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1.What’s in sight when trying to catch the industrialization of research?

“The driving force behind the accelerated supply and demand of marketable knowledge lies in the intensification of international competition in business and industry” (Gibbons et al, 1994, p. 46). 

“The time needed to complete the journey from original research to commercial innovation is being accelerated” (Nature, October 2001, p. 6). 

“Competing in time reflects a growing pressure on firms not just to introduce new products but to do so faster than competitors” (Tidd, Pavitt & Bessant, 1997, p. 5).

The formulations vary, but when the issue of industrial development in general or more particularly its connection to research is discussed by researchers or journalists, three popular explanations stand out. First, the most important driving force behind these processes is ascribed to the ever–increasing competition between firms. Or, as expressed by Gibbons et al, 1994, p. 12 “As the pressures of international competition increase, firms try to meet challenges presented through the introduction of new technologies.” Second, this tougher competition is assumed to create a growing demand for production of knowledge: Intensified competition is at the center of demand for specialist knowledge” (Ibid, p. 46).  Third, time is understood as an important element in this process – not as a resource in itself, but as something that has to be kept as short as possible. To use the words of Prahalad and Hamel (1994, p 34) “Today speed is of the essence.” 

The interpretation of successful industrial development, including industrialization of research, shows a strong reliance on competition as benefactor. The understanding that competition is a prerequisite for industrial development is embedded in so many different parts of our society that it appears as an unquestioned truth. It is not only the foundation for journalists and business researchers who deal with issues like company life and wealth – it is also deeply embedded in the political and institutional worlds. Consider all these legal institutions, working on both national and international levels, with the aim of protecting competition in order to reach their larger goal: healthy, growing industrial structures. Thus, one of the healthiest axioms of today seems to be that competition is the dominant  driving force behind industrial development and its increasing need for academic knowledge.
 

1.1 Empirical impressions bearing witness to heaviness and variety

When faced with empirical experiences of how new solutions are developed and embedded into industrial structures, one wonders whether it is fair to claim that competition dominates these interaction patterns. Consider just some of the empirical pictures outlined by a wide range of authors engaged in different research disciplines, such as Van de Ven et al (1999), Bijker (1997), Basalla (1988), Hughes (1983) or Rosenberg (1982). What these and almost any deep empirical study of industrial development show (including how to relate to academic knowledge) is the sense that industrial structures are characterized by both heaviness and variety.
 This depicted world is not only distinguished by large investments in both knowledge and physical structures, but also by the way they relate and are embedded into each other over time. The only possible way to handle development in such a world, where many interdependencies are invisible until a change comes about, seems to be through “trial–and–error” and “muddling through.” 
 Furthermore, what makes these processes even more complicated is the fact that it is impossible to have complete knowledge of any solution, whether new or long–established. In this perspective, trials to predict the effect of a new solution, including both direct and indirect effects on supply and use, appear as a mission impossible. 

Thus, empirical experiences of industrial development call forth a world of interdependency and incompleteness, which make company life a journey that is, to use the words of Van de Ven (1999:ix), “often highly unpredictable and uncontrollable.” A similar view is outlined in a deep empirical study of how an increasing “green” awareness becomes related to industrial development (Håkansson,Waluszewski, 2002). Drawn into societal change, industrial actors struggle with how to use and create value in resources they have long used, but whose combination patterns are suddenly questioned. With restricted knowledge about each activated resource, and even more about the effects of how these resources function in combinations, industrial development becomes an interaction process which goes beyond the borders of companies’ and organizations’ – and also beyond their visible relationships. Sometimes this combining and recombining of resources is carried out with the help of new academic knowledge while simultaneous industrial efforts appear as an important source of new knowledge for academic or other research units. The outlined picture is far from what we see from a competitive perspective – an industrial world being like a “jungle,” a place where everyone competes and only the strongest will survive. Instead, this world appears more like a “rainforest,” with thousands of different species adapted to a life side by side. Certainly the interacting companies, organizations and academic research units must deal with both strong restrictions and tough conflicts, but the main impression is that they are mutually dependent for their long–term existence. In this world of diversity the relationship between companies and organizations appears to be far from restricted to a simple mechanism. If co–existence is a prerequisite for survival, interaction is an integral part of this circumstance (Håkansson, Waluszewski, 2002).

What these empirical impressions call forth is simply a severe objection to competition as the main explanation of both knowledge and industrial development. The first concern is the extent to which competition is an empirically observed phenomenon that overshadows the development and industrialization of new solutions. Second is the extent to which competition between firms is an empirically observed driving force behind the growth of academic knowledge development.  The third concern is whether competition is the concept that with great precision can highlight what’s happening in processes where new industrial solutions and academic knowledge are developed.

1.2 A hidden heritage from traditional economics?

Can it be that the “power” that is ascribed to competition has rather vague connections to the empirical phenomenon of industrial development? Is the belief in competition simply a heritage from the model world of traditional economics? This model world is a strict stylized construction developed to simplify the operations of the empirical world to be able to build mathematical representations. However, as Wilk (1996, p. 51) underlines, this at the price of “taking away the random, complicating or unique variables” – or the dynamic features of industrial life. In this model world, competition has the ingenious role of being a mechanism that guarantees an efficient allocation of given resources – i.e. which features are known in advance and which values are not affected by how they are combined. 

If the issue of industrial dynamics is difficult to handle with the traditional economic model, it is certainly on the agenda in many other research disciplines. 
 We are also offered an impressive supply of somewhat elaborate theoretical tools – and certainly these approaches diverge in their ways of approaching this issue. On one hand we have the anonymous, autonomous firms of traditional economics, which are seen as automatic absorbers of new knowledge, transferring them to new commercial solutions in a perfect linear direction. On the other hand we have the cooperating company described by economists in the so called “resource based view” (see e.g. Foss, 1997) and by sociologists in the “mode 2 view” (see Gibbons et al, 1994). In the latter interpretation, development of new knowledge and new commercial solutions is seen as advancing into a new phase where “scientific, technological and industrial knowledge production are becoming more closely connected” in something that is described as a diffusion process (Ibid, p. 48).  However, despite these visible differences, the dynamics of both the autonomous and the cooperating firm are credited to the same source. As it is expressed by Gibbons et al (1994, p. 15), “Sooner or later collaboration must turn into competition. This is the nature of wealth–creating processes as it is presently constituted.” 

