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Abstract 

 

This dissertation uses the theory of the experimentally organised economy (EOE) and 

competence blocs to analyse economic development in the health care industry. The 

health care industry is both important and interesting to study from several points of 

view. The industry is large, even larger than the manufacturing industry, and draws 

significant resources. 

 

The theory of the EOE and competence blocs is both evolutionary and dynamic. It 

identifies the actors needed for an efficient selection and commercialisation of 

investment projects and the competences needed to support that process. For this, the 

institutional setting is important in that institutions influence the incentives that guide 

actors in the economy and the nature of competition that forces change.  

 

Four empirical studies are carried out using several empirical methods to study 

similar problems, ranging from econometric analyses of panel micro data to case 

studies. We ask if the withdrawal of a major employer (Pharmacia) from a region 

(Uppsala) has had a negative effect on employment growth. We then ask if the 

turnover of establishments has had any effect on regional employment growth. We 

find no support for the first question. However, the regional turnover of 

establishments is found to have had a positive effect on regional employment growth, 

illustrating how important this dynamic is for the economy. In addition, a case study 

of the introduction of two almost identical innovations in two different competence 

bloc environments, that of the US and that of Sweden, captures the whole process 

from invention to innovation and diffusion in the market. We find that without a 

complete competence bloc the risk is high of “loosing a winner”. Finally, we study the 

role of the technology transfer process from university to industry for the 

commercialisation of new inventions. Among other things, the study illustrates how 

institutional changes, such as the Bayh-Dole Act, have created positive effects for the 

economy. 
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1. INTRODUCTION 

 

 

1.1 Background and Purpose 

 

The mechanisms behind economic growth are explored, especially with regard to how 

new business opportunities are created and exploited through a process of innovation, 

entrepreneurship and creative destruction. This process is looked upon as dynamic or 

evolutionary.  

 

The overall theme of this dissertation can be summarised by the following question: 

What are the conditions, in a broad sense, for (industrial) development and 

employment growth in a high-tech industry? 

 

In answering this question the focus will be on the health care industry, in particular 

the pharmaceutical and medical technology industry. Health care is interesting to 

study for several reasons. It assists in helping an economy’s most valuable factor of 

production, labour, healthy. The industry is large and growing. It is made up of a 

mixture of private companies, private and public research institutions and a large 

public (hospital and health services) sector. In total, this sector accounts for 7.9 

percent of GDP (1998) in Sweden (OECD Health Data, 2002). Health care products 

face a fast growth in demand for at least two reasons. First, new technology makes it 

possible to treat and cure more illnesses. Second, an aging population needs more 

care. The product of the health care industry is a healthy and long life for the 

individual, probably the most valuable and demanded of all products. 
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1.2 Theory  

 

Throughout this dissertation the analysis will be based on the theory of the 

experimentally organised economy and competence blocs (outlined in Chapter 2). 

 

The theory of the experimentally organised economy emphasises innovation and 

entrepreneurial processes as representing what Schumpeter (1942) called creative 

destruction. Competence bloc analysis begins from the market or product side placing 

the competent customer in focus. The supply of innovative projects and technology 

are evaluated by a sequence of economic actors. Since the industrialisation process 

involves selecting profitable innovations, we need to understand how both 

technological and commercial (i.e., economic) variables influence decisions to create 

and select winners i.e. economically successful projects generating income and 

growth in the firm or establishment. 

 

The theory allows a number of hypotheses to be derived and tested in the empirical 

chapters. The overall growth story is that of Schumpeterian creative destruction 

through the entry and exit of firms in the experimentally organised economy. It is 

discussed theoretically and analysed empirically that: i) the contraction and exit of 

firms and establishments are necessary to release resources for long-run growth, 

therefore; a closedown of a major firm or establishment in a region may have a 

positive effect on long run employment growth (Chapter 4); ii) the turnover of firms 

and establishments will have a positive effect on employment growth since each firm 

and establishment is considered as a business experiment and since more experiments 

increase the probability of discovering a winner (Chapter 5) and iii) a complete 

competence bloc is critical for the successful commercialisation of an invention 

(Chapters 6 and 7). 
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1.3 Research Questions 

 

Three major research questions have been derived from the theory presented in 

Chapter 2 and tested empirically in the dissertation. They are: 

 

i) Has the withdrawal of a major employer in a region in Sweden released 

resources for employment in other new and incumbent firms, thus generating 

positive employment growth effects in the same region?  

 

ii) Does the turnover of establishments in the pharmaceutical and medical 

technology industry have a positive effect on regional employment growth? 

 

iii) While innovative new technology is a necessary input into firm growth, it 

contributes little or nothing to growth if certain incentives and other resources 

are not present. Therefore we ask: How important is a complete competence 

bloc? 

 

These questions are addressed in the following chapters: 

 

i) In Chapter 4, focus is on the pharmaceutical and medical technology industry. We 

study how the withdrawal of a major company has affected employment growth in a 

region. In addition we also test hypotheses about how employment growth relates to 

firm age and size and also how it relates to type of ownership.  

 

ii) In Chapter 5, we study empirically how employment growth in the pharmaceutical 

and medical technology industry has been affected by the turnover of establishments. 

 

iii) In Chapter 6, competence bloc theory is used in the analysis of two very similar 

technologies to compare two competence bloc environments. Furthermore, in Chapter 

7, the organisation of the technology transfer function at American universities is 

studied. We look at the creation of a well-organised technology transfer office as a 

means (i.e., a policy measure or a business initiative) to make the competence bloc 

more complete. 
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1.4 Method 

 

This dissertation integrates theoretical analysis, descriptive statistics, econometric 

method, case studies and questionnaire survey technique.  

 

In Chapter 2, a literature review of evolutionary-institutional economics is used to 

identify the appropriate theory to guide and frame the empirical analysis. 

 

Chapter 3, describes the historic development of the health care industry in Sweden. 

 

In Chapters 4 and 5 we look at the (micro) firm level. In Chapter 4, the exit of 

Pharmacia and geographical growth is studied. In Chapter 5, the role of the turnover 

of establishments for regional growth is analysed. Both chapters use econometric 

methods. 

 

Chapter 6, presents two cases, of two similar innovations in two different 

environments, that of Sweden and the US. In both cases we are looking at a typical 

university-based innovation. The cases have been chosen using that criterion. Another 

important factor is that the medical devices are very similar in that they are made of 

titanium and perform similar functions in the body, i.e. they serve as supports for 

other devices (prostheses). Furthermore, the product and the surgical technique were 

invented by physicians in a university environment. Taken together, this is close to a 

designed experiment. The question is: what happens when two “identical” university 

inventions are “dropped” in two very different economic and institutional 

environments i.e. those of the Swedish and the US economies. It is possible with this 

method to study the influence of the incentives and competences embodied in the 

competence bloc on the whole process of taking a project from idea to 

commercialisation, diffusion and industrial-scale production.  

 

Chapter 7 is based both on literature studies and statistical studies. The statistical part 

in the chapter is based on secondary as well as on primary data. The latter have been 

collected by sending out questionnaires. This makes it possible to probe deeper into 

some problems that cannot be analysed statistically. All statistical analysis has been 
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performed on both the whole population (212 American universities) and on a small 

sample of 13 universities in Ohio, US, that were chosen for the questionnaire survey.  

 

 

1.5 Data 

 

Several data sources have been used.  

 

i) The description of the health care industry in Sweden (Chapter 3) focuses 

on the growth and size of the health care industry using aggregate data 

published by Statistics Sweden for the years 1993-2000. 

 

ii) The analysis of the growth effects on a region of the exit of a major 

employer and of the turnover of establishments is based on an extensive 

data set on individual establishments covering the entire Swedish 

pharmaceutical and medical technology industry (Chapters 4 and 5). The 

data have been collected by Statistics Sweden and covers the period 1993-

2000. The data set includes all establishments classified in this segment. 

The data set includes variables on size, industry, ownership etc.  

 

iii) The study about titanium implants (Chapter 6) is based on interviews. 

 

iv) The statistical part in Chapter 7 is based on secondary as well as primary 

data. The secondary data have been provided by the AUTM (Association 

of University Technology Managers, Inc.). The primary data have been 

collected by sending out questionnaires that have been followed up by 

telephone interviews. 
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1.6 Outline and Main Results of the Dissertation 

 

In Chapter 2, the theoretical framework is presented. We make innovations part of the 

entrepreneurial process. Institutions are important because they provide the incentives 

for entrepreneurship and innovative behaviour. If innovations do not come 

exogenously, but rather as the endogenous result of economic activity, we should 

endogenise that activity as part of our analysis. Then innovations, broadly defined, 

become the source of economic dynamics. Furthermore, our hypotheses to be tested 

are derived in the chapter. 

 

In Chapter 3, the historical growth of the Swedish health care industry is studied. 

How has this particular industry developed over time? This is mainly a descriptive 

chapter using data from Statistics Sweden. Employment in the health care industry 

has been growing fast. Today it is higher than employment in the manufacturing 

industry.  

 

In the following Chapter 4, we take the analysis one step further by going local with a 

study of the Uppsala region. After its merger with Upjohn in 1995 Pharmacia has, to a 

significant extent, withdrawn (exit) from the Uppsala region and moved abroad. 

Contrary to what one might expect, the region may not have lost employment due to 

the withdrawal of Pharmacia. We expect this region to be more dynamic because the 

exit will induce well educated and industrial experienced former employees of 

Pharmacia to start new firms leading to a possibly better allocation of locally 

available competencies. We find no clear effect of the exit on employment in the 

region. 

 

In Chapter 5, we study the effect on employment growth by looking at the turnover 

(entry and exit) of establishments. We find that the turnover of establishments has a 

positive effect on regional employment growth. 

 

In Chapter 6, we use competence bloc theory to analyse two empirical cases, Nobel 

Biocare and AcroMed. The two cases are very similar in all important respects 

(university origin, technologies, market, etc.) but were developed and commercialised 
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in two different competence bloc environments, that of Sweden and that of the US. 

We can therefore talk about an experimental design of the analysis. Both of the 

inventions studied have been created in a university hospital and transferred from 

there to the industry, making the technology transfer process from universities to the 

industry an important factor behind firm growth and hence economic growth. The 

study reveals the importance of a complete competence bloc. 

 

In Chapter 7, technology transfer from American universities is studied. The 

difficulties with the technology transfer process are illustrated. A particular problem 

highlighted in this chapter is the transfer from universities to industry of intellectual 

property rights in the form of patents or licenses via the start-up of new companies. So 

far, in Sweden, this activity has not been well developed, but it is starting to become 

more frequent there as well. The study reveals the significance of institutions for the 

economic outcome. University entrepreneurship is of special interest for 

understanding the innovation and diffusion processes studied in this dissertation. 

 

Chapter 8 summarises the conclusions and the results. 
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2. THEORETICAL FRAMEWORK 

 

 

2.1 Introduction 

 

Several theories could serve as an intellectual framework for the empirical analysis in 

this dissertation. Each choice entails a particular set of prior assumptions that will 

influence the interpretation of our results. We have chosen a dynamic1 systems 

perspective on economic growth to better understand the dynamic processes 

generating economic growth. These evolutionary processes are, in these theories, 

assumed to be moved by entrepreneurs in search of new profit opportunities, 

generating an outcome that can be described as a Schumpeterian (1942) process of 

creative destruction. In this perspective, there are at least three different theoretical 

approaches to choose from, all three belonging to the class of evolutionary2 models; i) 

National innovation systems developed by Nelson and Winter, Lundvall, Dosi and 

Edquist among others; ii) Technological systems3 developed by Carlsson and; iii) The 

theory of the experimentally organised economy and competence blocs, developed by 

Eliasson. 

 

The alternative mainstream neoclassical growth theory with endogenous growth, or 

new growth theory represented by for instance, Romer (1986, 1990); Lucas (1988); 

Grossman and Helpman (1994) points to several important factors behind economic 

growth.4 In the new growth theory the most common production model for describing 

growth is a Cobb-Douglas function, where productivity increase is explained as the 

accumulation of capital and labour over time. Lucas (1988) introduced human capital 

in his model which accumulated over time. Romer (1986) used a similar neo-classical 

model without constant returns to scale. Romer (1990) also adds technology to his 

                                                           
1 In the dissertation we use the concept dynamics to describe an evolutionary process, if nothing else is 
stated. 
2 The focuses on why and how things grow over time, like for instance firms. 
3 There are other authors that have used the same nomenclature as Carlsson. For instance, Hughes 
(1987) uses the concept technological system to analyse the electrification in Western society in the 
period 1880-1930. Hughes’s technological system is, however, more technology-focused than the one 
used by Carlsson and Stankiewicz (1991) and Carlsson (1995). 
4 For the interested reader see for example the textbook Endogenous Growth Theory by Aghion and 
Howitt (1998). 
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model. Later Romer (1994) dropped the assumption of perfect competition. Grossman 

and Helpman (1994) argued that improvements in technology and knowledge are the 

solution to overcome diminishing returns. However, since our interests is to explain 

and describe the dynamic processes at the micro level and make them part of the 

endogenous growth explanation an evolutionary-institutional approach is more suited 

for answering the research questions outlined in this dissertation. 

 

The national innovation systems, technological systems and the theory of the 

experimentally organised economy and competence blocs are three related and partly 

overlapping approaches to the explanation and understanding of innovations and 

economic growth. All of them are evolutionary and take on a systems perspective, but 

there are several important dissimilarities, to be discussed further below (see section 

2.4 in particular).  

 

The purpose of this chapter is to identify and present the theory that is useful for our 

empirical analysis. Innovations can be understood as the outcome of human action, 

e.g. entrepreneurship. Institutions, define the relations between people and firms in 

markets and hierarchies, e.g. institutions define the incentive structures of an 

economy and influence individual choices. From this follows that institutions affect 

innovative activities and thereby economic development.  

 

In the next section the nomenclature of institutional economics is discussed. The 

development of institutions is also examined. Transactions costs are central in the 

institutional analysis of for instance North, Rosenberg and Williamson, this applies 

not only to the understanding of institutions in general but also to the significance of 

property rights for economic development.  
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2.2 Institutional Economics  

 

2.2.1 Introduction 

 

Institutional economics can be defined in many ways. Coase (1937, 1960) pointed to 

the existence of positive transactions costs and institutions (such as property rights) 

that affect economic performance. Since then an entire literature has developed which 

Eggertsson (1990) calls “neo institutional economics”, as distinct from the path 

chosen by Williamson and North, who observe how institutions change through time 

and why institutions produce certain economic (and political) results.5 Eggertsson 

(1990) denotes this approach “new institutional economics”. 

 

The neo institutional economists of Eggertsson (1990) still accept some traditional 

neo classical assumptions such as stable preferences, a rational-choice model and 

static equilibria, but they introduce information and transactions costs and property 

rights into their models. The new institutional economists, on the other hand, reject 

some of the neo-classical assumptions underlying, for instance, the rational-choice 

model. Instead of optimisation they use the concept of satisficing, originally 

introduced into economics by Simon (1955). 

 

Hodgson (1989) identifies yet another institutional path, the old one, and discusses the 

differences between the old and the new.6  The new institutional economics studies 

the emergence of institutions and their comparative efficiency7. The old 

institutionalism was a reaction against orthodox economic theory emphasising the 

importance of institutions for economic development and arguing the need for 

evolutionary theory. Veblen (1898) raised the question: Why is economics not an 

evolutionary science? In the “school” of evolutionary economics, he argued, interest 

is in the process of change, not in comparing different exogenously determined 

equilibria. The old institutionalism has influenced a rapidly growing school of thought 
                                                           
5 See for instance North and Thomas (1973). 
6 Other authors, like for instance Eggertsson (1990), Williamson (1985) and North (1986), have 
approximately the same principle of classification. 
7 Whether or not the institutions evolve endogenously or exogenously are not the primary concerns of 
the authors. Sometimes they are exogenous and sometimes they are treated as endogenous depending 
of the character of the problem. 
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which we will call the evolutionary-institutional school, represented by for instance 

Nelson and Winter (1982) (the national innovations system), Carlsson (1987) (the 

technological systems) and Eliasson (1987, 1996, 1997) (the theory of the 

experimentally organised economy and competence blocs). 

 

Institutional economics raises several research problems that fall outside the major 

focus in mainstream economics “by assumption”, for instance, the nature of 

institutions and transaction costs, the distinction between institutions and 

organisations, the role of political institutions and the role of property rights. 

 

 

2.2.2 The Concept and Importance of Institutions 

 

The concept of institutions has not been stable over time. This makes the terminology 

of institutionalism confusing. For some authors such as Williamson organisations, 

firms and markets are institutions, but for North and Rosenberg, institutions mean 

routines, habits, laws, culture, etc., while the firm is an organisation. Institutions are 

important in that they shape the incentive structure for the economic actors in the 

economy. Depending on which school you sympathise with, different problems and 

definitions are emphasised. 

 

The first economist to use the concept of institutions was Veblen (1898, 391) who 

writes: “The economic life history of the individual is a cumulative process of 

adaptations to ends that cumulatively change as the process goes on, both the agent 

and his environment being at any point the outcome of the past process. His methods 

of life to-day are enforced upon him by his habits of life carried over from yesterday 

and by the circumstances left as the mechanical residue of the life of yesterday…All 

economic change is a change in the economic community, - a change in the 

community’s methods of turning material things to account. The change is always in 

the last resort a change in habits of thought.” 
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Commons (1931, 649-651) defines an institution as “collective action in control, 

liberation and expansion of individual action. Collective action ranges all the way 

from unorganised custom to the many organised going concerns, such as the family, 

the corporation, the trade association, the trade union, the reserve system, the state… 

These individual actions are really trans-action instead of either individual behaviour 

or the ‘exchange’ of commodities. It is this shift from commodities and individual 

actions to transactions and working rules of collective action that marks the transition 

from classical and hedonic schools to the institutional schools of economic thinking.” 

 

A dilemma is that some authors have changed their point of view as they developed 

their theories or definitions. The confusion can be illustrated by some quotations. 

 

For instance, North and Thomas (1970, 5) write: “…we shall define an ‘institution’ or 

an institutional arrangement (which is a more accurately descriptive term) as an 

arrangement between economic units that defines and specifies the way by which 

these units can co-operate or compete. As in the more familiar case of the introduction 

of a new product or process, economic institutions are innovated because it appears 

profitable for individuals or groups in society to undertake the costs of bringing about 

such changes. The purpose is to capture for the innovator some profit unattainable 

under the old arrangements. The essential requirement for initiating an institution (or 

a product) is that the discounted expected gains exceed the expected costs of the 

undertaking; only when this condition is met would we expect to find attempts being 

made to alter the existing structure of institutions and property rights within a 

society.” 

 

North, (1991, 4) however, writes: “Institutions are the humanly devised constraints 

imposed on human interaction. They consist of formal rules, informal constraints  

(norms of behaviour, conventions, and self-imposed codes of conduct), and their 

enforcement characteristics. In short, they consist of the structure that humans impose 

on their dealings with other…institutions are the rules of the game, organisations are 

the players; and it is the interaction between them that is the key to institutional 

change.” 
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There are also evolutionary definitions of institutions. Nelson and Winter (1982, 9-14) 

write, “It is above all a signal that we have borrowed basic ideas from biology…the 

idea of economic ‘natural selection’…The broader connotation of  ‘evolutionary’ 

include a concern with process of long-term and progressive change…Our general 

term for all regular and predictable behavioural patterns of firms is ‘routine’…In our 

evolutionary theory, these routines play the role that genes play in biological 

evolutionary theory.” 

 

Apparently, significant conceptual vagueness is embodied in the concept of an 

institution. There are also many theoretical dilemmas associated with the role of 

institutions. Different authors mean different things and the definitions vary with the 

purpose of the analysis. In this dissertation we use North’s (1991) definition of an 

institution since his definition makes the institutions important determinants of the 

incentive structure for innovations, among other things. In short, institutions consist 

of formal rules and regulations and they affect the economic actors in the market. This 

also makes the institution of property rights an important part of our intellectual 

framework. 

 

 

2.2.3 Property Rights 

 

Property rights are legal institution that, by allocating a bundle of rights over 

resources to people, gives people (or firms) the liberty to manage their resources 

(Cooter and Ulen, 1988). Demsetz (1967, 347) notes that “property rights convey the 

right to benefit or harm oneself or others. Harming a competitor by producing 

superior products may be permitted, while shooting him may not.” According to 

North and Thomas (1970) and Rosenberg and Birdzell (1986) the critical role of the 

concept property rights institution is to support market transactions. 8  

 

Property rights are particularly important for the entrepreneur in order for him to be 

able to capture the profit from his innovations and from his long-term financial 

                                                           
8 For an overview of research on private property right, see Skogh and Lane (1993). 
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commitments. Clearly property rights are an important institution, telling people what 

they can or cannot do, e.g. creating incentives for their actions. Consequently it is 

important to understand how institutions are designed. This is particularly so since 

they define economic incentives for the “players” (organisations, firms and 

entrepreneurs).  

 

 

2.2.4 Transactions Costs 

 

In his classic article Coase (1937) asked the question: If the market is so effective, 

how come there are firms? His answer to the question was that transactions are not 

costless and as Coase pointed out in another article “The Problem of Social Cost” 

(1960), the neo-classical model holds only under the assumption of zero transactions 

costs. With positive transactions costs, institutions matter and directly influence 

economic activity, i.e. the institutions play an important role in the economy. 

 

Others, especially North (1987) and Williamson (1985), have both argued that 

significant transactions costs are a fact in economics. The consumer or the firm have 

only limited and selective information and the process of accessing and obtaining 

information is usually very costly. With large positive information costs a very 

different and a much broader approach than the neo-classical model was needed to 

explain what was going on, namely a model that explicitly accounted for the costs of 

information and commercialisation (Pelikan, 1988).  

 

According to North, institutions develop as a means to reduce transaction costs and to 

him the market is the most fundamental institution of modern Western economies 

(North 1994). In fact, as North puts it, transactions costs are the key to the 

performance of economies.9 There are also some empirical data supporting this view. 

It has been shown in a study by North and Wallis (1986), North (1994) and by 

                                                           
9 Myhrman (1989) places the information problem in the centre of his analysis. If we allow for the 
existence of positive information costs it will change the choice situation for both the consumer and the 
firm. However, one of the first economists who understood and emphasised the importance of 
information in the economy was Hayek (1945). 
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Eliasson (1984, 1990, 1996), that transactions costs account for a very large share of 

gross national product. 

 

Given the outline presented above, transactions costs play a critical role for 

understanding the role of institutions. If institutions are ”the rules of the game” it 

becomes important to understand how they affect the economy and its players. From 

this it follows that institutions are significant, since they provide the incentives and 

the restrictions for the entrepreneur or the firm to innovate.10 

 

 

2.3 Evolutionary-Institutional Economics and the Concept of Industrial 

Dynamics 

 

2.3.1 Introduction 

 

Evolutionary-institutional economics derives from Schumpeterian theory.11 It 

emphasises the importance for economic development of innovations and the process 

behind. Already in 1911, Schumpeter (1934) identified innovations and 

entrepreneurship as the driving force behind long-term economic growth.12 

Schumpeter was aware that to model capitalism meant modelling an evolutionary 

process. This implies that we have to consider innovations as an endogenous variable 

in growth models and that we have to understand the causes behind innovations. 

According to Schumpeter, economic change can also be divided into three branches: 

Invention; a novel idea, the creation of new or improved products and processes etc. 

Innovation in Schumpeter’s terminology was the transfer of the invention to 

                                                           
10 Of course innovations also affect institutions but here we are more concerned about how institutions 
serve to provide incentives for innovations. 
11 Sometimes it is useful to distinguish between the two concepts, evolutionary and institutional 
economics, as for instance Pavel (2002) argue. However, Schumpeter (1942) was very much 
concerned with both institutions and evolutionary economics. Lately there has also been a debate on 
how to bring these two concepts together as in Hodgson (1988,1993); Nelson (2002); Nelson and 
Nelson (2002). 
12 The notation in the innovation literature can be rather confusing. Different authors mean different 
things by the same notation. For example, von Mises calls the inventor an “innovator”. Here we follow 
the notation of Schumpeter (1911/1934) i.e. inventor as distinct from the entrepreneur who implements 
new ideas/inventions in the market. 
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commercial application. Diffusion or imitation was the spread of innovations into the 

economic environment. 

 

In his pioneering study Winter (1964) used a Schumpeterian/Darwinian approach to 

introduce evolutionary theory later developed by Nelson and Winter (1973, 1982). 

Evolutionary (or dynamic) thinking according to Dosi and Nelson (1994, 154-155) is 

to “explain the movement of something over time, or to explain why that something is 

what it is at a moment in time in terms of how it got there; that is, the analysis is 

dynamic. Evolutionary models in the social domain involve some process of 

imperfect (mistake-ridden) learning and discovery, on the one hand, and some 

selection mechanism”. 

 

Carlsson makes no distinction between industrial dynamics and evolutionary theory. 

“industrial dynamics focuses on processes such as the evolution of technologies, 

firms, or industries, as well as the causes and consequences of these processes…The 

ID (industrial dynamics, author’s comment) tradition comprises the historical 

evolution of industry and industries”. (1987, 138-147) 

 

Eliasson speaks of a dynamic process rather than an evolutionary process. “The 

critical understanding of markets…comes with understanding the nature of 

competitive, innovative entry and the dynamic market process that innovative entry 

keeps in motion”. Eliasson (1994, 189). Hence, economic growth through innovative 

project creation and competitive selection using live actors and structures that change 

because of the dynamic interaction of actors is central to the theory of the 

experimentally organised economy (Eliasson, 1984, 1990, 1991). Firms are very 

different and act differently in their decision making, and this heterogeneity should 

play an essential role in a relevant economic model (Eliasson, 1984, 1990; Nelson 

1991). This makes business mistakes a natural cost of learning and economic 

development observed Eliasson when he (1987, 1991, 1996) introduced the theory of 

the experimentally organised economy. 
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Several theoretical approaches are useful for the study of the conditions for industrial 

development in the health care industry. Depending on the purpose of the study and 

the level of aggregation of the analysis some approaches are to be preferred to others. 

Three different approaches are, hence, recognised in this study; i) The national 

innovation system which focuses on an entire industry or a specific technology. ii) 

The technological system which focuses on the use of a generic technology in many 

lines of production, rather than on one industry. iii) A third approach is the 

competence bloc that begins from the demand (product) side and focuses on the 

integration of many technologies and competences needed for the development of one 

industry within the framework of the experimentally organised economy. Both the 

competence bloc and the technological systems approaches focus on the actors in the 

industry. The rest of this section introduces each of these three models briefly. 

 

 

2.3.2 National Innovation Systems 

 

The focus on national innovation systems (NIS) reflects the fact that national 

economies differ with regard to the structure of their production systems and to their 

general institutional framework. Basic differences such as historical experience, 

language and culture should be reflected in national characteristics, which can then be 

taken as an argument for a national analysis. For instance, Lundvall (1992) focuses on 

organisations involved in the processes of learning and innovations. But he also 

recognises the importance of institutional factors in explaining differences in 

economic growth between countries. That is, both the economic structure and the 

institutional set-ups play a role in NIS, as does learning and developing the innovative 

features that contribute to economic growth. 

 

“The narrow definition would include organisations and institutions involved in 

searching and exploring – such as R&D departments, technological institutes and 

universities. The broad definition…includes all parts and aspects of the economic 

structure and the institutional set-up affecting learning as well as searching and 

exploring – the production system, the marketing system and the system of finance 
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present themselves as sub-systems in which learning takes place.” (Lundvall, 1992, 

12). 

 

And further:  

 

“A national system of innovation…means all interrelated, institutional and structural 

factors in a nation, which generate, select, and diffuse innovation.” (Lundvall, 1992, 

39). 

 

The approach of Lundvall (1992), furthermore, is based on two major assumptions. 

The first and most important assumption is that the most fundamental resource in the 

modern economy is knowledge and that the most important process is learning.  

 

The second assumption is that learning is predominantly an interactive process, which 

cannot be understood without taking into consideration its institutional and cultural 

context. Lundvall (1992) also emphasises the historical context and the development 

necessary for the acceleration of the process of learning, which propelled the process 

of industrialisation.  

 

Taking on a systems perspective, it becomes important to define what we mean by a 

system. In the context of a national innovation systems Lundvall defines it as; 

 

“ …a system is constituted by a number of elements and by the relationships between 

these elements. It follows that a system of innovation is constituted by elements and 

relationships which interact in the production, diffusion and use of new, and 

economically useful, knowledge and that a national system encompasses elements and 

relationships, either located within or rooted inside the borders of a nation state”. 

(Lundvall, 1992, 2). 

 

This implies that the national innovation systems are social systems and that a central 

activity in the systems again is learning. Since learning is a social activity, involving 

interaction between people, it also indicates that the systems approach is dynamic and 
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characterised both by feedback, reproduction and the insight that history matters. We 

may even speak about cumulative causation and path dependencies.  

 

National innovation systems are, thus, defined as being based in the nation state. In 

this national perspective, at least two dimensions should be considered, the national 

cultural and the national political status (Lundvall, 1992). The ideal, abstract, nation 

state is one where the two dimensions are equivalent, i.e. where all individuals 

belonging to a nation are defined by cultural, ethnic and linguistic characteristics 

which are gathered in one single geographical space controlled by the same central 

state. But as we all know, countries differ both in the degree of cultural homogeneity 

and in the degree of political centralisation. The national economies of today, 

furthermore, are all integrated by trade, through their production organisation and 

financially, making them difficult or impossible to keep economically apart. Above 

all, national policy makers no longer have a well-defined economy to control 

(Eliasson, 1993). This becomes even more clear if we want to study a country like, for 

instance, Italy, where the cultural differences between the northern and the southern 

parts of the country are extreme. The concept of a NIS, is therefore best suited for 

small countries with a homogenous culture and a socio-economically coherent 

system. 

 

Recently there have also been some arguments against NIS, stressing the fact that 

regional production systems, industrial districts and technological districts have 

become more important. Some authors, like Porter (1990), argue that globalisation 

and international specialisation have their roots in the strengthening of specialised 

technological districts and regional networks. But, at the same time he also recognises 

that the processes of innovation transcend national borders and that sometimes, the 

processes of innovation are local rather than national.  

 

An argument that has been stressed by authors within the NIS approach is that the 

national innovation systems play an important role in supporting and directing 

processes of innovation and learning. This is especially important when the 

knowledge exchange is tacit and difficult to codify. The underlying hypothesis is that 

the modern nation states in the Western world have worked as “engines of growth” 
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implying an important industrial role for the nation state.13 Western economies were 

constituted and shaped in their present form in a period characterised by rapid 

economic transformation. The social institutions and government policies have 

supported such a transformation, and the processes of innovations have become 

integral parts of national systems of production. That is, we keep coming back to the 

argument that history and the nation state matter. 

 

The purpose of the NIS is to contribute to a theoretical understanding of interactive 

learning and innovation and to give directives about economic policy and its 

implications or as Lundvall et al. (2002, 215) put it: “As long as nation states exists as 

political entities…it is useful to work with national systems as analytical objects.” 

 

A common way to relate different national innovation systems to each other is by 

comparing different national innovation systems. R&D expenditure as a proportion of 

GDP is the most common used measure referred to. There are, of course, a lot of 

measurement problems associated with this approach. Different countries measure 

GDP differently, and the most important variables may be lacking or not even 

considered. For instance, learning in connection with routines may be a more 

important input than R&D expenditure, as pointed out by several authors14. GDP may, 

furthermore not be the best measurement of how well a country is doing, see Sen 

(2002).  Still, many governments focus on the growth of GDP. The main reason why 

national governments engage in innovation policy is the assumption that innovation is 

a key factor in national economic growth. One interesting observation by Lundvall 

(1992) is that different systems may develop different modes of innovation while still 

following parallel growth paths.  

