases selected early stage venture companies in high growth industries. The target 
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of the VentureLab Investment Forum is to bring together private and angel investors, 

venture capitalists, investment bankers, emerging growth companies, incubators, 

successful entrepreneurs, premier service providers and industry leaders. 

 

Polyteknisk forening (The Poly-technical Society) was started in Oslo in 1852 as a 

meeting place for people interested in natural sciences and modern industrial 

development. Polyteknisk forening has developed into more than a meeting-place with 

the introduction of specialised groups, such as the group that focus on Health. In the 

Health forum of the society, issues such as innovation, technology and laws/regulations 

connected to health is discussed. 

 

The Norwegian Bioindustry Association (NBA) is a more specialised industry 

association or forum, and was established in 2001 by representatives for Norwegian 

biotechnological industries and the Confederation of Norwegian Business and Industry 

(NHO). The association is an independent member organization with purpose to 

promote development of Norwegian biotechnological trade and research. NBA’s main 

focus is to work on the cases that are important to the industry. It is also a prioritised 

task to participate in building a bridge between biotechnological industry and research 

communities in universities and colleges. The association has a nationwide perspective. 

NBA is an affiliate member of the Biotechnology Industry Organization (BIO) (an 

international industry association for biotech). 

 

The Norwegian Cancer Society, NCS, (Kreftforeningen) is a voluntary charity based 

network organisation, which works for cancer patients, and among other things provides 

funding for cancer research (in 2004 the funding was 115 million NOK for cancer 

research92). The organisation has over 140.000 members which give and collect money 

for cancer research. The Norwegian Cancer Society has been one of the most important 

contributors to medical research in Norway for many years, since public allocations to 

medical and health research are limited, but thanks to the support from the general 

public via NCS it has been possible to maintain a high international standard of cancer 

research. The NCS and the Norwegian Radium Hospital together form the main 

argument for why Norway is a leader in Europe in this field. 

 

 
92 Source: Kreftforeningen (NCS) www.kreftforeningen.no  

http://www.kreftforeningen.no
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Since Norway is such a small country with a limited pharmaceutical industry, 

networking beyond the borders of Norway is rational choice. Sweden has long traditions 

for excellent research and a strong pharmaceutical industry, combined with a less 

restrictive regulatory environment and EU membership. Together, the southeast of 

Norway and the southwest of Sweden form a region with close connections: The GO 

Region. 

 
Figure 4.19: The GO Region93  

 

The GO-region is a strategically located region that is important both in Scandinavian 

and international contexts. The region is made up of Oslo, Akershus, Østfold, Göteborg 

and Västra Götaland. It is home to almost a quarter of the population of Norway and 

Sweden, nearly three million people. Oslo and Göteborg are major centres for 

education, industry, trade and transport. In 1995 a joint venture agreement was signed 

for the GO region. The purpose of the agreement is to stimulate economic development 

and increase the attraction of the region internationally. The joint venture encompasses 

the development of trade and industry, research and education, communications, culture 

and tourism. A number of different projects are being developed within these areas. 

Göteborg (Gothenburg) is Sweden’s second largest city with a population of 474.000. 

As Oslo, it is a port city and they both handle over 30 million ton of goods each year. 

The distance between Oslo and Göteborg is 310 kilometres on the E6 motorway, which 

in a few years will be fully upgraded to a four-lane motorway in its entire length. The 

rail link has had new high-speed trains since 2002. The University of Oslo and the 

Göteborg University are among the largest in Scandinavia with over 35.000 respectively 

40.000 students while Chalmers University of Technology has around 8.000 students. 
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93 Source: MedCoast, http://www.medcoast.no

http://www.medcoast.no
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Within a couple of years there will also be about 4.000 students at the IT-University in 

Göteborg. The Norwegian School of Management BI have a further 10.000 students and 

the Agriculture University of Norway and the Norwegian School of Veterinary have 

some 3.000 students. 

 

The main collaboration in the GO region will be concerning creating research and 

education networks within micro-arrays, bio-informatics, proteomics, marine biology, 

protein structure and spectroscopy, ethics, bio-imaging, early diagnosis of dementia and 

nuclear magnetic resonance94. Some of the collaboration groups are based on the 

interactions between the large projects in biotechnology in the region, FUGE in Norway 

and SWEGENE in Sweden. Scientists in these projects can now use each other’s 

scientific and technical platforms for internal costs. The collaborations have also led to 

several scientific publications, collaborate grant application (EU and Nordic) and 

increased Nordic research alliance95. MedCoast Scandinavia is a Swedish/Norwegian 

networking organisation founded to further strengthen and develop the biomedical 

sector in the Göteborg-Oslo (GO) region. MedCoast acts as a catalyst for collaboration 

between scientists, businesses and the public sector, and works to promote 

entrepreneurship and the commercialisation of innovative ideas. Additionally, 

MedCoast works to facilitate venture capital in the biomedical sector and to increase 

foreign investments. The founders of MedCoast are96

!"Oslo Kommune (The municipality of Oslo) 
!"Akershus Fylkeskommune (The County of Akershus) 
!"Østfold Fylkeskommune (County of Ostfold) 
!"Universitetet i Oslo (The University os Oslo) 
!"Universitetet for miljø- og biovitenskap (UMB) 
!"Norges Veterinærhøgskole (The Norwegian Veterinarian University) 
!"Business Region Göteborg 
!"Västra Götalandsregionen 
!"Göteborgs Universitet and Sahlgrenska Akademin 
!"Chalmers Tekniska Högskola 

 

This development of the GO region and MedCoast etc, is quite recent, and it is too soon 

to really say anything about the success of the effort. In addition to the GO Region, 

collaboration across Nordic borders is already an established fact with the networks 

 
94 Source: MedCoast (www.medcoast.org) 
95 Source: MedCoast (www.medcoast.org) 
96 Norwegian founders in typewritten in bold. 
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such as ScanBalt and Medicon Valley97 in place. The SCANBALT BioRegion 

encompasses a number of regional networks between universities, industry, hospitals, 

public institutions and other important actors within the life science arena. ScanBalt is a 

unique concept with the purpose of building a strong competent meta-region able to 

compete with other life science players at the meta-regional and global level. ScanBalt 

is a mediating and coordinating network without formal power and its strength depends 

on the strength of the individual networks. It implies coordination of existing networks 

and organisations as well as stimulating the creation of new ones.  

Institutions 

The laws and regulatory environment in Norway are among the most restrictive in 

Europe (Dobos et al 2004). There are essentially two laws regulating biotechnology in 

Norway: The Biotechnology Act and the Act on Gene Technology.  

 

The Biotechnology Act (1994) covers in-vitro fertilisation and use/storage of human 

embryonic cells, as well as cloning of humans, foetal diagnosis and gene therapy etc. 

This basically also means that embryonic stem cell research is forbidden. The Act on 

Gene Technology (1993) regulates the manufacturing and use of GMOs (Genetically 

Modified Organisms), and is currently the most restrictive in Europe. It could be a 

potential to research and commercialisation, and consequently to the pubilc: For 

example DNA based vaccines are currently not produced or marketed in Norway. It 

could also be a potential barrier to building up a bio-cluster: 
For commercialisation within that area, of course it matters. But for the firms we have worked 
with, this has not been a problem, so far at least. But in order to build an industry, a more broad 
sector, then of course it makes a difference. But you can look at the ones who have targeted the 
development and use of bio-banks of biological material, they have also been able to establish 
and nourish an industrial development with top-researchers. Look at Sweden for example, where 
a lot more is going on now, and also commercially, and there are spin-off or cluster effects. But 
we have an enormous potential also here in Norway.  

Eirik Næss-Ulseth (Business Angel/serial entrepreneur)  
 

Legislative framework on commercialisation of research results 

A new law put into effect on the 1st of January in 2003 gave universities and other 

educational/research institutions the right to inventions made by their employees 

(similar to the Bayh Dole act in the USA). This also made it essential for the 

universities to establish mechanisms for facilitating and supporting commercialisation 

of knowledge from the universities, for example in the form of technology transfer 
 

97 Swedish-Danish cluster in the region connected by the Oresund bridge, see www.mediconvalley.com. 
Since medicon valley does not really encompass Norway, I will not go into that here.  

http://www.mediconvalley.com
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offices. There is difference of opinion on the benefit of this law, especially since the rest 

of the system (i.e. how researchers work and are motivated) has not been changed: 
There is no incentive, there is not time to do these things. You have to get money for your 
research, you have to educate and give lectures, and actually do the research itself, and the 
bureaucracy is increasing in terms of reporting and such things, and there is in fact not much 
time left then, and so if you plan to do something commercially it is almost impossible. And with 
this sharing model and the fact that you as a researcher does not have a lot of competency on 
running a company, you kind of end up as a parenthesis almost, in something that you helped 
creating, but where you loose influence over your own creation very quickly. 

Eivind Hovig (PubGene AS/Professor at NRH) 
 

Culture and Norms 

Greater Oslo has a population size of approximately 1 million people (central Oslo 

rooms around half a million people). It may seem strange, but there is in Norway an 

established practice of a strong political pressure against investing in the Oslo region. 

Norway has historical roots and culture that strongly emphasise “the little self-sufficient 

man on the little farm in regional Norway who can survive long, cold winters almost 

without sun and meeting almost no other person”. In many ways, this idea is still very 

present in the minds of most Norwegians. This is most certainly an “unscientific” 

statement, in particular so since I have absolutely no empirical evidence of this being 

true. However, being a Norwegian myself, I can conclude based on my self, and my 

perception of the media and of fellow Norwegians. Regardless of my perception, it is a 

fact Norway is a country with a very anti-urban policy. At the same time, there is still a 

tendency towards increasing urbanisation. Oslo is the place where most of the more 

knowledge intensive employment opportunities are, and the people that graduate from 

universities and colleges in Oslo, show a weak tendency of moving out of Oslo when 

they graduate. This is a paradox, because with all the new forms of communication, one 

could essentially work everywhere. Instead, urbanisation and centralisation is increasing 

(and not just in Norway). Because of this anti-urban policy, the Region of Oslo and 

Akershus has the lowest startup funding available per head in the whole of Norway, 

which causes problems for capital intensive companies, such as biotechnology firms. 

A sum-up of the regional SSI in Oslo 

Oslo as the capital of Norway, have the advantage of the main city “functions” such 

state offices and government seats. The biotechnology cluster in Oslo is not very large, 

consisting of less than 20 core biotechnology companies (a little over 30 companies in 

Norway in total). Oslo has had some success with biotechnology companies focusing on 

cancer therapies, and several of these are started as spin-offs from the Norwegian 

Radium Hospital, and some which have recently listed on the Oslo Stock exchange. The 
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clustering is mainly in the Nydalen/Blindern/Forskningsparken area (an area often 

referred to as Gaustad) and additionally around the University of Life Sciences and 

Biotechnology in Aas. The University of Oslo is a strong research based university, 

which is recognised internationally. The main funding public funding (though limited) 

is administered through the Norwegian Research Council (NRC). There is a recent 

development of integrating the Oslo bio-region with Gothenburg in Sweden, and 

forming one region, the GO region. 

4.5 Summing up the chapter  

This chapter has served three purposes: First, I have discussed biotechnology in general 

and introduced the process of drug development as a four-stage process, starting with 

basic research and ending with manufacturing and launch into the market, and reasons 

for why this process facilitate collaborations because the pharmaceutical companies 

need to have more products in their pipeline, and the biotechnology firms need finance 

and access to complementary knowledge. Second, I have discussed the spatial 

dimension of biotechnology and looked at whether biotechnology may be defined as a 

local or a global sector. The conclusion to this discussion was that it has essentially a 

global knowledge field, but the actors are mainly locally rooted (that to some extent 

collaborate internationally if they have the need to/ relational incentive to do so). I then 

discussed the European biotechnology sector maturity to that of the US, and looked at 

relevant dynamics in these geographical areas. Third, I introduced the three regions, 

Oslo, Boston and Leipzig, based on its actors, institutions and networks.  
 

In the next chapter, three biotechnology companies will be described and discussed in 

terms of their connectivity patterns in early firm development. In chapter 6 this will be 

brought together with the regional dimensions that has been discussed in this chapter. 
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5 Analysing three biotechnology start-ups  
 

“The new building potentially will house research programs in biomedical and 
biological engineering, computational biology, biophysics, structural genomics, plant 
functional genomics and social, legal, ethical and business aspects of genomics. 
Connectivity, both physically and intellectually, is essential. The question is, why bring 
all these diverse researchers together under one roof?”98

  
Steven Kresovich, Director of Cornell University’s Institute for Biotechnology and Life 

Science Technologies 
 

 
5.1 Overview 
5.2 The three biotechnology case studies: 3DM, Bioscora and PubGene 
5.3 Summing up 
 

5.1 Overview 

The question that Steven Kresovich asks rethorically in the quote above is also a central 

issue in this thesis. There may be valid reasons for bringing people together, but a more 

central question then is if and how interactions between diverse actors in fact occur? In 

the previous chapter, the spatial dimension of biotechnology was introduced, and three 

regions were analysed. In this chapter I will present the three case companies, which are 

located in those three regions, namely Oslo, Boston and Leipzig. For each company, a 

narrative style will be used to tell the story of the company from the pre-firm 

development up until where they are today. The case firms are all quite young 

companies (6 months to 5 years), but they all have roots in academics that go further 

back in time, and we will follow the firms’ development from the eyes of the 

entrepreneur(s). Each case will be analysed separately, by looking at interesting aspects 

related to the firm’s connectivity or networking patterns. I have tried to keep this 

chapter as descriptive as possible and put as much as possible of the analysis in the next 

chapter (chapter 6).  

                                                 
98 Quote from “New building promises to be 'magnet' providing connectivity and education”, an article 

on the significance of a new biology building at Cornell University. Interviewed and originally written by 

David Brand, Cornell News Service, Source: www.genomics.cornell.edu/news, accessed on July 24th, 

2005. 
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5.2 The three biotechnology case studies:  

3DM, PubGene and Bioscora 

Here I will provide a short narrative of the three case studies and a brief explanation on 

reasoning for the choice of cases. First initial contact was made in January 2004  and the 

last set of data was collected in August 2005.  

5.2.1 Reasoning for the choice of cases 

As previously stated, I have selected three different case studies in three countries with 

a very different regional setting in terms of the importance of biotechnology for that 

region’s economy and many other factors (as discussed in the previous chapter). But 

how was the cases selected, and based on what criteria were they selected? The 

companies where selected based on three important factors:  

!"A Location where I have spent considerable time personally, due to access of 
“localised” knowledge in order to understand important dimensions of the 
regional system.  

!"Characteristics of the firm itself: I wanted young firms that are in an early 
phase of commercialisation, and that have interesting products and people.  

!"Personal network in order to secure access99  
!"Availability: Firms that where available for interviews and observation, and 

firms that I had heard about.  
 

For all the three case firms I will look at how they connect to different actors. I will go 

more into depth on the cases of PubGene Inc and 3DM Inc, as these firms connect 

extensively to the surrounding actors, institutions and available knowledge. The third 

firm, Bioscora is more internally oriented at this early stage. For PubGene and 3DM, I 

will elaborate on specific collaborations that the firms have with other actors. The focus 

is based on Rickne (2000) and is to understand how the collaboration was inititated and 

how it evolved over time (connectivity dynamics), with what type of actor, and how 

many actors/for how long (connectivity density), and what was its target/ result and who 

brought which resources to the collaboration (degree of flow). 

 
99 In two of the firms, I have had a personal link to the case in some way or another, by knowing people 
that work there or by having worked there myself. This secures access, which I was dependent on, due to 
having so few cases. 
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5.2.2 Case 1: 3DM Inc, Massachusetts 

3DM Inc.100 is a biomaterials and medical device company, headquartered in 

Cambridge, Massachusetts. PuraMatrix, 3DM’s biocompatible hydro-gels, is improving 

cell culture and drug discovery research at major pharmaceutical companies, the 

National Institutes of Health, the National Cancer Institute and leading clinical research 

institutions such as the Harvard Medical School, MDAnderson, Dana Farber Cancer 

Institute and Massachusetts General Hospital.  

 
3DM’s product; PuraMatrix (Photo: 3DM Inc) 

 

3DM's initial research products are sold through a worldwide partnership with BD 

Biosciences, and directly to the life science research, bio-production, and drug 

discovery markets. 3DM is also developing clinical products in orthopaedic and cardiac 

medical devices in collaboration with medical device and regenerative medicine labs. 

3DM is leading clinical development of PuraMatrix™ synthetic peptide hydrogels for 

use in orthopedic applications ranging from bone fill, to spinal fusion, to implant 

coatings, to drug and cell delivery. 3DM has recently submitted regulatory filings to 

FDA for its initial clinical products (in mid-2005). 

A narrative of 3DM Inc 

Scientists at MIT that invented the technology founded 3DM Inc in 2002 with a license 

to the portfolio of granted and in-process patents, which were based on their invention. 

However, the history of 3DM Inc is longer than the formal start-up time. The 

technology behind the MIT spin-off was discovered as early as in 1992, and the initial 

patents were filed in 1994. The scientific co-founders are four researchers at MIT, 

namely: Shuguang Zhang, Alexander Rich, Alan Grozinsky and Carlos Semino. 

Shuguang Zhang had a PhD in molecular biology. The shift to working with 

biomaterials was triggered by an experience in Alexander Rich’s lab (MIT): 
Zhang was probing a yeast protein that binds to DNA. A tiny stretch of the protein, he found, 
had an unusual, and intriguing, molecular structure. Zhang, then a postdoctoral fellow, asked 

                                                 
100 Website: www.puramatrix.com
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brain and cognitive sciences grad student Todd Holmes to help him explore the segment, known 
generically as a peptide. “One day Todd called. ‘Something strange is going on,' he said,” recalls 
Zhang, now associate director of MIT's Center for Biomedical Engineering. "I went over and 
looked through the microscope.” (…) It took Zhang a year-plus to figure out what that odd 
substance was: a biological material that had undergone molecular selfassembly to form what’s 
now called a hydrogel matrix. (…) Zhang recognized that self-assembly in the lab could lead to 
"nano-" structures –– structures with dimensions measured in billionths of a meter (…). But it 
took a decade of experimenting with materials and techniques for potential uses to come into 
focus. (…) While the self-assembling peptide materials incorporate amino acids - the building 
blocks of protein – they’re mostly water (hence the name “hydrogel”). They can selfassemble 
into a range of shapes, from nanotubes to fine 3-D nanofiber webs. Their dimensions are tiny: a 
tubule is 30 to 50 nanometers wide. And, they're biodegradable. What do such traits make them 
useful for? One application is as scaffolds for new tissues. “The dimensions of the individual 
strands in a hydrogel web are the same as the components of the matrix that surrounds most 
cells,” explains Zhang.  
(MIT Spectrum Spring 2002101) 

 

This discovery was further developed through the work and expertise of Shuguang 

Zhang, Alan Grodzinsky, Robert Langer, Alexander Rich, Carlos Semino and Lisa 

Spirio, and in addition: Richard Fike (Invitrogen/GIBCO), Rutledge Ellis-Behnke (Jerry 

Schneider’s lab-MIT), John Kisiday (Alan Grodzinsky’s lab-MIT). In 1995, the 

technologies were licensed to a company called Hercules, but for various reasons it did 

not work out, and the license returned to MIT in 2000, before it was re-commercialised 

in 2002 with the start of 3DM Inc and a new management team, including a new 

president of the company; Zen Chu, a former VC and entrepreneur:  
….and there was a person there that was already heading the company, but was doing a very bad 
job, so eventually they brought me in, and fired her. She was an M.D. MBA and.. ehm.. nothing 
against that but… and so then we did a restart of the company. 

Zen Chu, president of 3DM Inc 
 

Zen Chu has a BS. in Biomedical/Electrical Engineering from Southern Methodist 

University and an M.B.A. from Yale University, and experience from the IT and 

venturing via HP and Netventures:  
 I was at Hewlett Packard for 4 years where I founded and directed their HPGarage group which 
is a new technology ventures group. Before that I ran a consultancy company. After HP I started 
a company, and it failed. Or it never even started. It was in Silicon Valley in 1999 (…). It was a 
software company, within voice recognition, and it was something that came out of my work at 
Hewlett Packard. So it was kind of a transition. And then my wife’s company got bought, and it 
was a big deal, so that allowed me to quit my job. My wife’s a better entrepreneur than I am! 

Zen Chu, president of 3DM Inc 
  

Zen Chu had recently moved from San Fransisco where he grew up and settled in 

Boston, where he worked as a VC for some time, until he started searching for startup 

projects to invest his time in. The search for a company was an active search for 

 
101 MIT Spectrum Spring 2002 (http://web.mit.edu/giving/spectrum/spring02/revolutionizing-human-
health.html)  

http://web.mit.edu/giving/spectrum/spring02/revolutionizing-human-health.html
http://web.mit.edu/giving/spectrum/spring02/revolutionizing-human-health.html
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companies and for technologies at universities, and in the end it was personal network 

that lead him to 3DM and MIT:     
I looked at both my own ideas, university professors with ideas and entrepreneurs. And we found 
3DM at MIT. I was matched to this company by mutual friends (…). I searched for a year and a 
half, I was a venture capitalist… and then I moved down here at the East coast to be a VC, and I 
did that for 2 ½ years, and then the market went south with all the start up companies and I 
thought is was a good time to start a company when no-one else did, and an office space was 
cheap. So I was trying to find the right idea, so I spent a year and a half, trying to find the right 
idea. I looked at over 70 companies, seriously looked at. It’s all about finding the right thing. I 
wanted to be a co-founder and I wanted it to be top scientists, and great IP. 