Can this overwhelming attention towards competitions be regarded as a result of forgetfulness? Have we simply forgotten what many economists are aware of – that the assumption of economic behavior is a strict stylized model world – and embedded these into our research tools as if they were empirical experiences? Or, as McCloskey (1990, p. vii) put it, most often we treat the “stories” told by economists as “stylized facts” or “approximation of the good”. What underlying assumptions are then embedded into our different perspectives

when we adopt the view of competition as a main driving force in industrial development? The model world from which the idea of competition is derived is populated by rational economic agents acting to reach goals that are absolute and consistent over time – and that do not interfere with each other (Pelikan, 1988). An important prerequisite for the rationality axiom is the assumption that the resources available to reach these goals are homogeneous
, i.e. that their value is independent of how they are combined (Pasinetti, 1981).
 

As an illustration of the embedding of assumptions made in this stylized model, consider some of the approaches that have challenged this and questioned several of the aforementioned assumptions, particularly the homogeneity of resources and the independence of activities (See e.g., Prahalad & Hamel, 1994, Porter 1990, Wernerfeldt, 1984, Gibbons et al, 1984, Foss, 1997, Maskell et al, 1998). What these authors have in common is that they have all questioned the traditional assumptions of resources as being homogenous and actors as being independent. However, even if all of them take both the heterogeneity of resources and the interdependence of activities seriously, these issues are still framed in view of the traditional model. The effect of this influence becomes obvious when considering the treatment of the creation of advantages through utilizing heterogeneity of resources and value–generating activities: as issues that can be successfully managed by the individual firm (i.e. as phenomena that do not interfere with other companies’ resource constellations and activity structures). The creation of such advantages is, according to Foss (1997, p. 6), a result of “what the firm is capable of doing.” Or, to use the words of Gibbons et al (1994), p. 58) ”rational choices are what economics is all about,” and the main task of management is to create “a distinct, firm–specific knowledge base which will form the core of its capability to compete in national and international markets” (ibid, p. 25). In this perspective, the most important function of external units’ resource constellations and activity structures is to stimulate the company to continuously improve its performance (See e.g. Porter 1990). Thus, if a company is located in an environment with a challenging competition – a geographically defined cluster, with several similar and complementing units – this will stimulate each company to develop unique advantages. 

1.3 Research with the stamp of the tools

But why care whether any approach, consciously or not, reflects industrial development through a research tool borrowed from traditional economics, the spectacles of competition? Simply because any work carries the stamp of its tools. Several authors engaged in disciplines ranging from history of science to physics argue; the outcome of any investigation is the result of the interaction between certain empirical phenomena and the tools used to investigate them. As Burke (1992) stresses, even the most strictly narrative account of certain empirical phenomena rests on some models – although occasionally the performers are not aware of the underlying assumptions and simplifications. A similar understanding is expressed by Galison (1997), who shows that also within physics, which often is seen as the role model for positivism, there is a close interdependence between the construction of research tools and the outcome.

Is it that the awareness of the influence of research tools is higher within science as compared to social science? The suspicion is entertained when confronted with a typical publication of a scientific journal. Perhaps the layout does not split so much from the tradition within social science. In general, such a paper starts with a presentation of the research problem and what method was used to carry out the investigation – for example, a protein analysis carried out with 2D electrophoresis and mass–spectrometry. However, often such a study is permeated with an enviable consciousness about what the researcher is able to articulate - only what the research tools allow. Translated to social science: The only aspects we can see are those that our research tools allow us to capture. 
To sum up, although an overwhelming amount of approaches developed in different research traditions have supplied us with reflections on industrial development and its connection to academic knowledge, many of these are carried out with the presumption that competition is a main driving force. If we want to capture more than this aspect of the empirical phenomenon of industrial development – then  we are in the same boat as our colleagues within physics, biochemistry or any other scientific research fields. The only way to catch these facets is with the help of new or alternative research tools – where other underlying assumptions are embedded. Seldom are these tools lying there waiting to be picked up and used. They must be constructed to grasp the salient research issue. 

2. The emergence of the “Uppsala Biotech Valley” – the “overnight success” version

A current example of an area that has been interpreted as an utmost competitive cluster and also as an overnight success stimulated by one single event, is the life science/biotech industry in the Uppsala region.
 According to Nature (October 2001, p. 6), this area is characterized by a current “explosion of research projects, business initiatives and new biotech companies.” The popular explanation of this phenomenon is the increased supply of new technological solutions created through the dramatic restructuring of the Uppsala based pharmaceutical company Pharmacia in 1996. When Pharmacia merged with US based Upjohn in late 1996, it became the definite end of a four decades long era of being an Uppsala based company. Due to the merger with Upjohn, most of the management – activities ranging from supply and R&D to global marketing – were moved to the new US based head quarters. 
 Certainly Pharmacia had gone through changes before; the first half of the 1990s had been characterised by the merger with another Swedish unit, Kabi, and the taking over of Italian Pierrel and Farmitalia Carlo-Erba. The Upjohn story was however of another kind. Before the merger with Upjohn the Swedish based company Pharmacia was counted as the 18th largerst pharmaceutical company world-wide, including about 3.000 researchers. After the merger, what was left of Pharmacia in Uppsala was a production unit with less than 3000 employees – within a US based company with more than 40.000 employees. However, all research activities was not transferred from Sweden, but wat was left was moved to a new spin-off, Biovitrum, where about 400 researchers in the long run have to carry their own costs. The immediate interpretation of this industrial change was, both from a national and regional perspective, rather pessimistic. In the public debate, the restructuring was discussed as a severe threat to both the industrial and academic life science/biotech activities in the area. 

Company life in the life science/biotech field is, as Powell, 1996, Powell and Owen-Smith 1998, and Powell et al, 1999, underline, not only characterized by technologies that make these units multi–disciplinary, but also by interaction patterns that can be characterized as multi–institutional. In this case, Pharmacia is no exception. Pharmacia's development into a large international pharmaceutical company goes hand in hand with cooperative interaction with both national and international academic research universities and research hospitals, but Uppsala University appears as especially important.
 In the mid 1950s when Pharmacia moved to Uppsala from Stockholm, where it was established in 1911, it was as a very small company with about 225 employees. The possibility of developing a research collaboration with researchers at Uppsala University was an important reason behind the move, and in the following decades several research projects with far–reaching effects for industrial activities where carried out. The restructuring of Pharmacia in the late 1990s gave rise to the fear that the move of several marketing and R&D activities to the US – including academic cooperation – would cause a drain of experienced industrial and research people in the region. 

One effect of this fear was that it triggered several investigations of the life science/biotech industry within the region, carried out by among others the local government, the Uppsala Chamber of Commerce and by academic institutions. Previously the Uppsala industrial area had been thought to be synonymous with Pharmacia – something that was regarded as a vulnerable situation. But the new investigations uncovered an almost opposite picture. Instead of a biotech industry dominated by what was left by Pharmacia, (a production site and two spin–off companies, Pharmaica Biotech and Pharmacia Diagnostics) the view of a prospering life science/biotech cluster was outlined. According to the Chamber of Commerce, the Uppsala region hosted about 140 life science/biotech companies/start–up projects. 