 

Edquist and Lundvall (1988, 1993) have used the concept of NIS to analyse and 

compare the differences between the two countries Denmark and Sweden. Denmark 

has a weaker record (27 US Patents Per Million Inhabitants, 1980-1985) than Sweden 

(89 US Patents Per Million Inhabitants, 1980-1985) of patents per capita that has been 

                                                           
13 See for instance Rosenberg and Birdzell (1986) or North and Thomas (1993). 
14 Lundvall (1992), Nelson (1993) 
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registered in the United States. Their major question is: what explains these 

differences between the countries? 

 

Edquist and Lundvall (1988, 1993) argue that the differences between the countries 

depend on the qualitative differences in their national systems of innovation and that 

these differences can be understood only if we take into account the historical process 

of industrialisation in the two countries. Another important factor is the degree of 

economic concentration and the role of multinational capital in the two economies. In 

Sweden the degree of concentration in terms of ownership and control is very high, 

even in international terms, and the amount of capital abroad controlled by Swedish 

firms is large, relatively speaking. 

 

Nelson (1988, 1993) is another author using the concept of NIS, with a focus on the 

production of knowledge and innovation and upon the innovation system in a more 

narrow sense. Freeman (1982) discusses the interaction between the production 

system and the process of innovation.15 

 

In order to understand the relevance of NIS it is essential to understand how technical 

advance occurs in the economy. Differences in national economic performance may 

then motivate comparative studies, in order to locate the possible national sources of 

these differences. Even between countries such as Denmark and Sweden there are 

some culture differences telling you what you may and may not do. Other institutional 

factors such as taxes may have an impact on economic development.  

 

A variant of the national innovation systems is the regional innovation systems of 

Saxenian (1996). As the terminology indicates the interest of the analysis is regional 

clusters and why they evolve. Saxenian points to at least three factors that can be used 

to describe regional clusters: i) geographical location as being close to a university; ii) 

cultural differences, such as taking quick decisions with a firm; iii) willingness to 

invest in a certain area. The regional innovation systems, however, are as limiting as 

the national innovation systems. They, may be useful for comparing different regions 

                                                           
15 For those readers especially interested in the concept of NIS and the differences within, an analysis 
is done by McKelvey (1991). 
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with each other, but not so good when it comes to describing the dynamic growth 

processes that generate regional growth. 

 

 

2.3.3 Technological Systems 

 

The definition of a technological system (TS) is: “…a network of agents interacting in 

the economic/industrial area under a particular institutional infrastructure and 

involved in the generation, diffusion, and utilization of technology.” (Carlsson and 

Stankiewicz, 1991, 94). 

 

That definition has later been modified to: 

 

“Technological systems involve market and non-market interaction in three types of 

networks: buyer-supplier (input/output) relationships, problem-solving networks, and 

informal networks...One of the main functions of technological systems is to capture 

and enhance technological spill-overs, as well as to create favourable conditions for 

market exchange. The most important features of the systems, therefore, are the 

characteristics of knowledge and spill-over mechanisms which determine the potential 

spill-overs, the receiver competence of each actor…the connectivity…and the 

mechanisms which create variety within the system.” (Carlsson, 1997, 5). 

 

Carlsson, (1995, 1997) recognises the limitations of NIS and looks beyond the 

components within the national innovation system, i.e. he uses a broader definition of 

the concept of a system. 

 

“By viewing economic activity in a systems framework, two things are highlighted. 

The first is the interdependence of the elements which make up the system…By 

taking a system approach, we explicitly recognize also the importance of nonmarket-

mediated interaction, a form of external economies, especially in the form of 

knowledge spillovers…Another implication of taking a system approach is the 

explicit recognition of the role of institutions…Systems are not all alike: there is 
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insight to be gained by studying more than one system and looking for differences as 

well as similarities: patterns and regularities.” (Carlsson, 1997, 2). 

 

The technological system focuses on a particular generic technology rather than on an 

industry. This implies that there are several TS in each industry and that national 

borders are not necessarily the boundaries of the systems. The different technological 

systems develop over time, which makes longitudinal studies necessary. The focus, as 

has been recognised above, is on the technologies (as inputs) rather than on industries 

and output.  

 

According to Carlsson (1997) four underlying assumptions have to be recognised 

when you deal with the concept of a technological system: i) The system as a whole is 

the primary focus for the analysis. ii) The system is not static. Its structure evolves 

over time. Its dynamics therefore, has to be considered. iii) The global technological 

opportunities that you can think of are more or less unlimited. iv) People are not 

rational in the sense that everybody has perfect information. People are boundedly 

rational, i.e. people have limited knowledge and information capabilities. 

 

In the analysis of a Swedish study covering four different technological systems 

(factory automation, electronics and computers, pharmaceuticals and biotechnology, 

and powder technology) Carlsson (1997) concluded that four major characteristics of 

the system had to be understood; i) the nature of the knowledge that determines the 

spill-over mechanisms. ii) the receiver competence of the actors, that is the actors’ 

ability to tap into the global technology set. iii) the connectivity between various parts 

of the system. Networking, hence, was considered the important variable that had to 

be recognised. iv) variety creation and selection mechanisms. This means that we 

must introduce both entry and exit (of firms, innovations) in our model. 
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2.3.4 The Theory of the Experimentally Organised Economy and Competence 

Blocs 

 

Competence is the most important capital behind economic growth. To understand 

why firms differ in performance the characteristics of their competence input have to 

be clarified and the role of knowledge in production understood. The competence that 

matters integrates (both tacit and explicit knowledge) skills argue Hamel and Prahalad 

(1990). Competence, furthermore, is more than an asset in strict accounting terms 

argue Hamel and Heene (1994). In the competence bloc theory of Eliasson and 

Eliasson (1996) competence is central. It is allocated over markets and is embodied in 

the actors of the competence bloc.  

 

At the firm level the real sources of competitive advantage are to be found in the 

ability of the management of a firm, or its “top competent team” (Eliasson, 1990), to 

combine technologies and production skills into competencies that enable individual 

businesses to adapt quickly to changing opportunities. With this approach the main 

management task will be to recruit, fire and identify people with competence 

Eliassons (1996). Entrepreneurs and other members of the organisation (firm) will 

invest in the skills and the knowledge that lead to a high payoff, and this will in turn 

reflect the incentives embodied in the institutional framework.  

 

 

The experimentally organised economy  

 

The theory of the experimentally organised economy (EOE), as developed by 

Eliasson (1987, 1991, 1996), is an evolutionary theory of growth in which 

entrepreneurial firm behaviour plays a critical role in the dynamic evolution of an 

economy.16 Firms are organised to exploit business opportunities but are never 

perfectly informed about business opportunities.  

 

                                                           
16 The theory of the EOE and Competence bloc builds on a Swedish tradition in the study of industrial 
dynamic and economic growth (see for instance Wicksell, 1898; Åkerman 1950 and Dahmén , 1950), 
that has its origins in early Austrian tradition (Hayek, 1944, 1945 and Schumpeter, 1911/34, 1942). 
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The theory of the EOE was formulated to study the competitive selection of 

innovations in firms and over markets as a factor behind firm dynamics and economic 

development. Business mistakes occur frequently and are regarded as a natural cost of 

learning and economic development. Growth in the EOE, hence, occurs through 

competitive selection. The competence bloc theory was developed as an integral part 

of the experimentally organised economy to explain the efficiency of the organisation 

of that selection process in the EOE. We will regard the EOE and competence bloc 

theory as integrated elements of one single theoretical body. The theory can be seen 

as an introduction of private property rights in industrial dynamics to support markets 

and economic performance (Eliasson and Wihlborg, 2002). The theory has mainly 

been formulated during the last fifteen years and is still being developed (see 

Johansson 2000, 2001 for a review of competence bloc theory and EOE).  

 

The EOE and competence bloc theory emphasise the importance of organising 

competencies for efficient resource allocation and firm competitiveness. There are an 

almost infinite number of combinatorial possibilities which make up what Eliasson 

(1996) calls the state space or the investment opportunity set of the theory. The 

opportunity set is so large that actors that explore it can only be marginally informed 

about all its dimensions. Therefore, they constantly make mistakes. 

 

As a consequence tacit knowledge and bounded rationality rule the market processes. 

This makes almost all economic activities uncertain and more or less unpredictable. 

Industrial dynamics and transformation can hence be seen as a process of 

experimental exploration and expansion of business opportunities. Economic growth, 

then, relies on an efficient process for creating, identifying, selecting, expanding and 

exploiting business opportunities. This in turn depends on the competence of the 

economic actors. The more competent the actors, the more efficiently they design and 

carry out their plans and activities. Creativity, the ability to come up with new ideas 

and solutions, is an important dimension of competence. Furthermore, the incentive 

structure determines the remuneration of productive activities and, in turn, what 

activities are undertaken. Every business venture, or firm can then be seen as an ex 

ante controlled business experiment to be tested in the market. If successful, it 
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subjects all incumbent actors to competition through entry, reorganisation, 

rationalisation or exit in a Schumpeterian creative destruction process; see Table 2.1. 

 

 

Table 2.1 The four selection activities in Schumpeters creative destruction process 
1. Entry 

2. Reorganisation 

3. Rationalisation 

4. Exit 

Source: Eliasson  (1996, 45). 

 

In the experimentally organised economy, transactions costs have to be defined to 

include also the economic consequences of business mistakes (Eliasson and Eliasson, 

2002). In the theoretical framework of the EOE and competence blocs, transactions 

costs are information costs for exploring and expanding the state space (or the 

business opportunity set) and identifying and evaluating new projects, i.e., costs for 

creating or discovering new combinations (inventions), introducing them into the 

economic system (innovations) and disseminating them in the market (diffusion). 

 

 

Competence bloc theory 

 

Competence bloc theory (Eliasson and Eliasson, 1996), defines the minimum set of 

competent actors necessary to maximise the exposure of each project to a varied 

competence base in order to minimise two types of errors, namely loosing winners 

and keeping losers for too long. The actors in the competence bloc carry out the 

critical economic functions to identify (create), select, expand and exploit business 

opportunities.  

 

According to Eliasson (1998) actors within the competence bloc are: i) customers 

with receiver competence; ii) inventors who come up with technological solutions in 

the Schumpeterian sense; iii) entrepreneurs with the ability to implement 

innovations/technological solutions in the market; iv) venture capitalists that 

recognise and finance the entrepreneurs in the early phases of the innovation process; 
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v) actors in a well-functioning second-hand or exit market that facilitates ownership 

change and provides financing at a later stage of the innovation process; and finally 

vi) industrialists who have the knowledge to manage large-scale production, 

marketing etc. This is summarised in Table 2.2. 

 

 

Table 2.2 Actors in the competence bloc 
1. Competent and active customers 

2.  Inventors who integrate technologies in new ways 

3. Entrepreneurs who identify profitable innovations 

4. Competent venture capitalists who recognise and finance the entrepreneurs 

5. Actors in the second hand markets that facilitate ownership change 

6. Industrialists who take successful innovations to industrial production 

Source: Eliasson and Eliasson (1996). 

 

When vertically complete and horizontally varied (i.e. when there are a large number 

of actors of each kind) the competence bloc “exposes” each project to a competent 

and varied evaluation (Eliasson and Eliasson 2002). We can now complete the 

analysis of the importance of institutions. Supported by the institutional settings, 

particularly property rights, the systems develop endogenously in the market through 

the action of the actors in the competence bloc. If the competence bloc lacks some 

critical competences it increases the risk of losing the winners that move growth. 

 

 

2.4 Choice of Theory  

 

Three theoretical candidates for the study of the Swedish health care industry have 

been briefly presented. They are: i) the national innovation systems; ii) the 

technological systems and iii) the theory of the experimentally organised economy 

and competence blocs.  

 

The theoretical survey has identified a number of circumstances as critical factors 

behind economic growth. First, differences between firms (heterogeneity) matter for 

the outcome, economic growth (Eliasson, 1984, 1990; Nelson, 1991; Carlsson, 1995). 
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Second, as part of the Shumpeterian creative destruction process, the entry of firms 

means little if not considered together with the exit of firms, or firm turnover, because 

exit releases resources (labour, skill, knowledge and firm facilities, Eliasson, 

Johansson and Taymaz, 2002). Third, the organisation of the economy in hierarchies 

and markets and the supporting institutions matter critically for incentives, 

competition, entrepreneurship, efficiency and the capacity of the economic system to 

give potential winners an opportunity.  

 

Different theoretical perspectives however, bring forward different aspects of the 

systems analysis. A comparison between the three approaches reveals that they all 

contribute in some way to our understanding of how innovations affect the economy. 

Individually, however, they construct different understandings of the dynamics of an 

economy that may lead to different conclusions about, for instance, policy. 

 

The national innovation systems approach is based on the assumption that nations 

differ, both with respect to how their institutions influence innovations and with 

respect to the role of economic structures. From this perspective, it is perhaps possible 

to look at, say Europe as a cluster of different national systems of innovation. But on 

the other hand, it is also true that the systems of institutions supporting technical 

innovation in one field may have very little overlap with the system of institutions 

supporting innovations in another field. And economic activities do cross national 

borders. This speaks for the technological systems approach as an analytical method 

for studying the development of well-defined technologies in the economy. 

Furthermore, the national innovation systems legitimate a level of analysis above that 

of the individual or the firm, a level of analysis that cannot be reduced to the level of 

individual actors that move economic growth (McKelvey, 1991). 

 

The technological systems approach allows more flexibility in the analysis than the 

national innovation system, since focus is on the technology rather than the national 

economy. But you soon reach a level of aggregation where technologies have been 

selected and integrated into composite technologies through economic and market 

interaction. The theory does not, however, say how this selection takes place in 
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details. However, the technological systems approach is useful for cluster analysis of 

technologies and in mapping out the networks of the system. 

 

The competence bloc theory integrates all technologies that have to be integrated in 

the product or the set of complementary products and substitutes that makes up an 

industry, in our case the health care industry. Growth of the industry depends on the 

capacity of the actors in the competence bloc to create, identify and select winners 

and carry them onto industrial scale production. This in turn depends on the 

competence and the action of the actors of the competence bloc. In their pursuit of 

business opportunities and profits they launch projects and establish new firms. The 

winners will be identified in a full-fledged competence bloc and grow, while others 

will decline and eventually exit and set resources free to be allocated to more 

profitable ventures. Hence, this theory embodies the research questions that we 

address in this dissertation.  

 

The theory also illustrates the importance of institutions, as they define incentives and 

critically affect the selection processes of the competence bloc. Supported by the 

institutional settings, particularly property rights, the economy develops 

endogenously in the market through the actions of the actors in the competence bloc. 

 

In conclusion then, we have chosen the theory of the experimentally organised 

economy and competence blocs since that theory will embody the answers to our 

research questions. This does not mean that the other two approaches are wrong or 

inferior in any way. The choice simply depends on the research questions we have 

chosen to address in this dissertation. We should not be tempted to become what 

Dahmén calls the “prisoners of the tools’ shed”. We have to choose the right glasses 

to see and understand the particular problem at hand.  

 

 

2.5 The Experimentally Organised Economy, Competence Bloc and Hypotheses 

 

From the theory of the EOE and competence blocs we can derive a number of 

hypotheses that we test in the following empirical chapters. 
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i) The theory of the EOE anticipates that new innovative resources with economic 

potential have been released in the Uppsala region with the gradual withdrawal of 

Pharmacia from the Uppsala region because of its merger with Upjohn in 1995. Most 

of these resources are embodied in well educated and industrially experienced 

individuals who have left, or lost their jobs in Pharmacia. It can, therefore, be 

concluded that the exit of firms will not necessarily have a negative effect on local 

employment, not even in the short run. It may be the case that the closedown of a firm 

puts a dynamic process in motion generating new and expanding firms compensating 

for the initial employment loss. Hence, the exit of Pharmacia may not have had a 

negative effect on total employment in the region. This hypothesis is tested 

econometrically (in Chapter 4) as:  

 

H0: The exit of Pharmacia in Uppsala has had no or a negative effect on employment 

growth. 

H1: The exit of Pharmacia in Uppsala has had a positive effect on employment 

growth. 

 

The H0 hypothesis is expected to be rejected, since the theory predicts that the exit of 

Pharmacia from Uppsala has had no or a positive effect on employment growth. 

 

ii) The theory of the EOE and competence blocs also offers very clear predictions on 

the role of entry and exit, i.e. turnover. The theory states that many entries and exits (a 

high turnover rate of firms) together increase growth in that it both enhances the 

possibility of discovering and selecting winners and release resources for the growing 

firm (Eliasson, Johansson and Taymaz 2002). The reason for this is that more 

business experiments are carried out, and that the number of conducted experiments 

partly explains the number of successes. Hence the following hypotheses are tested in 

Chapter 5: 

 

H0: The regional turnover rate of establishments has had no or a negative effect on 

regional employment growth. 

H1: The regional turnover rate of establishments has had a positive effect on regional 

employment growth. 
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The H0 hypothesis is expected to be rejected, since the theory predicts that the 

turnover rate of firms has a positive effect on employment growth. 

 

iii) Competence bloc theory predicts that all actors have to be present to create the 

industrial dynamic and industrial transformations that move economic development 

and growth. This is studied in Chapters 6 and 7. In Chapter 6 the study of the 

commercialisation of two innovations in two different environments, Sweden and the 

US is used as an illustration of this process. In Chapter 7 the technology transfer 

process is described as being vital for university commercialisation in the US. 

 

iv) Furthermore, although not the major focus, the theory of the EOE also predicts 

that successful firms are in general a) young, b) small and c) not government or 

publicly owned. Moreover, they have a good sense of direction and are efficient in 

identifying and correcting their mistakes so that they effectively manage successful 

experiments: see Table 2.3, Eliasson (1996). From the above statement we can 

formulate additional hypotheses that are also tested in Chapter 4, see below. 

 

 

Table 2.3 The competence specification of the experimentally organised firm 
Orientation 
(1) Sense of direction. 
(2) Daring (risk-willingness). 
Selection 
(3) Efficiency in identifying mistakes (analysis). 
(4) Effectiveness in correcting mistakes. 
Operation 
(5) Effectiveness in managing (“co-ordinating”) successful experiments. 
(6) Effectiveness in feeding acquired experience back onto (1).  
Source: Eliasson (1996, 56). 
 

a) The theory predicts that, on average new firms will grow faster than old firms, as 

radically new innovations with a great economic potential are generally introduced 

through the entry of new and young firms. Old firms are regarded as more 

conservative as relying on well-known technology and as being locked into their old 

structures. They are also often large and have built-in difficulties when it comes to 

reorganising for new market conditions. On the other hand, exploring new terrain is 
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risky, and a large fraction of the new and small firms should be expected to fail. 

Hence the following hypotheses will be tested: 

 

H0: Firm age has no, or a positive, effect on firm growth. 

H1: Firm age has a negative effect on firm growth. 

 

b) Eliasson and Eliasson (2002) argue that large firms tend to internalise large parts of 

the competence bloc. This automatically means less horizontal variety in their 

selection process than when the selection takes place in the market. On average, 

therefore, large firms have a reduced capability to generate and identify winners per 

unit of resource input compared to a corresponding number of small firms. The large 

firm, furthermore, have much larger resources for keeping bad projects longer, that 

would otherwise be rejected fast in the open (over-the-market) competence bloc. 

From this it follows that the selection process is expected to be more dynamically 

efficient in terms of project selection in a group of small firms than in a large firm, 

this has also been emphasised by Carlsson (1999). Furthermore, the theory of the 

EOE and competence blocs also anticipates that large firms have to be hierarchically 

organised because of their size. Thus, small firms are more likely to provide a more 

entrepreneurial milieu than large firms. Therefore we also test the hypotheses: 

 

H0: Firm size has no, or a positive, effect on firm growth. 

H1: Firm size has a negative effect on firm growth. 

 

c) Government or public ownership in the EOE is expected to have a negative effect 

on growth for several reasons. First, in the free market, there will be a selection 

according to the owners’ ability to manage the firm while politicians are appointed 

because of their competence to win elections (Pelikan, 1988, 1993). Second, decision-

making is bureaucratic in organisations run by politicians and often lacks flexibility 

(Moe, 1997; Wintrobe, 1997). Third, since politically run organisations are managed 

by other criteria than economic efficiency, for instance vote maximisation (Berggren, 

2000), they will have great difficulties accepting and correcting mistakes, such as 

closing down an operation or a firm because of a business mistake (Eliasson, 1990).  
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Hence the hypotheses:  

 

H0: Government ownership has no, or a positive, effect on firm growth. 

H1: Government ownership has a negative effect on firm growth. 

 

As outlined above, the theory of the EOE and competence blocs assumes that all three 

null hypotheses will be rejected.  

 

In summary, growth in the EOE occurs through the experimental selection specified 

in Table 2.1. It therefore becomes important to understand the efficiency of that 

selection such that growth occurs, which is synonymous with making sure that 

winners are not lost but instead discovered, supported in the competence bloc 

environment and carried on to industrial scale production and distribution. Each 

individual firm carries out these selection activities to stay competitive and theses 

activities, in turn, generate the entry, expansion, contraction and exit of the 

Schumpeterian creative destruction process. 
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3. THE SIZE AND STATISTICAL DEVELOPMENT OF THE HEALTH 

CARE INDUSTRY IN SWEDEN 

 

 

3.1 Introduction 

 

In this chapter the statistical development of the Swedish health care industry is 

described. Health care is to a large extent a publicly regulated and run service. In 

Sweden 83.8 percent of the expenditures are public compared to only 44.5 percent in 

the US (OECD, 2002). Health care is now one of the largest industries in the OECD17 

countries, accounting for 7.9 percent of GDP in Sweden in 1998. In the US it is much 

larger, accounting for 12.9 percent of GDP in 1998. Details for some OECD countries 

are presented in Table 3.1. 

 

 

Table 3.1 Health care costs as share of GDP 1980, 1990 and 1998 
 1980 1980 1990 1990 1998 1998 
Country Total 

expenditure, 
% of GDP 

Public 
expenditure, 
% of GDP 

Total 
expenditure, 
% of GDP 

Public 
expenditure, 
% of GDP 

Total 
expenditure, 
% of GDP 

Public 
expenditure, 
% of GDP 

Canada 7.1 5.4 9.0 6.7 9.1 6.5 
Denmark 9.1 8.0 8.5 7.0 8.4 6.9 
Finland 6.4 5.0 7.9 6.4 6.9 5.3 
France   8.6 6.6 9.3 7.1 
Germany 8.8 6.9 8.7 6.7 10.6 7.9 
Greece 6.6 3.7 7.5 4.7 8.7 4.7 
Ireland 8.4 6.8 6.6 4.8 6.8 5.2 
Japan 6.4 4.6 5.9 4.6 7.1 5.5 
Netherlands 7.5 5.2 8.0 5.4 8.1 5.5 
Norway 7.0 5.9 7.8 6.4 8.5 7.1 
Portugal 5.6 3.6 6.2 4.1 8.3 5.6 
Spain 5.4 4.3 6.6 5.2 7.6 5.4 
Sweden 9.1 8.4 8.5 7.6 7.9 6.6 
Switzerland 7.6 4.8 8.5 5.7 10.6 5.8 
Turkey 3.3 0.9 3.6 2.2 4.8 3.5 
UK 5.6 5.0 6.0 5.0 6.8 5.5 
United States 8.7 3.6 11.9 4.7 12.9 5.8 
Source: OECD (2002). 

 

                                                           
17 Organisation for Economic Co-operation and Development 
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The health care industry is large, rapidly growing and drawing large resources in all 

developed countries. The industry cares for the most valuable production factor, 

human capital. The ideal demanded output is a particular state of health. The aging of 

the population also raises health care costs. With new innovations and new 

technology we will be able to treat more and new illnesses, which is expected to 

significantly raise quality of life. In the next section we will define this industry and 

measure its age and size. 

 

 

3.2 Defining the Swedish Health Care Industry 

 

Health care industry can be defined in many different ways, and there is no standard 

definition to be found in the Swedish statistics or in the statistics of any other country. 

It is interesting to note that even though there are no common statistical definitions of 

the health care industry, it is a widely used industry concept in business magazines 

such as The Economist, BusinessWeek, Affärsvärlden and the like. For instance, 

BussinessWeek publishes industry-ranking lists on the health care industry on the 

American stock market, ranging from pharmaceuticals, including corporations in the 

fields of medical and bio-technology (BusinessWeek, 2002). The Swedish counterpart 

Affärsvärlden has a similar list covering the same area of the Swedish stock market 

(Affärsvärlden, 2002). 

 

The OECD health data, which have been used in Table 3.1, cover three dimensions: 

health care by functions of care, providers of health care services and sources of 

funding. This is, however, a fairly new system, entitled the International 

Classification for Health Accounts (ICHA), and it has not yet been introduced in 

many of the OECD countries (OECD, 2001). 

 

Eliasson (2002), defines the health care industry as hospital care and medical 

treatment, pharmaceuticals, medical instruments (devices and other supplies), 

biotechnology as a technological support industry for pharmaceutical industry, 

laboratory equipment and health insurance. This definition is difficult to use for 
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statistical analyses. One problem is that the statistics do not separate out the 

biotechnological industry. 

 

Here we define the health care industry as: i) the pharmaceutical industry, ii) the 

industry for medical instruments and laboratory equipment, iii) care - covering 

everything from dispensing chemists shops to hospital care - see details below, iv) 

research and development in medical science, v) education for health occupations, 

(vi) administration in the pharmaceutical and medical technology industry and vii) the 

business of insurance i.e. the social security offices. Thus we have identified seven 

different sectors that make up the whole health care industry, using the SNI18 codes 

from Statistics Sweden (SCB); see Table 3.2.  

 

The definition presented in Table 3.2, in fact, is even broader than that of Eliasson 

(2002). Research, education and administration in the health care industry are part of 

our definition. The insurance sector is probably overestimated, since it is hard to 

know how large a part of the sector that is related to health or health care. 

 

                                                           
18 The Swedish Industrial Classification System (Standard för svensk näringsgrensindelning, SNI).  
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Table 3.2 The Swedish health care industry 
Industry code Industry 

Pharmaceutical industry  
24400 Industry for pharmaceuticals, medicinal chemicals and botanical products 
24410  Basic pharmaceutical products 
24420 Pharmaceutical preparations 

Medical instruments and 
laboratory equipment 

 

33100 Industry for medical and surgical equipment and orthopaedic appliances 
33101 Medical and surgical equipment 
33102 Dental technicians´ workshops 
33200 Industry for instruments and appliances for measuring, checking, testing, navigating 

and other purposes, except industrial process control equipment 
33400 Industry for optical instruments and photographic equipment 

Care  
52271 Health food shops 
52310 Dispensing chemists 
52320 Shops for medical and orthopaedic goods 
52481 Opticians 
55522 Catering establishments for hospitals 
55523 Catering establishments for schools, welfare and other institutions 
85100 Health establishments 
85110 Hospitals 
85120 Medical practices 
85130 Dental practices 
85140  Other health establishments 
85311 Service homes and homes for the aged 
85312 Homes for the mentally handicapped 
85313 Other establishments for institutional care 
85323 Day care establishments for the aged and handicapped 

Research  
73103 Institutes for research and development on medical sciences 

Education  
80304 Higher education establishments for health occupations 

Administration  
75123 Agencies for the administration of health care 
75124 Agencies for the administration of social welfare 

Insurance  
75300 Social security offices 

Source: Basfakta and own results. 
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The pharmaceutical industry of our definition includes (SNI92:24400)19 

pharmaceuticals, medicinal chemicals and botanical products made up of 

(SNI92:24410) basic pharmaceutical products and (SNI92:24420) pharmaceutical 

preparations.  

 

The medical instruments and laboratory equipment industry covers (SNI92:33100) 

medical and surgical equipment and orthopaedic appliances, that is (SNI92:33101) 

medical and surgical equipment and (SNI92:33102) dental technicians workshops, 

(SNI92:33200) industry for instruments and appliances for measuring, checking, 

testing, navigating and other purposes, excluding industrial process control equipment 

and (SNI92:33400) industry for optical instruments and photographic equipment. 

 

What we call care is made up of (SNI92:52271) health food shops, (SNI92:52310) 

dispensing chemists, (SNI92:52320) shops for medical and orthopaedic goods, 

(SNI92:52481) opticians, (SNI92:55522) catering establishments for hospitals, 

(SNI92:55523) catering establishments for schools, welfare and other institutions, 

(SNI92:85100) health establishments as follows, (SNI92:85110) hospitals, 

(SNI92:85120) medical practices, (SNI92:85130) dental practices, (SNI92:85140) 

other health establishments, (SNI92:85311) service homes and homes for the aged, 

(SNI92:85312) homes for the mentally handicapped, (SNI92:85313) other 

establishments for institutional care and (SNI92:85323) day care establishments for 

the aged and handicapped. 

 

Research covers (SNI92:73103) institutes for research and development in the 

medical sciences. 

 

Education includes (SNI92:80304) higher education establishments for health 

occupations. 

 

                                                           
19 Numbers in parentheses refer to industry code according to the Swedish Industrial Classification 
System established in 1992 (SNI92). 
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Administration in this industry has been defined as (SNI92:75123) agencies for the 

administration of health care and (SNI92:75124) agencies for the administration of 

social welfare. 

 

The insurance industry is defined as (SNI92: 75300) social security offices. 

 

Together, as Table 3.2 shows, this industry definition covers a large number of 

different and complex health care activities, from a dominant public health care 

service to privately produced services and goods produced in the pharmaceutical and 

medical technology industry. 

 

In the next two empirical Chapters 4 and 5, focus will be on the pharmaceutical and 

medical technology industry a well-defined (in the statistics) industry. 

 

 

3.3 The Data 

 

The data in this chapter have been collected from “Basfakta”20 published by Statistics 

Sweden (1993-2001).  Since there is no standard classification of the Swedish health 

care industry, and since the classification system was changed in 1993, it turned out to 

be impossible to go back further in time.  

 

Statistics Sweden compiles data on the number of firms, establishments and 

employment in different industries. The size measurement of the Swedish health care 

industry is based on these data. Until 1993, data were classified according to SNI69,21 

which corresponds to the International Standard Industrial Classification of All 

Economic Activities (ISIC) of the United Nations. However, ISIC is not used by the 

European Union, and therefore Sweden changed its classification system in 1993 to 

SNI92. SNI92 is the Swedish counterpart to the industrial classification system used 

in the European Union, Nomenclature Générale Activités Economiques dans les 

Communautés Européennes (NACE). 

                                                           
20  Basfakta contains compiled tables from The Central Register of Firms and Establishment (CFAR). 
21 The Swedish Industrial Classification System (established in 1969, SNI69). 
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Both SNI92 and SNI69 are an activity-based industry classification, which means that 

the units of production (establishments and firms) are classified in industries 

according to the activity carried out in the production unit and not in terms of what is 

produced. Activity is defined as the process where different factors of production and 

combinations of these are used to produce goods and services. Hence, the firms and 

establishments are classified into industries according to the nature of the process of 

production (Statistics Sweden: MIS 1992:6).  

 

 

3.4 The Size of the Swedish Health Care Industry 

 

The change of the classification system in 1993 makes it impossible to go back further 

in time, making the historical development of the whole health care industry difficult 

to study. With the latest available year from the SCB we have nine years in total from 

1993 to 2001. One way to measure the historical growth in the Swedish health care 

industry is by the number of firms; see Table 3.3.  