Zen Chu, president of 3DM Inc 
 

Indeed, the intellectual property protection was superior. There were patents applied for 

and many granted, both for product and method. In 2003, 3DM had four issued patents 

and six pending patent applications.  
And you know, you do the analysis, but in the end, it is too small market, and the potential just 
isn’t there or say, the technology just isn’t there, or these guys have unrealistic expectations 
about how good the technology really is, and you look at the patents are crap! They have no IP! 
And this (3DM) had great patents, no manufacturing contracts, but great scientists, whom I liked 
working with. That’s gotta count for a lot. 

Zen Chu, president of 3DM Inc 
 

 
Zen Chu, President,  and Lisa Spirio, Director of R&D (Photo: Author, July 2004) 

 

The current management team consist of Zen Chu (President) and Lisa Spirio (Director 

of R&D). Lisa Spirio is a post-doctoral fellow from the MIT Whitehead insitute for 

Biomedical research (Bob Weinberg’s cancer lab). In addition there is a large scientific 

advisory board and a board of directors. The main function of the corporate board of 

directors is to chart strategy of the company and plan the key valuation and financial 

milestones. They have a fiduciary responsibility to maximize shareholder value. The 

first board consisted of the four founding scientists. This was changed when Zen 

entered the company: 
 When I entered and raised money, I moved 3 of them off the board to the Scientific Advisory 
Board, while adding myself and three venture investors to make a current board of five. 

Zen Chu, president of 3DM Inc 
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Table 5.1: Management and corporate board of directors, 3DM Inc. 
 

Name Title Background 
Zen Chu, M.B.A. President Net Ventures, HP, Biomed Engineer/MBA 
Lisa Spirio, Ph.D. Director R&D Whitehead Institute, MIT, Co-founder of Bio-Soul 
John Maki Active Board Member Managing director of Technology Directors Inc, Audax, 

Bain Capital/Bain & Company, studied at Harvard. 
Adam Kirsch Board Member Founder of Bain Capital in 1985, studied at Wharton  
Shuguang Zhang, Ph.D. Founder/Board/”CSO” MIT, Center for Biomedical Engineering 
Alexander Rich, M.D. Founder/Board MIT,  Bristol Myers, Co-founder Alkermes and Repligen 
Alan Grodzinsky, Sc.D. Founder MIT, Center for Biomedical Engineering 
Carlos Semino, Ph.D. Founder MIT, Center for Biomedical Engineering 
Robert Langer, Ph.D. Head of SAB MIT, Chair FDA Science Board 

Chi Yang, Ph.D. Contract Mfg Founder, SynPep peptide manufacturing 
Kathleen Krenzer, Ph.D. Study Director Toxikon 
Bruce Babbitt, Ph.D. CRO Parexel WW Biotech Regulatory Affairs 
Dr. Anand Akerkar Regulatory MDI, Medical device regulatory 
Brenda Jarrell, J.D., Ph.D. Legal/IP Choate Hall Stewart 
 

According to Zen Chu, the board has an important role when it comes to strategy 

development, networking, business know-how, reputation, and securing finance. For 

keeping in touch with important stakeholder organisations to the company (University, 

financial, governmental actors etc.), the board of directors have some significance. The 

to investors on the board have been involved in many startups and there should be 

opportunities to take advantage of this.  

 

The scientific advisory board is critical for networking/getting contacts, and getting 

access to scientific/technical know-how. It is also to some extent important for the 

reputation of the firm (for example in securing finance, because it functions as a sign 

that experts and key opinion leaders are willing to sign on). The main function of your 

scientific advisory board, is according to Zen “a place for the scientific founders and 

crititcal experts to have a formal company relationship”. Yet, there are noe formal 

meetings, and the board is really just a title, since “real action happens one on one with 

each member as needed”. The board was put together based on founders and know-how 

needed for specific applications of the product:  
Hand picked based on the founders and eventual applications pursued.  Changes and adapts over 
time as new experts needed.  As we enter clinical trials, we are now adding an additional Clinical 
Advisory Board. 

Zen Chu, president of 3DM Inc 
 

Dr. Mikael Eliasson from Monitor Venture Services was added to the board, in part, 

because as a consultant to the pharmaceutical industry, he has a lot of direct ties to top 

management in pharmaceutical companies, which is needed when selling-in directly to 

the pharmaceutical industry. The company Monitor's roots can be traced back to 
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Harvard Business School, where a number of its founders studied and taught in the 

1980s, such as Chris Argyris, Tom Copeland, Michael Jensen and Michael Porter. 

Monitor Ventures provides a blend of funding and services to early stage start-ups that 

use technology to deliver value to their customers.  

 
Table 5.2: The scientific advisory board of 3DM, Inc. 
 
Name Title Background 
Robert (“Bob”) 
Langer, Sc.D. 

MIT, Germeshausen Professor of Chemical 
and Biomedical Engineering  

Professor at MIT,  FDA’s Science Board (chair) 
500 issued or pending patents; 725 articles 
Expert in drug delivery, tissue engineering, 
extracellular matrix, regeneration, involved in more 
than 100 biotech companies in Boston. 

Shahe Fereshetian, 
M.D. 

Chief of Plastic Surgery, Boston VA; 
Instructor, Harvard M.S. 

Plastic & Reconstructive Surgery Fellowship, Yale; 
Principal Investigator W.R.J. Regranex clinical trials

Shuguang Zhang, 
Ph.D. 

Associate Director, MIT Center for 
Biomedical Engineering 

Discovered the field of Self-Assembling Peptides 

Alan Grodzinsky, 
Sc.D. 

Director, Center for Biomedical 
Engineering 
 

Past President, International Cartilage Repair Society
 

Alex Rich, M.D. Professor, MIT Biology 
 

Expert in extracellular matrix, collagen 
Co-founder, Alkermes & Repligen; National Medal 
of Science 

Carlos Semino, 
Ph.D. 

Principal Investigator, MIT Lab for 
Molecular Self-Assembly 

Responsible for much of the stem cell and 
bioproduction research and proof of principles 

Mikael Eliasson, 
M.D., Ph.D 

Monitor Venture Services MD/PhD from John Hopkins, studied Biochemical 
sciences at Harvard College 

 

One of the advantages of having a large scientific advisory board is that you can tap into 

their network and make points of entry into elements of the innovation system. For 

example, Alexander Rich, a renowned scientist who works closely with 3DM, used to 

be a board member of the large pharmaceutical company (and potential client of 3DM) 

Bristol-Myers Squibb. In targeting the market of pharmaceutical research, Zen was able 

to get some valuable contact information from Dr. Rich to key people in BMS. Another 

significant person on the advisory board is Robert Langer. Dr. Langer is involved in 

over a 100 biotechnology companies in the Boston area, and with that follows an 

immense network.  

 

Through the board and the scientific advisory board, 3DM has kept its close relationship 

with its “mother” organisation, MIT. Most of the scientific co-founders have kept their 

full time employment at MIT, and with that the advantage of academic collaborations 

and connections. Lisa Spirio also has some affiliation with MIT, and 3DM uses lab 

facilities at MIT’s Brain and Cognitive Science building, Kendall Square. Thus, the 

scientists are both internal and external to the company. This also balances the 

researchers unwillingness to leave academia and their peers.  
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Major learning? I’ve learned how to navigate academia. Professors and academics don’t think 
like entrepreneurs. They think from the next grant to the next grant, or they overvalue their 
invention, when they shouldn’t be. And I have learnt to manage that. And then, it’s compounded 
by the fact that we have four scientific co-founders, and so it can be tough, and it can take up a 
lot of time. 

Zen Chu, Co-founder/President, 3DM Inc. 
 

Personal networks have been critical for 3DM. When it comes to network groups, Zen 

Chu is member of Alumni groups, venture capital community, Boston biotech 

community, and MIT community. These groups have influenced 3DM’s path of 

development by: 
“Efficiently sourcing contacts and getting answers to questions or links to relevant technology 
experts”. 

Zen Chu, Co-founder/President, 3DM Inc. 

Financing the start-up 

3DM is founded by a world-class scientific team and funded by personal investments of 

top healthcare investors, as it is financially backed by personal investments of top 

healthcare venture capital investors. When I talked to Zen Chu in July 2004, they had 

not yet had any financing from government or capital institutions, but they had received 

financing from many individuals (business angels). However, in October the same year, 

3DM secured $1.7 Million equity financing for clinical development of PuraMatrix for 

use in orthopaedic applications (ranging from bone fill, to spinal fusion, to implant 

coatings, to drug delivery) in a first round of venture capital from Technology 

Directors, Inc., (VC company based in Montclair, New Jersey) and other investors. 

3DM had then successfully completed pre-clinical safety and efficacy testing of 

PuraMatrix in animal studies. The funding added two experienced venture investors to 

3DM’s Board of Directors: John Maki (Managing Director of Technology Directors, 

Inc. and previously an investor with Audax Group and Bain Capital) and Adam Kirsch 

(founder and partner of Bain Capital, where he served on the boards of numerous 

private and public companies including Dade Diagnostics, Blue Ridge Pharmaceuticals, 

and Nutraceutical International). 
In addition to adding two terrific venture investors to our Board, this funding will accelerate 
clinical development of PuraMatrix gels as a component of next generation medical implants, 
enhancing healthy tissue in-growth and regeneration. 

Zen Chu, 3DM's President and co-founder102

 

 
102 Source: Press release at 3DM’s website, www.puramatrix.com 
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An exit via acquisition is also a form of connecting to another actor, and at the same 

time, it is about disconnecting from some of your exisiting contacts, such as for 

example the board. What kind of exit is on 3DM’s mind? 
It’s so hard to predict! When you start up, you could do anything, it has the potential of that. For 
an IPO you have to have a big potential market, so the most likely exit will be an acquisition. 
And acquisitions aren’t bad. I think often they’re much better than IPO’s. I mean, you’re 
investors are happy, you don’t have to think of stock market fluctuations etc. And to run a public 
company, you need a whole different set of management skills.  

Zen Chu, President/co-founder 
 

The Product: PuraMatrix™ 

Clinical studies are expensive, and there is a need to test new drugs in a context, which 

makes the drug “fail sooner, rather than later”. A testing environment (ex vivo, or 

outside the body) that closely resembles the environment of the human body (in vivo) is 

the ideal for pre-clinical and early drug testing. New drugs are usually tested on live 

cells in a traditional petri dish. However, the way that cells grow and act in a petri dish 

is very different from the way they grow in the human body, and additionally, the cells 

often die in the dish before an effect is seen. According to Nature it is time to “say 

goodbye to flat biology”: 
When the otherwise obscure Julius Richard Petri, one-time assistant to pioneering bacteriologist 
Robert Koch, published in 1887 his methodology for growing colonies of bacteria on a base of 
gelatin in flat glass dishes, he seemingly guaranteed his own immortality. The development of 
bacteriology and microbiology — not to mention molecular biology — would have been 
unthinkable without the modest Petri dish, which remains a fundamental laboratory item today. 
But biologists starting to explore the merits of culturing cells in three dimensions (3-D), rather 
than in the flat-dish’s two dimensions, have been stunned by the difference that it makes to the 
way the cells behave, which is much closer to their behaviour in vivo. Those who have 
experienced the merits of 3-D first-hand are convinced that any biologist studying a system 
where the microstructure environment is important in vivo — such as neurobiology, 
atherosclerosis or diabetes — will have to bid the Petri dish farewell in the next decade if they 
are to continue being taken seriously. Awareness of the potential of 3-D tissue culture among 
scientists is far too low. But the benefits of the technique are so self-evident that little marketing 
will be needed to persuade the uninitiated to move up a dimension, just as soon as the issues of 
convenience are resolved. 

Nature, Vol. 424, 21.August, 2003: 861  
 

PuraMatrix is a peptide gel that serves as a synthetic three-dimensional extra-cellular 

matrix cell culture gel, in which cells can grow and thrive, as if it was inside the body. 

PuraMatrixCST™ is a stronger, high concentration version of PuraMatrix, which is 

mouldable into shapes and able to withstand physical loading in combination with cell 

culture and tissue engineering applications. Puramatrix has been successful product 

launched with BD Biosciences, establishing 3DM's PuraMatrix line as an enabling 

nanotechnology biomaterial for next generation cell culture and in vivo research and 

bioproduction. Concurrent with the launch, R&D Magazine recently awarded 

PuraMatrix its 42nd annual R&D 100 Prize as one of the most significant new products 
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to impact life science and medical research (a prestigious award held by the likes of 

Taxol and the nicotine patch). PuraMatrix Hydrogels can be defined as platform 

technologies, since they can be used in a broad array of medical device applications (in 

combination with other devices and therapeutics), as injectable and biodegradable tissue 

fill, drug delivery polymer and implant coating, and stem cell therapy delivery vehicle. 

A wide variety of cell types grow well within PuraMatrix in vitro, and many of those 

also translate into normal tissue growth in vivo, with applications in orthopaedics, 

reconstructive surgery, periodontal surgery, ophthalmic implants, neurosurgery, 

vascular and cardiac therapies. The roll out strategy of the product is to go from R&D 

reagent, via clinical reagent into medical devices. Using PuraMatrix as a medical device 

requires complementary knowledge and more specific customisation of the product for 

a therapeutic area, which means that 3DM become more and more dependent on 

collaborations. 

 

3DM

PuraMatrix discovered by founders (1992)

Initial patents filed (1994)

Licensed to Hercules (1995)

Returned to MIT (2000)

Founders established 3DMatrix (2002)

Licensed IP from MIT

Appointed Zen Chu as President

Partner R&D with internal capabilities (MIT, Toxicon)

Outsourced regulatory (MDI Consulting/ Parexel)

Outsourced intellectual property (Choate Hall)

Outsourced manufacturing (American Peptide)

Partner financing, partnering and strategy (TDI)

Launch PuraMatrix through BD (2004)

Company background

 
Figure 5.1: The commercialisation process of 3DM Inc. (From 3DM’s presentation slides) 

Collaborations 

3DM tries to have many collaborations with a diverse set of actors, because “Critical 

early feedback is key so that energy is not wasted down a path which either is not a fit 

for the technology’s strengths and weaknesses, or down a path with unanticipated 

regulatory hurdles or market niches too small to support the campaign” (Zen Chu). 

 

In the process of developing the product PuraMatrix, 3DM tries to have many research 

collaborations with known research institutes and scientists. Throgh collaborating with 

other actors, 3DM can develop their product for new application areas, get the product 

to market and validate the features of the product with important user groups. Location 
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wise, 3DM’s R&D lab is ideally located in the heart of the MIT campus, in the Brain 

and Cognitive Science Building, because Lisa Sprio is affiliated with MIT on a part-

time basis. Close by are plenty of other MIT institutions, pharmaceutical companies like 

the Swiss giant Novartis, the Whitehead Cancer Institute, and support functions such as 

Marriott hotel where many big conferences are held, etc. In addition, Boston’s hospital 

and medical research cluster is located around Longwood Avenue and Brookline 

Avenue. Zen’s home-office is located in walking distance to such institutions as 

Harvard Medical School and Dana Farber Cancer Institute, and a short drive from 

Boston’s city centre you have the whole “Route 128” cluster area, which is a sort of 

“Silicon Valley” for biotechnology.   

 

 
Figure 5.2: Important locations in the MIT campus for 3DM  

 

3DM does not really have a physical layout. The president had a home-based office in 

addition to the research lab near Kendall Square. Thus, a large part of meetings with 

Zen occurred in locations such as the lobby at the Marriott Hotel, restaurants, cafés and 

libraries. In addition, we had a number of meetings sitting by his kitchen table at his 

house. It is also a virtual company where it is hard to tell how many people work there, 

because there is a large scientific advisory board and many collaborative projects with 

people who are employed elsewhere, in particular at MIT (due to the technology origin).  

 

3DM tries to be a kind of hub of research collaborations, since it is a platform product 

utilised in many application areas, depending on customisation and added features. 

Thus, PuraMatrix create value through use in or together with other products, but may 
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also be purchased on its own (through BD Bioscience). Relations that are important to 

the company then, is very application specific:  
 “There are so many [important relationships], and so often very application-specific.  The key is 
to quickly source and identify the key information hubs for efficiently networking the particular 
community of interest”.                       Zen Chu, President/Co-founder 
 

One important part of collaborative strategy is to get researchers to incorporate 

PuraMatrix into research assays and publicising PuraMatrix’s performance advantages. 

Thus, collaborative studies are used as product validation, and 3DM can use this when 

promoting the product to other actors (for example when pitching for equity financing 

and when selling in to large pharmaceutical companies). PuraMatrix has been validated 

by users (collaborative validation) such as MIT, Harvard Regenerative/MGH, Harvard, 

NYU, Toxicon, J&J Ethicon, Salk Institute, Harvard Medical School, etc. The target is 

not only to get access to useful data for further development of the product, but also to 

create “champions” of the technology: People who are willing to promote the product. 
“We are convinced that a three dimensional environment is important for recreating a 
physiologically relevant context for cell function and we are very interested in using self-
assembling peptide scaffolds to further our work”. 

David Scadden MD Massachusetts General Hospital, and Director, Center for Regenerative 
Medicine and Technology / Director, Experimental Hematology103

 

Up until early 2004, as much as 12 leading labs and academia had tested the product. 

One of the research institutes of NIH, the National Cancer Insitute (NCI) agreed to run 

tests on the companys product. These tests would contribute to validating the products, 

and make the company more attractive for market finance. In addition, the product is 

further developed and validated through continued basic research through co-founders 

at MIT (Grodzinsky, Semino and Zhang), and that network is amplified by multiple 

academic connections. PuraMatrix has also been commercially validated (testing for 

incorporation into products) by firms such as Invitrogen, BD Bioscience, Boston 

Scientific and Estee Lauder (cosmetic applications). Invitrogen tested PuraMatrix for 

the research market: 
“We have experienced firsthand the profound effect that the PuraMatrix scaffolds have on 
mammalian cells across different cell lines…” 

Richard Fike, New Technology R&D, Invitrogen 
 

I will now elaborate on two collaborative projects for 3DM as case examples on 

connectivity. The first is the collaborative product launch with BD Bioscience. The 

second is the selling-in to the pharmaceutical industry (large volume). 

 

 
103 Source: 3DM Inc presentation slides 
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Box 5.1: 3DMs launching of PuraMatrix through worldwide partnership with BD Biosciences 
 
In 3DM’s quest of moving the world from 2D to 3D, and bringing 3D tests more close to “in vivo” 
testing, they were well aware that PuraMatrix was superior to the products of their two main competitors, 
Invitrogen (Cambrex) and BD Biosciences (Matrigel). BD’s Matrigel was for example a ‘vodoo-mix’ of 
mice and human cancer cells (ECM extracted mainly from rat tumour cells). This could intefer with the 
experiments (decrease validity via interferring as disturbing factor). However, instead of competing with 
Invitrogen and BD, 3DM began talks with them on licensing of PuraMatrix. First, 3DM was in 
discussions with Invitrogen. Invitrogen tested the product and commercially validated it as a good 
solution. However, BD was also looking for a solution to replace Matrigel, and in September 2004, 3DM 
announced a “worldwide co-branded marketing and distribution partnership with BD Biosciences - 
Discovery Labware”.  
 
“Major success? That’s the BD deal, which opened up for world wide marketing of our product”.  

Zen Chu 
BD (Becton, Dickinson and Company) is a medical technology company that serves healthcare 
institutions, life science researchers, clinical laboratories, industry and the general public. Organized by 
three segments: BD Biosciences, BD Diagnostics, and BD Medical, BD manufactures and sells a broad 
range of medical supplies, devices, laboratory equipment and diagnostic products.  
 
“We are very excited to launch BD™ PuraMatrix™ Peptide Hydrogel, the latest addition to our 
extensive product line for 3D cell culture, drug discovery, tissue engineering, and stem cell biology,” said 
David Freeman, VP, Marketing, BD Biosciences - Discovery Labware. “It is a truly novel technology 
with a myriad of applications in the life sciences. We are extremely encouraged by the publication of 
numerous studies from distinguished research institutions that are currently using this important 
biomaterial.” BD Biosciences will market these products to the drug discovery and life science research 
communities as a novel nanobiotechnology for the culture of cells and tissues. Applications include cell-
based assays, tissue engineering, cell biology research, and stem cell bioproduction. The collaboration 
implied that 3DM was responsible for manufacturing and development, but the product line marketed by 
BD Biosciences, and under the name BD™ PuraMatrix™ Peptide Hydrogel. Thus, a competitor was 
turned into a partner.  In addition to being a better product, PuraMatrix also gave BD sales incentives, 
since they actually get a better margin when selling Puramatrix than when they sell Matrigel.  
 
The question is why did 3DM enter into this collaboration, could they not have launched the product 
themselves? “BD sales force know how to sell 3D cell assays and has a large customer base since they 
are an established actor”, said President and Co-founder of 3DM, Zen Chu, and he also sees the co-
launching as a step-stone to reach other customers and new built-in features: “This partnership with BD 
Biosciences is a major milestone in our mission to enable broad use of PuraMatrix across multiple life 
science and drug discovery applications. This relationship serves as a foundation to advance new 
PuraMatrix applications, including toxicology testing models, cancer biology, tissue models for drug 
discovery, and stem cell regenerative medicine." 
 

 
 
(Source: Authors fieldnotes, 3DM’s pressrelease (www.puramatrix.com), BD Bioscience (www.bd.com)  
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Box 5.2:  “Selling in” to the research market (drug discovery) 
 
The product that they sell to BD is a small volume product (5-50 ml). However, 3DM sell directly to high 
volume (research) customers (50 ml plus). It is hard to get through to the pharmaceutical firms in the 
USA when you are a small actor. Most of the firms have set up special units for technology sourcing 
(New business/ business development/ Tech licencing etc) that filter incoming requests from various 
firms, to lower the burden on R&D staff and scan the market more effectively for licencing in 
technologies. 3DM wanted to get in touch with the researchers in the pharmaceutical firms and larger bio-
pharmaceutical firms, in order for them to try out the product and find out whether 3D assays were 
relevant to them at all, and also, use the researchers as a potential door-opener to the firm (bottom-up 
marketing approach). This was also useful for the collaboration with BD since Zen needed further product 
validation to present at the BD annual sales conference on the 27th of July, 2004. The problem for 3DM 
was to select which features of the product was important for their clients and potential clients, so that 
they could be more focused in their product development and sales approach.  
 