This coincidence, the restructuring of the big pharmaceutical company and the discovery of a sparkling life science/biotech region, triggered the new interpretation: The void left by Pharmacia was the parent of a new, prospering life science/biotech cluster. Or, as it was expressed by the Chamber of Commerce (2000), “Pharmacia’s move of R&D laid the foundation for an expansive biotechnology in Uppsala…” “The move–out has released resources and unexplored ideas locked within Pharmacia, which have been developed into successful companies.” 
 

To create a positive image of Uppsala and to attract venture capital, the Chamber of Commerce and other lobbying organizations brought the new view forward in both national and international media. Per Lindström, projectleader at STUNS, one of the most energetic lobbying organizations with Uppsala university, the University of Agriculture, the local government and the chamber of commerce in behind, said, “Since the year 2000 more than 200 articles about Uppsala and its role as being a lively fast growing biotech cluster have been placed in media” (Interview, Per Lindström, 200202.27).  As an example, one of Sweden’s largest newspapers, Svenska Dagbladet (2000.11.07) bore the following headline: “Pharmacia’s move the beginning of something new.” An almost identical interpretation was made in one of Sweden’s largest business magazines, Dagens Industri (2001.01.20): “Pharmacia’s move made Uppsala moving.” The story became news not only in national but also in international media. Presented in Nature (October 2001), it became something of an established truth. The role of Pharmacia’s restructuring was interpreted as “encouraging entrepreneurs away from the big pharmaceutical companies.” The conclusion of this event was: “By spinning off some of its local operations Pharmacia has acted as a catalyst for the current biomedical boom. Former Pharmacia scientists and managers have been freed–up to channel their expertise and talents into start–up companies and projects.” (Nature, October 2001, pp. 5-6)

2.1 What’s behind an amazing success story? 

Despite the obvious risk of destroying an amazing success story, let us consider whether there are any other explanations for the rise of a new, prospering life science/biotech cluster, than competition and the death of an established company structure. Are there other important aspects other than the logic of competition? What patterns are put in the shadow of the understanding that a single, simple mechanism can breed industrial development? And what patterns are put in the shadow of the understanding that industrial development is a phenomenon that can be managed by the individual firm? Finally, what patterns are put in the shadow of the understanding that the development of an industrial region is the result of events taking place at a certain moment in time?

In order to investigate these issues, we need a research tool that captures complexity instead of simplicity. We need a tool that allows us to catch both the incompleteness and interdependency of the industrial and academic world. Thus, we need a research tool that allows us to identify both stabilizing and changing features of certain empirical phenomenon, including its connections to both contemporary and historical processes. In other words, we need a research tool that allows us to investigate the interactive features of industrial development.

However, before we take a closer look at such a tool kit we should consider some traps that it is easy to fall into when looking for an alternative approach. Seldom is an alternative in itself a guarantee for viewing certain phenomena in a new way. Consciously or not, the new tool is often developed using the old as the point of departure (See e.g. Galison, 1997). In our case, this means that there is an obvious risk that we are developing an approach with the underlying assumption that competition constitutes normality and interaction or cooperation is the exception. Thus, in the same way as a physicist who wants to investigate waves instead of particles must switch to completely different research instruments, we must investigate interactive features with tools specially adapted for such endeavors. 

2.2 An alternative tool kit

The research tool used to investigate industrial development within the Uppsala life science/biotech arena
 reflects this concept from the perspective of interaction between heterogeneous, interdependent resources, including how the resources are represented by actors. What makes this resource interaction so peculiar is that the knowledge of any resource is incomplete, and  the value of any resource depends on how its features are embedded into other resources (See Håkansson & Waluszewski, 2002 for a thorough discussion). 

The setting of this focus is the so called industrial network or IMP network approach, and its underlying assumption that a company’s technological, social and economic features are the result of its interaction with other companies (See e.g. Axelsson & Easton, 1992, Håkansson & Snehota 1995, Håkansson, Waluszewski, 2002).
 The interplay between companies/organizations is treated as a phenomenon that can have a wide variety of expressions – ranging from more distant relationships to close interactions – where the social and technological resources are confronted and adapted. It is an approach colored by the understanding that developments occur when companies and organizations encounter one another (Håkansson, Waluszewski, 2002).

With these underlying assumptions embedded into a research tool focusing upon direct and indirect resource interaction, we can investigate how a company’s technological and commercial solutions are developed and utilized. To do so we look at how resources are related, confronted and remodeled in relation to each other. Thus, it is a research tool inspired by the work of Edith Penrose (1959), and her idea that the way a resource is activated creates its “services.”  This research tool (which is throroughly presented in Håkansson, Waluszewski, 2002) focuses on four different types of resources. Two are mainly social; business units and business relationships and two mainly physical; products and production facilities. The value of each resource is considered to be dependent on how it can be combined with established or emerging solutions on both the supply and user side. Thus, the value of a resource is created from “outside” in combination with other resources. 
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Fig. 1 A tool kit to investigate resource interaction among three business units and their interfaces with three other types of resources: products, production facilities and business relationships. (Håkansson, Waluszewski, 2002 , Wedin, 2001). 

With business units as the focus, about 30 life science/biotech companies in the Uppsala region were mapped out in view of their resource interaction patterns. The research tool allowed the investigation of direct and indirect resource interfaces of the four different types of resources, on both the supply and user side. In this way the interaction patterns behind each company’s “packaging” of certain technical and economic solutions would be revealed. Covering the 30 largest companies in the Uppsala region meant that the study included all units with more than 4–5 employees, with at least one product or prototype developed, and with some established supplier/customer interfaces (Waluszewski, Sjödin, 2003).

Before we take a closer look at the picture outlined with this tool, we must consider the dilemma discussed in the introduction. If the only aspects we can see are those that our research tools allow us to capture, then the only thing this investigation can reflect is industrial development in light of: 

1. How companies/organizations’ resources develop in interaction with other resources to which they are related both directly and indirectly . 