 

As one can see from Table 3.3, the whole health care industry has increased by almost 

13 500 firms, or 140 percent over the period 1993 to 2001. The fastest growing 

sectors are research and care. The sectors administration and insurance have 

diminished over the period. Administration has diminished from 23 firms to 9 firms, a 

decrease by 60 percent, and insurance has diminished from 69 to 62 firms. 

Individually, the fastest growing SNI-codes are 85140-85323, that is health 

establishments of various kinds. It is noteworthy that education and administration are 

diminishing: education has diminished by as much as 53 firms, or 90 percent. 
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Table 3.3 The number of firms in the Swedish health care industry, 1993-2001  
Industry 

code 
Industry 1993 2001 1993- 

2001 
1993- 

2001, %
Pharmaceutical industry     

24410  Basic pharmaceutical products 16 21 5 31.25%
24420 Pharmaceutical preparations 61 101 40 65.57%

 Total Pharmaceutical industry 77 122 45 58.44%
Medical instruments and laboratory equipment     

33101 Medical and surgical equipment 292 475 183 62.67%
33102 Dental technicians´ workshops 636 685 49 7.70%
33200 Industry for instruments 328 473 145 44.21%
33400 Industry for optical instruments and photographic equipment 102 163 61 59.80%

 Total Medical instruments and laboratory equipment 1358 1796 438 32.25%
Care     

52271 Health food shops 501 987 486 97.01%
52310 Dispensing chemists 3 1 -2 -66.67%
52320 Shops for medical and orthopaedic goods 124 106 -18 -14.52%
52481 Opticians 1035 904 -131 -12.66%
55522 Catering establishments for hospitals 3 6 3 100.00%
55523 Catering establishments for schools, welfare and other institutions 6 17 11 183.33%
85110 Hospitals 205 215 10 4.88%
85120 Medical practices 1716 3942 2226 129.72%
85130 Dental practices 1641 2124 483 29.43%
85140  Other health establishments 1973 10362 8389 425.19%
85311 Service homes and homes for the aged 106 280 174 164.15%
85312 Homes for the mentally handicapped 42 133 91 216.67%
85313 Other establishments for institutional care 222 575 353 159.01%
85323 Day care establishments for the aged and handicapped 120 361 241 200.83%

 Total Care 7697 20013 12316 160.01%
Research     

73103 Institutes for research and development on medical sciences 347 1118 771 222.19%
Education     

80304 Higher education establishments for health occupations 59 6 -53 -89.83%
Administration     

75123 Agencies for the administration of health care 3 5 2 66.67%
75124 Agencies for the administration of social welfare 20 4 -16 -80.00%

 Total Administration 23 9 -14 -60.87%
Insurance     

75300 Social security offices 69 62 -7 -10.14%
 

Total 
 
Total Health Care 

 
9630

 
23126 

 
13496 

 
140.15%

Source: Statistics Sweden (Basfakta, various years) and own calculations. 
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Another way to study the historical growth of the industry is to look at the number of 

establishments; see Table 3.4. The number of establishments develops almost 

parallels to the number of firms. The number of establishments increased by almost 

14 300 between 1993-2001, or by about the same number as the firms. The fastest 

growing sectors are administration and research, while education decreased by 76 

establishments, or 58 percent. Looking individually at the SNI-codes, administration, 

other health establishments and research are increasing.  

 

A third way to look at the historical growth record is to study employment in the 

industry; see Table 3.5. 

 

The whole health care industry, as we have defined it, employed 617 351 people in 

1993 and 724 621, in 2001, 107 270 more people, an increase by 17 percent. The 

fastest growing sectors are the pharmaceutical industry and care. The pharmaceutical 

industry has increased from 8 562 employees to 12 668 employees over the period 

1993 to 2001, while administration, research and education are declining. It is 

interesting to note that the number of employees in SNI-code 52481, opticians, is 

increasing, while the number of firms and establishments in the same category has 

declined. 

 

As can be seen from the Tables (3.3-3.5). the dominant sector is the one we call care. 

The industry for medical instruments and laboratory equipment has also been growing 

steadily over this period, as has research and education.  

 

In Figures A.1 - A.3, an index has been used to illustrate the relationships between the 

different sectors; see appendix 3.A. 
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Table 3.4 The number of establishments in the Swedish health care industry, 1993-
2001 
Industry code Industry 1993 2001 1993- 

2001 
1993- 

2001 %

Pharmaceutical industry     
24410  Basic pharmaceutical products 16 22 6 37.50%
24420 Pharmaceutical preparations 89 118 29 32.58%

 Total Pharmaceutical industry 105 140 35 33.33%
Medical instruments and laboratory equipment     

33101 Medical and surgical equipment 308 497 189 61.36%
33102 Dental technicians´ workshops 707 753 46 6.51%
33200 Industry for instruments 358 507 149 41.62%
33400 Industry for optical instruments and photographic equipment 109 167 58 53.21%

 Total Medical instruments and laboratory equipment 1482 1924 442 29.82%
Care     

52271 Health food shops 527 1066 539 102.28%
52310 Dispensing chemists 936 896 -40 -4.27%
52320 Shops for medical and orthopaedic goods 136 108 -28 -20.59%
52481 Opticians 1095 1014 -81 -7.40%
55522 Catering establishments for hospitals 4 13 9 225.00%
55523 Catering establishments for schools, welfare and other institutions 27 151 124 459.26%
85110 Hospitals 983 740 -243 -24.72%
85120 Medical practices 4511 6166 1655 36.69%
85130 Dental practices 3630 3799 169 4.66%
85140  Other health establishments 2380 10708 8328 349.92%
85311 Service homes and homes for the aged 1984 2677 693 34.93%
85312 Homes for the mentally handicapped 1807 2894 1087 60.15%
85313 Other establishments for institutional care 845 1093 248 29.35%
85323 Day care establishments for the aged and handicapped 2456 2733 277 11.28%

 Total Care 21321 34058 12737 59.74%
Research     

73103 Institutes for research and development on medical sciences 369 1160 791 214.36%
Education     

80304 Higher education establishments for health occupations 131 55 -76 -58.02%
Administration     

75123 Agencies for the administration of health care 13 92 79 607.69%
75124 Agencies for the administration of social welfare 103 409 306 297.09%

 Total Administration 116 501 385 331.90%
Insurance     

75300 Social security offices 446 403 -43 -9.64%

 
Total 

 
Total Health Care 

 
23970

 
38241 

 
14271 

 
59.54%

Source: Statistics Sweden (Basfakta, various years) and own calculations. 
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Table 3.5 The number of employees in the Swedish health care industry, 1993-2001 
Industry 

code 
Industry 1993 20011993- 

2001 
1993- 
2001 % 

Pharmaceutical industry     
24410  Basic pharmaceutical products 195 1537 1342 688.21% 
24420 Pharmaceutical preparations 8367 19693 11326 135.37% 

 Total Pharmaceutical industry 8562 21230 12668 147.96% 
Medical instruments and laboratory equipment     

33101 Medical and surgical equipment 5200 6979 1779 34.21% 
33102 Dental technicians´ workshops 2779 1905 -874 -31.45% 
33200 Industry for instruments 8227 6526 -1701 -20.68% 
33400 Industry for optical instruments and photographic 

equipment 
1057 1955 898 84.96% 

 Total Medical instruments and laboratory equipment 17263 17365 102 0.59% 
Care     

52271 Health food shops 609 974 365 59.93% 
52310 Dispensing chemists 12079 11148 -931 -7.71% 
52320 Shops for medical and orthopaedic goods 196 60 -136 -69.39% 
52481 Opticians 3172 3553 381 12.01% 
55522 Catering establishments for hospitals 137 1144 1007 735.04% 
55523 Catering establishments for schools, welfare… 61 288 227 372.13% 
85110 Hospitals 397167 258485 -138682 -34.92% 
85120 Medical practices 9376 10739 1363 14.54% 
85130 Dental practices 34502 11168 -23334 -67.63% 
85140  Other health establishments 5951 7270 1319 22.16% 
85311 Service homes and homes for the aged 50831 217639 166808 328.16% 
85312 Homes for the mentally handicapped 2115 6735 4620 218.44% 
85313 Other establishments for institutional care 2428 8859 6431 264.87% 
85323 Day care establishments for the aged and handicapped 36171 119478 83307 230.31% 

 Total Care 554795 657540 102745 18.52% 
Research     

73103 Institutes for research and development on medical sciences 3918 2312 -1606 -40.99% 
Education     

80304 Higher education 13204 9349 -3855 -29.20% 
Administration     

75123 Agencies for the administration of health care 226 633 407 180.09% 
75124 Agencies for the administration of social welfare 1567 86 -1481 -94.51% 

 Total Administration 1793 719 -1074 -59.90% 
Insurance     

75300 Social security offices 17816 16106 -1710 -9.60% 
 

Total 
 
Total Health Care 

 
617351

 
724621

 
107270 

 
17.38% 

Source: Statistics Sweden (Basfakta, various years) and own calculations. 
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In Figure 3.1, the number of firms and establishments for the health care and 

manufacturing industries are presented. Both of the industries have grown over the 

period 1993 to 2001 (2000 is the latest year available for data of the manufacturing 

industry). 

 

 

Figure 3.1 Number of firms and establishments in the Swedish health care 
Industry and the Swedish manufacturing industry, 1993-2001 
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Source: Statistics Sweden (Basfakta, various years) and own calculations. 

 

When looking at the employment numbers we see that the health care industry is as 

large as the manufacturing industry. As shown in Figure 3.2, the manufacturing 

industry employed more people in the beginning of the period than the health care 

industry. At the end of the period health care industry had caught up to employ more 

people than the manufacturing industry. The health care industry has had some years 

with big fluctuations in the employment numbers, but employment appears to have 

stabilized, and lately, the health care industry has been growing steadily. 
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Figure 3.2 Number of employees in the Swedish health care industry and the 
Swedish manufacturing industry, 1993-2001 
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Source: Statistics Sweden (Basfakta, various years) and own calculations. 

 

 

3.5 Summary and Conclusions 

 

There is no standard definition of the Swedish health care industry. In fact, it gets 

complicated already if one wishes to study the biotechnology industry or the medical 

technology industry, since these industries do not have a standard code in the SNI92 

produced by Statistics Sweden (SCB). We have identified seven different sectors 

above that compose the whole health care industry, as defined here: i) the 

pharmaceutical industry, ii) the industry for medical instruments and laboratory 

equipment. iii) care and iv) education v) research, vi) administration and vii) health 

insurance. 

 

In terms of firms and or establishments, the manufacturing industry is larger than the 

health care industry, but in terms of the number of employees the health care industry 

is larger than the manufacturing industry. The health care industry is also growing fast 

looking at employment numbers. During the period 1993 to 2001 employment in the 

health care industry increased by 17 percent, or from 617 351 to 724 621 employees. 
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In comparison the manufacturing industry increase by 4 percent or from 688 275 to 

716 915 employees during 1993 to 2000. 
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Appendix 3.A 

 

In Figures A.1 – A.3, it is easy to follow the development in the health care industry 

in percent over time. An index where 1993 is set to 100 is used. 

 

 

Figure A.1 Number of firms in the Swedish health care industry, 1993-2001, Index 
1993=100 
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Source: Statistics Sweden (Basfakta, various years) and own calculations. Index 1993=100. 

 

The index over education and administration shows a deviant pattern, however these 

sectors have undergone reclassification in the data material. 
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Figure A.2 Number of establishments in the Swedish health care industry, 1993-
2001, Index 1993=100 
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Source: Statistics Sweden (Basfakta, various years) and own calculations. Index 1993=100. 

 

 

Figure A.3 Employment in the Swedish health care industry, 1993-2001, Index 
1993=100 
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Source: Statistics Sweden (Basfakta, various years) and own calculations. Index 1993=100. 
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4. THE EXIT OF PHARMACIA AND GEOGRAPHICAL GROWTH 

 

 

4.1 Introduction 

 

In 1996 the Chamber of Commerce for Uppsala County22 surveyed the number of 

company start-ups related to the “exit of Pharmacia” in 1995. This was in response to 

political worries about a possible industrial decline in the Uppsala region. Recently, 

however, Uppsala has been the focus of media attention as a new bio-tech boom area, 

and one reason, contrary to some earlier worries appears to be that the withdrawal of 

Pharmacia has released people with competence that have had strong incentives to 

establish new firms. 

 

Until 1995, Pharmacia AB was a Swedish-based company. However, in 1995, 

Pharmacia & Upjohn was formed through the merger of Pharmacia AB and Upjohn 

Company (Homepage of Pharmacia). The consequence has been a partial withdrawal 

of Pharmacia from the Uppsala region. In this dissertation this is referred to as the exit 

or withdrawal of Pharmacia. Due to the merger most of the management activities, 

ranging from supply, R&D and marketing, moved to the US based headquarters. What 

was left in Sweden was mainly a big pharmaceutical production site and an equipment 

supplier, Pharmacia Biotech. However, Pharmacia Biotech merged with British 

Amersham in 1997 (Press Release, Amersham, 1997) In 2000, Pharmacia & Upjohn 

and the Monsanto Company formed the new company Pharmacia Corporation with its 

headquarters in the US, and in the spring of 2002 the American company Pfizer 

placed a bid on Pharmacia Corporation that is still pending (October 2002). 

 

The reorganisation of Pharmacia and the entire Uppsala area in fact serves, as an 

interesting illustration of Schumpeter’s (1942) creative-destruction process, in that the 

exit process may be supporting new industry formation. The dynamic of the 

Shumpeterian creative-destruction process can be studied in detail by means of the 

                                                           
22 Uppsvenska Handelskammaren 
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theory of the experimentally organised economy (EOE) and competence blocs 

outlined in chapter 2.  

 

The theory of the EOE predicts that many entries and exits i.e. a high turnover of 

firms or establishments, will increase growth, because this will both raise the 

possibility of discovering and selecting “winners” and release resources to support 

their growth, all provided the receiver competence embodied in the competence bloc 

is sufficiently complete and varied. Since the region already had a developed network 

of varied actors within its competence bloc we expect to see increased entrepreneurial 

activity in the region.23 Thus, in the case of Pharmacia one could expect, contrary to 

what many people would believe, to find positive regional-growth effects in the form 

of an observed increased growth in employment as a consequence of Pharmacia’s 

partial withdrawal from the Uppsala region. 

 

Thus we answer the first research question outlined in the dissertation; i) Has the 

withdrawal of Pharmacia activities in the Uppsala region released resources for 

employment in other new and incumbent firms, thus generating positive growth 

effects in the same region, by testing the hypotheses: 

 

H0: The exit of Pharmacia in Uppsala has had no or a negative effect on growth. 

H1: The exit of Pharmacia in Uppsala has had a positive effect on growth. 

 

The H0 hypothesis is expected to be rejected, since the theory predicts that the exit of 

Pharmacia from Uppsala has had no, or a positive effect on growth, even within the 

short period investigated. 

 

From the outline of the theory in Chapter 2, we derived a number of hypotheses that 

are also tested in this chapter: 

 

 

 

                                                           
23 Others have described the rich network in the region see for instance Waluszewski (2002). 
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H0: Firm age has no, or a positive, effect on firm growth. 

H1: Firm age has a negative effect on firm growth. 

 

H0: Firm size has no, or a positive, effect on firm growth. 

H1: Firm size has a negative effect on firm growth. 

 

H0: Government ownership has no, or a positive, effect on firm growth. 

H1: Government ownership has a negative effect on firm growth. 

 

The theory of the EOE and of competence blocs proposes that the three hypotheses 

will be rejected in favour of the alternative hypothesis, that there is a negative 

relationship i) between firm age and firm growth ii) between firm size and firm 

growth as well as iii) between government ownership and firm growth.24 

 

 

4.2 The Data 

 

The description and econometric analysis in this chapter are based on a set of data on 

establishments compiled by Statistics Sweden (Statistiska Centralbyrån,SCB) from 

the Central Register of Firms and Establishments (Centrala Företags- och 

Arbetsställeregistret, CFAR). CFAR covers all firms and establishments (sizes, 

industries, legal forms etc.) in Sweden. A firm can have many establishments. 

 

Should we use firm or establishment data for our econometric analysis? The choice, 

of course, depends on your research question. If you are concerned with a regional 

allocation problem, e.g. if you want to follow all activities in a municipality you 

should use establishment data since such data best represents physical activities and 

are well-defined geographically. Firms with production activities in Uppsala can be 

registered elsewhere. Therefore, we should use establishment data. 

 

                                                           
24 There are several other studies that have showed a negative relationship between firm age and firm 
growth and between firm size and firm growth see for instance Evans (1987, a, b) and Dunne et al 
(1987). 



 

 

 

54 
 

The data set covers 199325 to 200026 and contains yearly observations on individual 

establishments under the following SNI codes: 24410 and 24420 (pharmaceutical 

industry), 33101, 33102, 33200 and 33400 (the medical instruments and laboratory 

equipment), and 73103 (institutes for research and development in medical 

sciences).27 These codes are chosen because they represent a well-defined area where 

Pharmacia operates. 

 

SCB is not allowed to give out the organisational numbers or the names of the 

establishments for confidentiality reasons. Therefore, SCB assigns a unique 

identification number (CFARNR) to each establishment when founded, that follows 

the establishment through its “life”.28 Hence, it is possible to identify and follow 

individual establishments, e.g. in terms of SNI code, its local municipality and other 

categories collected by SCB, but not to identify the establishment by name or 

CFARNR number.   

 

The data set consists of cross-sectional time-series data, so-called panel data. The 

panel, however, is unbalanced, i.e., we do not have observations on all establishments 

for all years. This is so because of the dynamics of establishment entry and exit. For 

example, many of the establishments did not exist in the beginning of the period (see 

further Table 4.1). Hence, we have no data for that particular year and the 

establishment has been replaced by a missing value.  

 

The data set can be described in a matrix; see Table 4.1. There are at most eight 

observations on each establishment (seven in the regressions). That is the case if the 

establishment has existed for all eight years. At a minimum, there is one observation 

on each establishment, that is if the establishment was not entered until 2000 or only 

existed in 1993 and then exited. In total, the sample includes 13 049 establishments. 

Five different characteristics are identified for each observation (establishment). 
                                                           
25 In 1993 Sweden changed its classification system when adapting to the standards of the European 
Union. This makes it costly to follow establishments further back in time. 
26 2000 is the latest year for which individual data are available on establishments. 
27 For a more detailed description of the data see Chapter 3. 
28 It is worth underlining that all Swedish establishments are obliged to register by law. The Swedish 
statistics on establishments are therefore encompassing and covers all establishments in the whole 
economy. This makes the Swedish data more complete than most international data; see Kirchhoff 
(1994). 
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Table 4.1 Different types of observations on establishments 
Establishments 1993 1994 1995 1996 1997 1998 1999 2000 
1         
2         
3         
. 
. 
. 

        

i) X X X X X X X X 
ii)   X X X X X X 
iii) X X X      
iv)  X X X     
v)        X 
. 
. 
. 

        

N         
Source: Own table.  
 

 

i) Establishments existing the entire period. 

ii) Establishments started after 1993 and existing by the end of the period. The 

period before is given a missing value.  

iii) Establishments that existed in 1993 and exited during the period. The rest of 

the period is given a missing value. 

iv) Establishments entering after 1993 and exiting before 1998. A combination of 

ii) and iii).  

v) Establishments entering in 2000. The period before is given a missing value. 

 

 

4.3 Exploring the Data  

 

Before continuing with the econometric analysis, let us take a look at the number of 

establishments in Sweden in the pharmaceutical and medical technology industry, as 

we have defined it, and compare with the region of Uppsala, defined as the county. 
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As can be seen from Figure 4.1, the number of establishments in Sweden is growing 

over time. There was a small decline in 1999 but that was caught up with very 

quickly. Over the whole period from 1993 to 2000, the number of establishments was 

growing from 1 956 to 3 103. In the Uppsala region, there were more fluctuations. 

The number of establishment was growing until 1997 and then diminished, but never 

dipped under the 1996 level. Over the period, the number of establishments increased 

from 148 to 231.  

 

 

Figure 4.1 Number of establishments in the pharmaceutical and medical 
technology industry, 1993-2000 
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Source: Statistics Sweden and own calculations. 

 

The pattern is somewhat different for the number of employees in the pharmaceutical 

and medical technology industry, our dependent variable in the econometric analysis. 

As can be seen in Figure 4.2, the number of employees in Sweden is constantly 

growing over the period 1993-2000, except for the fall in 1999, that was also 

registered in the number of establishments. Over the whole period the number of 

employees grew from 37 775 to 51 733. 

 

In the Uppsala region, the number of employees grew from 3 633 to 4 627 employees 

between 1993-2000. Despite the withdrawal of Pharmacia in 1995, the number of 
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employees increased from 4 047 to 4 098 between 1995-1996 in the Uppsala region. 

The reason for the-not-so fast growth in Uppsala can be found in the turnover data. 

Both exits and entries increased. 

 

 

Figure 4.2 Number of employees in the pharmaceutical and medical technology 
industry, 1993-2000 
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Source: Statistics Sweden and own calculations. 
 

 

4.4 Econometric Analysis 
 

The econometric model used to test the hypotheses outlined in the beginning of the 

chapter can be written as:  

 

(4.1) GROWTHi,t = β0 + βage*AGEi, t-1 + βsize*SIZEi, t-1 + βage2*AGE2
i, t-1  

+ βsize2*SIZE2
i, t-1  + βowner*OWNERi, t-1 + βUppsala*UPPSALAi,  

+ βinteraction*INTERACTIONi,  + βd*Zd + ui, t   

where GROWTHi, t, AGEi, t-1 and SIZEi, t-1 are vectors on the growth, age and size of 

pharmaceutical and medical technology establishments i at time t, t-1 and t-1, 



 

 

 

58 
 

respectively. In addition to these variables, the model includes OWNERi, t-1, which 

denotes ownership29 (private or government owner), UPPSALAi, a dummy for the 

Uppsala region, INTERACTIONi, an interaction variable between UPPSALAi and 

EXITi where EXITi is a dummy for the exit of Pharmacia and Zd, which represents a 

vector with dummy variables; see below. AGE2
i, t-1 and SIZE2

i, t-1 are the quadratic 

forms of the age and size vectors. All of these variables are commonly used in 

empirical studies when available; see for instance Evans (1987).  

 

β0 is the intercept and ui, t the error term in the regression. The error term ui, t can be 

divided into an establishment-specific (µi), a time-specific (λt), and a random error 

term (vi, t), see e.g. Baltagi (1999): 

 

(4.2) ui, t = µi + λt + vi, t  

 

The variables are defined as follows:  

 

Dependent variable: 

GROWTHi, t: The change in the number of employees in establishment i between time 

t-1 and t (percent). Note that the percentage growth of establishments with zero 

employees in period t-1 cannot be calculated since it involves a division with zero. 

Therefore, growth is defined to be zero if the number of employees is zero in period t-

1 and period t. Moreover, growth is set at 100 percent if the number of employees is 

zero in period t-1 and more than zero in period t. This is the lowest rate of growth for 

firms with one employee in time t-1 that expand their employment. Thus, this 

approximation underestimates the percentage employment growth of establishments 

with zero employees.30  

 

Main explanatory variables: 

AGEi, t-1: The age of the establishment i at time t-1. SCB registers the establishment 

when it becomes active (the first time the activity code becomes 1) by month and 
                                                           
29 See, e.g., Variyam and  Krybill (1992) and Dewenter and Malatesta (2001) for empirical 
investigations of ownership and the economic performance of firms.  
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year.31 An establishment starting at time t-1 is defined to be 1 year old, an 

establishment starting in time t-2 is defined to be 2 years old and so on.  

SIZEi, t-1: The size, number of employees of establishment i at time t-1. 

AGE2
i, t-1: The age the establishment i at time t-1, raised to the second power. It is 

reasonable to expect a non-linear relationship between age and size, on the one hand, 

and growth, on the other. In line with practice in other similar studies, we use a 

quadratic form of age and size as explanatory variables. 

SIZE2
i, t-1: The size,number of employees of the establishment i at time t-1 raised to 

the second power. 

OWNERi, t-1: A dummy for ownership at time t-1, 1 if establishment i is 

governmentally owned and 0 if it is privately owned. An establishment is defined as 

governmentally owned if government controls more than 50 percent of the votes of 

the firm that owns the establishment. 

UPPSALAi, t: A dummy taking on the value 1 if the establishment is situated in the 

municipality of Uppsala, i.e. if the establishment has the municipality code 380, 

otherwise 0.32 

 

INTERACTIONi, t: An interaction variable defined as UPPSALAi, t-1 * EXITi, t-1. The 

interaction variable will catch the regional effect on employment growth. EXITi, t: is a 

dummy taking on the value 1 when Pharmacia “exited” from the region in 1995 and 

the time after, otherwise 0, it is not included as an explanatory variable by it self in 

the model. 

 

 

 

Dummy variables: 

                                                                                                                                                                      
30 Regressions where the dependent variable growth has been defined as the change in the number of 
employees in establishment i between time t-1 and t in absolute terms has also been conducted. The 
results are robust to this change of specification. 
31 Each establishment has an “activity code” taking on one of three values: 0 – the business activity has 
not yet started, 1 – the establishment has started its business activity, i.e., it is an active establishment, 
and 9 – the establishment has closed its business activity. An establishment is new the first year the 
activity code is set to 1. Similarly, an establishment is defined as having exited when the activity code 
is changed to 9. Establishments that exited in 1993 are not included in the data set.  
32 We have also done regressions on the county of Uppsala, that is municipality codes: 305, 319, 360, 
380, 381 and 382. The results are robust to these changes. 
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DPHARMA: A dummy taking on the value 1 if establishment i manufactures 

pharmaceuticals, otherwise 0.33   

DINSTRUMENT: A dummy variable taking on the value 1 if establishment i 

manufactures medical instruments or laboratory equipment, otherwise 0.34  

 

Three basic models are discussed in the literature when analysing cross-sectional 

time-series data econometrically: i) The ordinary least square (OLS) method, ii) the 

random-effects method and iii) the fixed-effect method (see, e.g., Baltagi 1999; 

Greene 2000; Hsiao 1999). The OLS estimation assumes no individual-specific effect 

(µi) or time-specific effect (λt). The random-effect model assumes the individual 

specific effects (µi) to be random across time and the time-specific effects (λt) to be 

random across individuals. Moreover, the random-effect model assumes the 

disturbances (ui, t) and the explanatory variables to be uncorrelated. The fixed-effect 

model assumes the effects (µi) and  (λt) to be constant.  

 

An F-test applied to the data rejects the poolability of the data, i.e., an OLS analysis is 

not suitable. A Hausman test rejects the hypothesis that the disturbances (ui, t) and the 

explanatory variables are uncorrelated. Thus, the fixed-effect model is used.  

 

In accordance with the previous discussion the hypotheses to be tested are: 

 

H0: βinteraction ≤ 0 

H0: βage ≥ 0  

H0: βsize ≥ 0.  

H0: βowner ≥ 0.  

 

According to the theory of the EOE and competence blocs, all null hypotheses are 

expected to be rejected. Age and size are expected to be negatively related to firm 

growth. Governmentally owned establishments are expected to grow more slowly 

than private establishments. And most interesting, the “exit” of Pharmacia is expected 

                                                           
33 That is, if establishment i is classified within industry code 24410 or 24420. 
34 That is, if establishment i is classified within industry code 33101, 33102, 33200 or 33400. 
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to have no effect on employment growth. If the first hypothesis can be rejected it 

means that we can keep H1, that the withdrawal of Pharmacia in the Uppsala region 

has had a positive effect on growth in the region.  

 

 

4.5 Results 

 

The correlations between the variables, as presented in Table 4.2, give us some 

indications of the relationship between the variables. The correlations between the 

variables are low. The only exception is a high correlation between, AGE and AGE2 

and SIZE and SIZE2, which is not surprising. There is a weak correlation between 

EXIT and the AGE of the establishment. 

 

 

Table 4.2 Table of correlations  
 GROWTH AGE SIZE AGE2 SIZE2 OWNER UPPSALA EXIT INTERACTION 
GROWTH 1 -.015 .003 -.013 .003 .004 .001 -.025 .001 
AGE -.015 1 .014 .945 .002 -.014 .004 .191 .022 
SIZE .003 .014 1 .033 .894 .071 .023 -.008 .016 
AGE2 -.013 .945 .033 1 .015 -.010 -.001 .166 .017 
SIZE2 .003 .002 .894 .015 1 .011 .015 -.004 .010 
OWNER .004 -.014 .071 -.010 .011 1 .124 .006 .112 
UPPSALA .001 .004 .023 -.001 .015 .124 1 .006 .876 
EXIT -.025 .191 -.008 .166 -.004 .006 .006 1 .113 
INTERACTION .001 .022 .016 .017 .010 .112 .876 .113 1 
Source: Statistics Sweden and own calculations.  
 

In Table 4.3 the main explanatory variables, their mean, standard deviation and 

expected effect on growth are summarised.  
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Table 4.3 Summary statistics 
Variable Description Mean Std. dev. Expected effect on growth 
GROWTH Growth of employees (per cent) 

 
1.22 116.47  

AGE Age of establishment (year) 
 

4.25 3.84 - 

SIZE Size of establishment (employees) 
 

10.89 78.59 - 

AGE2 The quadratic form of age 
 

32.81 48.38 + 

SIZE2 The quadratic form of size 
 

6294.10 116578.24 + 

OWNER The establishment is owned by the 
government  
 

.03 .18 - 

UPPSALA Municipality belonging (Uppsala) 
 

.05 .22  

EXIT Exit of Pharmacia 
 

.77 .42  

INTERACTION Exit of Pharmacia * municipality 
belonging (Uppsala) 

.04 .20 0 or + 

Source: Statistic Sweden and own calculations. 

 

Turning to the regression results, Table 4.4 reports two different regressions. The 

regressions are done with the fixed-effect estimation technique.  

 

 

Table 4.4 Results from the regression 
Variable Regression 1 Regression 2 
  

GROWTH 
 

GROWTH 
AGE -.511 

(-.512) 
-.511 

(-.524) 
SIZE -9.215E-03 

(-.265) 
-9.443E-03 

(-.272) 
AGE2 2.672E-02 

(.364) 
2.717E-02 

(.370) 
SIZE2 9.141E-06 

(.385) 
9.044E-06 

(.380) 
OWNER -3.406 

(-.578) 
-3.801 
(-.648) 

UPPSALA -8.318 
(-.789) 

_ 

INTERACTION 7.596 
(.618) 

-.591 
(-.089) 

R2 

R2
adjusted 

0.003 
0.001 

0.003 
0.001 

Note: t-value in parentheses. N=28 792. 
Source: Statistics Sweden and own calculations. 
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The R2 in the first regression is low, 0.003. Other related studies also report low R2 

numbers e.g. Evans (1987) reports 0.14 and Johansson (2001) reports 0.019. The low 

R2 is not surprising. Many, important explanatory variables are missing. A number of 

important explanatory variables had to be excluded because no data were available. 

According to the theory of the EOE and competence blocs, some measures of firms’ 

innovativeness and management competence should have been included as 

explanatory variables, as well as a variable representing the skills of the actors in the 

competence bloc. All these variables are for the most part difficult to measure, even at 

the disaggregated level of our analysis. In Chapter 6, a case study is conducted that 

captures several of the variables in the competence bloc not included in the statistical 

analysis.  

 

The result from the first regression largely supports other empirical studies on 

Swedish industry (see, e.g., Davidsson et al. 1994 a, b, 1996; Heshmati 2001; 

Johansson 2001). The signs of the beta values supports the theory of the EOE and 

competence blocs that we have used to formulate the assumptions about our model. 