“The best way to collect information is to talk to people and ask questions.” (Zen Chu) 
By employing interns form Boston University Norwegian School of Entrepreneurship Programme, 
contacts in the fims were found by browsing through conference papers and programmes (key note 
speakers on specific topics etc) to try to find relevant contact names in larger bio and pharmaceutical 
companies, because it turned out it was easier to get access, if you know the name of someone in the firm 
you are trying to get to. In the choice of which companies to call, it was needed to map the pharma firms 
based on their revenue, research area focus and research budget. The key target were researchers who can 
use PuraMatrix. The therapeutic areas we selected based on revenue streams and R&D effort of the 
companies as well as the features of the product PuraMatrix were oncology, CNS, cardiology, 
metabolism/diabetes, head/trauma and osteoporosis. The kind of people 3DM were looking for was 
business development/tech licensing offices (which seemed to function as a cross functional 
“gatekeeper”) and researchers in assay development/drug screening groups/toxicology groups (cross 
functional service). The kind of questions asked were: What kind of assays are they using today? / What 
are the problems? / How do they evaluate the PuraMatrix’s features? / What are customers’ 
prioritisations? 
 
Most of the largest pharma companies in the US where called to in the process (such as Pfizer, Novartis, 
Charles River labs, Astra Zeneca, Abbott etc). It was easier to get through when referring to key people 
and institutions such as MIT, people in the scientific advisory board etc (deliberately using MIT’s 
reputation: “We are an MIT spin off” or “I am calling from MIT”, and the people in the scientific 
advisory board with a high status, such as Alexander Rich: “I was referred by Alexander Rich…”). It was 
also easier to get through through referrals (I was referred to you by…). Targeting the researchers was 
easier than the business development people, since they were often well informed of competing 
technologies that the company was already in discussions with. One Head of Licencing and New 
Business Development in larger pharmaceutical company in the US said: “We are working on a project 
that might require that type of technology, but got another candidate lined up. If that does not work out, 
yours will be second”. 
 
Based on the call logs, I can provide one example of how a connection was established to a larger 
biotechnology company through calling:  
 
Call to a researcher working with drug metabolism in a larger biotechnology company in the US, 
29.07.04 at 14.00 hours (Names have been kept confidential) 
Zen: Hello, I am calling from MIT, or an MIT spin-off. I was referred to you by [senior member of staff]. 
I would like to talk to you about High content screening in 3D assays. What is your role in [company]? 
Researcher: I do hepatocyte work and also help toxicology (also a pharmacology).  
Zen: What are you using today? 
Researcher: Collagen/matrigel has been used. Matrigel: Rat hepatocytes, toxicology: use collagen. 
Human hepatocytes either in collagen/matrigel. Perform better in a “sandwich”. Looking forward to 
something that is easier to use and less costly than Matrigel. Heard of some DNA detection kits 
(ProMega). Buy Matrigel in bottle and dilute in bottle.  
Zen: I also have our Director of R&D, Lisa Spirio with me. She is a post doc from Whitehead cancer 
insitute, Bob Weinbergs lab. She can fill you in on how to use puramatrix [Lisa comes on the phone]. 
Researcher: Do you have a protocol? (Depends on cell hepatocytes 0,5x. 96 well  HTS is really good  
Lisa: Nine 24-wells per experiment, 96-wells would be better, all depends on headcount. how many can 
you do? 
Researcher: Can you do high priority western blots (DNA blots) digital image of it, quantitative sample. 
Two 24-wells (amount, 5 ml’s) [Lisa and Researcher talks more on how to use product] 
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Zen: Where are you located? 
Researcher: We are located in California; in the future our department will have a function in Boston. I 
will be at ISSX Vancouver [conference]. Angiogenesis RAs important to the company. I know that the 
toxicology people been given Zens name. Will you be there? 
Zen: Yes we will be there. Can I send you sample? 
Researcher: If I have the test sample by next Tuesday, I will let you know on Friday.  
 
“Based on the calls we made together with Zen, we were able to validate the market and prioritise the key 
features of the product. What happened after that? Key information and lists of contacts will be handed 
over to Monitor, the VC firm of 3DM, who have access to the senior management of the pharmaceutical 
companies since they first of all are a consulting firm to these companies. The information will also be 
handed to BD, the company who license and sell 3DM’s product, so that the sales representatives know 
whom we have contacted and who could be potential technology adopters” ( & Quingsi Xu, Interns at 
3DM, 2004) 
 

Source: Authors field notes. Call logs 29.07.04 14.00 hours 

 

5.2.3 Case 2: Bioscora GmbH, Saxony 

Bioscora is a very young biotechnology company, 

which uses innovative lab-on-chip technologies to 

perform protein activity detection in micro-array format (nanoliter scale). Many serious 

diseases like cancer, Parkinson and diabetes causes the protein activity to change. A 

micro-chip that can measure changes in the protein level, means that serious diseases 

may be diagnosed sooner. This technology is of interest to medical diagnostics and 

pharma research. In July 2005, Bioscora won the regional part (Leipzig) of the largest 

entrepreneurship competition in Germany, Startup Wettbewerb. The prize was 5 days of 

free consulting from the consulting firm Saxess AG. 

A narrative of Bioscora GmbH 

The company was founded in February 2004 with the intention of achieving the 

development, application and commercialisation of high-throughput technologies to 

establish the fast and efficient identification of protein activities with the help of 

miniaturized lab-on-chip technology. The motivation for starting the company, was 

based on the entrepreneur, Dr. Larissa Vasilets’ personal motivation to do something 

else than to work in a university setting: 
“If you are very long at a university or a Max Planck Institute or some research institute, 
sometimes you feel that you should do, or you can do something else. To change the field, not to 
do another project, or investigate to apply for some grant, two years and then apply for some 
other grant. And one student will come and then will go, and another will come and then go, and 
I wanted to try something else, something differently, completely different background, and it 
was a possibility because I thought that my ideas were good for doing biotechnology, although I 
never did that before. But these ideas they were matured during many years of experience in 
research in different fields.”  

Dr. Vasilets, CEO Bioscora 
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Dr. Dr.sc. Larissa Vasilets in her office (Photo: Author, January 2005) 

  

Larissa Vasilets is originally from Moscow, but have worked as researcher within 

biophysics for many years in Germany. There were two founders involved in the start of 

Bioscora, one on the business side and one on the technology side. The idea was based 

on Larissa Vasilets’ previous experience as a researcher.  
So we were two founders, I was like the research… it was my idea, my Geschäftsidee [business 
idea] and technology and I had also a co-founder, Mr. Benger. He doesn’t have anything to do 
with technology, so he is just like a adminstration and public relationships… and…you know 
somebody has to do like administration and public relationships, and technical help and.. so we 
were two founders that founded this company, and then we employed some other people, 
biochemists, electrical engineer, of course technician and we just doing research and 
development. (…) The technology originated from the lack of these products, which I needed, 
when I was a scientist. Either they were extremely  “teuer”… what is this in English? Expensive. 
So expensive that it would not be possible to buy for a university employee. Or they were 
existing at all. For example, I was interested in determination of many enzymatic activities in, 
during aging, in heart muscle during aging, and I couldn’t find the products that would have 
allowed me to do this. I knew this problem of life science very well, and so I said “maybe I will 
try to do something in this direction”. 

Dr. Vasilets, CEO Bioscora 
 

The decision to start up a company was based on a common interest to start a company, 

and it was perceived as better to start a company in a team of two people than one 

person. Yet, there should have be more people involved, according to Larissa Vasilets. 

However via outsourcing certain things, it works. 
Yes, it was like a common interest, or actually I convinced him of my ideas and then we decided 
it was better to do it for two persons than for one person, and it was a good decision. But of 
course it would have been better if we had 3 or 4 founders, because I feel this deficit. This, 
BWL, betriebswirtschaftliche fragen, man müssen lernen [business administration related issues, 
you have to learn], but we had time, and there are many possibilities to gain from this, and 
actually it is not a very big problem for small businesses, because  you have Steuerberatung, you 
have some financial experts, you have this Patent Anwalt, and you can just hire people, like not 
directly in the company but like Freiberufler [freelancer] and I don’t need actually actually 
someone to do this Buchhaltung [accounting], I just give her my documents and some consultant 
can give me the financial… 

Dr. Vasilets, CEO Bioscora 
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Bioscora does not have to have any revenue stream before 2006, as they received public 

funding via a programmme called FUTOUR 2000, a part of the German BTU-

programme104, where public and private capital is “matched” (designed to adress the 

shortage of venture capital for technology-based fast growing firms in Germany). The 

FUTOUR part was a grant especially for conducting R&D in the start phase of small 

firms in the new states (Neue Bundesländer) after the re-unification of Germany. 
It is support of innovation combined from.. partially form government and partially from 
governmental banks. So you should provide, so it should be a combination like a grant that you 
are not obliged to pay back and then partially credit. And we had luck to come through and now 
we are here. 

Dr. Vasilets, CEO Bioscora 
The FUTOUR support was received as money from Bundesministerium für Wirtschaft 

und Arbeit (Ministry of Economics and Labour) and the Deutsche Ausgleichsbank / tbg. 

Bioscora was one of the last companies to receive this support before the programme 

was shut downm. Because of the Futour funding, Bioscora can spend two years on just 

research, but some services are being established currently some services in order to get 

more in touch with the market. 
We try to establish here in the company some kind services to get a little marketing experience 
and to see how the people react to, to learn from our mistakes, and so it is a little bit different 
things but it has not to do directly with our basic technology but helps us to gain some 
experience in marketing. 

Dr. Vasilets, CEO Bioscora 
 

The technology of the protein-chips is based on the fact that serious illnesses such as 

cancer, diabetes, arthritis, cardiovascular diseases, high blood pressure or apoplexy are 

caused by changed protein activities. As these cannot be explored with the help of gene 

chips, the development of efficient protein-chip technologies is of vital importance. At 

present such technologies are only available to some degree due to their higher 

complexity. The product should be as simple as possible:  
For example if you know this sugar determination in blood – in former times you should really 
need some skills in this, you should give your blood sample to the laboratory and the skilled 
technician make some reaction to define how much sugar you have in the blood for diabetes 
monitoring. But now it became so simple that you can just buy a small device in the pharmacy 
and you just take your own blood and you can read very easy how much sugar you have in your 
blood. So it should be in principle just as simple as this sugar determination. No skills necessary, 
you just take your sample, any sample, blood, urine, some sample, and you just put on this chip, 
but instead of this one value, you will be able to read many values. For example sugar, ph, and 
many other important parameters, so you would have a profile, for example on your blood 
sample. It is our vision, and we have some ideas how to realise this vision. The question is how 
fast it will be and how general it will be, so how many parameters we can read from one sample, 
but it should be as simple as for example the sugar determination. 

Dr. Vasilets, CEO Bioscora 
 

 
104 Beteiligungskapital für kleine Technologieunternehmen = Venture Capital for small technology-based 
firms 
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The technology did not come directly from Dr. Vasilets former employment in the 

University of Halle or the Max Planck Institute in Frankfurt. It was actually a product 

that she herself felts she had needed during her own research. 
It was not directly from the university, of course as scientists we are obviously work at 
universities, but in this case it was not directly a project that originated at University, it was like 
my own child zu sagen [so to say]. It was also an idea to commercialise my results for many, 
many years of my scientific work and it was not directly connected university, because I was at 
the University of Halle for a rather short time before I was at Max Planck institute in Frankfurt 
am Main, so it is a more complicated way, so I can not say that we were a university team and 
the project originated, but of course it was connected with our former research. I recognized a 
very interesting application of this research for microarrays, but not gene arrays, but protein 
arrays... these genetic code arrays is already quite developed, but the protein arrays that allow to 
perform many different reactions in very small volumes were not developed at the time, and I 
thought I should apply my technologist knowledge, and there was a patent pending.  

Dr. Vasilets, CEO Bioscora 
 

There was a need to recruit more people to join the company, but her former colleagues 

at the University where not interested in joining a startup firm. 
They were completely new people, because we, I, ehm, needed specialists with a certain profile, 
because we had very definite, how to say, research appeals, what for example bio-chemist and 
what should he do, and then I needed a very special profile on these people, and my former 
colleagues, some of them were just happy being at the university and they did not want to, it was 
no reason to… and of course it is a risky thing to go to a start-up, nobody guarantees, and 
actually I did not ask to much of my former colleagues, I just made an announcement and then 
people applied, I received so many applications, it was terrible. So we had a good choice to 
select people from. So we are here 6 people, and one is just like a “Praktikum” [Internship]. And 
then we have also collaboration partners, but there are 6 people in this company. Mainly we are 
scientists, and we are still in research and development phase. 

Dr. Vasilets, CEO Bioscora 
 

Bioscora GmbH is located in one of the most modern centres of biotechnology and 

biomedicine in Germany, the BIOCity Leipzig. Because of the support from the 

FUTOUR the company had to settle in one of the new states. This was also natural for 

Larissa Vasielts, because at the fact that she was already living in Halle. 
Ok, I was anyway not far away from Leipzig. Halle. 40 kms. And we just had a look for a 
company place, and we looked for different… ok we were of course restricted with this 
FUTOUR funding, for “Neue Bundeslander” [Old DDR], because for old Bundeslander, they 
would not have given this funding. And we just had a look here, Berlin, Brandenburg, Halle, 
Leipzig, all these biocities with rather good research, and partially it was due to this new 
building and the was a lot of free space, and how to say it, the price, or the cost, relatively low. 
Just was the decision. 

Dr. Vasilets, CEO Bioscora 
 

Leipzig is perceived to be an attractive location, also for biotechnology, and the fact that 

the biocity is not so far from central Leipzig is an advantage that you would not find in 

for example Berlin. 
Leipzig is rather attractive, people don’t have problem. And people say “Oh Leipzig, ja, neue 
Bundeslander we don’t want“. No-one would have said it. Really, it was no problem. I think it 
was a good decision to found our company here, because Leipzig has a somehow good 
athmosphere, good reputation, I can’t really explain it. Interestingly, there are just these two 
states, Saxony and Saxony-Anhalt they try to do something in this direction of biotechnology. 



GRA 6995 MSc Thesis                                          Major: Innovation & Entrepreneurship 

 146

Saxonian Anhalt, they have also support for biotech companies, they specialise also for some 
plant biotechnology [organic/agricultural biotechnology]. They have a very good research group 
for plant biotechnology, And Sachsen [Saxony], they have also BioCity and the BioCentre in 
Dresden, in Leipzig, in Chemnitz bin ich nich so sicher [there I am not so sure], not very sure if 
they have something else, but these two cities Dresden and Leipzig they’re quite well directed in 
this biotechnology. They have built here this nice building [referring to the BioCity location] and 
the opportunity, it is very good located to the city, and it is 10 mins to the centre, and I would 
say in this respect it is a exceptional proposition, because it you go to Berlin you have to, it is no 
more Berlin this Biotechnology Centre, it is really outside the Berliner Ring this centre. It has 
the name Berlin, but it is not in the city, because if you take the for example some building, if 
you will place a building in the city, you have to pay a lot, it is very expensive, it is not possible 
for a start-up company.  
 

Dr. Vasilets, CEO Bioscora 
 

Bioscora is actively seeking to collaborate with leading pharmaceutical and 

biotechnology companies in order to realize the full potential of drug development 

based on the microarray format. Contacts with the other companies in Biocity is at this 

stage more informal, such as meeting over lunch.  
Of course, we go together to eat, and we talk like some “blabla”, and I am very happy if a 
company goes well, that they will not be shut down, not be cancelled. But… because it creates a 
positive athmosphere if the companies are doing well here, and we don’t have here direct 
competitiors. And our technologies are anyway, I believe, unique, and Bruker Daltonics [a part 
of an american company with offices in Leipzig] had also a kind of arrays but different DNA 
arrays. Not directly competitor, I hope. Because we cannot compete with them. It’s a completely 
different financial situation, and it is not comparable. But maybe it will be  possible to do some 
kind of collaboration, but I didn’t think of these things yet, because we have not had so much 
time, from May we did not have all the employees that we have now, probably since September 
we’re really working, we can work, 

Dr. Vasilets, CEO Bioscora 
 
The contact with the pharmaceutical industry is also informal connecting via former 

students. This contact also functions as a kind of market analysis too. 
It was not direct cooperation, but as a biologist you have to keep in touch with these people, you 
know their problems, you know what they want, and several of my former students they went to 
the industry, and now they are in the big companies like Bayer, Merck etc, and somehow you 
just stay in contact, and it is not a problem to understand the demands, because they know. Of 
course it helps. I would say it is more important to me to, that I have my background and 
overview, as if I would have Betriebswirtschaftliche erkentnisse [business knowledge]. But what 
is important is just to understanding problems or demands and industry and of life science.  

Dr. Vasilets, CEO Bioscora 
 

The BioCity’s immediate vicinity of the University of Leipzig as well as the Max-

Planck-Institut für evolutionäre Anthropologie (Max-Planck-Institute for Evolutionary 

Anthropology), means that Bioscora has access to state-of-the-art laboratories and office 

accomodation form the basis for the interdisciplinary cooperation of bio-physicists, 

molecular biologists and electronics engineers. However, collaborations with companies 

and the University of Leipzig is something that they will try to do more of in the future. 
They are important I think, because the location itself, it is possible here to make contacts with 
university groups, maybe not so fast, but in the future, and of course thus structure is playing an 
important role. For example if I like to invite someone for an interview, people come here and 
they appreciate this location.  



GRA 6995 MSc Thesis                                          Major: Innovation & Entrepreneurship 
[We do not yet have many collaborations with the University of Leipzig], but it will be growing. 
Because we have only a few contacts with professors, because our, molecular biology lab, one 
should have a supervisor, but it will be somehow established over time, because we had not had 
time yet. But yes, there will probably be some congress or exhibition this summer, and I think 
that some new contacts will arise. 

Dr. Vasilets, CEO Bioscora 
 

Bioscora has not received extensive support from advisory groups such as the BioNet, 

UGB and BIC, because they are alredy further ahead in the commercialisation phase. 

But she has personal contacts in these  organisations, and by picking up pieces here and 

there about business knowledge, thus, filling up the business knowledge deficit in the 

company. 
Ok, we know each other personally and they organise sometimes some meetings  for example 
some advisors, but we are already one step further. For two years ago, probably rather 
interesting, they arrange “Gründer-workshops”, but we are already a bit mature, and actually in 
this stage it is not so much help for the advisors from this company. But as I said, we know each 
other personally, and one can speak to people and ask them. But it is not really like a net that we 
are using for our… They have some advisors from our, there’s a “Goerder” [not possible to hear 
exactly which institute] Institute, and they arrange for us some seminars, for example Quality 
Management and controlling, organisation, financial information and so on. So I would say it is 
rather good. In total, if you compare, if you take a little bit from this corner and from this corner, 
then you go to some conference; in total there is a lot of information from different sources. I 
would say that in principle it is good organised. Although I didn’t have any idea of any aspects 
of business, and since this time I really have had good possibility to learn a lot. To make my 
visions not only in research, but also some business aspects. 

Dr. Vasilets, CEO Bioscora 
 

The economic competence of Bioscora as a start-up company is guaranteed by the 

Projektträger Jülich105, the Unternehmensgründerbüro Leipzig (ugb Leipzig)106 and 

BIO-NET Leipzig Ltd.  

5.2.3 Case 3: PubGene Inc, Oslo 

PubGene Inc. is a company that was started by researchers 

from the Radium hospital and the Norwegian School of 

Science and Technology (NTNU). PubGene provides bioinformatics solutions and 

databases for genomics, proteomics and drug discovery: With modern research 

technologies, the amount of information in such fields as genomics, proteomics, and 

general drug development increases exponentially. In particular, more and more is 

known about complex relationships between genes, proteins, mutations, and certain 

diseases. To complicate the matter further, many of those have been and are being 

described under different synonym names. This leads to the need to build tools that can 

aid researchers in organizing and navigating in this expanding complex information. 

PubGene, Inc. offers the solution to structure and interpret information contained in 
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105 http://www.fz-juelich.de/portal/
106 http://www.ugb-leipzig.de/
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various databases based on primary symbol for synonym subject names to eliminate 

redundancy and confusion. A number of data layers are included to allow flexible user-

defined content display, and search for various relationships between subjects is carried 

out. These subjects could be genes, proteins, mutations, chemical compounds, or 

diseases. 

A narrative of PubGene Inc 

The formal establishment of PubGene Inc. occurred in Boston in June 2001, and the 

Norwegian subsidiary PubGene AS was started in August the same year. All research 

and development occurs in Norway, and the management is located here. The sales and 

marketing part of the company is conducted in the US. The reasons for the 

establishement of an American mothercompany are based on two main issues: 
We then established PubGene as a limited company in Boston in the US, with a Norwegian 
subsidiary, which is responsible for research and development, but the sales happens from the 
US. (…) There are two reasons for that: One is getting access to data sources, access to Medline 
is only granted commercially for American based companies, so that was one reason. The other 
reason is that the market would rather purchase something from something else than a small 
Norwegian company, and so it made sense to be established in the USA.  