2.  How these resources are preceded by directly or indirectly involved actors.

3. No, there is no single villain 

With the help of the previously described research tool, we see a rather different picture of the life science/biotech companies within the Uppsala region. The first and most overwhelming impression is that there is no simple mechanism behind the emergence of a prospering life science/biotech area. The majority of the life science/biotech companies within this region have strong relations to established units in the region through their combining and recombining of resources. However, not to Pharmacia, and the restructuring of its pharmaceutical area – but to four other units. The most important of these is the 

prospering biotech instrument producer Amersham Biosciences,  (former Amersham Pharmacia Biotech, former Pharmacia Biotech). Another company with a similar role is Pharmacia Diagnostics, engaged in in vitro allergy tests. Furthermore, there are two units outside the Pharmacia sphere that appear as important resource combining nodes for several Uppsala life science/biotech companies:  Uppsala University and its research hospital, and the University of Agriculture, SLU.

Second, a closer look at the “new” life science/biotech companies’ population in the Uppsala region reveals that most of them have a long history. The majority have their resource roots in projects initiated long before the restructuring of Pharmacia. Many of them have existed for decades, sometimes as visible companies, sometimes hidden as projects within different parts of the universities or companies. The small company Medical Products Octagon is an illustrative example. The company was established in 1971 but existed as a project in the early 1960s. As one of the initiators, professor Uno Erikson, explains: “We were many researchers with our daily work at the University hospital, within such disciplines as anesthesia, physiology, radiology, cardiology, etc, and continually experienced technological problems connected to available equipment and material. It was this displeasure, and particularly all the negative effects we saw on the patients, that triggered us to use our medical knowledge for the development of new technological solutions. However, for decades we were forced to handle this work—development of new solutions, patents and licenses—in secrecy. For a professor at Uppsala University running a business was regarded as very suspect” (Interview 2002.02.05). 

Third, a closer contact with the companies in the area reveals the difficulty of defining a “life science/biotech cluster.” According to the Chamber of Commerce there are about 140 life science companies and projects in the region, about 70 of which are established companies. However, when we exclude suppliers of general software, electronics and other equipment, and concentrate on companies using or producing life science/biotech products or equipment there are, except the above mentioned four “big” ones,  about smaller companies (Waluszewski, Sjödin, 2002). 

With the outline of an alternative picture of the life science/biotech industry in Uppsala, it is easy to agree with the conclusion of a discussion of publishing issues in one of Sweden’s largest newspapers (Svenska Dagbladet 2002.04.21) “Complexity seldom renders any smashing headings.” Who will ever publish a headline saying that a prospering industrial region is the result of a long time, unglamorous interaction pattern, where several old, established university institutions and companies played important roles in the development of new projects, of which only a few later became companies? (And who will ever produce a headline saying that among these companies only a few new, but mostly the old, slowly emerging ones are profitable – while many new ones face a risky situation living on venture capital?).
 However, despite the lack of simple drama’s suitability for headlines, let us take a brief look at the emergence of life science/biotech region that is neither the result of a single villain or of competitive, lonely heroes, but of many intriguing, long–time interaction processes. 

3.1 Life science/biotech Uppsala: resource interaction and combinatory efforts

How nice it should have been to find a close connection between a tough restructuring of a pharmaceutical company and the birth of a prospering life science/biotech region – what an encouraging picture to bring forward to other regions faced with similar events. However, the patterns outlined with the above research tools are almost the opposite. Development of new solutions is facilitated by the patronage of stable and healthy industrial companies and academic research units. Often these efforts are carried out in the form of formal and informal projects where the involved resources are represented by different business or organizational units. And, sometimes these projects take the form of new companies. 

Thus, it is a picture that is partly in line with the view sketched by Lorenzoni and Baden-Fuller (1995), who emphasize how large, established companies act like healthy hubs in their interactions with smaller ones. It is also partly in line with the interpretation of prospering life science/biotech areas in the US made by Powell et al (1996) and Powell et al (1999) and in US versus Europe made by Owen-Smith et al, (2002). These studies emphasize the necessity of centrality to create strength and depth in the interaction between research universities, large pharmaceutical companies and small firms. However, these authors’ strong focus upon the actor level highlights a role of the “hubs” or “centralities” as being “strategic centers” – directing development endeavours in certain ways. This idea partly contradicts the resource interaction focus of the Uppsala study. In the latter study the role of the “hubs” does not appear as “strategic centers”, but rather as “switchboards” that  certainly attract but also redirect, shatter and remodel resources.

In terms of its resource interaction pattern, the company that appears as perhaps the most important “switchboard” for such redirection and remodeling to shape new companies in the Uppsala life science/biotech region is Amersham Biosciences. Another important unit is Pharmacia Diagnostics. Together these prominent biotech equipment and in vitro allergy diagnostic companies have acted as “swtichboards” for about 2/3 of the embryos that later emerged into their own companies. The new companies with obvious technological, social or commercial kinship to Amersham Biosciences and Pharmacia Diagnostics are also some of the most industrialized. 

If we start with a closer look at some of the newcombers related to Amersham Biosciences/Pharmacia Biotech we find Biacore, a company that is a well–reputed instrument company (both in the life science research world and on the stock market). Biacore’s history starts with a project to combine a speciality developed within physics, surface plasmone resonance, with Pharmacia Biotech’s (now Amersham Biosciences) engagement in tools for investigations of bio–molecules. The project was born in 1983, became a spin–off in 1986 and launched its first product in 1990. Despite the fact that during its first decade Biacore could utilize several of Pharmacia Biotech’s resources, especially its marketing organization, it took 11 years and the spending of about 70 million Euro before it started to show a profit. In other words, for many years this profitable company was an economy problem child, lacking customer application and sales income. 

Along with Biacore there are four other examples of similar, new biotech instrument companies, all with between 50-250 employees, with established products and supplier/customer relationships, and with close kinship to the resource base of Amersham Biosciences: Pyrosequencing (established 1997), Personal Chemistry (established 1996), Gyros (established 2000)
 and Eurona (established 1993, now part of Gemeni Genomics). Eurona never reached a break-even point before it was bought by Gemeni Genomics. None of the three others is showing a profit yet, but are in the state where their new solutions are starting to be embedded in their users’ activities. To the above mentioned group of companies a smaller one can be added, which supplies both Amersham and Gyros with micro technology solutions. 

Even if Amersham Biosciences appears as an important “switchboard” in the redirecting and remodeling of resources, this does not mean that all the ideas of how to create new solutions stem from this unit. The role of Amersham Biosciences appears to be attracting technological, social and commercial resources, while the issue of how they are redirected and remodeled is due to other forces. For example, the SPR (surface plasmone resonance) technology Biacore rests on is strongly influenced by the work carried out at the Linköping University, Laboratory of Applied Physics, and the group around professor Ingemar Lundström. The technology on which Pyrosequencing is built is derived from research carried out under the leadership of professor Mattias Uhlén at KTH, and in its early stage was related to a group of researchers within Amersham Biosciences. Personal Chemistry has roots in the work carried out in cooperation between research groups managed by professor Sharon Stone–Elander at Karolinska, Stockholm and professor Nils Elander, molecular physics, Stockholm University. While Biacore, Eurona and Gyros all became formal projects within Amersham Biosciences/Pharmacia Biotech, the Pyrosequencing and Personal Chemistry projects where developed in interaction with some of this units researchers and never came to the awareness of the management. However, what all these units have in common is that the applications of these technologies were developed in interaction with different kinds of users in the academic and industrial world – i.e with units other than Amersham Biosciences.