They indicate that age, size and government ownership have a negative effect on 

growth. But the beta values are insignificant and we cannot reject the H0 hypotheses. 

 

However, the marginal effects of AGE and SIZE on growth are more interesting. 

They are calculated and presented in Table 4.5. These marginal effects are not 

significant. However, the sign of the beta values and of the t-values are negative for 

AGE. For SIZE we cannot predict the effect it will have on growth. 

 

 

Table 4.5 Marginal effects of age and size on growth 
Variable Regression 1 Regression 2 
AGE -0.28 

(-0.00069) 
-0.28 

(-0.000068) 
SIZE -0.009 

(0.00000) 
-0.009 

(0.00000) 
Note: The marginal effect of age on growth is calculated as: dGROWTH/dAGE = βage + 2 * βage2 * 
AGEavg, where AGEavg is the average age of firms. The standard error used to calculate t values is 
calculated as: σdGROWTH/dAGE = [var(βage ) + 4 * (AGEavg)2 * var(βage2 ) + 4 * AGEavg * cov(βage, 
βage2)]1/2. The marginal effect of size on growth is calculated in similar way.  
Source: Statistics Sweden and own calculations.  
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The most interesting variable is, however, the INTERACTION variable. We cannot 

say that we see any effect of the exit of Pharmacia in the Uppsala region since we 

cannot reject the H0 hypothesis. One can only argue that the period 1995-2002 is too 

short to allow the expected large positive “exit effect” to show. However, all the beta 

coefficients, although individually insignificant, have the right sign. This at least 

indicates more new establishments and expansion because of the Pharmacia 

withdrawal.  

 

 

4.6 Summary and Conclusions 

 

In this chapter we study the effect on employment in the pharmaceutical and medical 

technology industries of the withdrawal of Pharmacia in the Uppsala region. 

 

From the theory of the EOE and competence blocs we derive a number of hypotheses 

and test them econometrically. In accordance with the theory, we state that the 

withdrawal of Pharmacia will have a positive effect on growth in the Uppsala region 

and that the age and size of the firm or establishment has a negative effect on growth. 

Furthermore, we expect to see a negative relationship between government ownership 

and firm growth.  

 

We could not reject any of our H0 hypotheses due to insignificant beta values. But 

what is important is that the data did not support the H0 hypotheses. One explanation 

to this rather weak result is that it takes time to start new businesses, whereas the 

effect of exits on employment are immediate.  
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5. THE TURNOVER OF ESTABLISHMENTS AND REGIONAL GROWTH 

 

 

5.1 Introduction 

 

We study the impact on growth at the regional level of the turnover of establishment. 

The impact is measured by the percentage change in the number of employees in the 

pharmaceutical and medical technology industry.35 Turnover is defined as the rate of 

entry and exit in percent of the total number of establishments in the region.  

 

The relationship between firm turnover and growth has been addressed in a few 

previous studies. The question has almost always been whether the rates of entry and 

exit independently influence industry growth e.g. Audretsch (1995).  

 

The main conclusion from these previous studies on firm or establishment turnover is 

that turnover is positively related to economic performance (see e.g. Davidsson et al. 

1994a,b, 1996; Kirchhoff 1994; Reynolds 1994, 1997, 1999; Griliches and Regev 

1995; Dunne et al. 1988, 1989; Foster et al. 1998; Callejón and Segarra 1999; 

Johansson, 2001; Eliasson, Johansson and Taymas, 2002). 

 

The theory of the EOE and competence blocs predicts that the number of entries and 

exits together has a positive effect on employment and economic growth; see Chapter 

2.  

 

We can now answer the second research question outlined in this dissertation; ii) Did 

the turnover of firms have a positive effect on growth of the pharmaceutical and 

medical technology industry? From this question the hypotheses (outlined in Chapter 

2) to be tested in this chapter is: 

 

 

 

                                                           
35 The pharmaceutical and medical technology industry is here defined as SNI codes: 24410, 24420, 
33101, 33102, 33200, 33400 and 73103, for further details see Chapters 3 and 4. 
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H0: The regional turnover rate of establishments has had no or a negative effect on 

regional employment growth. 

H1: The regional turnover rate of establishments has had a positive effect on regional 

employment growth. 

 

The H0 hypothesis is expected to be rejected since our theory predicts that exits 

release resources and that a high turnover rate and the occurrence of many entries and 

exits together increase growth, because it amplifies the possibility of discovering and 

selecting winners. 

 

 

5.2 The Data 

 

The data used in this chapter are the same as in Chapter 4, a data set compiled by 

Statistics Sweden (Statistiska Centralbyrån, SCB) from The Central Register of Firms 

and Establishments (Centrala Företags- och Arbetsställeregistret, CFAR). The data 

contains information on the following SNI codes: 24410, 24420, 33101, 33102, 

33200, 33400 and 73103. The period 1994 to 2000 is covered. 

 

Data at the regional level can be defined in many different ways; we have chosen to 

divide the regions by the official region-codes, i.e. by county. This means that we 

have 24 regions in our data set. The panel is balanced, i.e. there are observations on 

all regions for all years.36 We have 168 observations in the dataset. The focus here is 

on regional growth and the perspective is more macro-oriented than in the previous 

chapter, where individual establishment data were used.  

 

 

 

 

 

                                                           
36 Except that there has been a reclassification of three counties, see Table 5.1. In those three cases, 
where there are no data for the region after the reclassification, the data are set to “missing value”. 
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5.3 Exploring the Data 

 

Before continuing with the econometrics, let us take a look at the regional data. In 

Figure 5.1 the total number of employees in all 24 counties for the years 1993-2000 

are shown. The counties employing most people in the pharmaceutical and medical 

technology industry are the counties of Stockholm, Uppsala, Skåne and Västra 

Götaland. The change in percent from 1993 to 2000 is shown in Table 5.1. From the 

table it is easy to see that these counties also are growing in relative numbers and not 

only in absolute terms.  

 

 

Figure 5.1 Total number of employees in the pharmaceutical and medical 
technology industry in a county 1993 and 2000 
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Note:  For the names of the counties, see Table 5.1. 
Source: Statistics Sweden and own calculations. 
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Table 5.1 The total number of employees in the pharmaceutical and medical 
technology industry in a county, 1993 to 2000 
County Total 1993 Total 2000 Total change, 

1993-2000 
Change in percent, 

1993-2000 
1 Stockholm 13233 17117 3884 29.35% 
3 Uppsala 3633 4569 936 25.76% 
4 Södermanland 754 858 104 13.79% 
5 Östergötland 792 939 147 18.56% 
6 Jönköping 1053 1055 2 0.19% 
7 Kronoberg 301 354 53 17.61% 
8 Kalmar 135 145 10 7.41% 
9 Gotland 25 10 -15 -60.00% 
10 Blekinge 73 230 157 215.07% 
11 Undergone 
reclassification 

292  -292 -100.00% 

12 Skåne 6473 7164 691 10.68% 
13 Halland 430 559 129 30.00% 
14 Västra 
Götaland 

5215 9009 3794 72.75% 

15 Undergone 
reclassification 

919  -919 -100.00% 

16 Undergone 
reclassification 

189  -189 -100.00% 

17 Värmland 203 397 194 95.57% 
18 Örebro 513 699 186 36.26% 
19 Västmanland 1786 1631 -155 -8.68% 
20 Dalarna 355 412 57 16.06% 
21 Gävleborg 110 91 -19 -17.27% 
22 Västernorrland 290 342 52 17.93% 
23 Jämtland 60 50 -10 -16.67% 
24 Västerbotten 772 817 45 5.83% 
25 Norrbotten 169 260 91 53.85% 
Total Sweden     
Source: Statistics Sweden and own calculations.  

 

The same picture emerges when we look at establishment data. The counties that 

employ the most people in the pharmaceutical and medical technology industry are 

also the ones that have the highest number of establishments, that is the counties of 

Stockholm, Uppsala, Skåne and Västra Götaland. The change in percent from 1993 to 

2000 is shown in Table 5.2.  
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Figure 5.2 Total number of establishments in the pharmaceutical and medical 
technology industry in a county 1993 and 2000 
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Note:  For the names of the counties, see Table 5.2. 
Source: Statistics Sweden and own calculations. 
 
 
Table 5.2 Total number of establishment in the pharmaceutical and medical 
technology industry in a county, 1993 to 2000. 
County Total 1993 Total 2000 Total change, 

1993-2000 
Change in percent. 

1993-2000 
1 Stockholm 778 903 125 16.07% 
3 Uppsala 148 202 54 36.49% 
4 Södermanland 68 75 7 10.29% 
5 Östergötland 87 130 43 49.43% 
6 Jönköping 81  -81 -100.00% 
7 Kronoberg 29 39 10 34.48% 
8 Kalmar 41 41 0 0.00% 
9 Gotland 8 6 -2 -25.00% 
10 Blekinge 23 31 8 34.78% 
11 Undergone 
reclassification 

61  -61 -100.00% 

12 Skåne 381 557 176 46.19% 
13 Halland 68 98 30 44.12% 
14 Västra Götaland 330 635 305 92.42% 
15 Undergone 
reclassification 

107  -107 -100.00% 

16 Undergone 
reclassification 

37  -37 -100.00% 

17 Värmland 45 62 17 37.78% 
18 Örebro 55 57 2 3.64% 
19 Västmanland 59 71 12 20.34% 
20 Dalarna 56 60 4 7.14% 
21 Gävleborg 46 65 19 41.30% 
22 Västernorrland 51 66 15 29.41% 
23 Jämtland 33 40 7 21.21% 
24 Västerbotten 87 110 23 26.44% 
25 Norrbotten 39 52 13 33.33% 
Total Sweden     
Source: Statistics Sweden and own calculations. 
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5.4 The Econometric Model 

 

The model used in this chapter is similar to the one used in Chapter 4. The major 

difference are that we are looking at regions instead of establishments and that we 

have added turnover to our model. 

 

The dependent variable is regional employment growth. The main explanatory 

variables are the same as in Chapter 4. The new explanatory variables in 5.1 are the 

rates of entry and exit and an interaction variable of entry and exit that captures the 

effects from turnover. The models can thus be written as: 

 

(5.1) GROWTHi,t = β0 + βage*AGEi, t-1 + βsize*SIZEi, t-1 + βage2*AGE2
i, t-1  

+ βsize2*SIZE2
i, t-1  + βowner*OWNERi, t-1 + βENTRY*ENTRYi, t + βEXIT*EXITi, t + 

βENTEX*ENTRYEXi, t +  ui, t  

 

β0 is the intercept and ui, t the error term in the regression. The error term ui, t can be 

divided into an establishment-specific (µi), a time-specific (λt), and a random error 

term (vi, t), see e.g. Baltagi (1999): 

 

(5.2) ui, t = µi + λt + vi, t  

 

The variables are defined as follows;  

Dependent variables: 

GROWTHi, t: The change in the number of employees in county i between time t-1 

and t (percent) in a specific region.  

 

Main explanatory variables: 

AGEi, t-1: The average age of the establishments in county i at time t-1. An 

establishment established at time t-1 is defined as 1 year old, an establishment 

established in time t-2 as 2 years old and so on.  

SIZEi, t-1: The average size (number of employees) of the establishments in county i at 

time t-1. 
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AGE2
i, t-1: The average age of the establishments in county i at time t-1 raised to the 

second power.  

SIZE2
i, t-1: The average size (number of employees) of the establishments in county i at 

time t-1 raised to the second power. 

OWNERi, t-1: The share of employment in publicly owned establishments in county i at 

time t-1 (per cent).  

ENTRYi, t: The share of new establishments out of all establishments in county i at 

time t (percent). An establishment is defined to be new when it is registered to have 

started its business activities, i.e. when its activity code becomes 1. 

EXITi, t: The share of establishments that exited out of all firms in county i at time t 

(percent). An establishment is defined to have exited the same year the register 

reports that the establishment has ended its business activity, i.e. when its activity 

code becomes 9. 

ENTRYEXi, t: An interaction variable defined as ENTRYi, t+ EXITi, t. 

 

A fixed-effect model, i.e. the same type of model as in Chapter 4, is used. In the 

regression, counties are interpreted as individuals. A Hausman test rejects the 

assumption that the disturbances and explanatory variables are independent and an F-

test rejects poolability, i.e. OLS estimation.  

 

 

5.5 Results 

 

In Table 5.3 a summary statistics of the variables are presented together with the 

expected signs of the variables. 
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Table 5.3 Summary statistics 
Variable Description Mean Std. dev. Exp. effect on 

growth 
GROWTH Growth of 

employees  
(percent) 

2.1989 21.52147  

AGE Average age of 
firms in industry 

3.6803 .77814 - 

SIZE Average size of 
firms in industry 

8.4966 6.63856 - 

AGE2 The quadratic form 
of age 

14.1462 6.32636 + 

SIZE2 The quadratic form 
of size 

115.9897 197.63733 + 

OWNER The share of 
employment in 
publicly owned 
firms (percent) 

6.1493 10.84955 - 

ENTRY The number of 
entering 

establishments 
(percent) 

12.4832 7.42358 ? 

EXIT The number of 
exiting 

establishments 
(percent) 

11.4915 10.63898 ? 

ENTRYEX The interaction 
variable of 

ENTRY + EXIT 

160.6842 198.00673 + 

Source: Statistics Sweden (CFAR) and own calculations.  
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Table 5.4 Table of correlations 
 GROWTH AGE SIZE AGE2 SIZE2 OWNER ENTRY EXIT ENTRYEX 
GROWTH 1 -.114 -.008 -.123 -.003 -.019 .131 -.064 .020 
AGE -.114 1 .002 .990 .035 -.091 -.505 .022 -.247 
SIZE -.008 .002 1 -.004 .942 .193 -.091 -.128 -.143 
AGE2 -.123 .990 -.004 1 .029 -.102 -.499 .005 -.257 
SIZE2 -.003 .035 .942 .029 1 .139 -.081 -.091 -.110 
OWNER -.019 -.091 .193 -.102 .139 1 .198 .102 .179 
ENTRY .131 -.505 -.091 -.499 -.081 .198 1 .220 .685 
EXIT -.064 .022 -.128 .005 -.091 .102 .220 1 .861 
ENTRYEX .020 -.247 -.143 -.257 -.110 .179 .685 .861 1 
Source: Statistics Sweden and own calculations. 
 

 

As can be read from the correlation matrix, Table 5.4, the correlation is naturally high 

between AGE and AGE2 and SIZE and SIZE2.  

 

The results from the regressions are shown in Table 5.5. There are tree different 

regressions on regional growth.  

 

In the first regression, all observations and all explanatory variables except ENTRY 

and EXIT are included. The signs of the beta variables do not change but they are not 

significant. The new variable for turnover, ENTRYEX, is, however, positive and 

significant at the 5 percent level. 

 

The second regression, including the turnover but excluding the EXIT variable 

generates an insignificant ENTRYEX. However, the correlation between ENTRY and 

ENTRYEX is high, 0.68. This implies multicollinearity, making the t-values smaller 

and, therefore, increasing the risk of accepting the null hypothesis. This we can see in 

the third regression where ENTRY is excluded from the model generating significant 

ENTRYEX at the 5 percent level. This implies that we can reject the null hypotheses, 

i.e. the rate of turnover has had a positive effect on employment growth. 
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Table 5.5 Regression results 
 Regression 1 Regression 2 Regression 3
 GROWTH GROWTH GROWTH 
AGE -26.311 

(-1.838) 
-22.364 
(-1.534) 

-26.190 
(-1.860) 

SIZE -.303 
(-.461) 

-.469 
(-.699) 

-.297 
(-.453) 

AGE2 3.203 
(1.847) 

2.463 
(1.404) 

3.169 
(1.836) 

SIZE2 1.352E-02 
(.627) 

1.710E-03 
(.775) 

1.310E-03 
(.609) 

OWNER -.187 
(-1.494) 

-.181 
(-1.410) 

-.189 
(-1.518) 

ENTRY _ .117 
(.286) 

_ 
 

EXIT _ _ -.906 
(-2.794) 

ENTRYEX 4.657E-02 
(2.660) 

8.767E-03 
(.770) 

4.268E-02 
(3.022) 

R2 

R2
adjusted 

0.147 
0.063 

0.100 
0.019 

0.146 
0.069 

Note: t-values in parentheses. 
Source: Statistics Sweden and own calculations. 
 
 

The marginal effects of AGE and SIZE on growth are calculated and presented in 

Table 5.6. They are not significant but the sign of the beta values and of the t-values 

are negative as predicted. 

 

 

Table 5.6 Marginal effects of age and size on growth 
Variable Regression 1 

 
Regression 2 Regression 3 

 
AGE 
 

-4.17 
(-0.09536) 

-4.23 
(-0.09682) 

-2.86 
(-0.06548) 

SIZE 
 

-0.180 
(-0.00006) 

-0.440 
(-0.00013) 

-0.275 
(-0.00008) 

Note: The marginal effect of age on growth is calculated as: dGROWTH/dAGE = βage + 2 * βage2 * 
AGEavg, where AGEavg is the average age of firms. The standard error used to calculate t values is 
calculated as: σdGROWTH/dAGE = [var(βage ) + 4 * (AGEavg)2 * var(βage2 ) + 4 * AGEavg * cov(βage, 
βage2)]1/2. The marginal effect of size on growth is calculated in similar way.  
Source: Statistics Sweden and own calculations.  
 
 

 

5.6 Summary and Conclusions 

 

In this chapter we study the rate of turnover and its effect on regional employment 

growth. Growth is measured by the percentage change in the number of employees in 
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the pharmaceutical and medical technology industry. Turnover is defined as the rate 

of entry and exit out of the total number of establishments in the region.  

 

Our theory of the experimentally organised economy and competence blocs predicts 

that the number of entries and exits together has a positive effect on employment 

growth. We find that the turnover rate has a positive and significant effect on 

employment growth. 
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6. TITANIUM IMPLANTS: A COMPARISON OF A SWEDISH AND AN 

OHIO FIRM* 

 

 

6.1 Introduction 

 

In this chapter, we will focus on the performance and dynamics37 of two biomedical 

firms, one in Sweden and one in Ohio. 

 

The first case is the Swedish invention of a titanium screw with the unique property of 

being permanently accepted by the human body. Dr. Per-Ingvar Brånemark 

discovered this possibility in the late 1950’s. In 1965, the first patient was treated 

using Professor Brånemark’s method of implantation, osseointegration.38,39 During the 

1970’s, osseointegration began to be accepted. A partnership was entered with the 

Swedish manufacturing firm Bofors, in 1978. Nobel Biocare40 was officially started in 

January 1981 for the purpose of developing, producing and marketing the Brånemark 

System.  

 

The second case is an American invention for treating and repairing the spine, a bone 

screw and plate, at first in stainless steel but later also in titanium. Dr. Arthur Steffee 

developed the products and the surgical instruments in the early 1980’s. He also 

introduced a new method for implantation in the spine. Dr. Steffee and a businessman, 

Ed Wagner, founded AcroMed in 1983. 

 

                                                           
* This chapter is an updated version of Fridh (2002) in Carlsson, B. (ed.) (2002), New Technological 
Systems in the Bio Industries: An International Study. Kluwer Academics. 
37 Firm dynamics, i.e., entry, reorganisation, rationalisation and exit of firms (Eliasson 1986). 
38 Osseointegration is a misleadingly simple technique. Specially designed titanium devices are inserted 
into living tissue using a delicate surgical technique. The titanium components become integrated and 
accepted by the body as if they were part of its own structure. Hence, an implant is not the same as 
osseointegration. An implant does not necessarily grow together with the body. “A fixture is 
osseointegrated if it provides a stable and apparently immobile support of prosthesis under functional 
loads, without pain, inflammation, or loosening.” (Skalak in Williams, 1998, 10). 
39 Brånemark came up with the word in order to give a better meaning of what was happening in the 
body. “Os” means bone and “Integro” means to renew in Latin 
40 Nobel Biocare was earlier known as Nobelpharma. The company changed its name in 1996. 
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The cases in this chapter have been chosen in order to match each other. Both the 

Swedish and the American innovation have led to the formation of new companies in 

the titanium implant business but in two different economic systems. The case studies 

in this chapter cover the inventions on their way to the innovation stage i.e. their 

being implemented into the market and the diffusion stage. Most of the company 

information has been obtained through several interviews41 at both companies and 

through unpublished internal material.42 

 

The purpose of this chapter is to study the emergence and commercialisation of two 

new and very similar technologies (from the firm perspective) and how that relates to 

the various supporting competence functions in the competence bloc.43 

 

Basically, the competence bloc developed by Eliasson and Eliasson (1996) comprises 

the minimum group of economic actors, with competence needed to create and 

develop a new product or a new industry. An important question for the present study 

is: which actors were in place and which additional ones were needed in order for the 

system to work properly? Eliassson (1998) explains the need for a competence bloc to 

be complete in order to support the development of a new industry. By identifying 

both the actors and the system features of the competence bloc we may gain a deeper 

understanding of how a technology or a product is created, commercialised and 

diffused, i.e., how an idea evolves into a product implemented in the market and 

eventually leading to firm growth.44 

 

The outline of the study is as follows. Section 6.2 presents the analytical framework. 

The two firms are placed in the environment of a competence bloc in order to explain 

how they interact with other actors to contribute to the development of an industry. 

We introduce the Swedish biomedical firm (Nobel Biocare) and the Ohio biomedical 

firm (AcroMed) in section 6.3 and 6.4, respectively. We are interested in the firms as 
                                                           
41 See the reference list. 
42 By studying the biomedical-biotechnology sector both at a micro (i.e. firm) level and at a macro (i.e. 
industry or system) level, it is possible to increase our understanding both at a deeper and at a more 
general level. The impact of technological change on economic activity is thereby recognised and 
acknowledged. 
43 The analysis used in this chapter could equally well be applied to a product or a set of products as to 
a technology or technologies. 
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well as their co-operation with other actors and thus emphasising the network and 

institutional set-up surrounding the firms, i.e. their systems45. The chapter closes with 

a summary and a comparison in section 6.5. 

 

 

6.2 Analytical Framework 

 

The focus in this chapter is on the description of the commercialisation of two 

innovations, both in the field of medical devices. By using the competence bloc, we 

will analyse how two different competence blocs shape or determine the exploitation 

of similar techniques in two different companies, one in Ohio and one in Sweden. The 

two cases are very similar in all-important respects (university origin, technological, 

market, etc.) but developed in two very different competence-bloc environments, 

Sweden and the US. We can therefore, talk about an experimental design of the 

analysis. 

 

Technological change is one important explanation of innovative activity and 

economic growth.46 Technology has to be both created, selected, diffused and 

introduced in production to give rise to technological change as measured at the 

macroeconomic level.47  

 

Schmookler (1966, 1) has defined technology as the “social pool of knowledge of the 

industrial arts” and technological change as changes in this stock of knowledge. A 

broad explanation of economic growth would thus have to include the institutions, 

                                                                                                                                                                      
44 In doing this we can link the products to the firm and the firms to clusters and the clusters to the 
macro level. There is, in other words, a natural link between the micro and macro level. 
45 A system can be defined as “an organised or connected group of objects. A set of things connected, 
associated, or interdependent, so as to form a complex unity; a whole composed of parts in orderly 
arrangement according to some scheme or plan; rarely applied to a simple or small assemblage of 
things” (The Oxford English Dictionary). 
46 Technological change requires innovations. Innovations can be divided into product innovations, 
process innovations or organisational innovations. They can be incremental (gradual) or radical, 
leading to the formation of new industries and the restructuring of old ones (Schumpeter, 1911, 1934). 
In our analysis, we are dealing with one incremental innovation and one radical. 
47 In Encyclopedia Britannica, technology is defined as the “ systematic treatment of an art…the 
practical application of knowledge esp. in a particular area…a manner of accomplishing a task esp. 
using technical prods, or knowledge”. Technique on the other hand is defined as “technical…the 
manner in which technical details are (as by a writer) or basic physical movements are used (as by a 
dancer)…a body of technical methods…a method of accomplishing a desired aim”. 
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which facilitate the employment of new technical knowledge, the organisation of 

firms, their legal environment and socio-political environment. Technological change 

will not only relate to changes in knowledge but also to organisational development 

and socio-cultural change (i.e. changes in formal and informal institutions). This 

process is resource demanding, not least the entrepreneurial task of choosing between 

different technologies and the integration of technologies into new or different 

products. Mistakes occur frequently. It takes place within what Eliasson and Eliasson 

(1996) call a competence bloc. 

 

In the competence blocs, the infrastructure needed to create, recognise (often via 

venture capitalists), select, diffuse (often via spill-overs) and successfully exploit (via 

receiver competence) new ideas in firms are identified. Put another way, the 

competence bloc defines a minimum set of actors, with different but complementary 

competencies that must be present to create and develop a new industry in the 

innovation process. The institutional settings are hereby recognised and understood as 

being crucial. 

 

The actors within the competence bloc are according to Eliasson (1997): (i) customers 

with receiver competence, for example customers that understand the new technology 

or its applications; (ii) inventors who come up with technological solutions i.e. the 

ideas. (iii) The entrepreneur (or the innovator) and his ability to implement 

innovations/technological solutions in the market. (iv) In addition there is also a role 

for the venture capitalist that recognises and finances the entrepreneur in an early 

phase of the innovative process. (v) Actors in a second-hand well functioning (exit) 

market that facilitates ownership change and provides financing at a later stage of the 

innovative process. (vi) The last actors are the industrialists who have the knowledge 

to manage large-scale production, marketing etc. If one of these actors is missing, the 

whole development can fail to materialise. Each actor is needed to support economic 

incentives as well as the earlier actor in the industrialisation process. A system 

perspective is thus necessary.  
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In the next two sections (3.3 and 3.4) we will follow the outline in the competence 

bloc but focus on the inventor, the receiver competence by the customer, the 

entrepreneur, access to venture capital, industrialisation and the market (i.e. diffusion, 

imitation, spill-over and competition) when describing the evolution of the firms we 

study. 

 

 

6.3 Case I: Nobel Biocare 

 

In this section we will follow the Swedish invention of a titanium chamber and screw 

used in the human body for replacing, in its first application, the loss of teeth. The 

unique idea behind this invention is the ability of titanium to integrate with bone 

tissue, hence the dental implant (or any other implant using the same technique) will 

be permanently attached to the bone once implanted. Later on the invention has been 

diffused into various kinds of applications, such as bone-anchored hearing aids, facial 

construction and other kinds of prostheses and implants in the human body. Bringing 

the invention to the market has not been easy, as we shall see later on. 

 

Nobel Biocare was officially started in 1981, but the innovation that the company is 

built on had been under development since the early 1960’s. Nobel Biocare is a 

medical device company in Sweden with a leading position in the world market for 

dental implants. Nobel Biocare’s products support different markets within the health- 

care field developed through research based on the Brånemark technique, which has 

resulted in more than 40 doctoral dissertations and 750 scientific reports (Williams, 

1992). In 1997 the company had more than 800 employees and invoiced sales totalled 

SEK 1 068 million (Nobel Biocare, Annual Report, 1997). Nobel Biocare is today a 

world leader in dental implants with a world market share of over 40 percent.48 

 

 

 

 

                                                           
48 After the acquisition of Steri-Oss in 1998 (Nobel Biocare, Annual report 1998, Press Release 1998). 
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The main production of Nobel Biocare integrates different techniques, each 

responding to a different business area:49 (i) The Brånemark System, the original 

business develops and markets components for dental implants. An important 

supportive activity within the Brånemark business area is to provide information and 

practical training in the field of osseointegration; and (ii) Procera50 is an industrial 

technique for the production of dental crowns, made of ceramic and titanium. There 

was also a third business area within the Nobel Biocare, (iii) CFRA (Cranio-Facial 

Rehabilitation and Audiology). Based on the Brånemark osseointegration technique it 

supplies implants for facial prostheses and bone-anchored hearing aids. The CFRA is 

since May 1999 no longer provided by Nobel Biocare. Today, only the hearing aid, 

BAHA (Bone Anchoring Hearing Aid) remains in this business area. The hearing aid 

is based on the principle of hearing by bone conduction. The sound waves are 

transported to the inner ear in the form of vibrations via the cranium. Nobel Biocare is 

currently the only company on the market with this kind of bone-anchored hearing 

aid.  

 

 

6.3.1 From Idea to Innovation 

 

In the late 1950’s, Dr. Per-Ingvar Brånemark was working with bone studies at Lund 

University in the Laboratory of Vital Microscopy. Among other things, the team was 

working with a titanium chamber in a rabbit’s ear to be able to overview how bone 

heals by studying the blood circulation in bone and marrow.51 It was during this time, 

in 1956, that Brånemark and his team made the discovery that titanium could bond 

with bone. After months of studies of the rabbit’s ear Brånemark wanted to remove 

the expensive optical titanium chamber. It turned out to be impossible. The bone had 

                                                           
49 Originally, Nobel Biocare was set up to market and manufacture dental implants, but the field of 
osseointegration has so many applications that in 1985, a separate development company under the 
leadership of Erik Ahlberg was set up. This was, however, affected by management changes and was 
later reabsorbed into the dental business. In 1990, a separate unit was set up to deal with oral 
applications. This led to the bone anchoring hearing aid device and commercialisation. Much of the 
development of new components has taken place at Brånemarks’ own workshop at the Institute for 
Applied Biotechnology. 
50 This technique was developed by an outside Swedish company that Nobel Biocare acquired in 1988. 
51 This is called the process of bone regeneration and for this work Brånemark won considerable 
acclaim (Williams, 1992). 
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grown into the threads and vices of the chamber and it looked like the metal had 

become completely integrated with the bone. 

 

Later on, in 1960, Brånemark was carrying out another study, this time on humans. 

He had now moved to Gothenburg University to take up a professorship at the 

Department of Anatomy. He was studying blood cells in humans when he realised 

that titanium is accepted by soft tissue. Brånemark had also, in his bone studies, come 

to the conclusion that bone had to be treated with the same delicacy as tissue and that 

it had a limited capacity to withstand damage. 

 

Brånemark knew that in order to understand the mechanisms by which bone integrates 

with titanium, he would need to carry out more in-depth studies and that he had to 

recruit help outside the medical field. It was during this time that he came in contact 

with Richard Skalak52, an engineer. Skalak investigated the properties of titanium 

from an engineering point of view. He also helped out with designing suitable 

titanium components and devices and testing them. The research team started to carry 

out dental implants experiments on dogs in the early 1960’s. Much of the 1960’s was 

devoted to establishing the conditions under which titanium could be accepted by the 

body, developing equipment and components, learning about the interaction between 

titanium and the biological process. The National Institute of Health in the United 

States supported most of the early basic research of the bone and marrow for several 

years. 

 

During the late 1950’s and the beginning of the 1960’s, it was not uncommon for 

physicians to cross disciplines. Plastic surgeons were working together with 

orthopaedists, especially on severe traffic victims. Therefore, the first patient who was 

treated in 1965 had a severed dental problem and was born with both his chin and jaw 

deformed.  

 

This was a job for both the orthopaedists and the plastic surgeons. The operation was 

successful but no further operations were carried out until after one year of follow up. 

                                                           
52 Richard Skalak an American and now a professor at the University of California, was doing his 
sabbatical year at Gothenburg University. 
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From the beginning it was not at all obvious that Brånemark would work with dental 

implants; other ideas were discussed such as hip or knee joint replacements. 

 

To succeed a number of supporting speciality competencies had to be developed: (i) 

the discovery from the 1950’s that titanium bonds with bone; (ii) the idea that bone 

needs to be treated with the same delicacy as any other tissue in the human body; (iii) 

the properties of titanium itself being especially biocompatible; (iv) the design of the 

titanium components and the importance of manufacturing them in a clean 

environment; and (v) the surgical technique. Today the technique of osseointegration 

is widely spread and used in various areas in the human body. 