Eirik Næss-Ulseth 
 

MedLine is an American database of academic abstracts, and functions as an important 

input data to pubgene’s products. PubGene is a bioinformatics company that provides a 

content technology (databases and software) for improved understanding of cell 

behaviour and gene/protein interactions supporting for example drug discovery. During 

the past decade, advanced computing technologies have evolved into core components 

of both the drug discovery process and biotechnology in general (Augen 2002). The 

genomics revolution has transformed the landscape of drug discovery. DNA and protein 

sequences are yielding a host of new therapeutic targets and an enormous amount of 

associated information. The use of computational tools has become a necessity to sort 

through and make sense of the vast amounts of public and proprietary data. The term 

“Bioinformatics” is a combination of BIOlogy, INFORmation technology and 

matheMATICS (McMeekin et al 2004), and is at the core of the genomic revolution 

because it is related to the sequencing of the human genome. The development of 

bioinformatics transcend established “boundaries” or “systems”, as do biotechnology in 

general, but even more so bioinformatics, since it includes at least three or four general 

knowledge areas. The road to where PubGene is today is a very interesting one, and it 

got me acquainted with many other biotechnology firms, since the individuals involved 

in PubGene are also involved in other organisations. It also brings us back to the cluster 
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evolution of Internet firms in Norway during the 80s and 90s, which is described by 

Steinsli & Spilling (2003). It is interesting to note, that some of the most active men and 

women in the web-boom of the 90s are also very active in the potentially second boom 

of biotechnology. The Chairman and CEO of PubGene, Eirik Næss-Ulseth was also 

Chairman for Oslonett, which later became SOL and Nextra through series of M&A’s. 

Therefore it is natural to begin the tale of PubGene by looking at his background, 

although he did not become involved before the PubGene concept had gone through 

initial development and been published in Nature Genetics in May/June 2001. 

It started with IT… 

Eirik Næss-Ulseth holds a MSc degree in Engineering 

from the Norwegian University of Science and 

Technology (NTNU) and an MBA from BI The 

Norwegian School of Management. He was Managing 

Director of the software and consultancy company 

Taskon AS107 from 1988 to 1999 and Senior Research 

Scientist and Development Manager at SINTEF SI108 in 

the period 1982-87. He has been Chairman of the Board 

of PROFF109, the branch organization for the Norwegian 

software industry, Vice-Chairman of the branch 

organization within NHO110 for the information 

technology industry in Norway, and Chairman of the 

Board of Oslonett111 (the first Internet company in 

Scandinavia). On the IT side he is still very active, by 

for example being involved as member of the boards of 

IPnett AS, Exie AS, Lonus Technologies AS and the 

Norwegian Computing Central. 
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Eirik Næss-Ulseth is what you could refer to as a serial 

entrepreneur: 

Box 5.3: It started with IT… 
Some of the IT organisations
that Eirik Næss-Ulseth has been
and/or still is involved in: 
 

 
 

 
 

 
 

 

 

 

 
 

 
107 Today called Kantega AS after a heavy consolidation process in the Norwegian IT industry 
(www.kantega.no) 
108 The Foundation for Scientific and Industrial Research at the Norwegian Institute of Technology 
109 Today called IKT Norge (www.ikt-norge.no)  
110 NHO is the main organisation for Norwegian employers 
111 OsloNett is today two companies: SOL and Nextra. SOl was later sold to ENIRO, and Nextra is 
merged into Telenor Online.  

http://www.ikt-norge.no
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“I originally started with research within IT, and then I started with two companies within IT, 
which were started in the late 80s and built up in the 90s. I have also worked with internet 
related things, like I was involved in Oslonett as a chairman of the board, and this was sold to 
Schibsted, and later became SOL and Nextra, and I worked with other companies as well. All in 
all, about 13-14 companies. But the last three years, I have worked primarily with biotechnology 
in 4 biotech companies and two other companies”.  

Eirik Næss-Ulseth 
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The step into biotech was a big step for Eirik, although 

he had background in Physics, but he bought the 

curriculum for basic level courses in biology, learnt the 

essence and the terminology, and jumped right into it: 

Box 5.4: The step into Biotech 
The biotech or biotech related
organisations that Eirik Næss-
Ulseth has been and/or still is
involved in: 
 

 
 

 

 
 

 

 
Additional companies: 

!" Novelda 
!" DXray 
!" Rheumatech 

 

“There are probably things that I should have done over again, or 
decisions that should have been different, because I did not know 
enough about this industry, but it is possible to get up to level where 
you know the basic terminology and know approximately what it is 
all about, and be able to ask the right questions commercially. But 
sometimes it is even an advantage not to know too much, because 
you avoid seeing all the barriers and dare to do more, because you 
have no idea how difficult things are”. 

Eirik Næss-Ulseth 
 

It was in the company IDEAS that Eirik got in touch 

with biotechnology via the anatomic particle physics 

institute of CERN in Geneva: 
“Parallel to that [starting two IT companies in the 90s], I worked 
with establishing two other companies, together with others. One 
company within nuclear-medical systems; a spin-off, which we 
started, from CERN, the anatomic particle physics centre in 
Geneva, and that was IDEAS.” 

Eirik Næss-Ulseth 
 

Ideas ASA’s vision is to become the world’s leading supplier of detection modules for 

gamma, beta and x-ray cameras, and the expertise lies in the area of radiation detection 

and imaging technology. Ideas develops and supplies the products for use within 

nuclear medicine, security and safety, medical x-ray, biomedicine, industrial inspection 

and physics. 

 
Eivind Hovig & Eirik Næss-Ulseth (photographed by author at the GSK Innovation Centre in Oslo) 
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It was at IDEAS that Eirik stumbled into Eivind Hovig, a researcher at the Norwegian 

Radium Hospital, and later to be one of the other co-founders of PubGene. But they did 

not meet to discuss the start-up of PubGene, they met while Eivind was pitching for the 

development of another commercial opportunity, BioMolex: 
 “I met Eirik, I guess because the firm that Eirik was involved in, IDEAS, had an instrument that 
they had developed which was being used at the Radium Hospital. And in connection with the 
research-stay, which I mentioned, in the US, I sensed that there should be a way to take 
advantage of this imaging-technology by combining radioactivity, which this camera is related 
to, with chips, i.e. the biochips. I then had a presentation at IDEAS on how this could be done, 
because I had conducted a test experiment with the existing technology. It was not completely 
suitable, but it did show the principle and a part of the opportunity, and Eirik was there at that 
presentation”. 

Eivind Hovig 
 

After this, they discussed opportunities and established a joint venture between IDEAS 

and the Norwegian Radium Hospital. This joint venture is today called BioMolex, and 

is currently selling that system which Eivind had developed. BioMolex is a biomedical 

company and is started as a Norwegian company working with methods and systems for 

functional genomic and proteomics. 

 

 
Figure 5.3: Biomolex AS, a joint venture between IDEAS ASA and the Norwegian Radium 

Hospital (NRF)112. 

 

BioMolex was establisged as a 50/50 ownership joint venture (between the Norwegian 

Radium hospital and Ideas), and then there was a VC round, and now NRH has a share 

of 30% of the company. Figure 5.5 also shows the flow of resources to the start-up. 
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An inspirational trip to the USA 

Eivind Hovig, the co-founder of the PubGene, holds a PhD degree in Molecular 

Biology. He is currently employed as a scientist at The Norwegian Radium Hospital 

(NRH), Institute for Cancer Research, Department of Tumour Biology. He has been 

working on several research projects at NRH since 1980, as a PhD student, post-doc, 

and researcher. He is presently member of the governing bodies of gene therapy and 

microarrays at the Norwegian Radium Hospital. He is also on the scientific advisory 

board of the Norwegian companies NorChip AS and Biomolex AS. 
I have actually worked as a researcher at the Radium Hospital since around ’79 and up until 
today, and I am now Professor 2 in Bioinformatics at the University of Oslo, and I have two 
research groups at the Radium Hospital.  

Eivind Hovig 
 

An important part of Eivind Hovig’s background and step into commercialisation of 

knowledge, was a research stay in the USA: 
I worked as a guest researcher at the Institute for Advanced Technologies in Rockville, which is 
a part of the National Cancer Institute in the USA, and there they were about to introduce 
something called Micro-matrix technology, which at that time was relatively new and époque 
breaking, and it was quite difficult to introduce, and it was a lot of follow up research connected 
to that. In the extension of the human genome project, we were sitting with, in principle, the 
genes each in its own little reagents tube, or a plastic tray with genes in it actually, where one 
had a selection of these genes, and the question was which selection one should make in order to 
study this or this function. And I wanted to make a metastasis chip, which is genes related to 
metastasizing, or has to do with spreading of cancer cells. In order to do that, I had to browse 
through literature, which led to sitting for four weeks, just reading articles to find the relevant 
genes, and I came to a list of more than 1500 possible genes, and I figured out that this was not 
something I wanted to do again, and I reached the conclusion that there should be an opportunity 
here to do something related to systemizing knowledge”.    

Eivind Hovig 
 

When Eivind returned from the USA, he got in touch with a woman called Astrid 

Lægreid, then Associate Professor at NTNU, Institute for Physiology and Biomedical 

Techology (today she is a Professor at the Medical Faculty, Institute for Cancer 

Research and Molecular Medicine at NTNU). 
(…) I knew from before, a woman called Astrid Lægreid at NTNU, and she got in touch with me 
because she thought that this technology, that is the micro-matrix technology, was exciting, and 
then I suggested that we could collaborate on making something together, i.e. a national platform 
for this kind of chips, and this developed into a national consortium for this kind of technology, 
and in connection to the development of this work, she had invited some IT people from NTNU, 
when I presented this idea. 

Eivind Hovig 
Through Astrid Lægreid, Eiving met Tor Kristian Jensen, who today is Head of 

Research and Development in PubGene. He holds a PhD degree in Computer Sciences 

and was a a lecturer in Informatics at the Norwegian Institute of Technology in 1998 – 

1999 and a researcher in the Norwegian Cancer Hospital in 2001-2002.  
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I then got in touch with people from NTNU, and that was Tor Kristian Jensen. He was in the 
process of doing his doctoral project at the time, and he thought this was very interesting, and we 
started an academic collaboration, which is now commercialised. 

Eivind Hovig 
 

There was a technology transfer office at the Norwegian Radium Hospital at the time, 

and the regulation on ownership sharing of the invention, did apply there. However, 

they were not interested in having shares in the PubGene venture: 
I applied to the Radium Hospital regarding sole ownership, and they figured out at the time, that 
bioinformatics was not a central part of the Radium Hospital’s area of interest. 

Eivind Hovig 
 

Eirik Næss-Ulseth joined at a later stage when the first prototype was ready. 
“It was when they had made the first prototype of the PubGene product and had the articles 
published in Nature Genetics, and I met Eivind in a completely different context [in the start-up 
of BioMolex], and we discussed possibilities for establishing a commercial venture, and we 
concluded that it could be an exciting opportunity, and so we did it. I had the responsibility for 
the business development, financing, the establishment of projects, and managing of the whole 
thing so to speak, and we started the company together, Tor Kristian Jensen, Eivind Hovig, 
Øystein Fodstad and I”. 

Eirik Næss-Ulseth 
Dr. Øystein Fodstad was at that time Director of the Institute for Cancer Research at 

The Norwegian Radium Hospital, and consequently was Eivind Hovig’s boss.  

The organisation of PubGene Inc. and PubGene As 

In addition to the four co-founders, some external directors have been added to the 

board, an advisory board has been set up, and head of sales and head of support has 

been added to the management of the firm. 

Board of directors
Eirik Næss-Ulseth (Chairman), Nils Vogt, Jorun Ruud,
Eivind Hovig, Tor-Kristian Jenssen, Øystein Fodstad

Managing Director
Eirik Næss-Ulseth

Research
Eivind Hovig

Support
Trevor Clancy

Accounting

Auditing

IP/Patents

The Norwegian
Radium Hospital Distributors

Development
Tor-Kristian Jenssen

Sales
Dimtrii Rodionov

Business
Development

Advisory Board
•Eivind Hovig
•Tor-Kristian Jenssen
•William Thilly
•Alfonso Valencia

 
Figure 5.6: The organisation chart of Pubgene113
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The Board of Directors consist of five people, of which two are external: Nils Vogt and 

Jorun Ruud (see Box 5.5). Nils B. Vogt holds a PhD degree from the University of Oslo 

and an MBA degree from the Norwegian School of Management (BI). He is currently 

employed as CTO at Argentum Fondsinvesteringer AS - a Norwegian fund-of-funds 

investor financed by the Norwegian government. He has, among other things, 

background as Research Director for Pharmaceutical Sciences R&D of Nycomed 

Imaging AS. From 1994 to 1996, Nils was Chief Rep. Officer for Hafslund Nycomed in 

P.R.China and responsible for establishing and growing the sales of the Nycomed 

Pharma product portfolio in P.R. China. 

  

Jorun Ruud holds an MSc degree in marketing from The Norwegian School of 

Marketing. Previously, she has worked as a hotel manager for Fagerfjell Høyfjellshotell 

in 1994 – 1995, was the Head of Customer Service at Internet Provider Oslonett / 

SchibstedNett in 1995 – 1997, and Product and Project Manager Internet services for 

business market in Scandinavia Online in 1997 - 1999.  

 
Box: 5.3 The Board of Directors in PubGene Inc. 
 

 
Source: www.pubgene.com  
 

There is also a scientific advisory board consisting of Dr. Alfonso Valencia (Head of 

Protein design Group at the Centro Nacional de Biotecnologia (CNB-CSIC), 

Universidad Autonoma, Madrid, VP and founding officer of the International Society 
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for Computational Biology and Coordinator of the Spanish Network on Bioinformatics), 

Dr. Eivind Hovig, Dr. Oystein Fodstad and Dr. William G. Thilly (Professor of 

Biological Engineering at the Massachusetts Institute of Technology and co-founder 

and Chief Geneticist of Peoples Genetics, Inc).  
The reason [why we chose to have a large scientific advisory board] is primarily to get input into 
the technology and the product from a user point of view. Unfortunately we have not used this 
scientific advisory board that much, but that has to do with resources, we have been too 
concerned with managing the short-term part, and we should have been better at taking 
advantage of the scientific advisory board and getting more input from them.  Up until now, it 
has been more contact with individuals, like for example Bill Thilly whom Eivind has a lot of 
contact with, and we get a lot of input from him, especially last year when we signed that 
contract with Beckman Coulter in the US, but now we have less contact with him. So, the 
contact with the advisory board has been very ad hoc and in particular situations or cases, but we 
should maybe have formalised the contact more, with for example to meetings every year, but 
we have not had that”.  

Eirik Næss-Ulseth 
 

I want to add that when it comes to scientific advisory boards, it is my opinion that there are not 
so many chances you have to make connections with international, I mean if you see it from an 
academic perspective for a second, there are not that many opportunities to make good 
international connections, and this is an opportunity to get personal contact with international 
competency, and that may be utilised in many different ways, and also for further networking 
internationally. Some of these people are world-leading, and I would prefer to have an even 
bigger scientific advisory board. I have promoted this many times: Ashburner114 has said he is 
willing, provided resources, and that would have been very inspiring! 

Eivind Hovig  
 

The role of the scientific advisory board is mainly to get connected to international 

competency. Other possibilities for getting contacts include personal networks, through 

academia and through being exposed internationally at conferences etc. PubGene get 

exposed a lot through EU projects and conference. There are not that many 

bioinformatics companies, so they get a lot of requests to take part in different projects.  

Resource dependency  

I will discuss two kinds of resource dependency that concerns PubGene: Access to 

finance, and access to input data. 

 

Access to finance: PubGene got initial public funding and equity capital via business 

angels.  
We got something from Innovation Norway, both for BioMolex and PubGene and we have been 
doing what we can to get money from them. But their budget is too low and you get a small drop 
of what you really need. They are really eager and really postive people, both Innovation 
Norway and the Research Council, and the arrangements that they have are good, it is just too 
little of it. Innovation Norway has 5,4 million NOK [ca. 800.000 USD) for all new ventures in 
the whole area of Oslo and Akershus. 5,4 million!! That is what one company gets in Germany 

 
114 Michael Ashburner is Professor of Biology at the University of Cambridge, and Joint Head of the 
European Bioinformatics Institute (www.ebi.ac.uk). He led the sequencing of the Drosophila fruit fly 
genome, and played a key role in the international Human Genome Project.  

http://www.ebi.ac.uk
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or the USA. So, Norway is like a desert when it comes to public funding. (…) The targeting of 
this phase, i.e. the seed phase, makes it attractive for private capital. And combining that with 
public funding in that phase, and then in particular in the form of the OFU/IFI arrangements in 
Innovation Norway, and the user-controlled projects in the research council, these type of 
funding, will give risk reduction. You are completely dependent on that when building a 
knowledge-based industry. What you get when it is written in the paper that there are all these 
new establishments in Oslo, I mean there is a huge amount of companies popping up, and in 
particular in Oslo, I think it is about 3000 per year. But if you look more closely at what kind of 
companies those are, they are within health and care, building-entrepreneurs, service companies, 
well, the type of ‘cut-each-others-hair sort of companies’, and nothing knowledge-based, nothing 
industrial, nothing directed at an international market. It is all services, carpenters, healthcare 
and shops. Both PubGene and BioMolex got pretty good public financing initially through 
among other things the MEDKAP programme, which is run by the Norwegian Research 
Council, in the first year. And we combined that with business angel capital, because venture is 
not interested in this type of companies at all. But the big challenge in Norway is seed capital, 
and the only seed capital is offered by business angels, like me, who are willing to use own 
effort and competence in these kind of companies, but there are very few of them in Norway. 
That makes it difficult to get an knowledge-intensive, technology based company or venture up, 
and running in Norway. 

Eirik Næss-Ulseth 
 

Eirik Næss-Ulseth provided the first equity capital. Since that more business angels 

have invested in the company. However, he is not impressed with the lack of public 

seed investment in Norway: 
After a while there were a couple of others, in particular one, that is Erik Braathen, with his 
investment firm Oyiada. He invested in both PubGene and BioMolex with money, but not with 
competency, not as a business developer. But that is the biggest challenge commercially in 
Norway. In high-technology firms you need seed capital combined with public funding, i.e. 
research funding. The public capital is a risk reduction for if put together with seed capital. If 
you match it, like they do in the US where you get 100.000 dollars right away, and  if you meet 
your goals the first couple of months, you get another 300.000 dollars, and then you get a million 
dollars. And if you can go to someone doing seed capital, like a business angel, and say that all 
your R&D for the next three years is fully financed, but you have no money for developing 
commercially, then it is much easier to get finance right? But if you go to a business angel and 
say: “Hey, we got some skattefunn money, a couple of hundred thousand NOK [ca. 30.000 
USD], but we need money for R&D as well as for developing the market side”. Then is it not 
easy to get money, when the alternative for the investor is to put money on the stock exchange 
and do very well, and that is what they do now”.  

Eirik Næss-Ulseth 
  

Acess to knowledge in the form of input data: As a product PubGene is dependent on 

access to input data. The main data source is MedLine. Medline is an American 

database of abstracts (going back to the 1950s), and is a service from the United Staes 

National Library of Medicine (a part of NIH). However, a richer source of data would 

naturally be if one could get an equivalent number of full text articles. 
“What we are looking at now is to take advantage of the vast amount of information available on 
the web, and that is full-text based”. 

Eirik Næss-Ulseth  
 

Some of this is open source and may be applied freely, but most is closed: 
“The key.. a great deal of them are opened free to the field of bio, but a large share of it is very 
closed, depending on the degree of commercialisation. There is a lot of knowledge existing, but 
the challenge is to combine the different layers of information in a way that you can get 
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something out of it, and that is a major challenge. But that is actually what PubGene is about, but 
take the full text as a starting point, and use that as a basis, but integrate it with other sources”.  

Eivind Hovig 
 

There are many other sources that may be put into PubGene (DNA sequences, micro 

matrix data etc).  
“Or biobanks for example, i.e. biobank analyses performed on biobankmaterial. The results of 
these analyses are very interesting to include in PubGene. The problem is that in Norway, there 
is not a lot going on in that field”. 

Eirik Næss-Ulseth 

A lot of the collaborative projects that PubGene is involved in have to do with 

integrating new forms of data into the product. 

The spatial dimension 

PubGene has its offices in the GlaxoSmithKline innovation centre in Oslo (near 

Forskningsparken/ Oslo science park), as do many of the companies that Eirik Næss-

Ulseth is involved in.  
The localisation [in Oslo] is perfect. You have a short distance to the Norwegian Radium 
Hospital. Across the road is the University of Oslo and Rikshospitalet. 

Eirik Næss-Ulseth 

And then there is the Center for Bioinformatics [part of UIO] which is two buildings away from 
this building [GSK Innovation Centre]. 

Eivind Hovig 
GlaxoSmithKline (GSK) provide them with cheap facilites, and they can get backing 

from GSK should they need it. It is interesting that Oslo Innovation Centre (partially 

owned by the University of Oslo) is perceived to be adding less value and cost more:  
This is Glaxo’s innovation centre, and there is a big difference between this and the Oslo Science 
Park where you pay a relatively high price on facilities and based on experience, you get little 
else (…). All the four biotechnology companies that I am involved in, have their offices here, 
plus some other companies that I am involved in.  