Previously we only mentioned one aspect of the newcomers’ interaction with Amersham Biosciences: its role in the emergence of new projects and companies. Certainly there are other, both direct and indirect, important aspects of being related to Amersham and its established relationships on both the supplier and customer side. Some brief examples from the supply side: Amersham’s production facility in Umeå carries out development, design and production work for several of the newcomers. Some of Amersham’s most skilled prototype engineers act as critical consultants for several new companies. One of Amersham’s first suppliers of software, Prevas, which stems from a unit of ABB, used their experiences of working with the leading biotech equipment company to develop a new area of application, Prevas Bioinformatics. And from the customer side: While Pyrosequencing, Personal Chemistry and Gyros are establishing their own sales organizations, Biacore could until their introduction on the stock market in 1996 benefit from using the sales organization of Pharmaica Biotech – their reputation of being a world leading biotech supplier included. What Biacore, Pyrosequencing, Personal Chemistry, Gyros and Eurona (and several other smaller start–ups) also have in common is that their products to a large extent are developed and sold by people with a background in Amersham. Thus, all these units could benefit from Amersham’s long established relationships with “opinion–leaders” and other users within the academic world, and with the large–scale customers: the research labs of the pharmaceutical industry. 

Although Amersham Biosciences and its resource network, including their relationships to national and international research areas as well as to supplier and customer structures, appears as an important “switchboard” for several of Uppsala life science/biotech companies, this is not the only such environment in the region. Another industrial unit with a similar role, but for companies with other application areas, is Pharmacia Diagnostics, 50 % owned by Pharmacia and mainly engaged in in vitro allergy diagnostics. A smaller company that has co–existed with Pharmacia Diagnostics since the 1960s is MIAB. From the beginning, MIAB has supplied Pharmacia Diagnostics with specially adapted insert substances for its test kits. Other companies in close interaction with Pharmacia Diagnostics are Ana Mar (established 1998, but existing as project since 1978), with technological roots at Lund University, and Mercodia (established 1991), both engaged in different aspects of allergy diagnostics. Another company related to Pharmacia Diagnostic is Carmetec (established 1988), which also is one of a very few examples of units that actually were started by people who lost their jobs at the pharmaceutical part of Pharmacia. 
 However, the closing down of a process technology unit where Hanno Lindroth and Owe Sandberg were working, occured already in 1988, when Pharmcia merged with Kabi, i.e. long before the merger with Upjohn. When Lindroth and Sandberg contiued on their own, Pharmacia Diagnostics became an important source of both personell and equipment knowledge. The other big Swedish based pharmaceutical company, Astra, became an early and important first customer. 

3.2 Some historical connections to the Pharmacia resource interaction pattern

Although the development pattern behind the main part of Uppsala’s life science/biotech companies does not reveal any simple, linear link to the restructuring of Pharmacia, there are several historical and contemporary connections to the pharmaceutical company and its resource interaction pattern. Let us start with a brief look at some of the most obvious historical ones. 

What Amersham Biosciences and Pharmacia Diagnostics, Uppsala’s most important resource switchboards, have in common is that they both emerged as a result of the interaction between the pharmaceutical company, Pharmacia, and Uppsala University’s Department of Biochemistry. 

Pharmacia Diagnostics has its roots in the discovery of IgE and the development of the so– called RAST allergy diagnostic test. RAST was developed by Hans Bennich, Gunnar Johansson and Leif Wide while they were engaged as researchers at the Department of Biochemistry. At that time, the second half of the 1960s, Pharmacia was the natural discussion partner when it came to industrial applications of Uppsala–based research within the life science/biotech field. When Pharmacia bought this test it became the technological foundation of something that later became a new spin–off company, Pharmacia Diagnostics. (This occurred while all the economically rewarded researchers behind the solution used their money to develop new companies including Johanssons’ MIAB and Bennich’s Biojon. The latter was one of the first suppliers of mass–spectrometry equipment for investigation of bio–molecules, bought in the early 1990s by Applied Biosystems.) Today Pharmacia Diagnostics, with about 500 employees in Uppsala, is one of the dominating suppliers of in vitro tests of allergy diagnostics.

Amersham Biosciences’ Uppsala unit also has important roots in the interaction between researchers at Pharmacia and at the Department of Biochemistry at Uppsala University. In the mid 1950s, a research collaboration on development of separation methods was started with professor Jerker Porath, Department of Biochemistry, as project leader. At this time Pharmacia, which had recently moved from Stockholm to Uppsala, was a small pharmaceutical company, with about 225 employees. From the research on dextran, a separation medium that later was named Sephadex (an abbreviation for separation, Pharmacia and dextran) was developed. This gel, presented as a totally new method of separating proteins and other bio–material after molecule size, (presented in Nature 1959), later became Pharmacia’s’ first step in the development of a new area of industrial activities. Out of the small group of researchers engaged in the work with Sephadex, a new business slowly emerged: development of chemicals, instruments and methods for separation of bio–material (See Andersson, 1996, for a detailed investigation of how this company was developed and has been related to its customers since the start to the mid 1990s).

In 1967 when the group working with Sephadex became its own division named Pharmacia Fine Chemicals, it consisted of about 20 people. The new business gradually developed in close cooperation with its customers, academic and industrial research units, with Uppsala University’s Department of Biochemistry as one of the most important (also as a base for recruiting researchers). While the first mission was to develop refined separation methods and tools, in the early 1980s this was combined with another important mission: to contribute to the automation of a handicraft – laboratory work. In 1982 the first product was launched that consisted not only of gels and columns, but worked as a system solution: FPLC, “fast protein liquid chromatography. Despite initial problem it became accepted by the customers, according to Peter Erenheim, vice president, Amersham Biosciences:  “It consisted of a pump, a new separation medium and standard Macintosh computer. No parts were developed in relation to the other, and in the beginning there were many reclaims. However, it fit into the laboratories, it was easy to use and it forced us to focus on systems and not on single solutions” 

It was not until the mid 1980s that anything in the company name indicated that this unit was related to biotechnology. During some mergers in the 1980s and 1990s, both the name and the size of the company were radically changed. After buying LKB (another Swedish biotech equipment company) in 1986, the new company became Pharmacia LKB Biotechnology. In 1992 it changed its name to Pharmacia Biotech, and after the merger with British Amersham in 1997 it became Amersham Pharmacia Biotech. Late 2001 the company ownership was no longer connected to Pharmacia , and the company’s new name was Amersham Biosciences. Along with the traditional activities of separation technology for research and industrial applications, Amersham, in the late 1990s, engaged in a new activity called proteomics. In summary: from a 20-person project in the early 1960s to a business unit with about 150 employees in the mid 1970s, today Amersham Biosciences Uppsala has nearly 1000 employees (about 5000 world-wide), with about 100 new researchers employed in 2001. 