 

 

6.3.2 Customer Resistance 

 

During this time, the beginning of the 1960’s, Brånemark had a small practice in 

Mölndal outside Gothenburg. Brånemark explains: “We started to commercialise the 

dental implants and we were doing some complementary research on humans but we 

had some serious trouble getting the dentists to accept the results that we came up 

with”. Initially the dentists were against Brånemark’s implants.53 Among the dentists, 

osseointegration was looked upon with distrust. This prevented the penetration of the 

idea and the impact that this invention could have in this area for a long time. 

Therefore, there were only a couple of cases and only the most difficult cases from 

traffic injuries and the like that ended up at the orthopaedic department that could be 

treated with the method. The surgeons were more receptive. Already in 1967 facial 

prostheses became possible, and in 1977 the first patient was given a bone-anchored 

hearing aid. 

 

The experience from earlier mistakes may have prevented the acceptance of 

Brånemark’s new method of implantation among the dentists. The idea to replace 

teeth is not new. Already in 1809 a device was used, usually leaving the bone and 

                                                           
53 Eliasson, Å. (2002) has demostrated the importance of competent customers. In the case of 
antibiotics, the biologists had been warning the physicians of the side effects of resistance for a long 
time. 
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tissue in worse condition than before the treatment (Izikowitz, 1961). At the end of 

the nineteenth century, young girls and boys were paid to have their front teeth 

removed for immediate implantation into the jaw of wealthy recipients. Long term 

success was rare (Williams, 1992).  

 

One of the major problems that Brånemark was facing was, hence, customer 

resistance.54 Brånemark contacted the local mayor and the local dental school where 

he was living, but he met nothing but resistance. Finally the dentists even made some 

attempts to stop the commercialisation of the screw. In 1974 a group of dentists 

turned to The National Board of Health and Welfare (Socialstyrelsen)55 and required a 

full investigation to stop this foolishness, as they called it.  

 

The National Board of Health and Welfare selected 20 patients. Their records were 

examined closely. The outcome of this investigation was that this was a valuable 

innovation (Socialstyrelsen, 1975). The National Board of Health and Welfare 

approved the product in 1976 (Socialstyrelsen, 1976). This means that the 

osseointegration technique was approved by the Swedish healthcare system and that it 

was accepted by the National Insurance System. This opened up the possibility to 

treat a large number of people. 

 

The major breakthrough came in 1982, at a conference in Canada. There, another 

researcher, Dr George Zarb, showed in a replication study that he got the same results 

as Brånemark. This led to the full acceptance of the osseointegration technique, and 

after this everything went fast. Other companies started to form and competition was 

now a fact. From 1982 on Brånemark started to visit many centres around the world in 

response to an increasing demand. Several researchers came to Sweden where they 

were trained in the Brånemark method.  

                                                           
54 One can argue that the real customer is the patient, but in order for the patient to be aware of the 
possibility of osseointegration, the dentist has to be able to perform or at least send the patient to 
someone who masters this method. The first obstacle is the dentists who had to be convinced of the 
method’s superiority compared to other available options, like prostheses. If the dentists do not accept 
this method they will act as gatekeepers and hence not permit their patients to undergo this kind of 
treatment. This makes the dentists a key group for the acceptance of the innovation. 
55 The National Board of Health and Welfare is comparable to the FDA (The Food and Drug 
Administration) in the US. 
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6.3.3 The Entrepreneurial Stage 

 

Already in 1978, Brånemark set up the Institute for Applied Biotechnology to carry 

out further research and development in the osseointegration field. More than once he 

was challenged by the authorities and put under threat of complete closure56 due to, 

among other things, financial constraints. Therefore, Brånemark also set up a private 

clinic. 

 

In the beginning, critical components, such as the screw attached to the bone, was 

made by hand by a former watchmaker, Victor Kuikka. He had the skills to work with 

the precision that was needed to make all the small details of the screw. He also 

worked out most of the titanium components’ design and the medical instruments 

used in the surgery.  

 

But it soon turned out that Brånemark had to find another way to produce the 

components in order to be able to meet the increasing demand for the product. When 

the Institute for Applied Biotechnology was set up, Kuikka had already retired and 

had passed the manufacturing over to Einar Jörgenson, who played a central role in 

setting up production at Nobel Biocare. 

 

Brånemark was thinking of several solutions for how to go from small- to large-scale 

production and he was thinking of giving a license for the large-scale production to an 

existing company that he had contacts with, Astra. However, this was not successful 

and Brånemak soon looked for another company, AGA. This was arranged by Ove 

Brandes57 and a lawyer. But not long after the co-operation, AGA decided to go back 

to its core business and Brånemark had to look for yet another partner. 

 

Ove Brandes knew that the CEO at Bofors wanted to go into the medical technology 

industry, broadening its business. At this time Brånemark had a lot of trouble raising 

money for the production and the commercialisation of the dental implants. 
                                                           
56 The first dental implants were carried out on dogs and when the experiments were completed and 
had been monitored, the Swedish Medical Research Council (Medicinska Forskningsrådet) told 
Brånemark to kill the dogs. If this had been done, valuable data would have been lost. The Council told 
Brånemark to cease that particular line and start something else (Williams, 1992). 
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Brånemark had thought about selling the license for the patented hardware because he 

did not want any changes in the design or the quality of the components. The funding 

from The Swedish Medical Research Council that he received initially would only 

support research. Bofors had the knowledge to produce small and precise components 

and was therefore a suitable manufacturer of the screw. However, Bofors did not have 

any previous experience in the medical industry. Bofors decided to set up a subsidiary 

company to market and manufacture the titanium screws and associated equipment. 

Thus Nobel Biocare was founded, originally Nobelpharma. The company changed its 

name in 1996. Even though Nobel Biocare was officially started in 1981, the 

company had received its first orders already in 1978.58 Even so, the first product was 

not delivered until 1980 due to major production obstacles that had to be overcome. 

 

 

6.3.4 Capital 

 

It was due to “budget money” that had to be spent that led to the first results and 

research in the osseointegration field. This was shortly after Brånemark’s arrival to 

Gothenburg, at the end of the budget year. In order to get the same amount of research 

funding the following year, Brånemark was asked if he needed money for some 

project. Ha said he could always use some new instruments for his project in the field 

of osseointegration. 

 

Lack of money and people willing to take risk was a major obstacle in the 

commercialisation process for a long time. Brånemark had several projects going on 

and often he had to use money from other studies to continue with his bone studies. 

The Brånemark Institute was mainly funded by the Swedish government through the 

Swedish National Board of Industrialism and Technical Development, (formerly 

STU, now NUTEK) and from the Swedish Investment Bank (Brånemark Institute for 

Applied Biotechnology, 1983). 

 

                                                                                                                                                                      
57 Ove Brandes is a professor in business studies at Linköping University, Sweden. 
58 During the co-operation with AGA and Astra. 
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Once contacts had been established Bofors were willing to set up a production of the 

implant devices and commercialise the license. Nobel Biocare was set up as a 

subsidiary company within the Bofors concern. Now the capital problem was solved, 

but then the company was facing other problems with the production and 

commercialisation of the products. 

 

 

6.3.5 Industrialisation 

 

As stated above, the commercialisation process (before contacts with Bofors were 

established and even a bit after) went slowly. It was not until 1982 that everything 

started to turn around. The first step was to convince the dentists of the superiority of 

the Brånemark method. The conference in Canada supported this step. The next step 

was about how to go into large-scale industrial production. 

 

Once Nobel Biocare had agreed to market and produce the devices, they built a 

production plant for this purpose in Karlskoga. But the production was delayed by 

several circumstances. In the beginning a specific oil, which turned out not to be bio-

compatible, was used for the machines. The oil could not be removed from the 

devices once they were made and therefore other solutions for the machines were 

necessary. Another problem was that the first devices were not sufficiently precise 

and the production was delayed by six months. The factory was finally operational in 

1984, the same year Nobel Biocare set up an American subsidiary. 

 

Nobel Biocare also set up a training centre within the company. In the beginning, 

Brånemark himself taught and trained the physicians and the dentists in the 

osseointegration technique. The company did not sell to anyone that had not been 

trained in the osseointegration technique. A certificate from Brånemark was required 

in order for the physicians or the dentists to be able to buy the products from the 

company. Today the osseointegration technique is taught at schools of dentistry and is 

regarded as part of standard procedure. 
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Communications between Brånemark and Nobel Biocare have been tense from the 

beginning and it is no secret that Brånemark has been unhappy with how Nobel 

Biocare has handled things. Nobel Biocare has chosen to concentrate on dental 

implants while Brånemark wanted the company to look for new applications. This is 

also part of the explanation behind the Brånemark Osseointegration Center. The 

institute was set up with funding from The Swedish Industrial Development Fund 

(Industrifonden) in 1989. The Brånemark Osseointegration Center set up its first 

training centre outside Sweden in 1989 and has a lot of co-operation with researchers 

in the field of osseointegration world-wide regarding all sorts of implant applications. 

At Brånemark Osseointegration Center, research is carried out for other applications, 

such as for arms, legs, joints etc, all based on the same method, osseointegration. 

Several vendors are used for the production.  

 

It took a long time for Nobel Biocare to show a profit. It was not until 1988 that the 

company was self-sufficient. This can be explained by several factors. First of all, 

Brånemark had no, or little experience in the medical technology industry. There was 

little experience in how to respond to the attitude from dentists and physicians. Also, 

knowledge about how the health care sector works was lacking. Over the years a 

number of CEO’s have managed the company. Initially there were also production 

obstacles to overcome. In 1985 a new president, Leif Ek, with previous knowledge 

from the health care market was appointed. The new president also created better 

communication with Brånemark and the direction of the business took another course. 

 

 

6.3.6 Broadening the Market – Diffusion, Imitation, Spill-over and Competition 

 

The first patients who benefited from the osseointegration technique were those 

suffering from severe dental problems. Already in 1965 patients were successfully 

treated with dental fixtures. The osseointegration technique offered teeth that looked 

and felt like natural teeth. Nobel Biocare is today doing business in more than forty 

countries.59 

                                                           
59 The Japanese FDA approved the products in less than four months after the first contact in 1988. The 
Danish authorities did not approve the devices until 1989, despite the clinical success in Sweden. 
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Osseointegration is now an established part of dental practice in many countries. 

Hundreds of thousands of people have been treated. A growing sophistication in 

design, improved aesthetics and the simplicity of the technique have allowed an 

enormous range of dental problems to be overcome, from the loss of a single tooth to 

complete edentulism. In 1989, the FDA suggested that dental implants should be 

subject to full regulation under Class III devices.60 This gave Nobel Biocare an 

advantage compared to its competitors. Nobel Biocare is the only company that has 

clinical documentation with a follow-up time of five to twenty years (Nobel Biocare, 

1989). In 1990, no dental implant system had received approval from the FDA and yet 

more than 30 systems were on the market. Nobel Biocare was a first mover and the 

first one to get FDA approval. However they were quickly met by competitors. 

 

Osseointegration brings many benefits for both the patient and the health care 

provider. It has led to a shorter time for treatment and the time spent for healing has 

decreased drastically (Läkartidningen, 1977). This has also reduced the overall costs, 

thus opening up the possibility of treating more patients. Today the osseointegration 

technique has become routine in many areas such as dentistry and facial 

reconstruction. In some instances, alternative therapies such as plastic surgery are not 

suitable for rehabilitating patients. Osseointegration can play a significant role in 

these cases. Already in the early 1970’s the first experiments attaching ear prostheses 

to the bone were carried out. The osseointegration system can provide a secure 

anchoring point for the prosthesis. In 1977, construction of hearing aids began, and in 

1988 the design was approved by the Swedish National Social Welfare Board. Nobel 

Biocare launched and manufactured this product. In 1986, finger-joint replacement 

could be done based on the osseointegration principle and some earlier attempts by 

Brånemark and his team in the early 1980’s. Göran Lundborg, a hand surgeon at Lund 

University, developed this. The first patient to receive a leg prosthesis with titanium 

screws was treated by Brånemark and his team in 1990. 

 

The major beneficiaries of osseointegration are those who have lost one or more 

limbs. Even though research has improved the material from which the limbs are 

                                                           
60 See the case of AcroMed for an explanation of the classification system of the FDA. 
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made, little has been done to the method of connecting it. Osseointegration provides a 

new method for connecting the prosthesis with the human body. This means that the 

prosthesis is directly connected to the skeleton via a titanium component. This 

eliminates a number of problems such as skin irritation, and it also gives a feeling of 

stability and security for many patients. Some patients can even feel what kind of 

surface they are walking on like grass or asphalt. Other procedures such as thumb 

replacement have been carried out, but this is a complicated issue taking into 

consideration the joints in the fingers. 

 

A key factor in the diffusion of osseointegration technology has been international co-

operation with educational institutions and other groups throughout the world. This 

work goes on at several levels. There are the Pioneer centres all around the world. 

They helped confirm many of the clinical findings originally discovered by 

Brånemark and his colleagues. These centres were vital in showing that consistent, 

reliable and repeatable results could be obtained by following the techniques laid 

down through osseointegration. 

 

Another network is made up of the so-called co-operating centres. These centres work 

closely with Brånemark on a variety of osseointegration matters. Another co-

operation is called associates centres, with a less formal link to the Brånemark 

Osseointegration Centre. Associated centres have been established world-wide 

providing professional training as well as treatment. These centres have also built up 

close relationships with hospitals and universities throughout the world. These 

networks have been vital in spreading knowledge about the technique. 

 

The Brånemark Osseointegration Centre was set up in 1990 as an international 

reference centre for osseointegration work. It complements the work done by the 

Institute for Applied Biotechnology founded in 1978 to carry out basic research in 

new materials, components and instruments associated with the osseointegration 

technique. The centre plays an important role in sharing experience and providing 

further training. This centre enables Brånemark to reach out to the research 

community. Several universities world-wide now offer osseointegration courses as 

part of their medical training. 
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Today there are many companies in the dental implant business, all dependent on the 

osseointegration technique. In 1986, Nobel Biocare got into a costly legal conflict in 

the US61. Nobel Biocare argued that Core-Vent had infringed on its patent but had to 

settle for a mutual agreement in 1989. Core-Vent and Osseointegration Technologies 

Corporation of America are two big competitors in the US. In Sweden Astra Tech 

Dental Implants have been on the market since 1989, partly because they were able to 

recruit an R&D director from Nobel Biocare. And in 1984 a university spin-off, P&B 

Research, was founded to further develop a bone anchoring hearing aid (BAHA) 

(Dalum et al., 1998). There are over 50 companies on the market today in the dental 

implant business. 

 

In 1998, Nobel Biocare acquired the American company Steri-Oss. Steri-Oss is the 

US leader in dental implants. Through the merger, Nobel Biocare doubled its business 

in the US and now employs 1054 people (Annual Report, 1998). Steri-Oss had sales 

in 1997 of more than $40 million. This can be compared to Nobel Biocare, that had an 

invoiced sales totalling SEK 1 068 million ($130 million) (Annual Report, 1997). 

 

In May 1999 Nobel Biocare set up a company with Novare and Swedestart to develop 

the CFRA business area. “An agreement has been reached with the venture-capital 

companies Novare Kapital and Swedestart to transfer operations in Nobel Biocare’s 

CFRA (Cranio-Facial Rehabilitation and Audiology) business area to a new company 

with the aim of financing the development and marketing of bone-anchored hearing 

aids and facial prostheses, as well as new products for hearing rehabilitation. Nobel 

Biocare will be supplying the staff and industrial expertise, as well as other operating 

assets via a non-cash issue. Novare Kapital and Swedestart will be supplying 

expertise and gradually contribute a total of SEK 30 M to the new company via a new 

share issue. These operations will not be consolidated within Nobel Biocare. The new 

company will have its headquarters in Gothenburg, Sweden”. (Press release, Nobel 

biocare, May 1999). 

 

                                                           
61 In 1996 Nobel Biocare’s patent was invalidated due to the withholding of evidence in the patent 
application (US Court of Appeals for the Federal Circuit, 96-1463). 
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Lately, Brånemark has developed a new method for dental implants in co-operation 

with Nobel Biocare. The new, patented method called Brånemark Novum means that 

a patient can have new teeth in place in a single day. The treatment time by the dentist 

is halved with the new method and the cost of treatment is reduced. Nobel Biocare is 

planning to start a commercial launch in the fall of 2000 (Press release, Nobel 

Biocare, May 1999). Today Nobel Biocare has grown to a world leader in dental 

implants. Nobel Biocare currently holds 40 percent of the world market. The last three 

years (1999-2002) the turnover has increased by 25 percent every year. 

(Affärsvärlden, 2002). 

 

 

6.3.7 Epilogue 

 

In the spring of 2002 it was announced that Nobel Biocare had decided to initiate the 

establishment of a new Swiss holding structure. The board of directors of Nobel 

Biocare is convinced that there are significant benefits for the company to adopt such 

a new structure. It will allow the company to optimise its corporate tax closer to the 

standards of other multinational companies (Press release, Nobel Biocare, April 

2002). With this new holding structure, Nobel Biocare will be able to cut the 

corporate tax to 20 – 25 percent from the previous level of 44 percent (Svenska 

Dagbladet, 2002). This means that the company will pay 90 M SEK instead of 150 M 

SEK in tax (Dagens Industri, 2002).  

 

This new holding structure for Nobel Biocare and the reasons for adopting it support 

our theory, outlined in Chapter 2, that the institutional settings are important for firm 

growth. This is an example on just how important they are. 
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6.4 Case II: AcroMed 

 

AcroMed62 is a biomedical device company with a leading position in the world 

market for spinal implants. AcroMed was founded in 1983 by Dr Arthur Steffee, a 

spine surgeon, and Edward Wagner, a businessman. The company is a surgeon-driven 

company. AcroMed’s business area is in orthopaedics, where spinal implants in both 

stainless steel and titanium are used to treat a number of conditions. AcroMed has 

three different product areas for treating spinal problems and a fourth business area, 

medical instruments: (i) cervical pathologies; (ii) thoracolumbar trauma and tumor; 

(iii) deformatory pathologies and lumbar degenerative pathologies; and (iv) spine 

tools for the surgery. 

 

Compared to the Swedish invention, the time from invention to innovation went fairly 

quickly, approximately two years, but then one can say that the osseointegration 

research paved the way for this development as well as earlier methods of treating the 

spine. 

 

The Variable Screw Placement (VSP) plates and screws were designed and developed 

by AcroMed’s founder, Dr. Steffee. AcroMed had a market share of 25 percent and 

120 employees at the end of 1997 and nearly $100 million in sales. In Scandinavia, 

the market share was 90 percent in 1999. About one-third of total sales are domestic 

and two-thirds of the sales are overseas.  

 

As in the Swedish case, a number of actors have been involved in the formation of 

AcroMed. Even though we can identify the same type of actors (the inventor, the 

customer, the entrepreneur, the venture capitalist, the industrialist) in the two systems 

they act and behave in different ways. Finally, we will also look at the market i.e. 

diffusion, imitation, spill-over and competition, as recognised in the theory of 

competence blocs. 

                                                           
62 Acro is Greek and means extremity or peak, as in acrobat and acropolis. 
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6.4.1 From Idea to Innovation 

 

The founder, Dr. Arthur Steffee, is an orthopaedic surgeon. Before the formation of 

the company, Dr. Steffee was Director of Orthopaedic Services of the Cleveland 

Spine and Arthritis Centre at Lutheran Medical Centre. He had pioneered a number of 

surgical techniques and developed new orthopaedic implant devices. Right before the 

start-up, Dr. Steffee was also affiliated with St. Vincent’s Charity Hospital. He had 

also been working as a consultant and principal clinical investigator for a number of 

orthopaedic manufacturing companies. 

 

Prior to Dr. Steffee’s invention, implants for the spine in the form of a hook were 

available. The hooks could be used to straighten up the spine. But the hooks were not 

reliable since they could not be firmly attached. Furthermore, they could only be used 

in a limited number of cases. During a spine operation in the early 1980’s, Steffee 

discovered, while cutting off some bone in the lower part of the spine, that if he could 

put a screw in this particular bone he would be able to control the spine and hence 

cure the patient. The bone that he had to cut off was the bone that was used for the 

hooks, so if he took away this bone the existing implant could not be used. Another 

problem with the hooks was that it was hard to keep the bone fixed between the 

vertebrae/discs during the healing process. With the invention of the screw and the 

plate this was no longer a problem. The plates are screwed into the pedicle, which are 

two bars of bone on each side of the vertebra that act as side pillars of the spine. 

 

Since Dr. Steffee was an orthopaedic surgeon, he was familiar with the screws and 

bone plates that already were in use for various kinds of fractures. He got the idea to 

try those, with the necessary modifications, on the spine. He knew that if he put the 

screw in the right place, there would be enough space for the screw to fix the bone 

plate, supporting the bars if necessary. But there was not much room for the screws to 

be attached to the pedicle, making this a rather delicate operation. Putting in the screw 

a little too close to the spinal cord creates a risk of damaging the nerves and leaving 

the patient with more problems and pain than before the operation. But if the surgeon 

instead places the screw a little too far from the spinal cord, it will crack the bone. 
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Therefore, a delicate technique, also developed by Steffee, is required for a successful 

surgery and outcome. 

 

The problem with the original implants from the orthopaedists was that they did not 

suit the spines perfectly, since the spine has a limited amount of bone where the 

screws can be placed/attached. The bone plate that was used for fractures had holes 

for the screws so the implant could be locked, hence fixing the fracture. The holes on 

these bone plates did not match perfectly for the spine, since the distance between the 

bone (on each side of the spine) where it can be placed is rather short. Therefore, Dr. 

Steffee made some improvement on the bone plate and instead of the holes he made 

slots that would fit the spine better. The next important improvement that he made 

was placing the screw first. This makes surgery less risky (as explained above there is 

only a limited area were the screw can be inserted). Therefore, he cut off the head of 

the screw making the first part of the screw suitable for metal components by making 

the machine thread narrower and leaving the lower part of the screw, the part going 

into the bone, untouched. After inserting the screw, the bone plate is placed over the 

screws and fixed with a nut. This technique is now known as “Pedical Screw 

Fixation”. 

 

In the initial phase, Dr. Steffee developed the surgical technique using existing well-

known orthopaedic implants in stainless steel. The new surgical technique and the 

spinal fixation device consisted of slotted plates, and the improved pedicle screw with 

a nut was marketed as the “variable screw placement” (AcroMed, 1990). In the 

beginning AcroMed used only stainless steel for the devices but by 1988 titanium was 

used as well. Stainless steel and titanium are never used together since this would 

create a battery effect in the body. Both of the materials have benefits. The titanium 

bar is stronger than the steel bar, but the steel screw is stronger than the titanium 

screw. Titanium is stronger than steel unless there has been some damage to the 

material. As soon as something has to be bent or cut, like when making a screw, steel 

will be stronger than titanium. Depending on conditions the doctor will choose one of 

them. Therefore, it all depends on what kind of injury or disease it is and also whether 

the implant should be removed or not. Although, titanium has two advantages over 

steel: first, some people are allergic to steel and titanium is more bio-compatible. 
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Second, steel interferes more with the MRI-X-ray (Magnetic Resonance Imaging) 

than titanium does. MRI- is a special kind of X-ray that shows the nerves and the soft 

tissue.63 Today 60-70 percent of the company products are made of titanium. The 

customers seem to have a preference for titanium, especially the Japanese who use the 

MRI X-ray a lot. They also have a different view of the body influenced by Eastern 

medical philosophy, where harmony is an important ingredient and therefore choose 

titanium, which is more biocompatible. 

 

The screw and the plate work as a support for the bone while it is healing. In most of 

the cases the implants are left in the body; a second surgery for taking the implants 

out is usually not recommended. In 37 percent of the cases the implants are removed, 

usually if the patients suffer from the implant, e.g. a very thin person where the 

implants will protrude out of the body. 

 

 

6.4.2 Customer Resistance – or Non-Resistance 

 

Initially, the hospital allowed Dr. Steffee to use conference rooms and supplies. The 

hospital also allowed students to attend operations. He could even use the hospital 

machine shop for modifying the implants. The hospital was financed via royalties and 

was hence not a capital provider to the company. But the hospital or colleagues made 

no attempts to stop the invention. On the contrary, Dr. Steffee was encouraged to 

proceed with his ideas and to develop them further. The word was spread from mouth 

to mouth among the doctors about this new way of treating the spine and he got 

immediate acceptance among his colleagues. 

 

In the start-up phase, Dr. Steffee had several ideas. However, none of them got FDA 

approval. When Dr. Steffee applied to the FDA in 1982 for the pedicle screw and its 

devices, the application was turned down with the motivation that it was too 

dangerous to put a screw so close to the spine. In 1984, the FDA classified the pedicle 
                                                           
63 MRI is a way of getting pictures of various parts of your body without the use of x-rays, unlike 
regular x-rays pictures and CAT scans. A MRI scanner consists of a large and very strong magnet in 
which the patient lies. A radio-wave antenna is used to send signals to the body and then receive 
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screw as class III device, which prohibits marketing. However the FDA gave a hint 

that if the devices, were referred to as a bone plate and a bone screw, a 1976 

grandfather clause would apply (see below). But then the products had to be marketed 

as bone plates and bone screws. Of course, the company cannot prevent doctors from 

using the product for some other purpose such as for spinal implants. Hence, the 

company applied for an orthopaedic bone device. This later on led to a great deal of 

trouble for the company. In 1993 a lawsuit was filed over the company’s product.  

 

According to the legislation, a new use for an old device requires FDA approval. This 

is based on a law from 1976. But already in 1976 there were many rather complicated 

devices such as the pacemaker on the market, which did not have any pre-market 

approval. Since the law cannot be retroactive, it gave permission for devices that were 

already in use to be used for unapproved purposes, but not for marketing. This is the 

stipulation of the so-called grandfather clause. This means that devices are approved 

if doctors learn about them from other doctors or from journals and articles or in 

discussions with manufactures. In addition, they are unapproved if a doctor learns 

about them from marketing (The Wall Street Journal, 1997). 

 

In 1984, AcroMed got the implants approved as bone plates and bone screws. Hence 

they were not allowed to market them as spinal implants but as orthopaedic implants. 

In 1994, the FDA advisory panel recommended that the FDA reclassify the pedicle 

devices as class II devices, which would allow marketing. In 1995, the FDA cleared 

the first devices as pedicle screw devices. Now AcroMed could start marketing its 

products for the purpose for which they had been developed. 

 

Not until the summer of 1998 did the FDA finally approve all their products as class 

II devices, 12 years after the first application. This can be compared with Japan, 

where it took the government institution only 6-9 months to approve the products. 

Plates and screws have supported arm and leg bones for 100 years, but Steffee came 

up with the idea of attaching them to the pedicles, an application of an already 

existing method that the professions welcomed (The Plain Dealer, 1993). The idea of 

                                                                                                                                                                      
signals back. These returning signals are converted into pictures by a computer attached to the scanner. 
Pictures of almost any part of the body can be obtained at almost any particular angle. 
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implants was not new - it had been around for some time. In the early 1920’s, the 

professionals started with simple implants for arms and legs. In the late 1950’s, the 

science had moved on toward more complicated implants such as hip-replacements. 

In the late 1960’s, there were some spine implants for more simple illnesses such as 

scleroses but nothing as sophisticated as the method introduced by Steffee. 

 

On several occasions AcroMed has been accused of circumventing the law. The FDA 

administrator Dr David Kessler, who took over in 1990, started a full-scale 

investigation regarding the marketing of the bone plates and the screw (The Plain 

Dealer, 1993). In 1992, the company got a warning from the FDA to stop promoting 

the spinal implants. They have also been accused of profiteering from a device that 

some patient say has damaged and injured them after a screw had broken inside the 

body (The Plain Dealer, 1993).64 And as mentioned above, in 1993 a lawsuit was 

filed. In 1996 AcroMed agreed to pay $100 million to plaintiffs who claimed they 

were injured by the company’s products (The Plain Dealer, 1996). 

 

 

6.4.3 The Entrepreneurial Stage 

 

In 1984, Dr. Steffee went to an orthopaedic conference where he made a presentation 

of his findings using the new technique on a few patients. This was the breakthrough 

for the company since AcroMed was prohibited to market the products as spine 

products. His colleagues were impressed by the good results. After the conference, 

several other doctors expressed their interest in this product. Some doctors asked him 

if he could make some devices for them, and so he did. At this time, Dr. Steffee was 

making the devices in the hospital machine shop. The acceptance of the surgical 

technique and the use of the plates and screws led to a quick diffusion to other 

orthopaedic surgeons and neurosurgeons.  

 

Not long after Dr. Steffee’s first patient was treated, he was treating more and more 

patients with his method and using the hospital machine shop for modifying the 

                                                           
64 The initial system suffered from a 12 percent breaking range now reduced to 0,1 percent. A broken 
screw does not mean that the nerve will be damage (The Plain Dealer 1993). 
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screws and the bone plates and the capacity to produce the devices was becoming 

insufficient. Dr. Steffee met a businessman, Ed Wagner, who had been in the venture 

capital market for a time. Ed Wagner suggested that they should form a company 

based on this idea. And so the company was formed in 1983, less than one year after 

the first patient was treated. 

 

 

6.4.4 Capital 

 

The new company was based on own money (Dr. Steffee’s and Mr. Wagner’s) and 

loans. Raising capital was the easy part; getting around the regulation was difficult. 

With the FDA approval of the devices as class III devices they could not market the 

screw and the plate as pedicle devices but had to market them as bone plates and bone 

screws. 

 

As stated above, raising capital was the easy part. The provision of venture capital has 

a long tradition in the US.65 Already in the 1940’s, several venture capital firms had 

arisen in response to the needs of new innovative companies which, due to their 

uncertain future, were unable to get bank loans. Experienced business people began to 

invest in these new businesses, usually concerning the development of new 

technologies. In addition to capital they contributed with valuable experience and 

knowledge as in the case of AcroMed. Investments were typically exchanged for an 

ownership interest where the venture capital firm shared the returns earned when the 

company was sold.  

 

In the case of Acromed, Dr. Steffee took a bank loan and together with shareholders, 

Mr. Wagner supported the rest and also came up with valuable recommendations. The 

Edison Bio-Technology Centre (EBTC)66 not only provided competent capital and 

initiated and presented qualified management, but also went in with a partnership in 

research and development. EBTC also introduced AcroMed to CAMP Inc (another 

                                                           
65 By venture capital we do not only mean capital but also the experience and knowledge that the 
venture capitalists provide. 
66 EBTC is a part of the Ohio Department of Development’s Thomas Edison Program, which 
constitutes the backbone of Ohio’s technology policy. 
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Edison centre), which assisted AcroMed with recommendations on titanium implant 

surface finishing and introduced them to the CAD/CAM technique as well as to 

computer numerical control, CNC, machining. 

 

 

6.4.5 Industrialisation 

 

In 1985, the machine shop was no longer effective since demand had increased. 

Different production solutions had to be decided. Wagner had contacts with people in 

the steel industry. After looking around a bit they decided to outsource their 

production. Co-operation with different vendors was established to achieve large-

scale production and manufacturing. This probably also reduced the need for capital.67 

All distribution, however, took place within AcroMed. 

 

According to Mr. William Christianson, vice president of regulatory affairs, the 

reason for not producing the screws in-house was that they can charge a high price on 

the screw when they sell it and therefore they are not so dependent on the 

manufacturing cost. Vendors have been manufacturing the screw since the beginning 

and they still are.68 

 

At the start, Dr. Steffee trained all physicians who were going to use the implant, and 

the company had a policy not to sell to anyone if Dr. Steffee had not trained them. 