Eirik Næss-Ulseth 

The proximity to the relevant institutions facilitate collaborative innovation, in 

particular with organisations that PubGene already has relationships with: 
We use a lot of the competency from the Radium, and we have also relations with the University 
of Oslo and Rikshospitalet. We have had a lot more to do with the University of Oslo after we 
aquired Cencell [a spin-off from the Universtiy of Oslo and Rikshospitalet]. Cencell is now a 
company within the PubGene group. Cencell is based on a technology to do analysis of DNA 
sequences.                  Eirik Næss-Ulseth 

 

Parts of the company has its spatial location in the US (Boston and Seattle), and in 

particular the parts that are related to sales and marketing. R&D is more interesting to 

build up in Norway for PubGene. 
In respect to organisation and what it builds or where you build what, I have seen when working 
with PubGene and two other organisations that are established in the US, I clearly see that it is 
an advantage to, when it comes to marketing and sales, it is very interesting to build up an 
organisation in the US. When it comes to R&D however, it is much more interesting to build up 
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an organisation in Norway. There is more than one reason for this; the first one is that it is much 
cheaper, running a business in the US is much more costly, one thing is salary, but first of all is 
all the overhead and everything else that makes it more costly to run a company in the US, 
especially with many employees. We are currently looking to establish R&D subsidiaries in 
Asia. India, Pakistan, those type of countries, India is a leader in this area. It is a mix of 
competency and cost. They are really far ahead when it comes to IT. China is also up-and-
coming. We do not have a chance to compete with them when it comes to knowledge and price 
in Norway. But we may compete with them on one thing, and that may be about creativeness and 
innovation, because the culture of some of these kind of countries does not really foster 
creativity, and smart thinking”. 

Eirik Næss-Ulseth 
 

However, it may be a challenge to collaborate with Norwegian researchers for a 

commercial company: 
…commercially it may be a challenge to relate to Norwegian scientists in a PubGene context, in 
general, because we live in two separate worlds, when it comes to efficiency, and in to reaching 
milestones and that is a challenge. It has to do with culture, and researchers in the US and other 
countries are generally more commercially oriented than researchers in Norway, and not the 
least the actual organizations that the researchers work in are more commercial abroad. It is not 
very easy to negotiate with Norwegian academic institutions. There are many ‘little kings’ and 
they are very poorly financed.                        Eirik Næss-Ulseth 

 
My experience is that it is comforting to know that the primary market for the product is not 
Norway, and so it is not so important for me to be selling anything in Norway, but I really try to 
belong to… I am employed in an academic position here in Norway and I have not experienced 
any large problems in this respect. The researchers have very small incentives to do something 
commercial in the Norwegian academic milieu, and then it isn’t hard to understand why they 
don’t do it either.                     Eivind Hovig 

 

Strategic collaborations 

Most of the collaborations that PubGene enters into are international, “due to the nature 

of biotechnology” (Box 5.6 lists a number of strategic collaboration partners for 

PubGene Inc). PubGene enters into collaborations that are relevant to the development 

of the product. 
“It must be related to the product, to the development of the product, or to do something in the 
market. Cencell is a complementary product, and it is interesting to see that in context. The 
collaboration with MKI in Japan, that is a distributor, and we have collaborations with them in 
order to sell in a market and develop a market”.               Eirik Næss-Ulseth 

 

Collaborations that add depth to the product via added features, such as focusing on a 

very specific application, for example a disease area, is very interesting. 
“But you could say that most collaborations has to do with diversification of the product, adding 
depth to it. One thing is to develop competency in relation to allergy in particular, so that people 
who work within allergy and related areas, get extra information, which is an advantage, because 
then we may draw upon competency on allergy and develop a solution that make others who are 
interested in allergy see extra value in this product compared to the product of the competitors”. 

Eivind Hovig 
 

“That is very interesting, to focus on special topics, areas, diseases, special medications, and 
enter into a close collaboration with special expertise areas, or knowledge fields, and strengthen 
the product, and in particular the data content, since PubGene is like a database containing 
biological information”.                 Eirik Næss-Ulseth 
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Box 5.6: Strategic collaboration partners for PubGene Inc. 
!" MKI Japan – Product sales and improvements 
!" IBM Life Science USA – Product sales and improvements (reference is the Mayo Clinic) 
!" Consulting Program for following up key customers, e.g. Pfizer, Mayo Clinic, Bovibank 
!" Beckman Coulter Inc. – Primer selection database for melting map analysis (new PubGene module) 
!" HGVS – Mutation database for extension of the PubGene product 
!" Queen Silvia’s Hospital Sweden – PubGene to identify new therapeutic targets (MedCoast funding) 
!" Norwegian Microarray Consortium – PubGene improvements related to microarray analysis 
!" BioWWW project for extracting and integration of bio-information from the Internet 
!" Bovibank – Improved PubGene support for QTL analysis 
 
(Source: Company presentation made by Head of Support Trevor Clancy at BI The Norwegian School of 
Management, February 2005) 
 

If we look at box 5.6, there are many different types of collaborations. The collaboration 

project between PubGene and The Queen Silvia Children’s Hospital in Gothenburg is 

for example a microarray study of nasal polyps before and after treatment of cortisone, 

based on new immunological target genes were identified by Michael Benson, MD; 

PhD, at the Paediatric Allergy Research Group in Gothenburg. This project is supported 

by MedCoast financially to cover collaboration expenses for research fellows during the 

project. 

 
I will now go more into detail on the collaborative agreement/project marked in bold in 
box 5.6. 
 

Collaborative case 1: Adapting PubGene for BoviBank 

BoviBank was incorporated in January 2002, with start-up activities in Norway from 

fall 2002 with a target to facilitate innovation and business development based on long 

and substantial traditions in Norwegian dairy herd recording and breeding. The history 

of the company is short, however, its assets are based upon more than 25 years 

systematic collection of phenotypic recordings in the Norwegian Dairy Herd Recording 

System (NDHRS) and biological samples performed by the TINE Produsentrådgivning  

and GENO Breeding and A.I. Association (www.geno.no) respectively. These 

institutions are the building blocks of the biobank, and also its present owners. The 

biobank content represents more than 7 cow generations, which is more than 7,5 million 

animals. Substantial work and investments have been laid down in organising, 

developing, running and maintaining the recording systems over the years. The 

recording and sample collection system fully relies on the farmers’ collaboration. The 

establishment of BoviBank is thus not only a result of founders management decisions, 

but relies heavily on the commitment, quality recordings and follow-up activities of the 
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Norwegian cattle farmers. BoviBank highly appreciates their work and sustained 

collaboration. 
…for example with BoviBank it was more directly related to our product. The collaboration with 
Bovibank and Cigene115 at Aas116, this project started, in short, because Bovibank wants to 
analyse, or find the causes of central diseases in cattle, but also, to see if human diseases have 
the same causes, or diseases in other organisms than cattle. Then it is a big challenge to 
discover… well they start directly to do what we call wet lab analysis, or analysing the gene 
material, or protein material that they have and which is characterised in respect to anything 
from what the cattle has eaten to what diseases are inheritable and alls sorts of variables. That is 
a massive work to analyse all that before having somehow selected candidate genes or proteins, 
because then you can narrow the search for genes and proteins related to different diseases. And 
this is where PubGene comes in. With PubGene they can sort of narrow down the scope of the 
selection of genes and proteins that they have to analyse, and maybe end up with a couple of 
hundred genes and proteins that they can take with them to the “wet lab analysis”, which are 
very costly, and so they are able to focus much more and get to their targets in much shorter 
time. Our part of the project is to develop and adjust PubGene for the use of BoviBank. In 
particular, we put in data and get out data that are relevant for cattle, or the organism that they 
want to study. 
 

Erik Næss-Ulseth 
Initially it was Bovibank and Cigene that got in touch with PubGene.  

 Initially, they were the ones who got in touch with us yes, and then we discussed opportunities 
and ended up with this as a project where they bought a license on PubGene and we applied for 
grants from the research council, and we got it. Now we are in the middle of the project, and 
Bovibank will start using PubGene from September (2005).             Eirik Næss-Ulseth 

 

The target for PubGene with this project, apart from making a sale, is to develop 

competency in a field called QTL analysis. 
The starting point is that, all people have different hair colour and blood pressure or whatever, 
and there is a great variation, and a lot of these qualities are a result of more than one gene, that 
work together and form a trait, and a QTL is than a quantitative, likely localisation, along the 
chromosome for a gene that is likely to be a part of this determination, but it depends on how 
good your material is, because if you have a bad sample, then you get very poor, or unclear 
likelihoods, and that means that you get an area where it is likely that there is something, but the 
question is to find out what it is on this chromosome area that is involved in this trait. Then we 
have to find out which genes are there, and what traits have been described for these genes in 
other organisms. If we can use this knowledge, then we get a ranked list over the candidate 
genes, as Eirik explained, and the point is that all other organisms are better explained and 
described than humans, because in humans the mating happens by chance sort of, unlike for 
example cattle, where you have like 10 bulls that have been involved in most breeding, and 
everything is very well described through a controlled system, and an equivalent system exist for 
most livestock and other model organisms. Bovibank has a database where they can document 
all pairings for the last 50 or 100 years in Norway.        Eivind Hovig 
 

 
115 Cigene (Center for Integrative Genetics) is collaboration between the universities UMB, NTNU, UIO 
and the research groups Akvaforsk and the Norwegian Computing Central, among others. 
116 A place near Oslo where the biotechnical university, UMB, is located 
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Collaborative case 2: MIT, Peoples Genetics and Beckman-Coulter 

PubGene has been collaborating with Beckman-Coulter regarding primer selection 

database for melting map analysis (a new PubGene module). Beckman Coulter, Inc. is a 

leading manufacturer of biomedical testing instrument systems, tests and supplies that 

simplify and automate laboratory processes. The company is based in Fullerton, 

California. However, the project did not start out as a project between PubGene and 

Beckman-Coulter: 
I made contact with a professor at MIT through my mutation-demonstration PhD, called William 
Thilly117, and we had contact for a while and we were doing calculations on how the DNA which 
is a double helix melted locally in order to let proteins in and start regulating it etc, and the 
question is how well it may be predicted or modelled, and we were doing that, but only for very 
short strands of DNA, because the calculations were so complex and took so much time, and 
they would not have been easily solved for larger pieces.           Eivind Hovig 

 

Eivind Hovig has had contact with William Thilly (Professor at the Biological 

Engineering Division at MIT) since the end of the 80s, in relation to the Radium 

Hospital. Sometimes serendipity and other factors play a huge role for connectivity: 
 The fact that Thilly has Scandinavian roots meant that he was always very interested in coming 
here, so that was a lucky coincidence.         Eivind Hovig 

 

William Thilly had started a company called Peoples Genetics, and was interested in 

working with PubGene: 
At some point of time, Thilly called me and said: “Listen up, we have to start doing the complete 
human genome, but I cannot do this alone, but you [PubGene] can do it”. And so we could, and 
we started working on that. He had started a company in the US called PeoplesGenetics, which 
was the company that was going to use this tool that we were developing for them, and they 
were going to use if for an instrument, but then they ran into capital problems, and consequently 
they ended up being bought by Beckman, and in this way they solved their financial problems 
[see box 5.7]. (…) but that meant that Beckman was in pursuit of this in respect to developing 
further both the instrument and to make a total package that included amplification, or analysis 
of the complete genome, and in order to do that they had to put primers, and they needed a 
software to select the best sequences for this kind of amplification, which also kept in mind these 
aspects that has to do with melting. And no one had this technology, but we were able to solve 
this for Beckman. This was a project that was initiated based on an academic contact of mine, 
which then were brought into a commercial setting; PubGene. Because during the project it 
became a product that was purely commercial, and had very little to do with academia, even 
though Bill Thilly and I still keep in touch on an academic level and the academic questions 
related to this.            Eivind Hovig 

 

Thus, a relationship between Beckman-Coulter and PubGene was established through 

PeoplesGenetics and Professor William Thilly, and a project that started out as an 

academic relationship that has been brought into a commercial setting. 
What is also interesting with the Beckman-Coulter project from a strictly commercial point of 
view, is that we got some money in order to complete the project, and then additionally we have 

 
117 William Thilly is also on the scientific advisory board of PubGene. 
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a royalty agreement with them, which means that we get 2000 dollars for each system that they 
sell, and up until a certain number of systems. So of course we are interested in them selling as 
many systems as possible.                  Eirik Næss-Ulseth 

 

Box 5.7 Beckman Coulter Acquires Peoples Genetics' Technologies; Acquired Technologies to 
Enhance Beckman Coulter's Genetic Analysis Solutions 

 
(September 10, 2003) – Beckman Coulter, Inc. today announced they have acquired the technologies of 
Peoples Genetics, Inc. (PGI) of Woburn, Mass. The technologies are used for the comprehensive genetic 
analysis of large pooled populations of individual patient DNAs. The acquired technologies, originally 
developed in a collaboration between the Massachusetts Institute of Technology and Northeastern 
University, consist of proprietary procedures for both sample preparation and constant denaturant 
capillary electrophoresis (CDCE). These technologies, when applied to large pools of DNA — up to 
100,000 samples — enable rapid identification and validation of low frequency mutations which 
contribute to common complex diseases such as diabetes, cancer and cardiovascular and 
neurodegenerative disorders among others. 
 
“By integrating this technology into our current genetic analysis platform, we can offer a revolutionary, 
high throughput, cost-effective tool to enable both the comprehensive discovery of genetic variations and 
the validation of their roles in major complex diseases,” said George Bers, vice president of systems 
biology for Beckman Coulter. “This combined solution can remove a critical discovery bottleneck 
currently experienced in disease association research and give Beckman Coulter the opportunity to gain 
market share in downstream molecular diagnostic and pharmacogenomic testing.” 
 
In addition to the acquisition of technology, William Thilly, Sc.D., the former chief geneticist for Peoples 
Genetics and current professor of biological engineering at Massachusetts Institute of Technology, and 
Barry L. Karger, Ph.D., the former chief technology officer of Peoples Genetics and current professor of 
chemistry and director of the Barnett Institute at Northeastern University, will be joining Beckman 
Coulter as consultants. Emphasizing the necessity of these technologies in the search for the large number 
of rare inherited human mutations believed to collectively create risk for common disorders, Thilly stated, 
“For nearly all known, but relatively rare monogenic inherited diseases, each causal gene has multiple 
mutations that increase risk. Our view is that genes carrying risk mutations for common diseases will 
show a similar pattern, with multiple mutations scattered across any of several genes. Testing this 
hypothesis — that any of many mutations across several genes increase risk for the same disease — 
requires the analysis of large populations. These technologies, for the first time, make large discovery 
experiments feasible and practical.” 
 
(Adapted from the Beckman Coulter press release announcing the acquisition of Peoples Genetics, 
available on www.beckman-coulter.com)  
 

Other biotechnology firms 

In addition to the two companies that Eirik Næss-Ulseth and Eivind Hovig is involved 

in together, Biomolex and Pubgene, Eirik Næss-Ulseth is involved in a series of other 

companies: 
During the last three years, I have been working primarily with biotechnology, and two 
companies that, one that has to do with X-ray systems, or future x-ray systems, in particular CT, 
Computer Tonography, and then one other company that also is located here [in the GSK 
Innovation center] that works with wireless communication, ultra wide band, wireless 
communication with very low effect that uses radio communication, electronics which uses very 
little electricity, and both sends and receives radio signals, like radiofrequency, and which we 
will use for short-range radars among other things. Radar systems with which you may see 
through walls, but has a range of 15 metres, and one application of this is close-to-person 
communication, in particular in patients and elderly patients who has to have communication to 
different sensors, like implants for example that measure blood sugar levels in relation to 
diabetes, or implants that monitor the heart and other type of sensors. And if you are sending and 
receiving signals from and to implants that are inside the body, it is a huge advantage that these 

http://www.beckman-coulter.com
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uses very little power, because you do not want to take out an implant very often to change the 
battery. It is our opinion that we have a unique technology for this, and this is a spin-off from the 
University of Oslo. The X-ray company is established in Los Angeles in the USA with a 
daughter company in Norway. The technology is from CERN and Norway, and to some extent 
also from the US. The Biotech companies are PubGene, and BioMolex, as well as two other 
companies that I also work with which are spin-offs from Rikshospitalet and those are what you 
may call Early drug discovery companies, and they develop drugs in a very early phase phase. 
One is called Rheumatech. Rheumatech is based on the discovery of a protein which we think 
may control the immune system reaction ability to external stimuli. What we work with now, is 
to verify that the protein actually does what we think it does, and later we will try and find out 
how we can regulate this protein in regards to HIV or allergy and other different diseases where 
the immune system is either strongly activated or inhibited. 

Eirik Næss-Ulseth 
 

RheumaTech researches on identification of genes that are important to the immune 

system. This research involves among other things a collaboration with Rikshospitalet 

on testing of immune cells from HIV patients. This requires mpre capital, and the hope 

is to get an agreement with an international pharmaceutical company in order to finance 

further growth and development. 
The other company is called Spermatech, and it is a company based on the discovery of a protein 
that and we have verified that this protein controls the sperms ability to move. Right now we are 
working on how we can regulate this protein and our target is to make a contraceptive pill for 
men, and this is a pretty unique thing. 

Eirik Næss-Ulseth 
At Spermatech, Eirik Næss-Ulseth is working as Managing Director and is responsible 

for commercialisation of the R&D results. Spermatech AS was established in 2002 by 

researchers at the University of Oslo and The Norwegian National Hospital 

(Rikshospitalet). Spermatech is a pioneer in the development of drugs used to 

manipulate sperm mobility in order to develop non-hormonal male contraceptives. 

Spermatech’s technologies are based on the discovery of a protein that is crucial for 

sperm mobility. The company has developed proprietary technology and has the patent 

rights to this gene/protein and its use in manipulating sperm mobility. 

 

Today the most widely used form of chemical contraceptive is hormon based and taken 

by the female, often with many side effects due to the hormones affecting the body. 

Therefore, there is a great need for the development of a contraceptive that can directly 

but reversibly manipulate sperm movement by targeting the underlying mechanism for 

sperm forward mobility. 
What is exciting here is that this protein can only be found in one place in the body, and that is in 
the sperm. Thus, it is perfect targeting, or target protein, and it is non-homonal, which means that 
there is no side-effects and completely reversible. At least that is what we believe at this stage. 
This project is probably the most exciting thing going on of this type of early drug discovery in 
the Nordic region at least. 

Eirik Næss-Ulseth 
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Eirik got in touch with the researchers behind the technology through his network, and 

the entered into discussions, where the result was to establish a company. Getting public 

funding for developing the technologies for Spermatech and Rheumatech has however, 

been difficult: 
We established the company and got some initial seed capital. We have also applied for public 
funding, and we have applied for these two companies ca. 12 times [Rheumatech and 
Spermatech], and we have been rejected every time. The answer we have gotten is that this is 
basic research and should be financed through regular university research funding, and that this 
is too early. The authorities are completely mistaken. The only way to do this is through a 
commercial setting, because there is no money in the academic system to do for example what 
we are doing right now in Spermatech. For example, we are doing analysis that are incredibly 
expensive, in Switzerland and in the US. These are what we call drugability tests, which is about 
proving that it is possible to regulate this protein. These are very costly analysis, and there is no 
actor in Norwegian academia that can either do this analysis themselves, or pay for them. We 
have gotten some capital in the financial market for Spermatech, and so we have financed this 
exclusively with private capital, except for 200.000 NOK that we got as a MedCap grant, but 
that is nothing compared to the sums that we have already spent. 

Eirik Næss-Ulseth 
 

In order to get to a stage where Spermatech can get funding elsewhere (pharmaceutical 

or VC firm), they have to be able to prove that it is possible to add a chemical substance 

that regulates the protein. 
We do not have to think about side-effects or those sort of thing, because that is something that 
the bio-pharmaceutical industry has to take care of at a later stage, and that costs like hundreds 
of millions and clinical studies, and then we can talk about billions. 

Eirik Næss-Ulseth 
 

Both the University of Oslo and Rikshospitalet are still involved in the sense that the 

technology came from these institutions, but they have no ownership of Spermatech. 

Spermatech pays for the people at the university and has a rent agreement on use of labs 

and equipment. 

5.3 Summing up 

This chapter has introduced three biotechnology case firms, and showed concrete 

examples of how these firms connect to actors, networks and institutions. The next 

chapter will put the findings of this chapter together with some of the findings on 

preconditions for biotechnology for each region, and discuss this with respect to the 

research question of this thesis. 
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1928 
Scottish 
bacteriologist 
Sir Alexander 
Fleming 
discovers 
penicillin as an 
antibiotic 

1941 
Danish microbiologist A. 
Justin coins term 
"genetic engineering”

1944 
Canadian scientist 
Oswald Theodore 
Avery isolates pure 
DNA 

1971 
First complete 
synthesis of a 
gene

1953 
James Watson 
and Francis 
Crick become 
the first to 
describe the 
double helix 
structure of DNA

1973 
Stanley Cohen 
and Herbert Boyer 
discover 
recombinant DNA 
technology, 
considered to be 
the birth of 
modern 
biotechnology 

1978  
a synthetic version of 
the human insulin 
gene was constructed 
and inserted into the 
bacterium Eschericia 
coli 

1990 
World’s first 
Human Genome 
Project 
launched 

1997 
The world 
meets Dolly, 
the first 
cloned 
mammal 

2000 
American scientists 
Craig Venter and 
Francis Collins 
announce first 
complete draft of the
Human Genome to 
the world.

1976 
The world’s first biotechnology 
company, Genentech, is 
established in California by 
Herbert Boyer and Robert 
Swanson.  

 
 
 

Biotechnology timeline (Part III) 
 
 
 

 
 

 
 
 

“Wonder is what sets us apart from other life forms. No other species wonders about the meaning of 
existence or the complexity of the universe or themselves”. 

Herbert W. Boyer, co-founder of Genentech, Inc. 
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6 Evolution of micro-innovation systems 
 

“In this search [for the double helical structure of DNA] I often had Francis Crick [co-
discoverer of the double helix] with me. But fates sometimes placed us thousands of 
miles apart, and many of my steps towards unravelling the RNA were in company with 
newer friends (…). Quite different was the truly bizarre explorer, the Russian-born Geo 
Gamow (…). Together we were to form a club with a tie that he designed and called the 
RNA Tie Club. To its 20 members, Francis Crick sent his famous 1955 “Adaptor 
Hypothesis” that he never published elsewhere. Our club became part of the history of 
molecular biology.” 