At the same time, it developed a network of suppliers engaged in activities from bending sheet metal to the development of specially adapted lab robots, optical devices, software etc. Furthermore, with about 2000 products on its production programme an extensive network of customers has emerged – ranging from advanced research labs to industrial units using large–scale separation equipment. The turnover of Amersham’s Uppsala site, which in year 2001 reached about 400 million euro
, is about four times as much as compared to the then largest “new” life science/biotech companies in Uppsala reach together.  Thus, even if neither the development journey, nor the present activities of Amersham Biosciences have been taken into any serious consideration in the discussions of what’s behind a growing “biotech valley”, its interaction pattern appears important for the attraction and redirection of resources. 

If the pharmaceutical company Pharmacia appears as the important resource switchboard from the late 1950s, today this role seems to be overtaken by its spin–offs, Amersham Biosciences and Pharmacia Diagnostics. However, when discussing Pharmacia’s historical role as a strategic center, it is not fair to overlook the unit that actually contributed to the pharmaceutical company’s move from Stockholm to Uppsala in 1950, Uppsala University’s Department of Biochemistry. 

When the Department of Biochemistry was established during the first decades of the 1900s, it was with inspiration gained from the US. With professor The Svedberg (later a Nobel Prize recipient) in the forefront, and with professor Arne Thiselius, (also a Nobel Prize recipient) and professor Jerker Porath continuing the tradition, for decades the research activities here carried the stamp of these research leaders’ interaction with both academic and industrial units. Already during the era of Svedberg, a research tradition was emerging including cooperation with other academic fields, such as physics and biology, as well as with industrial units. This in order to develop both theory and tools for investigation of proteins. The need for equivalent research tools was behind Svedberg’s collaboration with different industrial units. For example, Svedberg’s engagement in the ultra centrifuge was carried out in close cooperation with engineers at Ljunströms Ångturbin, Stockholm. Other companies Svedberg was cooperating with included Kärnbolaget Stockholmsbryggerier (which in the 1950s became the pharmaceutical company KABI, today a part of Pharmacia), ASEA (today ABB), Weibullsholm, AB Svenskt Konstsilke, Gyttorp, Bofors och Grängesberg, med Mo och Domsjö AB, Kema—bolagen, Liljeholmens stearinfabrik. Svedberg was also one of the initiators of the instrument producing company LKB, today a part of Amersham Biosciences, which still produces the electrophoresis equipment developed by this unit. However, as Widmalm (2002) shows, even if Svedberg was eager to be seen as an industrialist in relation to development partners within the industry, in the academic world he emphasized his role as a researcher.

3.3 Some contemporary connections to the Pharmacia resource interaction pattern

Although most of the new life science/biotech companies in the Uppsala region do not reveal any simple and direct links to the late 1990s restructuring of Pharmacia , there are several indirect connections to this unit including a dramatic change. First, if the merger with Upjohn and the move of many strategic functions was not the source from which many new companies started to grow, indirectly this event had an impact on the handling of new projects/startups within the life science/biotech area. Due to the merger, the decision making that had previously been concentrated in one management group was transferred to several business units. For example, Amersham Biosciences, then Pharmacia Biotech, became an independent unit. This meant that it could act in terms of its own economic and technological logic—an approach different from  a pharmaceutical company. Consequently it was able to singularly make decisions about which projects to engage in and which to spin off. Thus, the restructuring meant that the established structure managed by Pharmacia was broken and re–arranged, allowing different constellations to decide about existing and new ways to combine resources.

Second, the new image of Uppsala’s life science/biotech as a dynamic region intervened in several contemporary processes. It had an effect on the governmental actors’ engagement in regional development, for example in the planning of the infra structure of Uppsala. It  also had an effect on how suppliers viewed companies in the region, particularly by suppliers of venture capital, customers and especially by potential employees and potential new localities. Fair or not, the image of Uppsala as being a rapidly prospering life science/biotech cluster has affected they way companies and organizations relate to units located here.

A third contemporary event with a severe impact not only on the Uppsala based but all Swedish life science/biotech companies, is the increased supply of venture capital, which changed dramatically in mid 1995 due to new legal arrangements for investors managing governmental funds. 
 

3.4 Life science/biotech Uppsala: some academic units and their resource interaction

So far the discussion has been concentrated on Uppsala’s life science/biotech companies with direct or indirect connections to the heritage from the Department of Biochemistry and the Pharmacia sphere. However, there are other life science companies in the region with only vague connections to these hubs. 
 Companies like Radi Medical Systems (established in the 1960s), Neopharma (established 1994) and Hemapure (established 1998)  all have a background that is very similar to the one sketched by one of the initiators behind previously mentioned Medical Products Octagon. Researchers and medical doctors at the University hospital, who were faced with different types of equipment and products and their suppliers daily, began developing new solutions. The university hospital and its relationship with both the academic world and medical equipment industries was essential to all of these companies. 

Another type of Uppsala University related company is represented by Melacure, (established 1997 through a transition of the small company Wafarm, established 1987). Engaged in drug development, Melacure has its roots in pharmaceutical research at both Uppsala University and Umeå University. Even if the development of this company is not directly related to the Pharmacia sphere, it could benefit from restructuring through recruiting both Pharmacia’s scientific and commercially experienced personnel. Another way of relating to drug discovery is practised by Diabact (established 1995) with roots in the university of Gotherburg, which benfits from developing new combinations of established substances. Resistentia (established 1998) has its roots in research in molecular biology at Uppsala university and develops an allergy vaccine which is not yet launched. Among these companies a considerabel amount of people with a background in the pharmaceutical part of Pharmacia can be found – not seldom skilled researchers that in the turbulence of the Pharmacia-Upjohn merger where searching for new places to work.

There is also another important academic resource network in the Uppsala region – the University for agriculture. Through the interaction between researchers engaged in veterinary medicine or plant breeding, several companies were developed, some of which existed for decades. Those companies include Bio–Agri (established 1996) och Isconoca (established 1999 but with its roots in a research project started in the early 1980s) and Pegasus Lab (established 1984). Of these it is only the latter one, with about 15 employees, that is self-supporting. 