These surgeons later on became the reference group and advisory board for the 

company, giving suggestions for improvements and new products, and they also 

trained other doctors in this technique, diffusing the knowledge all over the world. 

These doctors were the early adopters of this technique.  

 

Over the years, Dr. Steffee took an active role in performing surgery himself and in 

giving lectures and seminars all around the world, in the US, Europe and the Far East. 

This resulted in increased foreign sales. AcroMed has subsidiaries in Holland and 

                                                           
67 Before this co-operation was established Dr Steffe tried to sell the company in 1984, but the price 
that he was offered was so low that he decided to make the company work. 
68 AcroMed can break the contract when they like if the vendors do not answer up to AcroMed’s 
quality demands. 
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Japan, founded in 1989 and 1990, respectively. The company still feels strongly about 

education and acts as a sponsor for several workshops and for the training of 

physicians. Today the company is working with its fifth generation of the screw and 

the bone plate.  

 

Already in 1986, three years after the start, the company was self-sufficient. Based on 

a good idea, a totally new market and a new industry were created. Before AcroMed 

there was no such thing as a spinal market. Orthopaedics was divided into four major 

groups: hips, knees, fractures and soft goods. Spinal devices were placed under 

fractures. Today, spinal devices alone are the third largest group and the fastest 

growing field in orthopaedics. AcroMed made its transition from a fledgling company 

in 1991 with $25 million in sales to a firm approaching $100 million in sales in 1996. 

In 1996, AcroMed employed about 150 people and supported another 150 jobs 

through suppliers and manufactures who provide products to AcroMed (EBTC, 1996). 

 

Ed Wagner once said that he had made two good business decisions: the pricing of the 

screw and the early market move. However, the start-up process was not free from 

obstacles. A problem that the company encountered was that it took such a long time 

to get approval for a product in the US compared to Europe. For instance, the 

company had several products that were approved in Europe but not in the US. 

 

The company also gained from the EBTC who supported the company in the early 

phase with business and technical help and advice.69 AcroMed made two major 

changes due to the EBTC involvement. They established a quality board of directors 

and they were able to acquire a chief executive who had a solid business background 

(EBTC, 1996). 

 

As in the case with many start-up businesses, friends and relatives ran AcroMed in the 

initial phase. As a former CEO Dr. William Steffee70 said: “I could have stayed in the 

CEO post and pounded away and not even known what problems I was in. We now 

have a combination of strong business leadership and an experienced board of 
                                                           
69 This is a two-way interaction. The relationship works in both ways. Dr. William Steffe is an active 
member on the EBTC’s board of trustee. 
70 Dr. William Steffee is the brother of the founder Dr. Arthur Steffe. 
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directors…It is the unusual physician that can jump in and run a very profitable 

business…They (EBTC) were of considerable assistance in showing how this 

company could grow. They presented ideas and visions far beyond anything my 

medical career and training had prepared me for.” (EBTC, 1996, 14). 

 

Another interesting concept that the company is using is the so-called AcroLink. 

AcroLink is a global interactive PC-based tele-conferencing network. With this the 

surgeon can consult with another surgeon so that they both have the same X-ray 

picture in front of them and communicate over the telephone. This also facilitates 

interactive consulting since one of them can use a marker while giving suggestions or 

information. 

 

 

6.4.6 Broadening the Market – Diffusion, Imitation, Spill-overs and Competition 

 

AcroMed’s business area is in orthopaedics, where spinal implants are used to treat a 

number of conditions. The company has four different product areas for spinal 

solutions and AcroMed also provides spine tools for the surgery. An interesting 

approach is that, since the beginning, the company has established good connections 

with famous surgeons in the spine area. A good proof of this success is the variety of 

products that has been developed through this co-operation. Isola®, a leading implant 

system for surgical treatment of scoliosis, is one example of this. It was developed by 

Dr. Marc Asher of the University of Kansas. The company does business in more than 

thirty countries.  

 

There is a strong network involving the surgeons in the field, and conferences are 

important in spreading the new ideas. AcroMed has worked closely with the Edison 

Polymer Innovation Corporation (EPIC) and the University of Akron in developing an 

artificial replacement for spinal discs. Another point is how important it is for the 

company to have connections with the surgeons for feedback on their products. 

Nowadays, AcroMed does not provide education on their system but have a training 

room set up for surgeons interested in their products. AcroMed is also donating 

instruments and implants to various medical schools. 
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Expansion world-wide began with Europe in 1988 and in 1989 with Japan. The 

information and knowledge about the company and its products was spread from 

mouth to mouth (from doctor to doctor) and also via international meetings and 

conferences. 

 

Both the products and the surgical technique for the spine, originally thought of as 

inoperable or associated with too high clinical risks, grew from a market of less than 

$6 million in 1984 to over $60 million in 1989 (AcroMed, 1990). Dr. Steffee 

originally thought this was a small field within orthopaedics, so small that the big 

companies would never produce these products. In 1985, the company decided to 

focus only on spinal products, narrowing its original focus to develop a variety of 

unique and proprietary orthopaedic implants. There are a lot of benefits to the patients 

who can now be treated for various kinds of injuries for which there was no solution 

prior to Dr. Steffee’s innovations. 

 

When the big company Sofamore-Danek71 made copies of AcroMed’s products, 

AcroMed agreed to give them a license instead of getting into a law fight. AcroMed 

did not have the resources to put on a fight, and they made a misjudgement about the 

market, which they thought was only a small segment but still big enough for two 

players. Sofamore-Danek is a world leader in spinal implants. AcroMed was the 

second largest firm in its field until the acquisition by DePuy Inc. in March 1998. 

 

In March 1998, DePuy acquired AcroMed for $325 million (The Plain Dealer, 1998). 

DePuy was founded in 1895 and is a market leader in the global orthopaedic industry. 

It is the world’s oldest orthopaedic company and one of the leading designers, 

manufacturers and distributors of orthopaedic devices and supplies. It produces a line 

of artificial joints for hips, knees, shoulders, elbows, ankles and wrists. DePuy entered 

the spinal implant market in 1993 through a joint venture with a German firm, 

Biederman Motech. DePuy had a profit of $123 million in 1997 and sales of $770 

million (The Plain Dealer, 1998). 

 

                                                           
71 In 1993 The Danek Group Inc. acquired Sofamore, a European company. 
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Thomas J Oberhausen, chief Financial Officer of DePuy, said that the acquisition 

combines two market leaders to form the second-largest spinal implant company in 

the US and in international markets. Spinal implants are clearly the fastest-growing 

segment of orthopaedics. (Press release, DePuy, 1998). 

 

Just a few months later Johnson & Johnson72 acquired DePuy (Press Release, Johnson 

& Johnson, 1998). As a result of the acquisition, DePuy has become a direct, wholly 

owned subsidiary of Johnson & Johnson. Johnson & Johnson Board Chairman Ralph 

S. Larsen termed the acquisition: “a very important strategic addition to our world-

wide orthopaedic business” (Press release, Johnson & Johnson ,1998). 

 

On December first in 1998, it was announced that DePuy AcroMed would move from 

its Cleveland facility to a larger, modern Johnson & Johnson facility in Raynham, 

Massachusetts, in the summer of 1999. This strategic move was designed to place 

DePuy AcroMed in the neurological business as well as the orthopaedic business. 

 

AcroMed’s competitor Sofamore-Danek was acquired by Medtronics in November 

1998. Medtronics was founded 1949 in Minneapolis, Minnesota, by Earl E. Bakken 

and Palmer J. Hermundslie. It is one of the world’s leading companies in medical 

technology, specialised in implants and interventional therapies but is also big in 

neurology. As stated in a press release: “The merger with Sofamore-Danek 

considerably broadens and strengthens Medtronic’s market position and technology in 

the spinal and neurosurgery field, said William W George, Medtronic’s chairman and 

chief executive officer.” (Press release, Medtronic, 1998). This means that there are 

now two giants competing against each other in the spinal field. 

 

 

6.4.7 Epilogue 

 

After the acquisition of AcroMed by DuPuy in March 1998, DePuy-AcroMed offer a 

variety of products. Their main products are hip and knee implants. Through the 

                                                           
72 Johnson & Johnson is the world’s most comprehensive and broadly-based manufacturer of health 
care products. Johnson & Johnson has approximately 180 operating companies and 92 000 employees.  
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merger, spinal implants will become the single largest product group answering for 

about 20 percent of DePuy-AcroMed business. Today (2002) DePuy-AcroMed is an 

operating company of DePuy, Inc., a Johnson & Johnson company. It is one of the 

world’s leading designers, manufacturers, and suppliers of orthopaedic devices and 

supplies with its headquarter in Raynham, Massachusetts in US. In 1999 the company 

had a turnover of $1. 3 billion and has approximately 400 employees and is expecting 

to continue growing (Homepage of DePuy-AcroMed, 2002). 

 

 

6.5 Summary and Comparison 

 

In this chapter we have focused on the function of the competence bloc, with respect 

to the commercialisation of products and technologies from an individual firm 

perspective. We have compared two companies in the titanium industry. The cases 

revealed that firm growth was faster (in the initial phase) in the US case, AcroMed, 

than in the Swedish case, Nobel Biocare. 

 

Nobel Biocare was set up to market and produce the dental implants built on the 

osseointegration technique. The osseointegration technique was discovered in the 

1950’s by Per-Ingvar Brånemark. Its first application area was dentistry. Today the 

osseointegration technique has been recognised in many other fields. Now it is 

possible to provide life-like facial features based on similar titanium anchors used for 

teeth for those who have suffered facial damage through accident or disease. The 

technique is used also in the field of hearing aids.  

 

AcroMed’s key products are various kinds of spinal implants, in both titanium and 

stainless steel. The founder and inventor Dr. Arthur Steffee invented a particular 

screw that could be attached to the vertebrae during the healing period. This had never 

been done before. Before this product and method were introduced in the market, 

neurology surgeons were the major actors in treating and healing back pain and 

scoliosis. Today orthopaedic surgeons are the major actors; the invention opened up a 

totally new field of applications. 
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AcroMed was set up only two years after Dr. Steffee’s discovery, while Nobel 

Biocare was officially started more than 15 years after the first patient was treated i.e. 

more than 20 years after discovery. Even so, the companies were officially started at 

approximately the same time, Nobel Biocare in 1981 and AcroMed in 1983. Acromed 

was self-sufficient already in 1986 while Nobel Biocare did not break even until 

1988. Part of the explanation is that Nobel Biocare is built on a radically new 

innovation while Acromed is built on an incremental innovation.73  

 

But at the same time, Nobel Biocare applied the new technology on an old market 

while AcroMed created or defined a new market using a known technique but in a 

radically new way. In this sense, Dr. Steffe’s innovation was radically new. Both 

companies are now using titanium for their devices. They are both operating in a new, 

rapidly growing market but in different product areas within the health care market. 

 

In the case of Brånemark it was the competence to understand the importance of the 

unexpected discovery that titanium bonds with bone and is biocompatible that led to a 

new industry. Bone also has to be treated with the same delicacy as soft tissue (in the 

body). In the case of AcroMed, it was during a surgery session that Steffee came up 

with the idea/invention of attaching screws to the vertebra. The inventors’ 

competence to see the possibilities and applications, which is a highly individual 

capability, is clearly one of the keys to success. 

 

Another key ingredient in the innovation process is customers who understand the 

invention, i.e. receiver competence. In the case of medical innovations the customer is 

normally the physician, acting as a gatekeeper for the patient who does not have 

access to the new invention if the physician does not accept or “buy” it. Even after 

clinical verification, Brånemark’s method was met by disbelief from the Swedish 

dentists. One reason might be that the long history of unsuccessful trials with dental 

implants had coloured the professionals’ view.74 This, among other things, probably 

prevented an early market penetration of the dental implants. Among the physicians 
                                                           
73 The osseointegration technology had to be tested for long time before commercialisation was 
allowed while the long clinical testing did not have to be carried out to the same extent for the spine 
technique. 
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(orthopaedists and surgeons) on the other hand, Brånemark’s method met acceptance 

almost at once. 75 The use of facial prostheses started already in 1967, two years after 

the first patient had been treated with dental implants. But as late as 1974, a group of 

dentists reported Brånemark’s method to the National Board of Health and Welfare 

and demanded a full investigation.  

 

In 1976, the National Board of Health and Welfare finally approved the dental 

implants and included them in the National Insurance System.76 It was not until 1982 

at an international conference, where a Canadian physician presented a replication of 

the Brånemark method, that the professionals started to fully understand the potential 

and the benefits for the patient if treated with this method. Competing firms were 

immediately started in the US. In the case of AcroMed, the customers at once fully 

accepted the new method, introduced and developed by Steffee. As in the situation of 

Brånemark, Steffee got acceptance for his method at a conference, implying the 

importance of a well-functioning network with receiver competence for reaching the 

customer. 

 

Regulation is another important issue. Even though the National Board of Health and 

Welfare supported the Brånemark method, this did not help much in promoting the 

innovation. Steffee’s method for treating the spine was at first turned down by the 

FDA in 1982. But when AcroMed sent in a new application form, only with the 

application area modified from the spine to the bone, their product was approved in 

1984. Not until 1998 did the FDA finally approve their products as spine products. 

The company has had several products that have been approved on the European 

market long before they were approved in US. AcroMed’s major problem has been 

dealing with FDA regulations, which has been both time-consuming and costly. 
                                                                                                                                                                      
74 On the other hand, one could argue that the innovation should be accepted fast since it was a new 
solution to a well-known problem. 
75 A cultural aspect has not been part of the analysis. Therefore, we cannot say anything about what 
explains receiver competence per se, e.g. if there are any cultural differences between the dentists and 
the medical doctors. 
76 One big advantage that Sweden has is that it is possible to follow patient over a long period of time. 
This is an extremely important variable in the context of competition. In the US, you can only follow 
patients for 5 years and you have to be satisfied if you can reach 15 percent when you follow up. When 
the FDA proposed that dental implants should be classified as class III and that the company had to 
provide there own clinical trials, Nobel Biocare welcomed this. They were the only company that could 



 

 

 

109 
 

Consequently, it is important that regulatory authorities fully understand new 

inventions. 

 

Competent entrepreneurs who introduce the inventions into the market and 

commercialise the innovations are also important. In both cases studied, the 

entrepreneurial stage was dedicated to clinical documentation, the design of the 

products and the medical instruments being used for the surgery. When demand was 

rising it was time for large-scale industrial production.  

 

Despite the fact that NUTEK funded and supported Brånemark’s research in 

osseointegration for many years the project suffered a constant struggle for money. 

More than once Brånemark was faced with the threat of having to close down his 

research. Lack of competent venture capital was a reality. By contrast, AcroMed had 

no problems either raising capital or going from small to large-scale production 

(industrialisation). AcroMed uses outside vendors for their production while Nobel 

Biocare manufactures in-house. This increased the capital needed in the Swedish firm 

and made production less flexible (see Eliasson and Johansson, 1999). AcroMed 

relied heavily on equity capital. The founders (the inventor and entrepreneur) partly 

used their own savings to finance the venture. An existing large, old and well-known 

company mainly financed Nobel Biocare. Note that the company had no previous 

experience in the biomedical industry. This highlights two things. First, that 

transaction costs are lower when using own savings, compared to raising external 

funds, e.g. the inventor and entrepreneur did not have to spend so much time and 

resources on convincing financiers. Second, that it is important that industrialists 

understand the use and potential of the innovation but also have the competence to 

promote and diffuse the products.  

 

The nature of the invention by Brånemark led, early on, to a multidisciplinary 

approach. Numerous fields were involved in the study of osseointegration and in the 

probability of titanium being bio-compatible. Nobel Biocare also benefited from the 

nearby hospital and university and one can say that it is built on a university-hospital 

                                                                                                                                                                      
meet the new regulations since one of their strengths has been their interest in research and clinical 
follow-ups. 
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driven technique. This is true for AcroMed as well. As already mentioned not only 

did the researchers (Brånemark, Steffee and their co-workers) perform the basic 

research that was needed, but they also developed the medical devices and the 

medical instruments together with the surgical procedures. In both cases the network 

(the hospital, university, researchers and industry) has been of vital importance in the 

diffusion of the technique. 

 

Both companies sold products only to doctors that had been trained in the surgical 

technique by Brånemark in the case of Nobel Biocare and by Steffee in the case of 

AcroMed, thus creating close ties between the company and the customers. One 

explanation for this is that the basic idea is that the companies are based on surgical 

techniques originally not taught in the formal education. Therefore they have also 

been heavily involved in education and development. 

 

Apparently, an incomplete competence bloc in Sweden has slowed down the 

introduction of Brånemarks’ product compared to the US product. The incomplete 

competence bloc, furthermore, has reduced the exposure of the innovation to the 

varied competence in the evaluation process and, hence, raised the risk of missing an 

apparent winner. This is the most valuable insight from the two cases. 

 

In summary we have identified two factors that can explain this difference. First, we 

have seen that lack of receiver competence, a negative attitude, had to be overcome in 

the case of Nobel Biocare. Such lack of competence prevents the invention and 

innovation process from succeeding.77 Second, another important factor is access to 

competent venture capital e.g. a simple way to commercialise industrially relevant 

results.  It has also been shown that own equity is important for the entry and growth 

of firms (Holtz-Eakin et al. 1994; Lindh and Ohlsson, 1996; Blanchflower and 

Oswald, 1998; Braunerhjelm, 1999, 2000).78 Thus, lack of competent venture capital 

as well as the regulation of the capital market has impinged commercialisation in the 

case of dental implants. Both receiver competence and venture capital are critical 

                                                           
77 In the case of AcroMed, regulations have been an obstacle to overcome. Receiver competence is 
important not only among the customers but among the authorities as well. 
78 The Swedish capital market was deregulated in 1987. 
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factors for the success of new products and technologies, as predicted by competence 

bloc analysis. 

We can herby answer the third research question outlined in the dissertation; iii) How 

important is a complete competence bloc? i.e., what happens if the competence bloc is 

not complete? 

 

We have shown that the growth of the Swedish firm was hindered by missing links, 

i.e. an incompleteness in the competence bloc. The study gives some policy 

implications: i) Receiver competence is important and a broad and competent 

customer base increases the probability of success. Growth in the Swedish bio-

medical industry can thus be enhanced (a) by increased competition in the Swedish 

market through deregulation and improved conditions for private entrepreneurs and 

(b) by allowing foreign actors to enter the Swedish bio-medical market, even for non-

EU actors, which will further increase competition and the competence base used 

when evaluating new technologies. Note that it was a foreign researcher who first 

accepted the Brånemark method. ii) Access to competent venture capital is also 

important. The deregulation of the capital market in 1987 was a step in the right 

direction. But the ability to create fortunes through savings and productive 

entrepreneurship still has to be improved. Pålsson (1998) shows that the accumulation 

of personal wealth is higher in the US than in Sweden, creating better incentives and 

opportunities for innovative entrepreneurship.79 

 

We have also seen an example of how important the institutional settings are. Some 

researchers have been warning for a Swedish emigration of companies if nothing is 

done about the high tax pressure in Sweden (Braunerhjelm at al, 2001; Henrekson and 

Jakobsson, 2002; Jonung et al, 2002). In the spring of 2002, it was announced that 

Nobel Biocare had decided to initiate the establishment of a new Swiss holding 

structure. One of the major reasons for doing so is that Nobel Biocare will be able to 

cut the corporate tax rate to 20-25 percent from the previous level of 44 percent.  

 

                                                           
79 Of course there could be other explanations as well. For instance, it has been shown by Rickne 
(2000) that the biomaterial cluster is more developed in Massachusetts than in Ohio and Sweden 
because Massachusets has a better and more developed network. 
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7. TECHNOLOGY TRANSFER IN UNITED STATES UNIVERSITIES: 

A SURVEY AND STATISTICAL ANALYSIS*,**,*** 

 

 

7.1. Introduction 

 

7.1.1 Technology Transfer 
 
Technology transfer may be defined generally as “the transfer of the results of 

research from universities to the commercial sector” (Bremer 1999, p. 2). It may also 

be more narrowly defined as “the process whereby inventions or intellectual property 

from academic research is licensed or conveyed through use rights to industry” 

(AUTM 1998, p. 3). 

 

Technology dissemination or transfer can occur in many different forms. The 

publication of research results in scientific journals and books is the most common 

form of dissemination. In some cases the transfer may occur only if the intellectual 

property is protected and then commercialized. The issue dealt with in this paper is 

the narrower one of transfer from universities to industry of intellectual property 

rights in the form of patents or licenses and via start-ups of new companies.  

 

Technology transfer involves at least two parties. As Lawrence Dubois of DARPA 

puts it, “technology transfer is a contact sport!” The quality and quantity of 

interaction are determined not just by the interface  (the rules of the game, as it were) 

between the two parties but also by what each of the players brings to the game. The 

knowledge, preparedness, organization, culture, and attitudes of both sides are 

important for successful interaction. The motivations of the two sides are often quite 

different. The main objective of basic research is almost never inventions. “If 

inventions do flow from that research activity, it is largely a fortuitous happening that 

takes place because the researcher, or perhaps, an associate, has the ability to see 
                                                           
* Written jointly with Professor Bo Carlsson, Department of Economics, Weatherhead School of 
Management. Case Western Reserve University. Cleveland, Ohio 44106-720, USA. 
** This paper is the result of a project initiated by the Edison BioTechnology Center (EBTC). Financial 
support from the EBTC and Case Western Reserve University is gratefully acknowledged. 
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some special relationship between his scholarly work product and the public need” 

(Bremer 1999, p. 4). On the commercial side, the main objective, of course, is 

profitable exploitation of an innovation or an idea.  

 

 

7.1.2 The Bayh-Dole Act 

 
The recent increase in university patenting and licensing activity is, at least in part, a 

consequence of the Bayh-Dole Act, which was enacted by the U.S. Congress in 1980 

and became effective on July 1, 1981 (see The Council on Government Relations, 

1993). The Act transferred the rights to intellectual property generated under federal 

grants from the funding agencies to the universities, thus providing the latter 

opportunities to exploit research results commercially. One of the major arguments 

for the Act was that a stronger protection of publicly funded research would lead to a 

faster and stronger technology transfer and hence benefit the taxpayers. The reason 

behind this argument was that companies need intellectual property rights to pick up, 

develop, and commercialize the results of university research.  

 

Before the establishment of the Bayh-Dole Act, not many universities found it 

worthwhile to get into the patenting business since this was connected with a high 

fixed cost. The Act opened up the possibilities for universities to explore their 

technology transfer to a larger extent. 

 

There has indeed been an increase in patenting and licensing activity on the part of 

U.S. universities after the establishment of the Bayh-Dole Act. From 1979 to 1984 the 

number of patents issued annually doubled (from 177 to 408) and between 1984 and 

1989 it doubled again (to 1,008) (Mowery et al. 1999). However, some universities 

such as Stanford and the University of California were active in technology transfer 

well before the passage of the Bayh-Dole Act. This means that technology transfer 

from the universities to industry can not be explained solely by the Bayh-Dole Act. 

Several other policy decisions were made during this period. For example, in 1980 

Diamond v. Chakrabarty upheld a broad patent in the new biotechnology industry 
                                                                                                                                                                      
*** This chapter has been published in Journal of Evolutionary Economics, 12, 1-2, 2002. Only changes 
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which opened the door for many patents in this area. Also, the Court of Appeals for 

Federal Circuit (CAFC) was established in 1982. The CAFC emerged as a strong 

protector of the rights of patent holders such as universities. 

 

Following the Bayh-Dole Act, the number of technology transfer offices at U.S. 

universities increased dramatically. There were 25 such offices in 1980 (before the 

new legislation), but by 1990 the number had increased to 200. A recent study by 

Mowery et al. (1998) compares Stanford, the University of California, and Columbia 

University. The study finds that even without the Bayh-Dole Act, both Stanford and 

the University of California would have expanded their patenting and licensing 

activities. Columbia University also made some steps in this direction prior to the 

Bayh-Dole Act. The study also finds that there has been a change in the attitude and 

policies regarding the value of research and the potential revenue and profit that it can 

bring the university. The expanded licensing activities have led to both enthusiasm 

and resentment over the effect that it might have on the culture and norms of 

academic research. There is concern that there will be a change in the character of 

university research towards applied and away from basic research. Yet another study 

by Mowery et al. (1999) shows the difficulty of managing a technology transfer office 

with the view of maximizing income. The goals need to be broader than that and be 

integrated with the entire mission of the university.  

 

 

7.1.3 Benefits of Technology Transfer to Academic Institutions 

 

Technology transfer programs are important to the academic institutions’ mission of 

education, research, and public service in that they provide: (i) A mechanism for 

important research results to be transferred to the public; (ii) Service to faculty and 

inventors in dealing with industry arrangements and technology transfer issues; (iii) A 

method to facilitate and encourage additional industrial research support; (iv) A 

source of unrestricted funds for additional research; (v) A source of expertise in 

licensing and industrial contract negotiations; (vi) A method by which the institution 

can comply with the requirements of laws such as the Bayh-Dole Act (AUTM 

                                                                                                                                                                      
to fit the format of the dissertation have been done. 
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Licensing Survey  FY 1991 - FY 1995, p. 6). Also, it may be used as (vii) A 

marketing tool to attract students, faculty, and external research funding. 

 

Thus, the primary purpose of a technology transfer program is to assist the institution, 

on behalf of its faculty and inventors, in the dissemination of research results for the 

public good. The income generated through this mechanism is important but is only a 

part of the total benefit to the institution. According to the 1996 AUTM survey, the 

gross license income received by the reporting U.S. universities, hospitals, and 

research institutions amounted to $500 million. While this is a large amount, it 

represented only about 2.3 percent of the total sponsored research expenditures in the 

same institutions. However, among all the reporting institutions the percentage ranges 

from zero to 11 percent.  

 

It is clear, therefore, that while license income is neither a likely major source of 

research funding nor the sole (or even the most important) benefit to the institution, 

some universities are much more successful than others in generating such income. 

This is one of the reasons for this study: to examine the technology transfer function 

at U.S. universities with respect to organization, risk management, funding, staffing, 

and professional competence in order to better understand what successful practices 

and strategies are. 

  

 

7.1.4 Benefits to the Community 

 

It may well be argued that technology transfer is even more important to the 

surrounding communities than to the universities because of the benefits it creates to 

the rest of the society. In an economic impact model developed by the Association of 

University Technology Managers (AUTM), it has been shown that nearly $25 billion 

of the economic activity in U.S. can be attributed to the results of academic licensing, 

supporting 212,500 jobs in fiscal year 1996. For FY 1995, the comparable figures 

were $21 billion and 180,000 jobs (AUTM 1998). 
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In an article investigating the technology transfer function at Stanford University, 

Fisher (1998) discusses the many benefits to society of a well-functioning transfer of 

technologies from the research laboratory to the commercial sector. The income that 

the technology transfer generates can offset the shrinkage of federal funding in 

comparison with other sources which has been observed in recent years. The AUTM 

data show that the share of federal funding in the reporting institutions was reduced 

from 72 to 66 percent between 1992 and 1996. 

 

The creation of wealth, new jobs and new solutions to problems in the society is 

another benefit. Fisher describes Stanford’s success as a leader in technology transfer 

and the effect that it has had on northern California’s Silicon Valley and the 

biotechnology industry and its role in providing a model for many other universities 

across the country as well as internationally. “Stanford continues to show the way, 

providing creative solutions to new challenges as the need for university research 

becomes even more urgent… And for the great research universities, income from 

patent licenses can offset the shrinkage of federal funding” (Fisher 1998, p.76). 

 

It should be noted, however, that Stanford’s success in generating new businesses has 

occurred in spite of a university policy not to specifically promote business start-ups. 

Thus, success depends not only on university policies and strategies but also on the 

institutions, entrepreneurial climate, and fertility of the economic soil (including 

access to venture capital) in the recipient community. 

 

“The real measure of technology transfer is not, of course, the number of patents 

which the university sector holds, but the amount of technology, represented in and by 

those patents which has been transferred to the private sector for further development 

into products and processes useful to mankind” (Bremer, 1999, p. 4). As the Bayh-

Dole Act puts it, “the mission of university technology transfer offices is to transfer 

research results to commercial application for public use and benefit… The major 

effort of the office is to find companies which have the capability, interest and 

resources to develop embryonic technologies into useful products” (The Council on 

Governmental Relations, 1993, p. 2).  
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Thus, a full evaluation of the output of the technology transfer process is a complex 

matter. The income from licenses and the number of start-ups are at best only partial 

measures. Not much is known about this, although a recent study finds that license 

income increases more than proportionally with R&D expenditures (Siegel, Waldman 

and Link, 1999, p. 20). 

 

 

7.1.5 Focus and Organization of the Paper 

 

The focus in this report is on various activities and parameters associated with the 

technology transfer process on the university side. In the AUTM report several 

different parameters are presented that can be used to measure technology transfer. 

The general stimulus for the basic process is research expenditure. Most universities 

use this variable on the input side to evaluate the technology transfer activity. The 

most common output variable is number of licenses. It is logical to expect that the 

larger are the resources spent on research and development, the more licenses and 

options will be generated. Indeed, recent studies (Adams and Griliches, 1996, and 

Siegel, Waldman and Link, 1999) have shown constant returns to scale in this respect, 

i.e., that the number of licensing agreements increases proportionally with R&D 

expenditures. The size, distribution and significance of the parameters describing the 

technology transfer function are also of interest and will be explored further in our 

statistical analysis. 

 

The fact that the history, organization, and performance of technology transfer vary 

from one institution to the next provides a major motivation for this study. Are there 

certain practices that are more successful than others? How do offices of technology 

transfer (OTTs) fit within the organization (and overall mission) of the university? 

What differences can we observe in levels and sources of funding, staffing, and 

professional expertise? What role do differences in attitudes and procedures with 

respect to risk management play? How widely do attitudes and procedures with 

respect to licensing and start-ups differ? Is there a “model” that can be emulated? 

These are the general questions which prompted the Edison BioTechnology Center 
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(EBTC) to initiate and fund this study.80 They are also the main questions addressed 

in the in-depth survey we conducted with twelve U.S. universities, reported in the 

next section.  

 

In addition to answering these questions concerning the technology transfer 

organization and process with the help of the questionnaire survey, we have used the 

insights gained from this analysis in carrying out a statistical analysis of the annual 

survey data collected by the Association of University Technology Managers, Inc. 

(AUTM). Our aim is to highlight the technology transfer process and some of the 

most common performance measures that the universities themselves use to evaluate 

their activity. We have also examined the correlations among the variables and how 

this can help us understand the technology transfer function. In addition, we have 

built a simple model, based on our own survey results, which can be used for 

multivariate econometric analysis. We then used this model in a regression analysis.  

 

It is important to keep in mind that this report focuses primarily on the practices in 

universities with respect to technology transfer. Thus, it covers only one side of the 

equation. A more comprehensive report would also cover the absorptive capacity of 

the actors on the commercial side, as well as the environment supporting the transfer 

activity. We have not found any such study in our literature review.  Such a report 

would also have to deal with the further complexities arising from the fact that the 

interaction is different in different technology areas and in different environments. 

Many studies show that the benefits of technology transfer (often referred to in the 

economic literature as technological spillovers) are largely local (Bania, Eberts and 

Fogarty, 1993; Jaffe, Trajtenberg, and Henderson, 1993; Zucker, Darby, and Brewer, 

1998; Zucker and Darby, 1996; Audretsch and Stephan, 1996). 