James M. Watson (2001) 
 
 

6.1 Overview 
6.2 Comparative analysis of the case firms 
6.3 How does biotechnology firms connect?  
6.4 Evolution of micro systems for innovation via “osmosis”   
6.5 Summing up 

 

6.1 Overview 

The RNA Tie Club never had meetings, but it had a tie and notepaper, which listed its 

officers and their roles: Geo Gamow was the “Synthesiser”, James Watson was the 

“Optimist”, and Francis Crick was the “Pessimist”. The club served as the means for the 

circulation of ‘speculative manuscripts’, containing ideas and procedure the authors 

would not wish to risk in formal publication. Their connectivity was not caused by 

geographical proximity, on the contrary. It was a society based on 

friendship/relationships and a mutual interest: boundary-breaking science and crazy 

ideas118. 

 

The purpose of chapter 6 is to discuss the descriptive analyses of chapter 4 and 5, and 

bring it together by discussing interesting findings and major conclusions with the 

research question and objectives in mind. The purpose of chapter 6 is really to link 

chapter 4 and 5 together bringing together the partial conclusions. 

 

 

                                                 
118 George Gamow was for example one of the main promoters of the big-bang theory, and Watson/Crick 
discovered the DNA as a double helix structure.  
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Figure 6.1: Bringing together perspectives from regional analysis and case analysis 

 

In section 6.2, I will discuss the three case firms ‘in situ’, i.e. in the context of the 

regional system. Section 6.3, will discuss findings in the case studies with the research 

question and sub-questions in mind. Finally, in section 6.3, I will discuss key findings 

and develop some propositions or concepts that describe the findings at a more general 

level. 

 

6.2 Comparative analysis of the case firms 

In this section, a comparative analysis of the three cases will be provided, and I will 

look more closely at similarities and differences between the firms (internal 

characteristics), including the context that firm interaction take place in (external 

characteristics). First, I provide a brief analysis in the form of tabular comparisons of 

important internal and external characteristics. Second, I look more closely at the 

companies and their context. 

6.2.1 Internal characteristics 

The comparative analysis of the three case firms is based on the narratives of the three 

case firms in chapter 5. The focus is on how the three case firms deviate and how they 

are similar, in terms of internal characteristics.  

 
 168
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Table 6.1: Basic comparison of internal characteristics of the three case firms  
 

 3DM PubGene Bioscora 
The basic features of the firm 

Founding team size 5 3 2 
Scientific vs. business 
founders 

4/1 3/1 1/1 

Start-up year 2002  
(Firm was re-started in 

2002. Actual firm 
development started 

earlier) 

2001  
(PubGene Inc 

started in Boston in 
June, PubGene AS 
in Oslo in August) 

2004  
(February) 

Technology origin University (MIT) NRH (and NTNU) Based on research 
conducted for many 

years (at ML University 
in Halle and the Max 

Planck Institute in 
Frankfurt) 

Type of biotechnology firm 
(based on technology) 

Biomaterials Bioinformatics Protein chip 

Employees (excluding BoD 
and Scientific advisors) 

2 6 6 

Board size 5 5 - 
Scientific advisory board size 7 4 - 
 

Two of the cases (3DM and PubGene) have to a larger degree a comparable 

background, in terms of similarities in the some of the basic features of the firm119. Yet, 

it is relevant to discuss the case of Bioscora, even though it is to some extent deviant 

(cases may be compared both based on similarities and differences, as described by for 

example Andersen 1997).  

6.2.2 External characteristics 

It makes sense to provide brief comparison of the three regions before we turn to the 

case studies. This will be done in tabular form (table 6.2). There seem to be a difference 

in maturity in the regions, and there is a clear development towards evolution of macro-

innovation systems in the less mature regions (i.e. supra-national innovation systems) 

due to lack of critical mass of actors and geographical proximity. The Boston cluster 

seem to be less “spread out” geographically, and so I refer to it as an ‘island of 

innovation’, because it is to some extent ‘independent’ of other regions in the sense that 

most biotechnology firms can find relevant partners in the area. Policy makers in 

Saxony and Oslo has seen a need to include other regions into the definition of the 

system, based on lack of critical mass of companies within the region. This may be 

                                                 
119 However, this may be caused in part by a poorer data set for Bioscora, see appendices for elaboration. 
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described as a ‘belt of innovation’ because the cluster is spread out more 

geographically. 

 
Table 6.2: Comparison of the regions in tabular form 
 

 Boston, 
Massachusetts 

Saxony, 
Germany  

Oslo, Norway 

Number of biotechnology firms 280 150 32 
Relative maturity of sector 
(IPOs, product in market etc) 

High Low Low + 

Number of universities and 
colleges 

264 42 74 

Main cities (more than 100.000 
inhabitants) 

Boston, Worcester, 
Springfield, Lowell, 
Cambridge. 

Dresden, Leipzig, 
Chemnitz, 
Zwickau 

Oslo, Bergen, 
Trondheim, 
Stavanger 

The public spending on 
supporting biotechnology/ R&D 
(R&D effort as % GDP) 

High (Above OECD 
level) 

High (of the 
highest in 
Germany) 

Low 

Pharmaceutical industry 
complementarity 

High Medium Low 

Island or belt of innovation? 
(Concentrated or decentralised) 

Island Belt Island (and Belt?) 

 
 
Table 6.3: Basic comparison of external characteristics of the 3 case firms 
  

 3DM Bioscora  PubGene 
The spatial/relational dimension 

Where is the company 
located? 

Massachusetts 
(Cambridge/Boston) 

Leipzig, Saxony USA (marketing/sales) 
and Oslo, Norway 
(R&D) 

Why location? Where the initiators 
were living  

Where the initiators 
were living 

Where the initiators 
were living 

Main institutions for 
knowledge sharing nearby 

MIT, Harvard 
University, Boston 
University, MGH 

University of 
Leipzig, Max 
Planck Institute 

UIO, NRH, UMB, 
Rikshospitalet,  

Office location Home based office/lab 
in MIT campus 

BioCity GSK Innovation centre 
in Oslo 

Founders involvement in 
other biotechnology firms 

Yes No Yes 

Board members involved in 
other biotechnology firms 

Yes - Yes 

Scientific advisors involved in 
other biotechnology firms 

Yes - Yes 

External people in 
board/scientific advisors 

Yes/Yes - Yes/Yes 

Has the firm entered into 
formal R&D collaborations? 

Yes No Yes 

Has the firm entered into 
informal R&D collaborations?

Yes Yes Yes 

Public financing No Yes Yes 
Equity financing VC/Business angels - Business angels 
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6.2.3 “Within case” analysis of 3DM Inc 

3DM’s location to some extent contributes to confirming the strong centralisation of 

biotechnology and life sciences around the MIT campus (Kendall Square). A strong 

relationship with the university MIT has been initiated based on the technology origin 

and maintained through scientific co-founders continued employment at MIT. The 

company was started by a team of founders with strong personal and professional 

networks. Business competence in 3DM is ensured via a strong VC involvement in 

management and on the board of directors. This also functions as an important 

signalling effect for potential stakeholders. It is also worth noting that networking occur 

both within the firm and outside the firm. Being a virtual company, it is also important 

to link with the rest or the organisation internal networking also important for example. 

In 3DM the scientific advisors are brought in on one-on-one action when needed. This 

means that the networking between the advisors is limited, and some advisors may have 

very little contact with what is going on in the firm. Zen Chu employed a kind of 

“lingual collectivism” (constant use of the word “we” and “us, rather then “I” and “me”) 

and open dialogue, which I believe make it easier to for example build a shared vision 

and a good team climate, even for people who are only involved on an occasional basis. 

 

Innovation at 3DM Inc. is promoted by having multiple research collaborations in all 

kinds of new areas. 3DM collaborates extensively to develop the product, to build in 

features, to market product and to validate product. 3DM has received VC financing and 

business angel financing. A close connection to the technology origin organisation, 

MIT, has been kept largely due to the scientific co-founders. 3DM should work as a sort 

of hub for research collaborations, and thus it is important to stay small. The 

development of PuraMatrix is conducted as something in between open and closed 

source development with technology sharing and research collaborations which develop 

applications on top of the platform technology. President of the company, Zen Chu, has 

a background from IT and HP Garage, and maybe he is inspired from this?  

 

In reality, 3DM as a company may be organised into three parts: Management, scientific 

advisers and board of directors, the fact that the company is virtual and small 

contributes a culture of peer relations and being able to work as a team and engaging in 

dialogues with the appropriate level of friction/conflict and friendliness. Management is 

really the only “internal” actors involved in the company, since scientific advisors and 

board of directors are something in between internal and external. Much of the 
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development work is initiated via the scientific advisory board, and the focus is in part 

based on their research interests. For example, 3DM is currently developing the use of 

PuraMatrix in orthopaedic regenerative medicine, which is based on Dr. Alan 

Grodzinsky’s (co-founder of 3DM) research into cartilage defects and cartilage tissue 

engineering. This is an advantage, since they can then tap into the network of top 

scientists, who may have links to key people and organisations in that field. For 

example Alan Grodzinsky is Director of the Center for Biomedical Engineering at the 

Massachusetts Institute of Technology and will also step in as President-Elect of the 

Orthopaedic Research Society in 2006. 

 

3DM’s connectivity is foremost based on a need for information/ a need for 

confirmation and need for resources. Boards and reputation is used as points of entry to 

other actors. It is also based on access to resources for example financial (VC), or 

marketing/sales capacity (BD Biosciences).  The two case examples of connectivity are 

very different. The BD product launch is a formal collaboration with a very specific 

target: To get PuraMatrix out in the market. The collaboration is market based and 

contractual. The other case example is something in between formal and informal. It 

was a case example of initiating contact, and how relations come about.  We also 

observed how Lisa and Zen managed to communicate almost deliberately playing on 

the interplay between academia and business when making calls to potential clients, as 

they both would get on the phone and emphasise each others area of expertise It is not 

unlikely, that they could have answered most of the questions on their own, but taking 

these two roles when talking to a client, emphasises the fact that “here is a company 

where both business and science is covered”, and the company seems bigger than what 

it is.  
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Based on Rickne (2000:44), I have listed some of the dimensions of 3DM’s 

connectivity are listed in table 6.3.  

 
Table 6.4: 3DM’s connectivity dimensions (based on Rickne 2000: 44) 
 
A. Type of connectivity 
With what partner? With what purpose? Form of collaborative 

agreement? 
MIT (University/technology 
origin) 

Continuous development and validation of 
the product 

Both informal and formal 
(through co-founders 
connections to MIT) 
 

BD Bioscience 
(Biomaterials company) 

Launch of product PuraMatrix through BD 
(2004) 

Formal 

MIT, Toxicon Partner R&D with internal capabilities - 
MDI Consulting 
(Consultancy) 

Outsourced regulatory (MDI Consulting) Formal/informal 
(via scientific adv. board 
member) 

Choate Hall Outsourced intellectual property  
(Supplier/Customer relationship) 

 

American Peptide 
(Manufacturing) 

Outsourced manufacturing 
(Supplier/Customer relationship) 

Formal 

TDI (VC) Partner financing, partnering and strategy Formal (financing/ board 
members) 

Invitrogen/ MGH / Estee 
Lauder / various 
pharmaceutical companies 

Commercial product validation Project based, may lead to 
co-development of new 
product or 
customer/supplier 
relationship 

NIH, NCI, Harvard, MIT etc Product validation Formal/ informal 
MIT Develop PuraMatrix for clinical use 2005 

(Orthopaedics) 
Formal / informal 

Innovation Norway/ BU 
(2003, 2004, 2005) 

Get interns/ Learning Formal 

B. Density of connectivity 
Size of network Large Number of specific 

partners 
Diversity of network 10 + (Research labs, universities, hospitals, 

manufactures, pharmaceutical companies, 
VCs, customers, consultancies, IP/lawyers, 
semi-internal individuals/groups i.e. 
scientific advisory board, bridging 
organisations) 

Number of different kinds 
of partners 

Intensity of connectivity Research: Connect on application basis Number of connections, 
Time span of relationship 

C. Dynamics of connectivity  
How relations come about? Active search / serendipity /network nodes in form of key individuals 
How connectivity changes 
over time? 

Go from product validation to customer/supplier, or to co-development 

D. Degree of flow 
Degree of flow of each type 
of resource (Resources and 
knowledge) 
Degree of flow from/to each 
type of partner 

Technology (university, for example MIT), production (manufacturing), 
Management (Zen Chu/Lisa Spirio), Market (BD biosciences), credibility 
(scientific advisory board, board, MIT), Financial (TDI / Monitor) 

Receiver capability Management experience (Zen Chu / Lisa Spirio) 
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6.2.4 “Within case” analysis of Bioscora GmbH 

In the case of Bioscora there are two co-founders that has complementary knowledge 

(administration/PR and science). In addition they have employed some technical 

experts. The funding via the FUTOUR programme means that Bioscora can work with 

just R&D for the two first years, without being to concerned with marketing. Allthough 

collaborations with biotechnology firms, pharmaceutical firms and the surrounding 

universities/research institutes is perceived as something they want to do more of, there 

are not, at this stage many formal collaborations in place. It is more informal/“meeting 

over lunch” and talking to people. Collaborating with the University of Leipzig is 

something they plan to do very soon, and they need a supervisor for their molecular lab. 

So far they have established some contacts with some professors, but Dr. Vasilets is 

hoping that an upcoming conference will lead to more contacts being established. 

  
Table 6.5: Bioscora’s connectivity dimensions (based on Rickne 2000:44) 
 
A. Type of connectivity 
With what partner? With what purpose? Form of collaborative 

agreement? 
(informal/formal) 

Ministry of Economics 
and Labour / TBG 
(Futour 2000) 

Financing Formal (loose tie) 

Pharmaceutical industry 
through former students 

Market validation Informal (loose ties) 

Martin Luther University 
of Halle / Max Planck 
Institute in Frankfurt 

Keep in touch with former co-workers and former 
students (many of which now work in the 
pharmaceutical firms) 

Former employment 
(friendships / informal) 

University of Leipzig Some contacts with professors.  Informal 
BioCity Location of firm Formal 
UGB Business advice (business plans etc). Awarded her 

with entrepreneurship price. Through the UGB she 
has contacts with the bank Sparkasse Leipzig, 
since the UGB is a part of Leipziger Sparkasse.  

Informal 

B. Density of connectivity 
Size of network Medium Number of specific 

partners 
Diversity of network 6 + (Research labs, universities, students, 

consultancies, competitors/other biofirms) 
Number of different 
kinds of partners 

Intensity of connectivity Loose ties Number of connections, 
Time span of 
relationship 

C. Dynamics of connectivity  
How relations come 
about? 

Active search / serendipity  

D. Degree of flow 
Degree of flow of each 
type of resource 
(Resources and 
knowledge) 

Technology (university, for example Uni Halle), credibility (FUTOUR, 
startup Wettbewerb)  
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A connection to the pharmaceutical industry is established through talking to former 

students that work in these companies. Dr. Vasilets has also connections to where she 

was a former employee (Martin Luther University of Halle and Max Planck Frankfurt). 

A sum up of Bioscora’s connectivity is provided in table 6.4. 

 

In sum, Bioscora is not very connected to other actors in the sectoral system. There are 

mostly loose ties, and informal contacts. There is a lack of interaction with Biocity’s 

other firms and the University of Leipzig. This may be caused by the fact that the 

company is very young, and has a very small team of founders. It may also be caused by 

a malfunction in BioCity as a science park, in terms of getting people together. 

6.2.5 “Within case” analysis of PubGene 

PubGene was started as a result of a new technology and the right people getting 

together, in particular people with large networks and a high level of competency. The 

development of the company is closely related and interlinked with the development of 

other companies that Eivind Hovig and Eirik Næss-Ulseth is, or has been, involved in. 

Connectivity seems to be perceived as somewhat less dependent of spatial dimension, 

since they have many international collaboration partners, but it does probably not 

hamper connectivity either. Yet, relationships seem to matter much more for 

establishing collaborative projects, and in particular the Norwegian Radium Hospital 

has been a very active Norwegian partner in this development. PubGene has received 

limited funding from the Norwegian Research council and Innovasjon Norge.  

 

Table 6.6 provides an overview of PubGene’s connectivity based on Rickne (2000). 
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Table 6.6: PubGene and Biomolex’s connectivity dimensions (based on Rickne 2000: 44) 
 
A. Type of connectivity 
With what partner? With what purpose? Form of 

collaborative 
agreement? 

University/technology origin 
NRH, NTNU and UIO 

Continuous development via scientific co-
founders 

Both informal and 
formal (through co-
founders connections 
to NRH and others) 

Customers (J&J, Pfizer etc) Sell license to product Formal 
Biotechnology companies 
(Biomolex, Rheumatech etc) 

Knowledge flows and collaborative projects 
with other firms that co-founders are involved 
in 

Informal and formal 

Distributors (VizX Inc, MKI, 
decode, Technology networks 
etc) 

Develop market Formal 

R&D actors internationally 
(Harvard, Mayo Clinic, NIH, 
NCI, EMBL, Queen Siliva’s 
hospital) 

Test and develop product (customise solutions) Formal 

Governmental actors (NRC, 
Innovasjon Norge) 

Funding of research Formal 

Business angels Get financing and competence Formal 
Co-development with biotech 
supplier (Beckman-Coulter) 

Co-development and licensing of technology Formal (license and 
royalty contract) 

Content suppliers (Medline, 
biobanks, DNA sequencing 
database etc) 

Added value to product Formal 

B. Density of connectivity 
Size of network Large Number of specific 

partners 
Diversity of network Diverse sets of actors: Research labs, 

universities, hospitals, manufactures, 
pharmaceutical companies, business angels, 
customers, consultancies, IP/lawyers, semi-
internal individuals/groups i.e. scientific 
advisory board, bridging organisations 

Number of different 
kinds of partners 

Intensity of connectivity Different for each case, mostly connect on 
application and/ or project basis, intensity 
changes. 

Number of 
connections, Time 
span of relationship 

C. Dynamics of connectivity  
How relations come about? Active search / serendipity /network nodes in form of key individuals 
How connectivity changes over 
time? 

Go from academic connection commercial development of product 
(Beckman-Coulter project) 

D. Degree of flow 
Degree of flow of each type of 
resource (Resources and 
knowledge) 
Degree of flow from/to each 
type of partner 

Technology (university, for example NRH), sales/ market (distributors, 
support), credibility (scientific advisory board, board, MIT), financial 
resources (business angels and the research council) 

Receiver capability Based on the ability to have many connections (academic and business) 
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6.3 How biotechnology firms connect 

In this section, I will go more in depth into the case firms in answering the research 

question “How does the early stage biotechnology firm connect to the elements of the 

innovation system?” In addition there are three sub-questions that also needed to be 

answered:  

1 “How did the early firm development occur?” 
2 “How well connected are the firms?”  
3 “What are the specific dimensions of connectivity?” 
 

6.3.1 Connectivity and early firm development  

There are many different types of early firm development connectivity experienced in 

the case firms. The types of actors the firms connected to in their early firm 

development are listed in table 6.7.  

 
Table 6.7: Types of actors involved in early firm development 
 
Actors involved 3DM Inc. PubGene AS Bioscora GmbH 
Industry X X  
Scientific Advisory board X X  
Board X X  
Bridging Organizations (including 
TTOs) 

X X X 

Financial institutions (Banks, VC) X X X 
Customers X X  
University & public Research labs X X X 
Parent organisation X X  
 

3DM and PubGene have been involved in a larger number of actors in their early firm 

development, and thus, the analysis will focus on these two firms, as we discuss 

interesting finding regarding connectivity to the above-mentioned actors. 

Connectivity with parent organisation 

3DM and PubGene can be described as hybrid spin-offs (Birley 2002). Since 3DM is 

formally licensing the technology licensing from MIT, it is a more clear-cut case. The 

Norwegian universities where not capable of seeing value in technologies that was not 

directly related to what they where focusing on, and let PubGene take advantage of the 

knowledge accumulated for the Norwegian Radium Hospital without formal licensing 

contracts. It can still be called hybrid because the scientists kept their relationship with 

the company through co-founding/scientific advisors. They also kept their employment 
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at the NRH.  In 3DM’s case it can also be referred to as a hybrid spin-off, because also 

here, the scientists became something in between internal and external to the company 

via advisory boards. This means that the biotech firm is “being born into a network” so 

to speak, and continues to have a strong connectivity to its mother-university in the 

early development of the firm. The scientific founders also feel related to the university 

and academia. In the case of 3DM, they saved money on “bootstrap” R&D by keeping 

employment with university to get access to resources (labs etc) and keep the 

identification with academia and reputation of the university (“I am calling from 

MIT…”).  

Boards of directors 

The firms’ 3DM and PubGene used their boards as for high-level strategy development. 

PubGene has had external directors on their board since the start with two people with 

business/marketing knowledge: One of the external board members, Nils Vogt has 

worked in the pharmaceutical industry and within finance (VC). 3DM has only recently 

added external members to their board. As a part of their first round equity financing, 

they added two VCs to the board. However, I do not have sufficient data to say whether 

or not the external board members have added value via networking/providing contacts. 

3DM via president Zen Chu said that the board was important for networking, but the 

largest share of the board members are internal (or semi-internal). The board of 3DM 

consist of a majority of VCs (since Zen Chu has background as VC), and two scientific 

co-founders: Shuguang Zhang and Alex Rich, who both have extensive networks that 

3DM has used. 

The role of scientific advisory boards 

As stated, 3DM and PubGene fall in the category of hybrid spin-offs (although for 

PubGene the Norwegian Radium Hospital was not interested in ownership) as described 

by Birley (2002) some founders stay in the university, others join company. Those who 

stay at university may become part of advisory board/board etc. Interestingly, both of 

these two companies had quite large scientific advisory boards (3DM had 7 scientific 

advisors, PubGene had 4 scientific advisors).  