4. Interaction as a force that encounters, redirects and remodels resources – creating technological and economic effects

Considering the emergence and development of Uppsala’s life science/biotech companies from the perspective of hetorogeneous resource interaction, the picture outlined is rather different from the view that – consciuosly or not – is painted with colours borrowed from traditional economics. Is it not rather remarkable that although the cornestones of traditional economics seem to be in permanent turmoil, or as Wilk (1996, p. 64) put it: ”neoclassical economics has climbed about as high as is possible for a social science, and it has therefore attracted a crowd of critics”, 
 the issue of how the assumptions made in this model world 

have been embedded into other research tools seems to be neglected? Even within academic research disciplines developed to understand the interaction of research ideas and research outcome, the outcome of embedding the spectacles of the economic model world into other approaches is rarely questioned.
 Considering the overwhelming explanatory power given to the economic model world in general and the issue of competition in particular, it is tempting to agree with Lönnroth (1994), who argues that the traditional economists are the shamans of our modern society – curing any disease with the same shaman cure. However, as long as we are conscious of  the shamans they can do no harm. What is problematic is when these shaman cures becomes so embedded into sciences and practice that we are not aware of them. 

The picture painted with colours reflecting resources as heterogeneous and interacting provides an alternative view of the emergence and development of Uppsala’s life science/biotech industry. Instead of being the result of an overnight success, technological and economic effects appears as due to combinatory efforts that stretch over at least seven decades. Taking place within and between companies and organizations of different size and age, with different technologic and economic logic these processes show the power of interaction and the encountering of resources. Although these processes, which sometimes result in the development of new companies, occurred at different times and at different places, and are sometimes only vaguely related, they seem to have at least three different characteristics in common.

1. Interaction creates possibilities for new solutions. It is in the meeting between those representing different resources, the “interactors,” that resources are encountered. This encountering can create shattering, remodelling and redirection of resources, allowing new technological and economic effects to occur. 

A first prerequisite for interaction processes where new technological and economic effects are created through the recombination of resources to occur seems to be to allow variety. The need for variety becomes evident when considering how resources are encountered and recombined. Sometimes new technological and economic effects stem from processes where established resource combinations were confronted with new theoretical knowledge. Sometimes they stem from processes where established resource combinations where confronted with new technological experiences. And sometimes they stems from trials due to problems with existing theoretical, technological or commercial solutions. Additionally, these processes can take place in the interaction between established companies or academic institutions, sometimes in interplay between small projects inside or outside such units. Most often such endeavors stretch over the borders of several companies or organizations. Occasionally the new solutions emerge in an environment characterized by restricted financial means and sometimes they are supported by larger capital. However, all these different processes where new technological and economic effects are created through recombination of resources have one thing in common: the resources exposed to remodeling and redirecting are preceded by “interactors” – who through their interaction processes, encounter them with other resources in a wide variety of ways.

2. Interaction demands that the “interactors” relate to the existing structure. The more the new solution can be embedded into the existing structure, the larger the economic advantage for both the supply and user sides.

A second prerequisite for interaction processes where new technological and economic effects are created through encountering and recombining resources to occur seems to be to relate to heaviness, i.e. to existing structures. The remodelling of resources – packaged as for example a new product or a new production facility – has different content for direct and indirect related supply or user units. For example, a new analytical tool can be related to in rather different ways by its supplier of electronic components, its suppliers of customized components, its application developers – and, not least, its user in a academic or industrial research units. Thus, the creation of an economic value of such a new solution or package include some tricky complications. In order to gain an economic value, any new solution must not only be able to blend with related  units different technological logic, but also their different economic logic.
3. Interaction demands that the “interactors” creates place for the new – i.e. that they break with parts of the existing structure. New solutions have to be compatible with some existing solutions – but cannot be compatible with all. Thus, in order to create technological and economic effects through the recombining of resources, the interactors have to address these conflicts. 

A third prerequisite for interaction processes where new technological and economic effects are created through encountering and recombining of resources to occur seems to be to create place for the new. Both on its supplier and user side any new solution is dependent of the creation of both technological/theoretical and economic place.
 All efforts to create such place includes confrontations of both human and physical resources. These confrontations seems to imply that organized activities can be combined with more anarchistic ones. Moreover, they include the reconstruction and rebuilding of established structures, although they seem to favor the main part of the established economic structure and its vast amount of combinatory resources.

In conclusion: interaction appears crucial for the creation of new technological and economic effects due to encountering and recombining resources. However, this issue is complicated by the fact that each solution must be a positive technological and economic contribution not just for one individual, or for one single unit. It must fit several different logics, directly and indirectly connected to its supply and use. Developing a deeper understanding for the different aspects of these processes where resources are encountered and recombined is a challenging future research task.  All expectations of finding simple explanations will probably end up in the same way as Krchnak & Lebl (1999, p. 216)  in their search for the origin to the idea of building the molecular library’s. “There is no ‘Father of Diversity’. However, there is a ‘Mother of Diversity’—Mother Nature. She did not publish Her findings anywhere, but maybe this is because the experiment is not yet finished. What better way to create a mixture of everything, than to put all elements in one pot and heat it, cool it, and compress it, and whatever…for several billion years.” 
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� World-wide Amershams’s turnover reached about 950 million euro in 2001.





� The author wants to thank the reference group of the project “Life science/biotech Uppsala; Håkan Håkansson, Professor, BI, Oslo, Lars Fägerstam, Senior Scientist, Amersham Biosciences and Sven Widmalm, Associate Professor, Department of History of Science, Uppsala University for their important contributions in the formulation of this research project.





� Despite that fact that both direct and indirect interplay between companies and organizations is visible, outspoken and often formalized, and even though this issue has been dealt with by several different disciplines such as historians, sociologists, applied economists, (the European IMP group included) and STS researchers, this is seldom reflected in the general debate.





� Although such heaviness and variety often are impressive in a physical sense, it is the economic heaviness and economic variety that is of interest here (See Håkansson-Waluszewski, 2002). 





� See Tidd, Pavitt and Bessant (1997) who characterize such an interactive way of handling development as such processes.





� How to handle dynamics is also an issue that has been debated within economics for decades, see e.g. Parker ed (1996) for an overview.





� With resources whose features are well known it is possible to create a complete flow of information through price signals (Lundvall, 1988). Thus, in the economic model world a company is free to switch customers and suppliers without problems. The company is not even bound to a specific geographic area, but can move in a global world with no resource allocation problem. Pelikan (1988, p. 384) formulates this model view: “All economic agents have abundant economic competence for which no allocation problems ever arise.”