 

The paper is organized as follows. The next section analyzes the results of our survey 

of the technology transfer function in twelve United States universities. Using the 

insights gained from this survey we then proceed to a statistical analysis of AUTM 

data. The paper concludes with a discussion of the results and their implications. 

                                                           
80 EBTC is a part of the Ohio Department of Development’s Thomas Edison Program which 
constitutes  the backbone of Ohio’s technology policy. 
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7.2 Questionnaire Survey of Technology Transfer in U.S. Universities 

 

7.2.1 Information on the Survey Data Collected  

 

We chose 12 universities ranging from top research universities to some regional 

universities. The universities are The California Institute of Technology, Carnegie-

Mellon University, Case Western Reserve University, Emory University, The Ohio 

State University, Stanford University, The University of Cincinnati, The University of 

Michigan, The University of Pennsylvania, The University of Texas Southwestern 

Medical Center, Vanderbilt University, and Washington University. 

 

The data collection was done through a mail questionnaire followed up through 

telephone interviews. Nine universities responded to the questionnaire; thus, the 

response rate was as high as 75 percent. The questionnaire included 31 questions 

divided into three parts.81  

 

The data reported here include both the survey data and the background data for each 

university obtained through the AUTM reports. Thus, some data are available also for 

the universities which did not respond to our survey, as well as an additional  

university in Ohio not included in the survey.82 

 

 
7.2.2 Organization, Staffing, and Funding 

 

Table 7.1 provides overview data on the organization, staffing, and funding of 

technology transfer in the universities covered by the survey. In the table, the 

universities are ranked in descending order of their annual research budget. Two of 

the universities had set up their office of technology transfer (OTT) prior to the Bay-

Dole Act. In the other cases, the OTT was established somewhere between 1982 and 

1990 with 1986 as the median for the sample as a whole. 

                                                           
81 The questionnaire is available from the authors upon request. 
82 We will refer to this data set as the subset n, and we will refer to the data set collected by the AUTM 
as the total sample, N. 
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In all of the universities surveyed, the OTT is set up as a unit within the university, 

not as a corporation or other entity separate from the university. In all but two cases 

the director of the OTT reports to the Vice President for Research (or equivalent 

position). In the two exceptional cases, the director reports to the Provost and in one 

case also to the Chancellor for Health Affairs. Thus, there is no doubt that technology 

transfer is regarded as a matter of strategic and policy concern at the highest level 

within the universities. How high a priority is placed on these activities varies from 

one university to another, however. 

 

There is only one technology transfer office at each university, except that in two 

cases there is also a branch office in the medical school. In one of the universities the 

OTT also has responsibility for handling industrial grants and in another case works 

closely with an office handling such grants (as distinct from federal funding). 

 

 

7.2.3 Staffing and Expertise 

 

The size of the OTT in terms of number of staff members ranges from 2 fulltime 

equivalents (FTEs) in the smallest institution to18 in the largest, 4.5 being the median 

number. In most cases, the number of professionals is significantly larger than the 

number of support staff. In the schools with a small OTT, basic science is the 

dominant type of expertise. As one would expect, the larger the OTT, the broader is 

the range of in-house expertise. In three cases there is legal expertise within the OTT 

itself; in one of these cases that is the only professional expertise represented.  

 

 

7.2.4 Risk Management and Legal Expertise 

 

The management of the risk exposure associated with technology transfer is a 

sensitive and serious issue at most universities. A common method is to accept no 

liability resulting from technology transfer but to require licensees to indemnify the 

university if liability should occur (or to obtain the necessary indemnification 

insurance coverage). This is the method used in four of the surveyed universities. 
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However, this may not work in cases when the potential licensee is a small start-up. In 

such cases, other solutions have to be found (including not issuing a license at all). 

 

For risk management purposes but also for handling of intellectual property issues, as 

well as other reasons, legal expertise is often required in connection with technology 

transfer. This expertise may reside in a variety of places. Six of the nine responding 

universities have no legal expertise at all in the OTT. Of these, four require 

indemnification by licensees. All of the universities have a university attorney’s office 

and/or risk management office. Four of the universities obtain legal advice from 

outside firms concerning matters of intellectual property, while one university has its 

own intellectual property office. 

 

 

7.2.5 Annual Budget and Research Funding 

 

The annual budget for licensing and patenting activities within the OTT ranges from 

$320,000 to over $2 million. A substantial portion of the difference is explained by 

the size of license income. Apparently, license income is a major source of funding of 

technology transfer activities in most universities. 

 

The university-wide annual research budget in the reporting institutions ranges from 

$13.5 million to $441.3 million, with a median of $165 million. This should be 

compared with a median of $96 million for all the schools included in the AUTM 

report. The correlation between the annual budget for licensing and patenting on the 

one hand and the annual research budget on the other is very low. 

 

 

7.2.6 The Technology Transfer Process 

 

The steps to transfer or commercialize a technology are basically the same at all 

universities. Typically, the process starts with the faculty/researcher/inventor 

submitting an invention disclosure form (a standard form specified by the university) 

to the OTT. After reviewing the disclosure, investigating the potential market, and 
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estimating whether or not the expected return warrants the cost of seeking intellectual 

property protection (patent, copyright, trademark, or other form of protection), the 

OTT initiates the requisite application. All the universities surveyed claim to actively 

facilitate patenting, but always within the constraints set by the budget (the patenting 

cost typically being somewhere in the $15,000 - $20,000 range per application). In all 

but one of the universities, patent applications are handled by the OTT; in the 

remaining case an outside firm is used. 

 

Once intellectual property rights have been obtained, technology licenses are typically 

developed in several stages: 

 

a) Confidentiality or Non-Disclosure Agreement (NDA) – If confidential matters 

need to be disclosed by either party to the other in order to permit substantive 

discussions, a Non-Disclosure Agreement between the potential  licensee and the 

university will be developed. In some categories of cases a similar arrangement is 

obtained through a Material Transfer Agreement (MTA).  

 

The typical process for a nondisclosure agreement (NDA) or confidentiality 

agreement is to start with a standard agreement form. If the standard form is 

acceptable, the process is usually completed within a day or two. If a non-standard 

agreement must be negotiated, the process varies from case to case as to its duration 

and the personnel involved. In most universities, the OTT officers or director have 

sign-off authority, but in one case the provost has to sign and in another legal counsel 

has to be sought. 

 

The process for material transfer agreements (MTAs) is similar to that for NDAs. In 

standard cases, the process can usually be completed within a day or two and is 

handled entirely within the OTT. But in some universities, other offices process 

MTAs. In one case, the provost’s signature is required. See Table 7.2. 
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b) Business Plan – In order to have a substantive discussion of a potential license, 

the university will also need to understand the nature of the Licensee’s current 

business, his/her future business plans, and the specific plans for utilizing, 

developing and commercializing the technology expected to be licensed 

(“Licensed Technology”).  

In the case of well established, robust companies with demonstrated record of 

revenues, profits, technologies and products, such a business plan will 

concentrate on the specific development of the licensed technology, the resources 

to be used, expected development milestones, and the economic results expected, 

to demonstrate that the licensee intends to develop that technology to the fullest 

and has the know-how and the resources to do so. In the case of start-ups or 

newly established firms, the business plan may involve the development of the 

whole company and its business strategy. 

c) License Term Sheet – Based on the above, the next and typically the most 

important step will be the discussions of the key economic terms of the proposed 

license, resulting in a tentative agreement on terms as defined in a “License Term 

Sheet”.  

d) License Agreement – Once a basic agreement on economic terms has been 

reached, the next step is to draft the actual license agreement, i.e., the legal 

document which incorporates both the economic and other terms of the terms 

sheet as well as the university’s general licensing terms and conditions 

(commonly also called “legal boiler plate”). 

 

In contrast to NDAs and MTAs, there is no standard procedure for license 

agreements. The process usually starts with a standard form, but modifications and 

therefore negotiations are always necessary. The time required to reach an agreement 

varies from a few weeks to several years. 

 

The university personnel involved in these negotiations are the licensing associates of 

the OTT, plus the inventor or researcher. In one case the OTT director is also 

involved, along with the university’s legal counsel. In another case, in addition to 

these, the university risk manager also takes part in the negotiation. The authority to 
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sign off on licensing agreements resides in the OTT in all but two cases, the 

remaining two requiring the signature of the V.P for research or even the provost. 

 

How active a role the university plays in finding potential licensees depends largely 

on the resources available, particularly the number and capabilities of the OTT staff. 

In one case, the OTT explores many avenues in trying to locate licensees, including 

contacting existing licensees and other corporate contacts, searching corporate 

technology directories, and conducting on-line literature searches. However, by far 

the best source of potential licensees is the inventors themselves, since they are likely 

to know who in industry is doing work related to their inventions. They are often 

aware of companies that might successfully commercialize their inventions.  The OTT 

encourages companies to indicate what areas are of interest to them; thus providing a 

"wish list" of technologies. Often the assessment of the commercial potential of an 

invention begins by conducting literature searches and by asking contacts in industry 

for input.   

 

 

7.2.7 Patenting and Licensing Activities 

 

The patenting and licensing activities in the universities included in our survey are 

summarized in Table 7.3. With only two exceptions, medicine is mentioned as the 

school or field most frequently served by the OTT at universities which have a 

medical school. Engineering is the second most frequently mentioned field. The 

number of invention disclosures reported for FY 1996 varies from 22 to 300, with a 

median of 63. The number of patent applications ranged from 4 to 130, with a median 

of 34.  The median number of U.S. patents issued in FY 1996 was 16, i.e., about half 

the number of applications. In other words, ignoring the time lags between disclosure 

and application and between application and issuing of patents, only about half of the 

invention disclosures resulted in patent applications, and only half of the applications 

resulted in actual patents. Furthermore, only a fraction of patents yield license 

income. Of the 1,747 active licenses and options in the surveyed universities in FY 

1996, 682 (39 %) yielded income. The average license income to the university was 

$5.9 million, meaning that the average income per license was $180,000. However, 
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the mean was only $80,000. This means that the distribution of income-yielding 

licenses is highly skewed; with the exception of only one university, the number of 

patents generating more than $100,000 per year is six or less. 

 

 

7.2.8 Policies and Procedures for Start-Ups 

 

The number of start-ups is another indicator of technology transfer performance. The 

policies and procedures for start-ups depend in large measure on the university’s 

attitude towards risk and the capabilities in the surrounding business community. As 

already noted, one university (Stanford) has a policy of not creating or helping to 

create spin-offs (Roberts and Malone, 1996)– and yet has more start-ups to its credit 

than any other university (AUTM Survey). Thus, the university’s policies are not the 

only determinant of spin-offs and their degree of success; the history, culture, 

attitudes, industry affiliation, market orientation, etc., of existing businesses, and the 

presence or absence of venture capital, as well as the vigour and diversity of 

supporting organizations and institutions are also important. At other universities 

included in our survey, the attitude towards start-ups ranges from reluctance to play a 

role in spin-offs at one extreme, to refraining from initiating spin-offs but helping 

them once underway, and to active encouragement of and involvement in creating 

spin-offs (including incubation services, financial support, and 

information/networking services) at the other extreme. 

 

The survey data on start-ups are summarized in Table 7.4. The table shows little 

correlation – or perhaps even a negative one – between the university’s attitude 

toward start-ups and performance as indicated by the number of new companies 

formed. 

 

 

7.2.9 Industry-Sponsored Research 

 

As shown in Table 7.5, industry-sponsored research amounted to $192 million in FY 

1996, or 7.3 percent of the total research budget in the surveyed institutions. The 
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share of industry-sponsored research remained constant between FY 1991 and FY 

1996. (Meanwhile, as noted earlier, the share of industry-sponsored research 

increased in the entire population of universities included in the AUTM surveys.) 

 

 

7.2.10 Policy with Respect to Exclusive vs. Non-exclusive Licensing 

 

Six of the universities included in our survey report that they have no policy with 

respect to exclusive or non-exclusive licensing agreements. One university grants 

only exclusive licenses, while another one usually offers exclusive licenses. One 

university offers exclusive license options to industry sponsors. 

 

 

7.2.11 Patent Ownership and Sharing of License Income 

 

In the event that the university is not interested in pursuing a patent, the ownership 

rights are usually reassigned to the inventor. In a few cases the university retains 

patent ownership but licenses it back to the inventor. License income is shared 

between the university, the management center of the inventor(s), and the inventor(s). 

As shown in Table 7.6, the formulae pertaining to income sharing vary. The 

inventor’s share is typically 30 – 50 percent of the net income (i.e., gross income 

minus legal fees and other expenses). 

 

 

7.2.12 Monitoring of Royalty Agreements 

 

Several of the surveyed universities have effective procedures in place for monitoring 

royalty agreements, including computerized methods. However, a few of the 

respondents indicate dissatisfaction with current procedures, and several universities 

are taking steps to improve the monitoring. Staffing levels and the relatively low 

priority placed on this activity seem to be the main constraints. 
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7.2.13 Proposed Success Indicators 

 

When asked what they regard as good indicators of performance or success in 

technology transfer, technology managers come up with a number of suggestions. 

These include the measures incorporated in this study, particularly the number of 

patents and licenses and the amount of royalty income. The number of invention 

disclosures is also often mentioned. A few of the respondents also mention the 

broader and harder-to-measure aspects of performance, such as the number of spin-

offs, faculty satisfaction, and general indicators of overall transfer activity. 

We can now summarize the technology transfer process given by the results of the 

study as shown in Figure 7.1. 

 



 

 

 

129 
 

Figure 7.1 The process of technology transfer and the most common performance 
measurements 
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7.2.14 Statistical Analysis of the Questionnaire Survey Data 

 

The technology transfer process can be described in terms of an input-output model in 

which the inputs are research expenditures and OTT staff and expertise and the 

outputs are the results of the various stages of the technology transfer process. It is 

important to note that what is output from one stage of the process can be an input to 

another stage. For instance, invention disclosures may be regarded as an output but 

may also be used as an input in the patent application stage.83 When describing the 

interaction between the industry and the university, a model of ‘two-way’ interaction 

is a more appropriate way of expressing the links between them. A study by Meyer-

Krahmer and Schmoch (1998) shows that collaborative research and informal contacts 

are the most important interactions between universities and industry and that 

industrial firms are important producers of new knowledge which in turn is useful for 

academic research.  

 

As indicated above, it may be expected that the more resources are spent on R&D, the 

greater the expected outcome. Therefore we expect a high correlation between total 

research expenditure and the number of licenses and patents, leading to license 

income.  

 

An interesting aspect is whether, in fact, those universities that spend the most money 

on R&D are also the ones that have the largest number of active licenses and patents 

and the highest royalty income. Table 7.7 shows the research expenditure and the 

cumulative active licenses per institution. The universities are ranked in descending 

order by the total research budget. The table gives an indication of the correlation 

between the input research expenditure and the output licenses and options in the 

technology transfer process. 

 

The correlation between the two variables Total Research Expenditure and 

Cumulative Active Licenses and Options is high, 0.599. A simple linear OLS 

(Ordinary least squares) regression shows that Total Research Expenditure has a high 
                                                           
83 It would also be possible to describe the process in a more complicated model with feedback but we 
would then lose simplicity and transparency without necessarily obtaining better models. 
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explanatory power, explaining as much as 35 percent of the variation in the number of 

licenses and options. It is also significant as indicated by the t-value (on the 5 % 

level) in explaining the number of licenses and options. If we look at all 212 

universities in the AUTM survey, the relationship is even tighter: the corresponding 

figures are 0.99 and 99 percent, respectively. The correlation between the number of 

licenses and options and license income received is also high: 0.975 in our subset and 

0.988 in the AUTM population. 

 

 

7.3. Statistical Analysis of the AUTM Survey Data, 1991-1996 

 

7.3.1 Data Collected by AUTM 

 

This section is based on two data sets, one for 1996 and one covering the period 1991-

95. Both data sets include both the entire population of universities surveyed by the 

AUTM and the subset of universities included in our own questionnaire survey. 

 

The AUTM survey population for 1996 consisted of 300 institutions: 212 U.S. 

universities, 55 U.S. hospitals and research institutes, 28 Canadian institutions, and 5 

third-party management firms. 58 percent (173 organizations) responded to the 

survey, including 131 U.S. universities, 26 U.S. hospitals and research institutes, 14 

Canadian institutions, and 2 third-party management firms. The response rate from 

the universities, 62 percent, is somewhat higher than the overall response rate. There 

is a small over-representation of the top universities since the follow-up efforts were 

concentrated on the top 100 universities. This should not affect the results of the 

technology transfer function, which is the main focus of this report. For the purpose of 

our analysis, only the U.S. universities are included in the presentation of the data set, 

which we will refer to as N, the total sample.84 

 

The AUTM data include information on more than 30 variables that all have to do 

with technology transfer. We have chosen to look more closely at variables 
                                                           
84 The data material was processed with the SPSS software. The correlations were calculated using the 
Pearson correlation coefficient and the regressions using linear regression, OLS (ordinary least 
squares). 
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emphasized as important by the universities included in our survey and what other 

researchers have pointed out as important in the literature (see Tables 7.8 and 7.9). 

 

 

 7.3.2 Results  

 

As can be seen in the Tables 7.8 and 7.9, looking at the whole data set N, most of the 

technology transfer offices were started in the mid 1980s. This does not mean, 

however, that there was no such function before that time. Many universities engaged 

in technology transfer even without such an office. Some universities have a big 

office with more than 100 professional and support staff, but the mean is only 5.2 

professional and support staff indicating a much more modest size of the technology 

transfer office in most universities. In the subset, the corresponding figures are 18 

professional and support staff as maximum, while the mean is somewhat higher than 

for the whole group, 6.6 professional and support staff. 

 

The total research expenditures vary strongly among the universities. The range is 

from $5 million to as high as $1.5 billion. The average expenditure is $142 million. 

As these numbers indicate, the standard deviation is large, $180 million. In the subset, 

the variation is somewhat smaller, from $13 million to $441 million. On average, the 

universities spend about $203 million. The standard deviation in the subset is also 

smaller, $124 million. 

 

What can we say about performance? The number of active licenses represents one 

measure. This variable varies between 0 and 903 licenses. Overall, the mean is 82 

licenses with a standard deviation of 137. Perhaps even more interesting is the license 

income which varies from 0 to $63 million. On average, the universities have an 

income of about $2.7 million from licenses. The standard deviation is $7 million. In 

the subset, the number of active licenses ranges from 6 to 903, with a mean of 145 

licenses and a standard deviation about 245. The license income varies between 

$543,000 and $43 million. The average income is $5 million, and the standard 

deviation is as high as $11 million. 
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It is even more interesting to look at the licenses and options generating license 

income. As shown previously, there are only a few very successful licenses that 

generate a large amount of income; most licenses do not. The number of licenses 

producing income ranges from 0 to 513. The average is 38 licenses per university and 

the standard deviation is 63. In the subset the number varies from 1 to 259. The 

average the number is 52 with a standard deviation of nearly 70. 

 

Another output variable is the total number of patents, which varies between 0 and 

325 applications filed. The average number is approximately 30, and the standard 

deviation is 40. For the subset, the number of applications varies between 4 and 130. 

On average, there are 45 applications per university and the standard deviation is 40. 

 

The number of start-ups initiated varies from 0 to 14 with a mean of 1.4. The standard 

deviation is 2.3. In the subset, the maximum is the same but the mean is somewhat 

higher, 3.2. The standard deviation is also higher than for the whole group, 4.6. 

 

Following the process of technology transfer as outlined in figure 1 it becomes clear 

that the technology transfer process involves a sequence of events. It starts with the 

invention disclosure leading to a review; then the disclosure is either rejected or 

accepted, usually with some adjustments. The next step is to look for the right kind of 

property right protection, such as a patent. Once intellectual property rights have been 

obtained, licensing is likely to be the next step. In some cases, the end result is a start-

up. Since it all depends on the previous step in the chain, we decided to build several 

models using the performance measures as our dependent variables85. The models are 

described in Table 7.13 below. One important factor that has to be incorporated in the 

models is time. Once a patent has been issued, it can take years before a license is 

executed. The same is true for license income. It depends on what has happened in the 

past; the path dependency is strong. The different steps in the technology transfer 

process can be described in several models. More models than are being shown have 

been tested and analyzed, but only the most relevant and significant will be presented 

here.  
                                                           
85 Looking at the correlations among some of the variables can give us some more information. See 
table 10 for details. Overall, the correlations are very high, indicating that there are strong linkages 
between the variables. 
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As mentioned in the introduction, our main focus is on capturing the variables that 

can explain or give an indication of the universities’ technology transfer process and 

activity. The most common output variables are the number of patents and the number 

of licenses. The output variables of greatest interest here are the number of total 

patents, the number of new patents, the number of U.S. patents issued, license 

income, the number of licenses, and the number of start-ups. These variables are our 

dependent variables and will be noted by Y. Concerning independent variables, i.e., 

variables that might explain the technology transfer activity, we assume that the more 

money is spent, the more activity can be expected. Examples of input variables are: 

research expenditures, number of invention disclosures, number of employees (i.e., 

number of staff), and the number of years that the OTT has been operating (we expect 

to find a learning curve). We will note the input variables with X. 

 

The reason that we do not include the year in which the OTT was established 

(referred to as “program year”), total FTEs, and total research expenditures as input 

variables in all our models (they are included only in the first two and the last one) is 

the sequential nature of the process:  the output of one step may be input in the next. 

Therefore, we expect the three variables mentioned above to be incorporated already. 

The correlation matrix (Table 7.10) shows that there are strong links between all the 

variables.  We would therefore have to deal with multicollinearity (covariation among 

the independent variables) which could lead to incorrect estimation of the regression 

coefficients. The variables could even have the “wrong” signs. In the presence of 

multicollinearity, the effect of each variable on the dependent variable cannot be 

determined.  

 



 

 

 

135 
 

Table 7.13 The technology transfer process step by step 

Invention disclosure = b1*program year + b2*total expenditure + b3*staff + e 

Total patent application = b1*program year + b2*total expenditure + b3*staff + e 

Total patent application = b4*invention disclosure +e 

New patent application = b4*invention disclosure + e 

US patent issued = b5*total patent app. + e 

US patent issued = b6*new patent app.+ e 

Licenses = b7*patent issued (t-1) + e 

Licenses = b5*total patent app. (t-1) + e 

Cumulative licenses = b5*total patent app. + e 

License income  = b8*cumulative licenses + e 

Start-ups = b1*program year + b2*total exp. + b3*staff + e 

Note: t stands for time 

 

To estimate the models we used linear regression, OLS. The results from the 

regressions are shown in Tables 7.11 and 7.12. We have chosen to give the beta value 

(β) when dealing with multiple regression equations which could be helpful in 

analyzing what variable has the strongest impact in predicting the dependent variable. 

In all other cases the regression coefficient (b) is given. 

 

As we expected from the correlation matrix, the overall R2 values are high, indicating 

that we can predict the dependent variable fairly confidently. Invention disclosures 

can to 83 percent be explained by program year, total research expenditures, and 

number of staff. For the subset this is lower, 34 percent. The variable that has the 

strongest impact on invention disclosures is total research expenditures, but for the 

subset it is the number of staff, which has a negative (but statistically insignificant) 

impact on invention disclosure. Comparing the subset with the whole sample, it does 

not look like our sample is very different from its population. However, an exception 

is that in our sample, 95 percent of the variation in license income is explained by the 

number of cumulative licenses, whereas for the whole sample the corresponding 

figure is 62 percent. This means that adding one more license to the number of 

cumulative licenses has a rather large impact on license income. As indicated by the 

regression, it increases the license income by $45,590 and for the sample by $48,461 
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on an average basis. But we have not captured all the explanations behind license 

income. Licensing may not be appropriate for all inventions, and certainly chance (or 

luck) plays an important role. 

 

One of the variables that is hard to predict is the number of start-ups. The only 

variables we can use as explanatory variables are program year, total research 

expenditures, and number of staff. Together they explain 38 percent of the variation in 

the number of start-ups. For our subset we can explain as much as 80 percent with the 

same model. These results show that there is more to start-ups than money and 

number of employees at the OTT. Earlier in the report we have mentioned that such 

things as culture and surrounding environment can have a big impact on 

entrepreneurial ability. 
 

 

7.4 Conclusions 

 

It is clear from this survey that technology transfer from universities to the 

commercial sector needs to be understood in its broader context. It is not simply a 

matter of maximizing income for the universities, even though in a few cases quite 

substantial income is generated. It is rather a matter of finding the proper balance 

between the basic functions of teaching and research within the universities on the 

one hand and providing service to the wider community on the other. The primary 

purpose of a technology transfer program is for the university to assist its researchers 

in disseminating research results for the public good. Success in this endeavor is only 

partially reflected in income generated for the university or the number of business 

start-ups. The degree of success depends not only on the nature of the interface 

between the university and the business community but also on the receptivity in the 

surrounding community as well as the culture, organization, and incentives within the 

universities themselves. 

 

In the sample of universities studied here, the OTT is set up as a unit within the 

university. In most cases the director reports to the Vice President for Research or 

Provost, indicating that the activity is regarded as strategically important. The staffing 
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varies from 2 to 18 and the annual budget for licensing and patenting varies from less 

than $400,000 to $4 million. The larger the OTT, the broader is the in-house 

expertise, and the more aggressive the pursuit of patents and licenses. The steps to 

transfer or commercialize a technology are basically the same at all universities, as 

illustrated in Figure 7.1. In most cases, sign-off authority on Non-Disclosure 

Agreements, Material Transfer Agreements, and licenses resides within the OTT. 

 

In universities with a medical school, medicine is usually the field most frequently 

served by the OTT, followed by engineering. Sometimes arts and sciences 

(particularly chemistry) are also engaged in technology transfer activities.  

 

There are several stages in the technology transfer process, each associated with its 

own outcome: invention disclosure, patent application, patent issued, license sold, 

license income and/or business start-up. As a rule, only half of the invention 

disclosures result in patent applications; half of the applications result in patents; only 

a third of patents are licensed, and only a handful (10 – 20 %) of licenses yield 

substantial income. In our sample, the median gross license income in 1996 was $2.2 

million and the median income per license was $80,000. 

 

In our sample, industry-sponsored research maintained its share of about 7 percent of 

total research expenditures over the period 1991-1996. The share in 1996 varied 

between 4 % and 20 % in the institutions surveyed. 

 

License income is shared among the inventor(s), the management center or school, 

and the OTT according to various formulae. The inventor’s share generally varies 

between 30 and 50 %. Monitoring of royalty agreements is carried out routinely in 

some universities but seems to have received low priority in several cases. No general 

agreement seems to exist regarding indicators of success in technology transfer 

activities. 

 

The policies with regard to start-ups vary considerably among the universities. It is 

well known that MIT and Stanford University have an excellent record of interacting 

with the local community to create new business ventures. MIT’s role in the so-called 
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‘Route 128 phenomenon’ (Saxenian, 1996) is well known. An average of 25 

companies spun off from MIT during each year in the 1980s. The same pattern is 

found in California’s Silicon Valley originating from research carried out at Stanford 

University (Roberts and Malone, 1996).  

 

It is interesting to note that while Stanford has a policy not to encourage start-ups, it 

has generated more start-ups than any other university; only MIT comes close. It 

almost looks like an inverse relationship: the more active policy the university has, 

the fewer start-ups can be observed. This may simply indicate that if there are few 

start-ups, the university needs to take more action. Conversely, if there are many start-

ups, no university action is necessary. Thus, there are other things than university 

policies that explain start-ups. In the entrepreneurial literature culture, personality, 

and networks are often mentioned as conducive to new ventures. A recent report by 

Bank of Boston (1997) investigating companies founded by MIT graduates 

emphasized that MIT encourages its students to become risk-takers and to start their 

own business. It is also well established that children of entrepreneurs are more likely 

than others to become entrepreneurs – another indicator of the importance of culture 

and tradition in the surrounding community. As mentioned in the introduction, we are 

only investigating one side of the coin, the university side. In order to get the whole 

picture we would have to include the other part as well, which is beyond the scope of 

this report. 
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Table 7.1 Technology transfer in U.S. universities - organization, staffing and funding 
AUTM-data from FY 1996, (*) Indicates data from interview material 
University Year OTT 

started 
Reports to: (*)  Staffing 

(FTEs), 
Staffing (FTEs) (*) Expertise (*) Legal 

Expertise in 
OTT (*) 

Outside legal advice from 
(*) 

Annual Budget for 
licensing & patenting (*) 

University 
Annual 
Research 
Budget ($M) 

5 1982 VP Research 15.25 7 professionals, 10 support 
staff 

Basic science; legal (1); 
mgmt (1) 

Yes Univ. Risk Mgr. Total Budget $2M; 
patenting $500K 

441.3

4 1970 VP Research 18 20 professionals, 5 support 
staff 

2 biotech; 2 physical 
science; 2 both 
engineering; industrial 
experience 

No Univ. Risk Mgr; Outside 
IP firm 

Total Budget: $2.2M. For 
patenting: $2M. License 
income $700K 

395.5

8 1978 VP Research 4 3,5 professionals, 2,5 
support staff 

MBA (1); PhD in science 
(2); legal (1) 

Yes Univ. IP office Total budget: $4M; for 
patenting: $750K 

218.0

6 1990 VP Research 4 4 professionals, 2 support 
staff 

Basic & pol science (1); 
genetics(2); Ind. Engin. (1)

No Univ. Office of Legal 
Affairs. IP: outside firm 

Patenting budget: $400-
500K. License income 
$200-300K 

207.7

3 1992 Provost 5 4 professionals, 2 support 
staff 

Engineering; basic science; 
MBA 

No Outside firm N.A. 165.0

9 1985 VP Research 4.5 3 professionals, 2 support 
staff 

Basic science, business No Univ. Office of General 
Councel 

Patenting budget: $855K. 
License income $580K 

146.0

1 1986 VP Research 3.5 2 professionals, 1 support 
staff 

Legal (2) Yes Univ. Attorney & Univ. 
Risk Mgr. 

Total budget: $320K; for 
patenting: $90K 

140.6

7 1990 Provost & V. 
Chanc.- Health 
Affairs 

2.25 2.5 professionals, 4 
support staff 

Elec. Engin.; life sciences; 
business 

No Univ. Attorney Total budget $580K; for 
patenting: $150K 

128.5

2 1983 VP Research 3.5 2 professionals, 1 support 
staff 

Basic science (1); legal (1) No Univ. Risk Mgr. Total budget: $389K; for 
patenting: $154.2K; 
license income $136.5K) 

64.4

10 1986  11      328.0
11 1985  6.3      250.0
13 1990  6.05      144.1
12 1991  2      13.5

Median 1986  4.5 165.0
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Table 7.2 Technology transfer in U.S. universities - licensing procedures 
Data from interview material 
University NDA negotiated 

by 
Duration of 
process for 
standard 
agreement 

NDA sign-off 
by 

MTA sign-off by Licensing: 
Personnel 
involved 

Licensing sign-
off authority 

Role in finding 
licensees 

Number of 
professional 
staff 

Indemnific 
required 

1 OTT, 
researcher, 
Univ. attorney, 
Univ. risk mgr 

1-2 days Provost Provost OTT, 
researcher, 
Univ. attorney, 
Univ. risk mgr 

Provost Modest role 
(limited by 
resources) 

2 Sought but 
not always 
required 

2 OTT officers 1 day OTT officers OTT officers OTT officers OTT officers ? 2 Yes 
3 OTT officers Varies OTT after 

consultation 
with legal 
counsel 

N/A OTT director, 
licensing officer, 
Univ. legal 
counsel 

OTT after 
consultation 
with legal 
counsel? 