 

One of the advantages of having a large scientific advisory board is that you can tap into 

their network and make points of entry into the elements of the innovation system. For 

example, Alexander Rich, a renowned scientist who works closely with 3DM, used to 
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be a board member of the large pharmaceutical company (and potential client of 3DM) 

Bristol-Myers Squibb. During our internship, the value of this connection was utilised, 

and Zen was able to get some valuable contact information from Dr. Rich. Another 

significant person on the advisory board is Robert Langer. Dr. Langer is involved in 

over a 100 biotechnology companies in the Boston area, and with that follows an 

immense network. 

 

In the case of 3DM, 5 of the 7 scientific advisors had affiliation with MIT (technology 

origin). In the case of PubGene, 2 of the 4 scientific advisors had affiliation with NRH 

(technology origin). For both the firms, it seemed like the remaining part of the 

scientific advisory board where “strategically added”. In both 3DM and PubGene there 

was not formal interaction with the scientific advisory board. The advisors provide 

important input the technology and product, but they are not used as a board, more as a 

set of individuals since they are contacted on a need for application-basis. The 

relationship with the scientific board is based on a resource dependency (access to 

know-how), which is adjusted if they need a new form of knowledge (3DM is adding a 

clinical trials advisory board when they are entering clinical development). The 

scientific advisory board is also a way to formalise the link between the entrepreneurial 

network with people outside it who has complementary interests. The scientific advisors 

may be described as “Boundary spanners” since they are neither internal, nor external to 

the company. Some of the scientific advisors are more “internal” than others, such as 

Eivind Hovig in PubGene who is also co-founder.  

The spatial dimension 
“This is a smart location for 3DM to have their research, as real close by are plenty of other MIT 
institutions, pharmaceutical companies like the Swiss giant Novartis, the Whitehead Cancer 
Institute, and support functions such as Marriott hotel where many big conferences are held, and 
lots of restaurants to have business dinners at”.  
(Authors fieldnotes, June 2004) 

 

The spatial dimension is the geographical location of firms and other actors. Institutions 

may also have spatial relevance, via special funding for a region/country that make it 

attractive etc. The differences in the regimes influence the importance of the spatial 

dimension in the innovation process  (Rickne 2004). Essentially, the spatial dimension 

has influence because biotechnology firms are usually small and lacks the capability to 

handle large information masses, and will quickly be faced with information overload 

and increasing search costs. Thus, while the industry is young, the regional setting 
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matters. Yet, it is likely, that firms that are located in smaller clusters will seek contact 

with organisations located in larger ones, in order to find the expertise they are looking 

for. In the start up stages of an organization, much of what gets done is attributable to 

the people; later it is more about process (Christensen 1997). 

 

What significance does the spatial dimension have on the case firms? Based on the 

discussion in chapter 4 and the case studies in chapter 5, I theorize the following: 

1. The spatial dimension has significance in terms of whether it hampers or 
facilitates collaboration and innovation in any way 

Apart from that;  
2. Relationships are more important 
 

An example of this from the case studies are for example the degree that the firms 

collaborate with the technology origin university, rather than other universities, based 

for example on knowing the structure and organisation via the scientific co-founders. 

The case of PubGene further illustrates this via the Beckman-Coulter project, which was 

initiated due to a long-term relationship with a US-based professor, Bill Thilly. It may 

seem like relational proximity is a more important facilitator for collaborations in the 

case of the biotechnical firms, since most of the collaborative projects where relational. 

This may change when the firm mature and grow, and individuals become less 

important. Physical presence is no inhibitor, but the case firms seem to rather contact 

the people they know/ institutions they know:  

 
Collaboration between PubGene and BeckmanCoulter (was initiated based on 
relationship, but the relationship changed as the collaboration moved from purely 
academic to transaction based) 
Collaboration between 3DM and BD bioscience (transaction based) 
Collaboration between 3DM and Pharmaceutical companies (transaction/relational) 
Collaboration between 3DM and MIT (relational) 
Collaboration between PubGene and NRH (relational) 
Collaboration between PubGene & BioMolex (relational) 
 

Relevant to the spatial dimension is the governmental actors/national institutions: The 

role of governmental policy and agencies has influenced the three companies very 

differently.  Bioscora received enough funding to do R&D for two whole years, without 

any sales, and enough to employ six people. PubGene/Biomolex has received some 

capital via NRC and Innovasjon Norge, but not sufficient. 3DM has received no direct 

government support. 
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Incentives for entering into collaborations 

What were the incentives for the biotechnology firms to enter into collaborations with 

other actors? For one thing the scientific founders and advisors feel related to a 

university setting and collaborations are often governed by purely scientific research 

interest, which may also turn into something interesting in the market as well. In 

addition, the firm saves money on “bootstrap” R&D by keeping employment with 

university to get access to resources and keep the identification with academia. The lack 

of resources is however, the main argument for collaborating (lack of knowledge, lack 

of finance, lack of equipment). The main argument for PubGene when collaborating 

with Bovibank was to develop competency in a special area (QTL analysis). 

 

This is supported by theory and empirical data: 
Interfirm alliances have the potential to alter the opportunities and constraints that startups face 
in their early years.  

Baum & Silverman (2004:415) 
 
Baum et al (2000) found that the biotechnology startups that are able to establish 

upstream alliances with universities and other organisations that have scientific and 

technological expertise, and downstream alliances with pharmaceutical, chemical and 

marketing companies at the time of their founding, exhibit higher performance and 

growth. 

6.3.2 How well connected are the firms 

One of the key findings from studying the three biotechnology companies is that the 

firms rely heavily on other actors in the innovation system. Collaborative R&D is 

important for the firm product development, and the main contact for collaboration is 

through the scientists’ academic network. It also seems that when the firm develop and 

mature, they can to a greater extent find collaboration projects directly (for example by 

presenting at conferences, as was the case for both 3DM and PubGene). It is quite 

evident that PubGene and 3DM has a wider set of actors that they are involved with, 

compared to Bioscora. The fact that Bioscora has no clear network to a “mother 

university” means that the company has less opportunity for establishing contacts, and 

the bridging organisations (BioCity, BioNetz etc) were not really active in this 

facilitation.  

 

The firms’ connectivity patterns were somewhat path-dependent, depending on the 

relationships with established actors, such as tech-origin and personal networks of the 
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founding team.  The more specific connectivity paths are visualised in the figures 

below, where we can for example see that 3DM connect to pharmaceutical companies 

and universities via the scientific advisory board, and to investor groups and the 

financial community via the board of directors. 
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Figure 6.2: 3DM’s connectivity patterns 

 

The connectivity paths for Bioscora are visualised in figure 6.3. The connections here 

are mostly loose ties and informal. 
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Figure 6.3: Connectivity patterns Bioscora GmbH 

 

Figure 6.4 displays the many connections that PubGene has, also stretching beyond 

Oslo and Norway (connectivity map, figure 6.4). The network that PubGene has is 

really impressive, and to a large deal caused by interconnectivity between the various 

organisations and firms that the key people are involved in, thus, creating critical mass 

of actors for collaborations. 
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6.2.3 Dimensions of connectivity 

Connectivity is represented by the arrows in the network pattern maps in the previous 

section. However, we have not discussed the dimensions of connectivity in much detail. 

Rickne (2000) defines the dimensions of connectivity as type, density, dynamics and 

degree of flow. In the start of this chapter, I provided tables for each case firm on these 

dimensions with regard to connectivity. In this section I will elaborate some more on 

this, and discuss the dimensions of connectivity with the case firms in mind. In order to 

exemplify, I will use the “collaborative case” data for 3DM and PubGene as background 

for this discussion, and in particular the Beckman-Coulter project with PubGene. 

Analysing connectivity dimensions for the Beckman-Coulter/PubGene 

collaboration 

Type of connectivity includes purpose, what partner and form of collaborative agreement 

(informal/formal) according to Rickne (2000). In the case of PubGene/B-C the 

collaboration was not initiated between these two actors (see figure 6.5): 
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Figure 6.5: Evolution of collaborative project 

 

It started out as an academic collaboration, which was later evolved into a more 

commercial setting via the two companies PubGene and PeoplesGenetics. When 

Peoples Genetics was aquired by the large global actor Beckman Coulter, the 

collaboration further evolved into a more market based collaboration with a specific 

target of a customised product that PubGene would earn royalties on. Thus the 

collaborative agreement started out as informal, and ended up as formal (contractual). A 

further development of Rickne’s framework is needed when it comes to the forms of 

collaborative agreements (the division of formal/informal agreements are not really 

picking up the nuances and in-between cases). One could say this case started out as out 

as a social (personal) connection, due to focus interests (same background people). The 

initial collaboration (when brought into PeoplesGenetics and Pubgene) was resource-

based (access to complementary skills/knowledge). When PeoplesGenetics got acquired 

the collaboration became formalised (via a contract). 

 

This case is also very illustrative in terms of connectivity dynamics (initiation of 

connectivity, evolution of connectivity). One could say that Eivind Hovig and William 

Thilly, and their respective organisations (MIT/NRH) function as important nodes in 

this network structure. 
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6.3 Evolution of micro-systems for innovation via “osmosis” 

So far we have discussed the three sub-questions to the research question based on the 

case data.  With this in mind, the main research question may be answered by 

introducing two models that are intertwined: How biotechnology connects to other 

actors in the system via “osmosis”, and the way this causes evolutions of micro-

innovation systems.  

6.3.1 Innovation via “osmosis” 

Institutional learning take place through social networks at interorganisational levels, 

and interconnectedness between firms and systems is central in this respect: 
“The dynamism of the region’s industrial system lies not in any single technology or product but 
in the competence of each of its constituent parts and their multiple interconnections”.  
Saxenian (1996:166) 

 

Biotechnology firms act like scientists, because the people have kept their academic link 

to a university setting. The firms engage in active collaborations, and provide 

technology input to other actors’ products. This is in-between open and closed source 

innovation. All of the case firms are started in part by people in who are used to sharing 

knowledge in a scientific community. This is a general tendency for biotechnology, and 

I theorize that this has effect on knowledge sharing. Personal networks are important, 

since the firm needs to fill resource gaps by using networks (bootstrapping). It is the 

communication between individuals that facilitate the transmission of knowledge across 

agents, firms and even industries (Saxenian 1990). There are many boundary spanning 

actors inside the firms in the form of for example large scientific advisory boards, 

scientific co-founders, angel investors also involved in other firms, and VC’s. This has 

effect on knowledge sharing and interconnectivity in the system. I have taken this into 

perspective, as I introduce a “biological” view on biotechnology innovation. 

Boundary spanning knowledge “osmosis” 

As previously stated, I see innovation in a technological systems or industry network 

perspective, where firms, and in particular high- or new technology based firms, have to 

connect to other actors in order to commercialise their knowledge. These small firms are 

dependent on co-developing elements of their innovation with others because they lack 

the resources or desire to everything alone. I understand this type of connectivity as a 
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knowledge and technology osmosis120, where small firms “suck up” information from 

their surroundings, in the same way as water molecules move from an area of high 

concentration to an area of low concentration. Osmosis is the way water molecules 

constantly move across cell membranes, or other semi-permeable membranes, by 

simple diffusion. This process may be used as a metaphor for knowledge diffusion in 

new technology industries (see figure 6.6 below). 
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Figure 6.6: Knowledge and Technology Osmosis between actors in system 

 

The knowledge osmosis occurs in the technological system, and it is a process where 

the knowledge & technology move into and out of actors’ boundaries, mainly via the 

networks they are part of. Since the membrane is only semi-permeable it is necessary to 

have boundary spanning actors in the firm, that move in and out of the actor (firm) with 

external knowledge/technology. The knowledge osmosis metaphor may be applied to 

collaborations between research institutions/universities and biotechnology firms for 

example.  The boundary spanning actors would then be the scientific founders that have 

kept a strong identification and affiliation with the university, and can bring knowledge 

and technology input between the actors. 

 

The concept of knowledge osmosis is related to the concept of open source innovation, 

as described by Chesbrough (2003). His perspective is that there is an abundance of 

knowledge existing, and in the new era of “Open innovation” firms may acquire 

 187

                                                 
120 Others have used the metaphor osmosis before me, for example in describing learning (Jevnaker 
1993), and in describing technology diffusion. 
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technology and other knowledge from outside whenever it is needed (Chesbrough 

2003), and it is needed too: The R&D cycle spins faster and faster, and the firm cannot 

keep up by doing it all alone. Chesbrough (2003) claims that it is this open innovation 

model that has allowed firms like Genentech, Amgen and Genzyme to become major 

players in the biotechnology industry. According to Chesbrough (2001), the boundary 

between a firm and its environment is porous and thus, enables innovation to move 

easily between the two or more actors. However, the open source perspective ignores 

the fact that transfer across functional and organizational boundaries also may represent 

a challenge, due to cultural differences, the “not invented here syndrome (NIH)”, the 

nature of innovation and technological gatekeepers (Afuah 2003). One of the case firms 

that I have studied did report some problems with collaborating with pharmaceutical 

firms for example, and so, cross-boundary collaborating may not always be easy. The 

diffusion becomes easier with extensive use of boundary spanning actors, but that also 

involves risk. I perceive the firm as somewhat boundary-less, in the sense that like any 

social construction, the people within it may have stronger links to external actors than 

the internal ones. This may vary from firm to firm depending on things like culture and 

personal interests, but it is my perception that new technology firms may be more 

dependent on keeping up these networks both inside and outside the firm, because of the 

complexity and innovativeness of the technology or product.  

 

Additionally, a biotechnology firm as a social construction is likely to consist of people 

from multiple backgrounds and disciplines, and may feel more in touch with other 

social constructions than that of the firm. For example, the CFO may feel more linked 

with the VCs investing in the firm, than he does with the biochemist that works within 

the firm developing the new drug, and it is also not unlikely that the inventor of the 

technology who has a PhD in genetic engineering and is a co-founder, may still connect 

with the university lab and his peers more than he connects with the VCs. This means 

that the traditional boundaries of the firm are insignificant in some aspects, and only 

reinforced through more physical things such as offices, salary, corporate brand and 

other less tacit assets. 

 

This boundary-less innovation is also related to the concept of “virtual organisations”. 

There are four key characteristics of virtual organization as process. First, virtual 

organization entails the development of relationships with a broad range of potential. 

Second, virtual organizing capitalizes on the mobility and responsiveness of 
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telecommunications to overcome problems of distance. Third, timing is a key aspect of 

relationships, with actors using responsiveness and availability to decide between 

alternatives. Last, there must be trust between actors separated in space for virtual 

organization to be effective. In the following sections we will see how the lack of 

physical space influences other aspects of the company and its operations. Much prior 

research suggests that virtual organizations, for the most part because they use 

information technology to communicate, will be decentralized and non-hierarchical 

(Ahuja & Carley 1998). This is certainly true for 3DM, a lot of informal phone calls and 

e-mails were the basic form of communication, and there is little or no hierarchy in the 

organization. 

 

The concept of knowledge osmosis is also related to the term of localized knowledge 

spill-overs (Brink, Dahlander & McKelvey 2004), which is a form of system-

externality. The size of these positive externalities121 are hard to estimate, but the idea is 

that these externalities may be regarded as snow-ball effects that influences the general 

entrepreneurial climate in a specific geographic area (this view can also be traced to the 

National Systems of Innovation literature, see for example Carlson 1995), thus 

“everything depends on everything”. I find the terms of knowledge externality or spill-

overs to be rather vague concepts, which hints that this is a passive process. My 

experience of biotechnology firms through this study is that the process may be quite 

random, but it is a very active process: the parties come together and agree to 

collaborate. Thus, it seems to be a much more active collaborative process going on, 

requiring people that can help the process, and this is more than a formal function of the 

firm (as seen in the TTO’s/ business development units which are not always really 

spanning boundaries or networking). The term of externality and/or spill-overs does not 

really capture the active elements in this process.  

Knowledge osmosis borrows terms from psychology and learning theory, and one may 

say that knowledge osmosis is a process of collaborative and collective learning. Social 

cognitive or social interaction based learning is faster than experiencing and figuring out 

everything ourselves. This can even be seen in our closest relative, the Chimpanzee, 

when they learn to crack open a nut using a stone as a tool, by watching their peers and 

relatives (Inoue-Nakamura & Matzusawa, 1997). This is not just about imitating, but 

imitation is an important part of it in the sense that one must acquire the existing 

 
121 The concept of externalities is commonly utilised within microeconomic theory, and t is worth noting 
that the externalities may be negative as well. 
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knowledge before generating new knowledge. Every new generation of humans learn 

faster and faster by acquiring the existing as well as new knowledge. The more ideas are 

shared, and the more information made public, the smarter each generation will become. 

Why should this not be true also for organizations, since after all, organizations are 

essentially people? The context of this collective learning process via osmosis may even 

be described as a micro-innovation system within a very specific knowledge field. Thus, 

it makes sense that the best biotechnology clusters will be the ones where there is most 

opportunities from learning and networking.  

6.3.2 Evolution of micro-innovation systems 
“The origin of the NTBF may embed the young firm in a tightly nitted network. In the case of 
Sweden and Massachusetts, we found interrelated clusters of innovations where several firms 
originated from the same center (…). The initial networks may influence the further 
development path of the NTBF”. 
Rickne (2000: 146) 

 

One of the main ideas behind this thesis, based on Rickne (2000), is that connectivity is 

path dependent. The initial connection that this may be either key organisations for firm 

development (mother organisations) or key people. In both the case of 3DM and 

PubGene such key people were identified as important persons for networking and 

interconnectivity in the regional system. In Massachusetts, Professor Robert Langer, 

functions as this type of connector. He is involved in more than 100 biotech startup 

companies. Langer is also on the advisory board of 3DM. I theorize that there are 

people in the clusters that function as network nodes or “connectors”. The interlinking 

of the companies in the case of PubGene is largely based on Eirk Næss Ulseth’s many 

firm involvements and deliberate geographical co-location of these. The companies that 

are co-founded by Eirik Næss-Ulseth are co-located and have collaborative projects and 

a great deal of flow of people, contacts and knowledge. The networking around central 

organisations and individuals seem to evolve almost as a micro-innovation system. 

Figure 6.7 provides a visualisation of how the development of these firms and the 

collaborations between the actors can help building an export-oriented knowledge based 

industry. 
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Figure 6.7: Building export-oriented knowledge industry based on collaborations between 

different actors122  

 

Interestingly, this development has been driven by a few key individuals that have been 

able to take advantage of potential opportunities via collaborating and connecting to 

other actors. The result resembles a micro-innovation system. It is not restricted to a 

region, a special sector, technology or country, and it has a high intensity and diversity 

in the connectivity. In the case of Norway, almost all of the startups have technology 

related/technology origin from three key organisations for example, in the micro-level 

system that PubGene operates within. It is probable that bioregions with high degree of 

interconnectivity have many such micro-systems that together form the technological 

system for the region/country. However, these micro-systems may be more connected to 

micro-systems abroad than within the same sector, since it is to a large degree 

relationship and technology based. 

 

The development of such micro-systems is highly dependent on boundary spanners that 

are closely connected to many other actors. Thus, it is also strongly connected to the 

perspective of knowledge and technology transfer via osmosis. The development of 

micro systems for innovation due to knowledge/technology osmosis form an alternative 

perspective to understanding how biotechnology firms connect to the element of the 

system.    

                                                 
122 Source: from Eirik Næss-Ulseth’s presentation to Birkeland Innovasjon on Gründerdagen (“the 

Entrepreneurship day”) on the 14th of October, 2004. 
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Figure 6.8: How a rather small network of organisations and people may produce a large number 

of firms 

6.4 Summing up 

This chapter has discussed the findings from the case firm analysis. The sectoral 

analysis in chapter 4 has been used more as a background to understanding the system. 

The interesting aspects of the case firms have been looked at through the lens of 

connectivity. Finally, I have introduced a perspective to understanding how 

biotechnology firms connect. This is by no means a complete perspective, but may be 

further developed through more research. We turn now to looking at some of the 

implications and conclusions of this study. 

Eirik Næss-Ulseth had IT manager background, was investor and

worked for IDEAS 

Got involved and helped start all of these companies with 

technologies and researchers from major research units 
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7 Conclusions and implications  
 

“Analysis finally makes clear to researchers what would have been most important to 
study, if they only had known beforehand”. 
 

From Halcolm’s Laws of Evaluation Research á la Murphy (quoted from Patton 
1990:371) 

 
7.1 Overview 
7.2 Summary of findings and contributions 
7.3 Implications for theory 
7.4 Implications for practice 
7.5 Further research 
 

7.1 Overview 

In this last chapter, I begin by summarising the key findings of this thesis. Next, there 

are some implications for theory and practice to be drawn. The implications for theory 

is mainly based on the use of system theory, and the delimiting of the biotechnology 

sector. The implications for practice are mainly recommendations for policy 

development, and to some extent, recommendations for connectivity and organisation of 

collaborations strategy for managers. In the end of this chapter, I will provide some 

pointers for further research. 