� An interesting exception is the “resource based view.” However, despite the fact that this view underlines the heterogeneous aspects of resources, it still concentrates on the value that can be created by companies’ internal combinations of resources. See e.g. Foss (1997).





� For example, Sweden’s long time successful automotive industry is attributes to the fact that the country was equipped with two strong automotive companies, something that spurred both to develop new competitive advantages (Sölvell, Ö., Zander, I., Porter, M., 1991).





� Located only 70 kilometers from Stockholm, and with several industrial and academic activities connecting these two cities, these regions are closely connected. However, since the aim of this study is to investigate the life science biotech industry in Uppsala and its connections to Uppsala University, this smaller region is used as focal point.





� One year after the Pharmacia-Upjohn merger, the part of Pharmacia that was engaged in biotech equipment and methods, Pharmacia Biotech, was consolidated with the Life Science Division of British Amersham into joint venture; Amersham Pharmacia Biotech owned 55 % by Amersham and 45 % by Pharmacia. 


. 


� Waluszewski, 2002, forthcoming.





� Frankelius, 1999, Andersson, 1996.





� Uppsala Chamber of Commerce, 2000. “Pharmacias forskningsflytt lade grunden till expansiv bioteknik i Uppsala”, sid. 1. 





� The study, which was initiated by the rector of the Uppsala University, is coordinated by the author of this paper, but is carried out in close cooperation with several researchers at different units. The main study includes an investigation of the development pattern around both the “established” life science/biotech companies Pharmacia, Pharmacia Diagnostica and Amersham Biosciences and about 25 “new” companies located to the Uppsala region, including interaction with academic research units. The investigation of the new life science/biotech companies was carried out in ongoing cooperation with Jessica Sjödin, research assistant Uppsala University. The main study, which started in January 2001 and will continue through January 2004, is based on extensive interview material (which hitherto consisted of about 80 personal interviews) that has been conducted with the research tools described in this section. The empirical data used in this paper is based on the main study, which is preliminarily reported in Waluszewski, 2002 and in Waluszewski—Sjödin, 2002. There are three other research projects connected to the main study. Torkel Wedin, PhD, Stockholm School of Economics is responsible for a special study of the role of the venture capital. Debbie Harrison, PhD, BI, Oslo, is responsible for a special study of the technological and economic logic of the users of biotech equipment. Frida Wennerström, PhD student, Chalmers University of Technology, Gotherburg, is responsible for a special study of interaction between industry and academy in the emergence of a new industrial field, bioinformatics. 





� More recent works are available at the website � HYPERLINK "http://www.impgroup.org" ��www.impgroup.org�





� This issue will not be further discussed here, but is thoroughly analyzed in Wedin, 2002, forthcoming.





� As an illustration of the different pictures outlined by these perspectives, we can consider the interpretation made by Powell et al (1996), (1999).  In these studies the biotech industry is a phenomenon emerging from the 1980s forward, a period when many companies dedicated to life science/biotech activities were established. As we will see in the following discussion, with a focus upon how resources are combined and utilized, at least the Uppsala life science/biotech field appears as the result of interaction processes stretching over a much longer time period. However, often these combinatory efforts where hidden under the surface of actors officially dedicated to other activities.








� Whether Gyros is still in a platform stage or if their prototypes are on their way to be established is a controversial question.





� Q–med, together with Biacore and Radi Medical Systems one of the largest and most profitable units among Uppsala life science/biotech units usually is referred to as a typical example of companies emerging from the restructuring of Pharmacia. However, Q–med, which produces products for aesthetics, urology etc based in healon acid, is just another example of newcomers with an earlier history, started in 1987. Certainly application of healon was one of the major areas of Pharmacia. However, the knowledge of how to use this resource came through Pharmacia Biotech and its cooperation with a Hungarian–American researcher engaged in purification and use of this substance (Waluszewski, Sjödin , 2002)





�Interview Peter Erenheim, vice president, Amersham Biosciences, 2001.02.09.





� The following section rests on a related project on the development of biotechnological and biomedical sciences during the early 1900s, carried out by Sven Widmalm, Department of History of Sciences, Uppsala University (See Widmalm, 2002, forthcoming)





� A special study of the increased inflow of venture capital and its disturbing effects in a long since established life science/biotech region is carried out by Waluszewski-Wedin, forthcoming, 2003.





� However, there are several indirect connections to the Pharmaica, Pharmacia Diagnostica and Amersham sphere, for example in terms of common suppliers or sub suppliers.





24 There are two issues that have been more long–lived than others, and which divide economists and their critics. One concerns the rational behavior of economic agents, an assumption that has been severely questioned during the last decades (see e.g. March and Simon, 1958, Cyert and March, 1963, Pasinetti, 1981, Mintzberg (1987). Another dispute concerns the methods of economics, which according to Leontief (1982) can be characterised as mathematical models without any empirical data. Then we have the debate concerning the role of economics. Or as McCloskey (1990) argues, what originally were mathematical metaphors have been transferred to a language of power divorced from all types of experiences in the empirical world.





25 See Friman (2002) for an overview of some recent studies on this issue





26 An interesting illustration this creation of place is the interaction between the industrial life science/biotech world and the academic world. In the development of a new technological and commercial solution, (i.e. in the development of an established supplier/customer interface) the academic world has an interesting double role. The academic world has an important role in the emergence of new technological and commercial solutions. It is a source of new knowledge and new ideas about how to create new solutions. However, the academic world’s role in creating a use for these new solutions is equally important. Without the academic institutions’ involvement in the testing of new prototypes, without them using these new solut ions in their research, and without them producing research publications, there will never be a customer side for a life science/biotech product. It is the academic world that validates the benefit of combining a new resource constellation with the existing structure. The academic world has an important role as both “product developer and marketing channel.” Thus, there is a very strong interdependency between the resources of these actors who, due to legal and ethical rules, are supposed to be independent
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� There are two issues that have been more long–lived than others, and which divide economists and their critics. One concerns the rational behavior of economic agents, an assumption that has been severely questioned during the last decades (see e.g. March and Simon, 1958, Cyert and March, 1963, Pasinetti, 1981, Mintzberg (1987). Another dispute concerns the methods of economics, which according to Leontief (1982) can be characterised as mathematical models without any empirical data. Then we have the debate concerning the role of economics. Or as McCloskey (1990) argues, what originally were mathematical metaphors have been transferred to a language of power divorced from all types of experiences in the empirical world.





� See Friman (2002) for an overview of some recent studies on this issue
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