? 4 Yes 

4 OTT officers 1 day OTT officers OTT officers OTT officers OTT officers Active search 
via existing 
licensees, 
corporate 
contacts, 
directories, on-
line searches 

20 Yes? 

5 OTT officers 1 week OTT 
director? 

Incoming: Dept. 
of Research 
Admin.; 
outgoing: OTT 
officers? 

OTT officers OTT director? Fairly active 7 ? 

6 OTT officers, 
with input from 
legal counsel 

A few days OTT director OTT director? OTT officers, 
with input from 
legal counsel 
and inventor 

OTT director ? 4 Yes 

7 OTT officers? ? ? Div. of 
Sponsored 
Research in 
Provost's office 

Inventor; OTT 
officers 

? Relies on 
existing network 
and researcher's 
contacts 

2.5 ? 

8 OTT officers ? OTT officers OTT officers OTT officers OTT officers? Relies on 
existing network 
and researcher's 
contacts 

3.5 ? 

9 OTT officers? Varies OTT officers OTT officers OTT officers VP Research ? 3 ? 
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Table 7.3 Technology transfer in U.S. universities - patenting and licensing activities 
AUTM-data from FY 1996, (*) Indicates data from interview material 
University Medical 

School 
Schools and departments most frequently served by OTT 
(*) 

Invention 
disclosures 
received 
FY1996 
(AUTM) 

FY1996 U.S. 
patent 
applications 
(AUTM) 

FY 1996 
U.S. 
Patents 
Issued 
(AUTM) 

FY1996 
licenses & 
options 
yielding 
license 
income 

Total 
active 
licenses & 
options 
1996 

FY1996 
Gross 
License 
income 

FY 1996 
income per 
license 

FY 1998 
Patents 
generating 
more than 
$ 100.000 
(*) 

8 No Biology, chemistry, chemical engineering, applied 
engineering, applied physics, computers 

300 120 31 35 N.A. $3,900,000 $111,429 3 

4 Yes Engineering: electrical. Medicine: various. Various 
laboratories. 

160 130 56 259 903 $43,752,059 $168,927 20 

10 Yes  136 54 46 29 94 $782,000 $26,966  
5 Yes Medicine. Engineering. 112 65 23 82 142 $1,074,747 $13,107 6 
3 No Computer science, robotics. Engineering: electrical & 

computer. Arts & sciences: chemistry 
83 18 8 13 43 $7,135,262 $548,866 4 

13 Yes  73 23 16 49 82 $2,939,965 $59,999  
6 Yes Engineering: electrical, mechanical. Arts & sciences: 

physics, chemistry. Pharmacy. Medicine: HLI, surgery, 
internal medicine, OB/GYN. Agriculture & veterinary: 
food animal health, veterinary biosceinces, horticulture 
& crop science, food science. 

63 49 21 25 78 $1,096,700 $43,868 3 

9 Yes Medicine 63 34 11 17 38 $2,580,000 $151,765 5 
7 Yes Medicine (70-75 %). Engineering (10-15 %). 58 10 7 27 67 $640,288 $23,714 4 
1 Yes Medicine: various. Engineering: biomedical, materials 

science, electrical. Arts & sciences: physics, biology, 
chemistry 

43 15 8 17 37 $543,397 $31,965 3 

2 Yes Medicine: molecular genetics, internal medicine, surgery, 
many others. Arts & sciences: chemistry. Engineering: 
chemical eng., civil & environmental, electrical & 
computer, mtrls science 

38 23 8 11 39 $2,207,682 $200,698 1 

11 Yes  22 44 20 117 218 $9,413,429 $80,457  
12 Yes  22 4 5 1 6 $874,262 $874,262  

Median  63 34 16 27 73 $2,207,682 $80,457 4 
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Table 7.4 Technology transfer in U.S. universities - start-up activities 
AUTM-data from FY 1996, (*) Indicates data from interview material 

University Attitude to start-ups (*) FY 1996 
Start-up  
companies 
formed 

Start-up  
companies 
formed 94-96 

1 University plays no active role in spin-offs, but affiliated organizations sometimes do. 
The university prefers licensing to large companies rather than to get involved with 
start-ups. 

1 5 

2 N.A. 0 1 
3 Actively involved in the start-up process, helping out in the commercialization process 

via documentation package, Incubation service, financial support (cash $20K and 
credit $30K)and contacts with several organizations 

2 3 

4 OTT is not in the business of creating or helping with spin-off or start-up companies.  14 25 

5 Actively involved and encourages start-ups. OTT has one person working full time 
with this. The state provides information and contacts with venture capitalists but 
offers no direct financial help. 

8 9 

6 OTT  plays an active role in securing technical and financial support. Spin-offs also 
have access to a local incubator. 

0 0 

7 Actively involved with the start-up process. The university has an organization 
specifically for this. There is also an investment fund of  $10K available. Has hired a 
person with commersialization experience for this matter. 

1 1 

8 Actively involved in the start-up process, helping out in the commercialization 
process. About 1/3 of all license agreements involve start-ups. 

10 16 

9 OTT helps with start-ups but does not initiate them. 0 3 
10  4 16 
11  1 4 
12  0 1 
13  0 3 
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Table 7.5 Technology transfer in U.S. universities - industry sponsorship 
AUTM-data from FY 1996, (*) Indicates data from interview material 
University Annual Budget for 

licensing & patenting 
(*) 

Annual Research 
Budget 1996 , $M 

Industry-sponsored 
research 1996, $M 

Industry-sponsored 
research in % of 
total FY96 

Annual Research 
Budget 1991 , $M 

Industry-sponsored 
research 1991, $M 

Industry-sponsored 
research in % of total 
FY91 

5 Total Budget $2M; 
patenting $500K 

441.3 35.1 8.0 324.1 23.4 7.2 

4 Total Budget: $2.2M. 
For patenting: $2M. 
License income 
$700K 

395.5 19.6 5.0 280.1 14.1 5.0 

10  328.0 20.0 6.1 238.0 4.5 1.9 
11  250.0 22.3 8.9 181.0 17.6 9.7 
8 Total budget: $4M; 

for patenting: $750K 
218.0 4.0 1.8 115.0 2.7 2.3 

6 Patenting budget: 
$400-500K. License 
income $200-300K 

207.7 17.3 8.3 154.0 10.0 6.5 

3 N.A. 165.0 21.5 13.0 N.A. N.A. N.A. 
9 Patenting budget: 

$855K. License 
income $580K 

146.0 16.4 11.2 82.3 1.0 1.2 

13  144.1 13.2 9.2 87.2 2.8 3.2 
1 Total budget: $320K; 

for patenting: $90K 
140.6 5.4 3.9 106.2 16.4 15.4 

7 Total budget $580K; 
for patenting: $150K 

128.5 10.6 8.2 109.1 24.5 22.5 

2 Total budget: $389K; 
for patenting: 
$154.2K; license 
income $136.5K) 

64.4 4.1 6.4 66.0 5.1 7.8 

12  13.5 2.7 20.3 10.2 1.6 15.3 
Total  2642.6 192.3 7.3 1753.2 123.7 7.1 
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Table 7.6 Technology transfer in U.S. universities - miscellaneous data 
Data from interview material 
University Policy wrt 

exclusive vs. non-
exclusive licensing 
(*) 

Patent ownership if 
institutional non-interest (*) 

Sharing of license income (net) (*) Monitoring of royalty 
agreements (*) 

Proposed success indicators (*) 

1 Industry sponsors 
get option on 
exclusive license 

Univ. owns patent but 
licenses it back to inventor 

50 % inventor(s), 25 % OTT, 25 % mgmt center or 
school 

Needs improvement. Commercial use on the market. Local firms working 
w/ university. Faculty satisfaction. 

2 No policy Assigns ownership to 
inventor 

<$50K: 60 % inventor,  15 % dept, 5 % college, 20 % 
univ. $50-100K: 40 % inventor, 25 % dept. 15 % 
college, 20 % univ. >$100K: 30% inventor, 30% dept., 
20 % college, 20 % univ. 

Annual review, annual 
billing. Termination in case 
of non-payment. 

Still working on that. 

3 No policy If sponsored research: univ. 
owns IP but may assign it to 
inventor. If not sponsored, 
inventor owns. In both cases, 
income is shared. 

4 basic distributions depending on how IP was created: 
Univ. 100%, inventor 0%; Univ. 0%, inventor 100%; 
50/50; or 15/85. Univ. share is divided equally betw 
dept and univ. admin. 

Licensees required to 
maintain records and make 
them available for annual 
audit. 

Number of technologies brought to market. Service to 
faculty. Regional economic development. Number of 
spin-off companies. Financial result for univ. 

4 No. Depends on 
circumstances 

If govt. sponsored, rights are 
returned to govt. In other 
cases, OTT may license 
inventor. 

15 % of gross revenue to support OTT. Then direct 
expenses are deducted. Net revenue: 33 % inventor, 
33% dept., 33% school 

Licensing associates and 
OTT accounting monitor 
and enforce royalty 
agreements. 

Number of licences. New monies and royalties 
generated. High licensing rate of patents. 

5 No, but follow 
guidelines for 
federal funding 

Reassignment to inventor. <$200K: 50% inventor, 25% dept., 25% mgmt center. 
$200-$2000K: 33.3% inventor, 33.3 % dept., 33.3% 
mgmt center. >$2000: 33.3% inventor, 66.7% mgmt 
center 

Moving from manual to 
computerized monitoring 
and invoicing. 

Royalty income. Number of patents and licenses. 
Degree of success of transfers (not only monetarily). 

6 No policy Reassignment to inventor. 
Income shared. 

<$75K: 50% inventor; of the remainder after expenses  
33.3% inventor, 25% univ., 52.7% dept. >$75K: after 
expenses, 33.3% inventor, 25% univ., 52.7% dept. 

Starting to implement 
computer program to 
monitor license payments. 
Have begun terminating 
non-compliant licenses. 

Service to faculty. 

7 Usually exclusive 
licenses 

Reassignment to inventor. Non-medical: <$100K: 50% inventor, 10% dept. 30% 
school, 10% tech promotion. Non-medical >$100K: 
40% inventor, 20% dept., 25% school, 5% tech 
promotion, 10% tech research. Medical <$100K: 50% 
inventor, 20% dept., 20% school, 10% tech promotion. 
Medical >$100K: inventor 40%, dept. 255, school 20%, 
tech promotion 5%, tech research 10%. 

An administrator monitors 
via a computer program. 

Level of overall activity: patent applications, license 
income, royalties. 

8 Only exclusive 
licenses 

Reassignment to inventor. Inventor 50%. Of remainder, 25% dept., 75% general 
fund 

Not effective. Companies 
usually contacts OTT, not 
vice versa. 

Number of invention disclosures. 

9 No policy Licensed to inventor. 40% inventor, 20% inventor's research, 10% dept., 
10% school, 20% univ. adm. 

Finance person within OTT 
monitors agreements. 

Activity level wrt number of disclosures. Restricted 
disclosure agreements, MTAs, license agreements, 
patent app., patents issued, lic. income, expenses 
reimbursed. 
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Table 7.7 Total research expenditure, number of licenses and options, and 
total license income, FY 1996 

Institutions Total Research 
Expenditure  

Cumulative Active 
Licenses and Options 

Total license income 

    

5 $441,300,000 142 $1,074,747 

4 $395,464,378 903 $43,752,059 

10 $328,000,000 94 $782,000 

11 $250,000,000 218 $9,413,429 

8 $218,000,000 N.A. $3,900,000 

6 $207,733,549 78 $1,096,700 

3 $164,982,731 43 $7,135,262 

9 $146,000,000 38 $2,580,000 

13 $144,120,325 82 $2,939,965 

1 $140,562,429 37 $543,397 

7 $128,500,000 67 $640,288 

2 $64,374,226 39 $2,207,682 

12 $13,513,704 6 $874,262 

 



 

 

 

146 
 

 
Table7.8 Descriptive statistics n 
 N Minimum Maximum Mean Std. Deviation 
PROGYEAR 
Year in which institution 
devoted 0,5 prof. FTE to 
technology transfer 

13 1970 1992 1985 6 

96PTTFTE 
Prof. FTEs in technology 
transfer office 

13 1 7 3 2 

96STTFTE 
Support staff FTEs in 
technology transfer office 

13 1 11 3 3 

96INDEXP 
Research expenditures: 
Industrial sources 

13 $2,748,331 $35,100,000 $14,792,737 $9,381,410 

96FEDEXP 
Research expenditures: 
Federal government 
sources 

13 $7,610,439 $336,771,918 $154,084,230 $96,809,229 

96TOTEXP 
Total research 
expenditures 

13 $13,513,704 $441,300,000 $203,273,180 $124,043,626 

96LCEXEC 
Licenses/options executed 

13 1 136 29 36 

96ACTLIC 
Cumulative active 
licenses 

12 6 903 146 245 

96LIRECD 
License income received 

13 $543,397 $43,752,059 $5,918,445 $11,684,127 

96LCGNLI 
Licenses/options 
generating licenses 
income 

13 1 259 52 70 

96LILIFE 
Licenses income received 
in life science 

13 $206,486 $36,061,053 $4,564,069 $9,729,029 

96LIPHYS 

Licenses income received 
in  physical science 

13 $0 $7,691,006 $1,354,377 $2,675,048 

96EXPLGF 
Legal fees expended 

13 $143,822 $2,306,000 $871,629 $685,974 

96REIMLG 
Legal fees reimbursed 

13 $0 $941,000 $363,126 $346,691 

96INVDIS 
Invention disclosures 
received 

13 22 300 90 76 

96TPTAPP 
Total patent applications 
filed 

13 4 130 45 40 

96NPTAPP 
New patent applications 
filed 

13 3 90 33 28 

96USPTIS 
U.S. patents issued 

13 5 56 20 16 

96STRTUP 
Start-ups initiated 

13 0 14 3 5 

Valid N (listwise) 10     
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Table 7.9 Descriptive statistics N 
 N Minimum Maximum Mean Std. Deviation 
PROGYEAR 
Year in which institution 
devoted 0,5 prof. FTE to 
technology transfer 

120 1925 1997 1985 12 

96PTTFTE 
Prof. FTEs in technology 
transfer office 

130 0 60 3 6 

96STTFTE 
Support staff FTEs in 
technology transfer office 

130 0 41 2 4 

96INDEXP 
Research expenditures: 
Industrial sources 

130 $59,000 $115,497,000 $11,770,796 $14,447,371 

96FEDEXP 
Research expenditures: 
Federal government 
sources 

131 $1,423,348 $868,719,000 $94,029,233 $124,744,587 

96TOTEXP 
Total research 
expenditures 

131 $5,417,090 $1,517,738,000 $142,658,426 $180,334,731 

96LCEXEC 
Licenses/options executed 

128 0 137 17 25 

96ACTLIC 
Cumulative active 
licenses 

128 0 903 82 137 

96LCEXSU 
Licenses executed to 
start-up companies 

124 0 14 2 3 

96LIRECD 
License income received 

131 $0 $63,200,000 $2,787,929 $7,846,979 

96LCGNLI 
Licenses/options 
generating licenses 
income 

130 0 513 38 63 

96LILIFE 
Licenses income received 
in life science 

119 $0 $36,061,053 $1,631,929 $4,113,471 

96LIPHYS 

Licenses income received 
in  physical science 

119 $0 $7,691,006 $402,168 $1,094,628 

96EXPLGF 
Legal fees expended 

127 $0 $17,968,000 $591,312 $1,681,113 

96REIMLG 
Legal fees reimbursed 

126 $0 $7,090,000 $226,724 $685,996 

96INVDIS 
Invention disclosures 
received 

131 0 670 62 80 

96TPTAPP 
Total patent applications 
filed 

130 0 325 30 40 

96NPTAPP 
New patent applications 
filed 

129 0 207 21 27 

96USPTIS 
U.S. patents issued 

131 0 159 14 19 

96STRTUP 
Start-ups initiated 

129 0 14 1 2 

Valid N (listwise) 80     
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Table 7.10 Correlation matrix N and n 
Correlations on N    

 PROGYEAR 96TOTEXP 96LCEXEC 96ACTLIC 96LIRECD 96LCGNLI 96INVDIS 96TPTAPP 96USPTIS 96STRTUP 96TOTFTE 

PROGYEAR 1.000 -0.504 -0.641 -0.536 -0.378 -0.567 -0.559 -0.536 -0.594 -0.449 -0.463 

96TOTEXP -0.504 1.000 0.996 0.995 0.982 0.997 0.999 0.999 0.998 0.994 0.997 

96LCEXEC -0.641 0.996 1.000 0.998 0.984 0.998 0.997 0.997 0.997 0.995 0.993 

96ACTLIC -0.536 0.995 0.998 1.000 0.988 0.998 0.996 0.997 0.996 0.995 0.994 

96LIRECD -0.378 0.982 0.984 0.988 1.000 0.989 0.983 0.985 0.984 0.980 0.988 

96LCGNLI -0.567 0.997 0.998 0.998 0.989 1.000 0.997 0.998 0.998 0.993 0.997 

96INVDIS -0.559 0.999 0.997 0.996 0.983 0.997 1.000 0.999 0.998 0.995 0.996 

96TPTAPP -0.536 0.999 0.997 0.997 0.985 0.998 0.999 1.000 0.999 0.995 0.996 

96USPTIS -0.594 0.998 0.997 0.996 0.984 0.998 0.998 0.999 1.000 0.994 0.996 

96STRTUP -0.449 0.994 0.995 0.995 0.980 0.993 0.995 0.995 0.994 1.000 0.990 

96TOTFTE -0.463 0.997 0.993 0.994 0.988 0.997 0.996 0.996 0.996 0.990 1.000 

    
Correlations on n    

 PROGYEAR 96TOTEXP 96LCEXEC 96ACTLIC 96LIRECD 96LCGNLI 96INVDIS 96TPTAPP 96USPTIS 96STRTUP 96TOTFTE 

PROGYEAR 1.000 -0.595 -0.819 -0.864 -0.734 -0.764 -0.599 -0.870 -0.723 -0.858 -0.670 

96TOTEXP -0.595 1.000 0.702 0.599 0.467 0.672 0.467 0.703 0.782 0.741 0.903 

96LCEXEC -0.819 0.702 1.000 0.980 0.930 0.991 0.362 0.760 0.770 0.801 0.810 

96ACTLIC -0.864 0.599 0.980 1.000 0.975 0.968 0.636 0.897 0.777 0.868 0.757 

96LIRECD -0.734 0.467 0.930 0.975 1.000 0.920 0.270 0.646 0.659 0.691 0.658 

96LCGNLI -0.764 0.672 0.991 0.968 0.920 1.000 0.255 0.690 0.717 0.723 0.790 

96INVDIS -0.599 0.467 0.362 0.636 0.270 0.255 1.000 0.827 0.631 0.784 0.344 

96TPTAPP -0.870 0.703 0.760 0.897 0.646 0.690 0.827 1.000 0.843 0.913 0.648 

96USPTIS -0.723 0.782 0.770 0.777 0.659 0.717 0.631 0.843 1.000 0.791 0.792 

96STRTUP -0.858 0.741 0.801 0.868 0.691 0.723 0.784 0.913 0.791 1.000 0.759 

96TOTFTE -0.670 0.903 0.810 0.757 0.658 0.790 0.344 0.648 0.792 0.759 1.000 

Correlations are significant at the 0.05 level (2-tailed).   

Correlations was estimated using Pearson Correlation   
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Table 7.11 Regression on N 
Y b1*X1 

program 

year 

b2*X2 

total exp. 

b3*X3 

Staff/ 

FTE 

b4*X4 

Inv.dis 

b5*X5 

total 

patent 

app. 

b6*X6 

new 

patent 

app. 

b7*X7 

US patent 

issued 

b8*X8 

Cum. 

licenses 

R2 and 

R2 adj. 

*= sig. t-

values 

 

Inv. dis. 

 

-.964 

 

 

β1=-.139 

 

2.230 

E-07 

 

β2=.502 

 

3.003 

 

 

β3=.361 

 

     .839 

.835 

* 

Total 

patent 

-.347 

 

 

β1=-.100 

 

1.313 

E-07 

 

β2=.593 

 

1.206 

 

 

β3=.291 

 

     .839 

.835 

* 

Total 

patent 

 

   .468     .888 

.888 

* 

New 

patent 

   .306     .847 

.846 

* 

Patent 

issued 

    .436    .812 

.811 

* 

Patent 

issued 

     .707 

(t-1) 

  .807 

.805 

* 

License       1.234 

(t-1) 

 .702 

.699 

* 

Cum. 

Licenses 

    2.906    .700 

.697 

* 

License 

inc. 

       45590 .622 

.619 

* 

Start-ups -3.775 

E-02 

 

β1=-.192 

 

5.428 

E-09 

 

β2=.429 

 

2.157 

E-02 

 

β3=.091 

 

not sig. 

t –value 

     .398 

.382 

* 
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Table 7.12 Regression on n 

Y b1*X1 

program 

year 

b2*X2 

total exp. 

b3*X3 

Staff/ 

FTE 

b4*X4 

Inv.dis 

b5*X5 

total 

patent 

app. 

b6*X6 

new 

patent 

app. 

b7Xx7 

US patent 

issued 

b8*X8 

Cum. 

licenses 

R2 and 

R2 adj. 

*= sig. t-

values 

 

Inv. Dis. 

 

-8.469 

 

 

β1=-.685 

 

5.397 

E-07 

 

β2=.886 

 

-13.733 

 

 

β3=-.915 

 

not sig. 

t-value 

     .509 

.345 

* 

Total 

patent 

-5.229 

 

 

β1=-.804 

 

2.188 

E-07 

 

β2=.683 

 

-4.005 

 

 

β3=-.507 

 

     .851 

.801 

* 

Total 

patent 

 

   .435     .684 

.655 

* 

New 

patent 

   .316     .739 

.715 

* 

Patent 

issued 

    .337    .711 

.685 

* 

Patent 

issued 

     .547 

(t-1) 

  .410 

.357 

* 

License       1.688 

(t-1) 

 .818 

.802 

* 

Cum. 

Licenses 

    6.415    .805 

785 

* 

License 

inc. 

       48461 .950 

.945 

* 

Start-ups -.482 

 

 

β1=-.641 

1.254 

E-08 

 

β2=.338 

 

2.171 

E-02 

 

β3=.024 

 

not sig. 

t - value 

     .819 

.759 

* 
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Appendix 7.A.  

 

TECHNOLOGY TRANSFER SURVEY QUESTIONNAIRE 

 
Date of interview ________________ 
 
Name of institution _______________________________ 
 
Name and title of person interviewed _____________________________________________ 
 
 
Organization 
How is the office of technology transfer (OTT) organized? 
How does it fit into the university structure: 
administratively? 
legally? 
 
Is there more than one technology transfer office? Are there branch offices with delegated 
responsibilities within the university structure? 
 
How does the university manage the risk exposure associated with technology transfer? Where does 
the requisite legal expertise reside? Is there a legal officer within OTT to manage that responsibility? 
 
What is the total annual budget for: 
Technology licensing? 
Patent expenses? 
 
How is this budget divided between units (if there is more than one OTT unit)? 
 
How does the university organize the commercialization process with respect to:  
Licensing? 
Start-up or spin-off? 
 
Is the OTT actively involved in facilitating technical, entrepreneurial and financial support? If so, 
what are the institutional arrangements? 
 
What departments in the two or three most active units (schools, management centers, etc.) does the 
technology transfer office most frequently serve? 
 
Approximately, how many faculty members do these departments have? 
 
 
Process 
 
Who initiates the technology transfer process? 
 
In general, does the researcher know where and to whom to turn? 
 
What are the procedures for non-disclosure or confidentiality agreements? 
Please describe the process in a typical case. 
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Who are the people involved in the negotiation procedure, and what level of authority or autonomy do 
they represent? 
Duration of the process? 
 
What are the procedures for material transfer agreements (MTA's)? 
Please describe the process in a typical case. 
Who are the people involved in the negotiation procedure, and what level of authority or autonomy do 
they represent? 
Duration of the process? 
 
What are the procedures for licensing agreements? 
Please describe the process in a typical case. 
Who are the people involved in the negotiation procedure, and what level of authority or autonomy do 
they represent? 
Duration of the process? 
 
What are the procedures for start-ups? 
Please describe the process in a typical case. 
Who are the people involved in the negotiation procedure, and what level of authority or autonomy do 
they represent? 
Duration of the process? 
 
Who initiates patent applications? The technology transfer office? The researcher? Other? 
 
Is the stance of the university one of passively or actively facilitating patenting? 
 
How many patent applications do you handle each year? 
More than the technology transfer office can handle or too few? 
How do you determine what is going to be patented? 
What are the main constraints, personnel, budget, other? 
 
What are the major fields or disciplines generating patents? Are they representative of the research 
strengths of the university? 
 
What is the number of patents generating income exceeding $100,000 annually? 
 
What success indicators do you use to evaluate the effectiveness of your OTT? 
 
What are the accounting problems involved in funding the technology transfer structure and 
distributing the proceeds between the university/management centers/departments? 
 
How are royalty agreements monitored and enforced? 
 
Has the industry sponsored research increased over the years? 
If yes, how much has it increased? 
What mechanisms are behind this development and how did it come about? 
How does the university feel about industry sponsored research? Is it important? 
What is the impact on technology transfer? 
 
What are the linkages between industry-sponsored research on one hand and patenting and licensing 
activities on the other? 
Is there an institutional policy with regard to exclusive vs. nonexclusive licensing based on source of 
funding? 
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What is the university policy with respect to patent ownership after review and declaration of 
institutional non-interest?  How is patent ownership allocated between the researcher (patent author), 
the university, and other entities? 
 
How is the license income shared between different players or units (entities)? 
 
Do the procedures for research agreements differ with respect to the source of funding, i.e., industry-
sponsored research versus government funding? If so, how do they differ?  
 
In the case of industry-sponsored research, what are your policies regarding exclusive/nonexclusive 
licensing and sublicensing? 
 
 
Personnel 
 
What is the size of  the staff of the technology transfer office? At the university level? At other levels? 
How many are professionals and how many are supporting staff (FTEs)? 
Are they working part time or full time? 
 
What are the areas of expertise of the professional staff? 
- Basic science 
- Legal 
- Business/management 
- Other 
 
Are there any additional needs for expertise in the technology transfer office? 
If yes, What kind of expertise are you looking for? 
 
 
Other 
 
Is there any particular model for technology transfer that you think should be emulated (especially as 
it may fit your institution)? 
 
What are the sources of local support for technology transfer in your university community? 
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8. CONCLUSIONS 

 

 

8.1 Introduction 

 

This dissertation is a study of the creative destruction process and the entrepreneurial process 

for economic development. To study this we have chosen the health care industry as an 

illustration. The health care industry is both important and interesting to study from several 

points of view. The health care industry is large, even larger than the manufacturing industry, 

and uses significant resources. Hence, productivity development in the industry is important. 

The potential gains and economic benefits from new technology introduction are very large. 

 

In order to understand the economic development of this industry, we argue that an 

evolutionary or dynamic theory is necessary to organise our facts and that the analysis has to 

be taken down to the (micro) firm or establishment level. We are interested in why and how 

the industry grows and changes over time. For this, the institutional setting is important in 

that institutions influence the incentives that guide actors in the economy.  

 

We use the theory of the experimentally organised economy and competence blocs as an 

analytical tool throughout the dissertation. This theory concludes that industrial development 

and growth occurs through experimental selection in markets. If markets are not in place – 

and this is the case in large parts of the health care industry – the theory suggests that 

innovative economic development will not occur. Furthermore, the theory, suggests that the 

experimental selection, in order to be efficient, has to be filtered through a competence bloc 

of functionally defined actors with different but complementary competencies. Only when 

this competence bloc is vertically complete and horizontally varied will this selection be 

dynamically efficient in the sense of “minimising” the economic consequences of keeping 

losing projects too long and rejecting the winners.  
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8.2 Empirical Results 

 

Several empirical approaches are used, ranging from econometric analyses of micro data on 

regions and establishments to an almost experimentally designed case study in which two 

almost identical innovations have been introduced in two different competence blocs, that of 

US and that of Sweden. Finally, we use questionnaire survey technique for collecting data on 

the technology transfer process at American universities.  

 

In this dissertation we address three major research questions that we answer in the empirical 

chapters. They are: 

 

i) Has the withdrawal of a major employer in the Uppsal region released resources for 

employment in other new and incumbent firms, thus generating positive employment 

growth effects in the same region?  

 

ii)  Does the turnover of establishments in the pharmaceutical and medical technology 

  industry have a positive effect on regional employment growth? 

 

iii) While innovative new technology is a necessary input into firm growth, it contributes 

little or nothing to growth if certain incentives and other resources are not present. 

Therefore we ask: How important is a complete competence bloc?  

 

The analysis of the ongoing industrial transformation of the Uppsala region in Chapter 4 

addresses the first question. Uppsala is chosen since the region’s dominating employer within 

the pharmaceutical industry, Pharmacia, to a significant extent has withdrawn from the region 

and moved abroad after its merger with Upjohn in 1995. The statistical analysis gives no 

evidence that the partial withdrawal of Pharmacia has had any effect on employment growth 

in the region, neither positively nor negatively. This led us to conclude that an exodus of a 

major employer in an area might not be so catastrophic, even in the short run. This might be 

because of other local supporting functions of the competence bloc in the area, such as a high 

level of venture capital and competence (skilled labour etc) in the area as well as the access to 
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Uppsala University, the research hospital Akademiska sjukhuset and the University of 

Agriculture, SLU. 

 

In Chapter 5, we address the second question, and conclude that the turnover of 

establishments in the pharmaceutical and medical technology industry has had a positive 

effect on regional employment growth, just as our theory predicts. Furthermore, this 

illustrates that the dynamism in itself is important, as more business experiments increase the 

chances of finding the winners.  

 

The third question is partially answered in Chapter 6 and also in Chapter 7. In both Chapters 

6 and 7, the creation, diffusion and commercialisation of technology originating in academia 

is studied. Enormous resources have been invested in higher education and university 

research. Active university entrepreneurship is a way to obtain a decent return on the 

investment, for this we find that a complete competence bloc is needed. 

 

In the case study of Chapter 6, the commercialisation of two almost identical inventions in 

two different competence bloc environments is studied. The competence bloc lists the 

minimum set of actors with competence needed to support the critical selection of projects 

needed to build an industry. The study reveals the importance of a vertically complete 

competence bloc for efficient selection, i.e. a selection that minimises the risk of losing “the 

winners”. If only one of the actors in the competence bloc is missing, winners can easily get 

lost. That almost happened to the Swedish invention. This can easily become a costly mistake 

for an economy. It also illustrates how important the institutional set-ups are for economic 

development. If the important institutional support is missing, the competence bloc will not 

work properly. 

 

In the technology transfer study in Chapter 7, the role of institutions that carry university 

research through the competence bloc in the US is shown to be of importance. We identify 

several important factors behind a successful diffusion and introduction of technology in the 

industry. First, technology transfer can occur in many different forms. The publication of 

research results in scientific journals and books is the most common form of dissemination. 

Second, in some cases the transfer will occur only if the intellectual property is protected and 
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then commercialised. Third, the recent increase in university patenting and licensing activity 

is, at least in part, a consequence of the Bayh-Dole Act from 1981. Fourth, we find, not so 

surprisingly, a significant correlation between research expenditure and the number of patents 

and licenses issued as well as a high correlation between research expenditure and licensing 

income. The most valuable lesson, however, is that this chapter directly illustrates how 

institutional changes like the Bayh-Dole Act have immediate positive effects on the economy. 

 

In conclusion, this dissertation illustrates that the economy is experimentally organised and 

constantly changing in a true Schumpeterian way. 
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