7.2 Summary of findings and contributions 

This thesis has discussed relevant theory in respect to the biotechnology sector, and 

discussed whether a sectoral analyis may be applied to this sector, and whether it may 

or may not be referred to as such. The conclusion was that it is difficult, because of the 

interconnectedness to the pharmaceutical industry, and thus, this thesis is really about 

the development bio-pharmaceuticals and enabling technologies for development of 

bio-pharmaceuticals. A sectoral analysis has been provided, and I have looked at three 

different regions, where the preconditions for succeeding with a biotechnology firm are 

different based on its mix of actors, networks and instiutions. The three regions was 

Boston/Cambridge (a mature and well developed region), Oslo (up and coming in terms 

of research, but low public funding, lack of industry, lack of business angels) and 

Leipzig (developed public funding, low in venture capital). Oslo and Leipzig are termed 

belts of innovation, because these regions need to collaborate beyond the metropolitain 

area to achieve critical mass of actors and networks.  
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In chapter 5, I introduce three biotechnology start up companies that are located in the 

regions discussed in chapter 4. The three companies are based on very different 

technologies. A comparative analysis of the three case studies were provided in chapter 

6, and I found that one of the cases was deviating quite dramatically from the two other 

firms in terms of connectivity and basic features of the firm. The three research 

subquestions was answered based on the firm analysis: 

Connectivity and early firm development  

There were many different types of early firm development connectivity experienced in 

the case firms. Types of actors that where involved in early firm development was 

discussed and it was dound that two of the firms had been involved with a larger 

number of actors in their early firm development. The discussion of connectivity related 

ot early firm development proceeded with the discussion of path dependency and 

connectivity to the “technology origin” organisation. The Norwegian and the US case 

firm was classided as ‘hybrid spin-offs’ because the scientists kept their relationship 

with the both university and company through being co-founders/scientific advisors. In 

line with Rickne (2000), the connectivity may be path dependent on the connectity of 

the research organisation (“firm born into a network”). Because of the relevance of the 

scientific advisory boards as ‘boundary spanners’, this was looked more in to, and 

interestingly, both of these two companies had quite large scientific advisory boards 

(3DM had 7 scientific advisors, PubGene had 4 scientfic advisors). One of the 

advantages of having a large scientific advisory board is that you can tap into their 

network and make points of entry into the elements of the innovation system. In the 

case of 3DM, 5 of the 7 scientific advisors had affilation with MIT (technology origin). 

In the case of PubGene, 2 of the 4 scientific advisors had affiliation with NRH 

(technology origin). For both the firms, it seemed like the remaining part of the 

scientific advisory board where “strategically added”. The firm connect to the advisors 

on individual basis on application basis. The scientific advisors may be described as 

“Boundary spanners” since they are neither internal, nor external to the company. The 

spatial dimension is also an important part of early firm development. Yet, relational 

dimensions was perceived to be more important to the early firm development (as long 

as the spatial dimension does not hamper the connectivity in early firm developement). 

The biotechnology startups were able to establish upstream alliances with universities 

and other organisations that have scientific and technological expertise (through 
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boundary spanning scientists), and downstream alliances with pharmaceutical, chemical 

and marketing companies (through formal alliances).  

Degree of connectedness 

The degree of how well the firms were connected was analysed through connectivity 

maps, showing connectivity/network patterns of the firm. The firm in Oslo had the 

highest number of connections, and interconnectedness, due to key individuals with an 

extensive network (focal actors). 

Dimensions of connectivity   

The dimensions of connecitivity was analysed through using Rickne’s connectivity 

framework (Rickne 2000: 44), and the firms where analysed on this in tabular form. 

Rickne’s framework showed its usefulness in describing these dimensions for the firms. 

A cental find based on these tabular comparisons was that the firms enter into many 

types of collaborations with many types actors. However, again, many of the 

collaborations where initatied based on connections to the technology origin 

organisation. An in-depth study of one case of collaboration (PubGene and Beckman-

Coulter) showed the way a collaboration may evolve over time from relation-based to 

market-based.  

How biotechnology firms connect to the elements in the system: 

Moving towards an era of open source innovation? 

Biotechnology firms may enter into alliances with other firms and actors more easily 

due a high appropriability regime (Teece 1986), which implies a low risk to enter into 

an alliance. The firms does not need to develop assets and capabilities to protect 

innovation from copiers. How does the fact that the company is a very much a virtual 

one, influence their ability to innovate? Chesbrough and Teece (2002) claims that “the 

virtues of being virtual have been oversold”, particularly regarding organization for 

innovation. They argue that in the long run, only large companies have the scale and 

scope to co-ordinate complementary innovations. 3DM manages to sustain their level of 

innovation by bootstrapping their research and trying to broaden their scope as much as 

possible, instead of focusing on one single application area of their technology. They 

also collaborate with multiple research institutions both governmental and commercial, 

in order to both keep cost low and to broaden their innovation capability. Thus, they are 

able to “copy” some of the features of the “big firm” innovation without tripling their 
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burn rate and also maintaining a good communicative environment due to the small core 

organization. Yet, we have noticed some many aspects of the start-ups that seem to 

hinder creativity and innovation, including; 

!" Too few people in the company to create group dynamics necessary to create 

“creative friction” 

!" Little time for creative processes 

!" Lack of time and personnel to oversee/draw full potential both business and 

R&D wise out of the various collaborations the company engages in. 

 

Thus, biotechnology knowledge flows occur as knowledge/technology osmosis rather 

than a completely open source innovation. This is based on the need for boundary 

spanners that may “aid” the transfer of knowledge through the semi-permeable 

“membrane” of the firm. Such boundary spanners may be scientific advisors or VC’s 

for example. The deviant case, showed very little connectivity. This may be a result of 

lack of boundary spanners within the company. The regional system actors that are 

supposed to be facilitating connectitvty in a science park etc, may not always function 

as such. I theorize that there are people in the clusters that function as network nodes or 

“connectors”, which aid this process, by being involved in many firms and 

organisations. This also leads to micro clustering around such focal actors, and these 

actors may also be individuals, and not just large universities etc. These micro-clusters 

may be the only cluster in a region, and its connectedness may not always be easily 

detected. 

7.3 Implications for research 

It is difficult to distinguish between the concepts of sectoral and technological system in 

practice. There are strengths and weaknesses connected with the application of the 

sectoral approach to biotechnology: Main strengths include (areas it gives a better 

understanding of):  

!"The structure and boundaries of sectors 

!"Agents and their interaction 

!"The learning and innovation process specific to a sector  

!"The types of sectoral transformations, and the factors at the base of the 

differential performance of firms and countries in a sector 

!"Possible to compare the innovative capabilities of countries (within specific 

sectors) 
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!"One can use different levels of analysis and aggregation depending on the 

objective of study 

!"Draws on a rich supply of several disciplines (economic theory, sociology, 

evolutionary theory, etc.) 

 

Weaknesses include: 

!"Complex framework, especially in the sense of trying to define the content of 

the building blocks 

!"No definitive (standard) framework for defining the boundaries of systems – 

raises more questions than answers, as there are increasingly fuzzy boundaries 

due to new technology development. 

!"Systems are dynamic and thus difficult to fully comprehend (evolution, shifting 

boundaries), Too much emphasis on how systems emerge, but not how they 

change (from pharma to biotechnology for example). 

!"The framework of Malerba 2004 and Carlsson 2002 groups together a wide 

selection of heterogeneous actors 

!"Problems in defining how institutions affect and are affected by actors  

!"The system and its components are dynamic # each element has to be seen 

simultaneously as points of reference and sources of development (static and 

dynamic)  

!"Too much relative focus on the supply side and not on the diffusion and use of 

technology (selection environment is insufficient) (critique in line with Geels 

2004) 

!"The Boston cluster and other US clusters within biotechnology seem to be 

different from similar clusters in Europe – this leads us back to a more NSI like 

approach, and in addition the OECD model´s unit of analysis may be more 

appropriate for comparative empirical studies 

 

This study had pursued to study biotechnology by bringing together the system 

perspective with an interactional learning/resource based view, in order to capture the 

essence of how knowledge transcends the boundaries of the firm. The term used in the 

TS view of knowledge spill-overs does not capture the active element of real-life 

boundary work. 
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7.4 Implications for practice 

I provide some very limited implications for practice in terms of recommendations for 

policy makers and biotechnology managers. These implications are limited because I 

have deliberately sought to describe cases. A case must not nessecarily be a “case of a 

general tendency”, it may also be a “case of the rare and paritcular”. We cannot know 

what it is a case of, before we look at more cases, and thus, I want to be careful in 

drawing very general recommendations based on this. However, I may give some 

recommendations based on the date on the regions. 

7.4.1 Implications for policy making 

According to Saxenian (1996:166) “Policies to support network-based industrial 

systems are most effectively achieved at the regional rather than the national or sectoral 

level”. This is supported in part in my data of the sectorial systems. We can see based 

on chapter four and five that firms within a special knowledge area tend to cluster 

together. Oslo is for example the definitive bio-region in Norway, and my 

recommendation to Norwegian governement and policy makers would be to focus on 

developing it further here, since it is still very small, and continue with the GO region 

effort in order to achieve critical mass of firms and competency. Despite the limited 

scope of this paper, there are policy implications in the sense that we need to learn from 

“the best” and try to make biotech in Europe as successful as the US. However, just 

being there with small research funds available is not enough. We need to construct 

infrastructure. That requires a systemic approach. Regional advantages must proactively 

be constructed in a multilevel perspective with focus on actors, agencies and 

governance forms. Some of the success factors here identified might be relevant to look 

more closely at. This paper conducted a descriptive analysis of selected regions, in order 

to gather some knowledge about the biotechnology sector more in general. The limited 

use of data, the availability biases, and on-the-surface analysis does not really lead us to 

draw any conclusions.  

7.4.2 Implications for managers of biotechnology firms 

The firms need a new set of capabilities to master new development and increasingly 

complex structures of organisational collaboration. I do not see the relationships and 

networks as sole explanation for individual firm behaviour and industry firm behaviour: 

the actors must actively pursue collaborations, and use their personal networks. 

Relationships may be more relevant than geographical proximity. The new 
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biotechnology firms should focus ond drug discovery, and collaborate when it comes to 

marketing/distribution etc, because that requires a different set of skills, that these small 

firms does not have. Biotechnology firms should seek to have many boundary-spanners 

involved in the company for example via advisory boards. 

7.5 Further research 

Towards the end of this thesis, I will provide some some pointers for further research. 

!" Gather more extensive data on connectivity using more cases in each region 

(specifically in Germany, Saxony, where it turned out that the firm was in such 

an early stage that it had not yet entered into much collaborations) 

!" Study more comparable cases in terms of age of the firm and same technology 

base 

!" I found that the dimensions developed by Rickne (2000) was useful in 

describing the specific dimensions of connectivity for these biotechnology firms, 

However, this frameworks should be further developed, and in particular there is 

a need to establish more clear sub-categories to connectivity dimensions type, 

density, dynamics and degree of flow. 

!" This study found that the scientific advisory board has an important role in 

networking since they function as partially insiders, and partially outsiders. The 

role and how these boards are used should be studied more closely. 

!" There is a lack of truly comparative data on biotech clusters/regions (Rickne 

2000), and a more comprehensive study, with clear and defined units of analysis 

and measurement levels, should be conducted internationally.  
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Appendices  
The appendices includes list of key informants to this project, a clarification of some 

key terms used in biotechnology, a description of how the cases were documented, and 

interview guides.  
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The Case of Boston and 3DM Inc. 

 

Zen Chu 
President, Co-founder 
MBA, BSc in Biomedical/Electrical 
Engineering 
 
Lisa Spirio 
Ph.D., Director of R&D, Co-Founder 
 
 
 
 
 
Photo: 
Author, Zen’s kitchen, July 2004 

 

Martin Bogsrud 
Medical Student, (UIO Oslo) 
 
Martin was my human medical dictionary 
for the summer 2004, also involved as part-
time intern for 3DM and intern at bioventure 
US Genomics. 
 
 
 
 
Photo: 
Author, MIT Sloan Dewey Library of Social 
Sciences 

 

Quingshu Xu  
Informatics student UIB, co-worker/intern at 
3DM summer 2004 
 
Kept me motivated through long hours of 
writing summary of the internship! Also 
kept journal of internship at 3DM. 
 
 
 
Photo: 
Author, Boston University, August 2004 

 
 

Paul McManus 
Director of Portfolio Company Executive 
Resources 
Boston Millennia Partners 
 
Experienced VC and inspirational lecturer at 
BU for summer 2004. Gave real insight into 
VC’s life in Boston. 
 
 
 
 
Photo:  
Jon Ivar Ostensen, Boston University, July 
2004 
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The Case of Leipzig and Bioscora GmbH 

 

Dr. Dr.sc. Larissa Vasilets  
Founder of Bioscora 
 
 
 
Key information on BioCity Leipzig. 
 
 
 
 
Photo: 
Author, BioCity Leipzig, January 2005 

The Case of Oslo and PubGene AS/Inc. 

 

Evind Hovig  
Co-founder Biomolex and PubGene 
 
Eirik Næss-Ulseth 
CEO Pubgene 
 
Have both provided me with much data and 
useful information! 
 
Photo: 
Author, BioMolex’s offices, 
GlaxoSmithKline Innovation Centre, August, 
2005 

 

Trevor Clancy 
Head of support, Pubgene 
MSc 
 
 
Helped me getting a foot in the door at 
PubGene and much information on 
biotechnology. 
 
 
Photo: 
Author, The Dubliners Oslo, May 2004 

 

Joerund Straand 
Professor, Institute of General Practice and 
Community Medicine   
UIO 
 
 
Have provided information on workings of 
the University hospitals and UIO. 
 
 
Photo: 
Author, September 2004 
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Appendix II: Some key terms used in biotechnology 

Assays: A test (specific technique) that measures a response to a test substance or the 
efficacy (effectiveness) of the test substance. 

Bioassays: The process of using the response of living organisms to determine the effect 
of a treatment. 

Functional genomics:   Study of, or discovery of, what traits/functions (generally via 
proteins expressed) are conferred to an organism by given (gene) sequences. The 
timing and location of the expression of those genes is also impacted by 
external/environmental factors sometimes; such as temperature, sunlight, 
humidity, the presence of signal transducers and activators of transcription 
(STATs), etc. Also impacting the functions/traits are interactions among genes, 
signaling cascades, and response/reaction mechanisms within the body of that 
organism. Typically, functional genomic study follows after discovery of gene 
sequences found via structural genomics study. 

Gene: A natural unit of the hereditary material, which is the physical basis for the 
transmission of the characteristics of living organisms from one generation to 
another. The basic genetic material is fundamentally the same in all living 
organisms: it consists of chain-like molecules of nucleic acids- deoxyribonucleic 
acid (DNA) in most organisms and ribonucleic acid (RNA) in certain viruses- 
and is usually associated in a linear arrangement that (in part) constitutes a 
chromosome. 

HCS (High content screening): Refers to any analytical methodology/technology via 
which multiple parameters (e.g., secretion of specific proteins, the amounts of 
each protein secreted, etc.) of complex systems (e.g., living cells, living multi-
cell organisms, etc.) are simultaneously analyzed. 

HTS (High throughput screening): A methodology utilized to quickly screen large 
numbers of compounds for use as pharmaceuticals or agrochemicals (e.g., 
herbicides). 

In vitro: An unnatural position (e.g., outside the body, in the test tube). "In vitro" is 
Latin for "in glass." For example, the testing of a substance, or the 
experimentation in (using) a "dead" cell-free system. 

In vivo: Latin for "in living" (e.g., the testing of a new pharmaceutical substance or 
experimentation in (using) a living, whole organism. An in vivo test is one in 
which an experimental substance is injected into an animal such as a rat in order 
to ascertain its effect on the organism. 

Pharmacology: The study of chemicals (e.g., pharmaceuticals) and their effects on 
living organisms 

Protein microarrays: Refers to a piece of glass, plastic, or silicon... onto which has been 
attached a number of capture agents (e.g., antibodies, aptamers, enzymes, 
antigens, receptors, ligands, or other molecules of other chemical compounds 
that bind/interact with proteins in a specific manner) at specific/known locations 
on the microarray. These microarrays (sometimes called "biochips", protein 
biochips, protein arrays, etc.) can then be utilized to test (e.g., a single sample) 
for a wide variety of attributes or effects (on, or by the protein molecules in the 
sample that is exposed to that microarray). 
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As mentioned in the methodology chapter, I used three case studies as background123 

for my further enquiries into the field of biotechnology. Below, I have provided in-

depth information about the three cases, as well as the raw material (field 

notes/interviews etc). 

3DM Inc 

This case was documented over a rather extensive period of 

time, using a combination of interviews and participant 

observation in form of an internship that lasted for 2 months.  

Our role within 3DM was mostly as external consultants in 

the sense that we worked independently at the BU office all 

summer, and met Zen on average once a week. Towards the 

end of the internship, our role became gradually more 

integrated into the company as we started calling the 

pharmaceutical companies from Zen´s house 2-3 days per 

week. In the documentation of 3DM observation, field notes, 

our own thoughts as reflected in the journals from MG 450, 

a course at Boston University where internship journals was a hand-in as a part of the 

grading. We also wrote a report that we presented towards the end of the summer. In 

this study observation techniques will be employed to map the social environment at 

3DM. As time is limited, the observation will be conducted as participant observations, 

as our observations are conducted while we are working in the actual setting. The 

objective of the observation will be to map human interaction, decision-making patterns 

and impressions. Field notes will be analysed.  

Interview &

observation schedule

Who?

Zen Chu and Lisa

Spirio

Where?

Kendall Square,

Commonwealth

Avenue and Brookline

(New England,

Masssachusets)
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123 I did not gather the data specifically in order to build the survey, but I worked inductively, trying to 
learn as much as possible about the workings of the sector in the three regions, as well as on a more 
general level. 
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Bioscora GmbH 

 

The case of Bioscora was documented via one in-depth 

interview and follow-up questions via e-mail. However, the 

follow up questions where not responded to, after several e-

mails. Thus, the data on Bioscora is not as complete, nor as 

up to date as I would wish it to. 

Interview schedule

Who?

Dr. Dr. Sc. L. Vasilets

When?

27.01.05 at 15.00

Where?

Offices of Bioscora in

Biocity, Leipzig

 

 

 

 

PubGene Inc 

This case of PubGene Inc. and the subsidiary company 

PubGene AS was documented in various ways. An interview 

was conducted with founder Erik Næss-Ulseth very early in 

the thesis work (spring 2004), and was unfortunately not 

taped. After the interview I got access to various kind of 

written material, some of which is also put in these 

appendices. I also had several talks with Head of Support, 

Trevor Clancy, and he also had a guest lecture in the course 

“Innovation systems, institutions and policy” lectured by 

Professor Olav Spilling and Professor Atle Midttun at the BI 

the Norwegian School of Management, where he again went 

through the history of the company and recent developments. 

Finally, I conducted a second in-depth focuses group type interview with Eivind Hovig 

and Erik Næss-Ulseth in August 2005124. 

Interview schedule

Who?

Eivind Hovig, Eirik

Næss-Ulseth and

Trevor Clancy

When?

March, 2004, May

2004, January 2005,

August 2005

Where?

PubGene’s offices,

Biomolex office, the

Dubliners, and BI
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124 Please note that all the quotes from the interviews with the PubGene founders have been translated by 
the author from Norwegian to English. 
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Appendix IV: Interview guides 

Please note that the interview guides were employed as a guide, and not a complete list 

of questions. 

Interview guide Bioscora GmbH 

1. How did it begin? 

a. Technology? 

b. People? 

c. Company formation? 

2. Different actors involved 

a. Technology transfer 

b. Financial institutions 

c. Government 

d. Bio-City/ BIC etc 

e. Individuals 

f. Business angels 

g. Founding team 

3. Previous experience of the founders? 

a. University 

b. Jobs 

c. Technology 

d. Finance 

e. Entrepreneurship 

f. Always lived in Leipzig? 

4. Why BioCity? 

a. Advantages of location, co-location etc 

b. Relevant decision making criteria for choosing BioCity or Leipzig? 

c. Collaborate with any of the surrounding institutions (university of 

Leipzig, companies in BioCity etc?) 

5. How far is the company in its commercialisation process? 

6. Where in the value chain (of drug development?) 
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Interview guide 3DM Inc. 

* Note! Interview was not the main data collection method employed to capture data on 

3DM. 

 

1. Entrepreneur background 
a. Education 
b. Family – where they entrepreneurs? 
c. Work experience 
d. Earlier ventures? 

2. The venture 
a. When decided to start? 
b. Where did the idea come from? 
c. With whom? 
d. How? 
e. Capital? 
f. External help – government? Etc 
g. University connections 

3. Major successes and failures? 
4. Major personal challenges? 
5. Future of company? 

a. What do you see in the future for this company? Acquisition, IPO, etc? 
b. New ventures? 

6. In retrospect: is it worth it being an entrepreneur? 
 

Follow-up questionaire 

1. Networks/relations 
 

a. Please mention relations to companies, research insitutions, 
governmental agencies, personal contacts, bridging organisations, 
consulting firms, financial insitutions, etc that are important to you. 

b. In what way have they influenced yout path of development? 
c. What formal or informal networks are you a part of? 
d. In what way have these networks influcenced your path of development? 
e. What specific companies, research institutions or others have you 

influenced? 
f. In what way have you influenced them? 
g. How relevant do you find your geographical location in terms of 

networking/collaboration? In what way is it/ is it not relevant? 
h. How important was personal networks in the start-up phase? How 

important is it now? 
 

2. Corporate board 
a. What is the main function of your corporate board of directors? 
b. How was the board put together? 

 
c. To what extent is the board important for... 

i. Strategy development? 
ii. Networking / getting contacts 
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iii. knowledge /know-how? 
iv. Reputation? 
v. Securing finance 

vi. Keeping in touch with important organisation for company 
(University, financial, government body, etc.) 

vii. Other (Please specify) 
 

3. Scientific advisory board 
a. What is the main function of your scientific advisory board? 
b. How was the board put together? 
c. To what extent is the board important for... 

i. Strategy development? 
ii. Networking / getting contacts 

iii. knowledge /know-how? 
iv. Reputation? 
v. Securing finance 

vi. Keeping in touch with important organisation for company 
(University, financial, government body, etc.) 

vii. Other (Please specify) 
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