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Abstract 

This paper sets out a theoretical framework for an explanation of the co-evolution of the institutional 

selection environment and organizations in innovation systems. The paper demonstrates that co-

evolution can be understood in terms of how exploitation and exploration build on each other, in a 

‘cycle of discovery’, developed in earlier research. The framework is tested empirically, in the sense 

of seeing whether it can help to reconstruct and understand the emergence of the (Dutch) 

pharmaceutical industry. From this, we conclude that the theoretical framework we propose serves its 

purpose of providing a theory of co-evolution. But there are also some lessons for improving it. 
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1. Introduction 

This paper aims to contribute to understanding of the dynamics of learning processes in networks of 

firms. In line with the literature on ‘business systems’ ( Whitley 1999), and the innovation literature 

(Nelson and Winter 1982, Dosi e.a. 1988, Lundvall 1992), this paper recognises that (national) 

institutional systems enable and constrain the operation of businesses, including innovation. However, 

innovation may also affect institutions, leading to path-creation and novel conditions for production 

and distribution. In evolutionary terms, institutions form part of the selection environment for 

business, but are also affected by it, in co-evolution. This article is an attempt to explain the co-

evolution of institutions and innovation in networks of firms. It proceeds as follows.  

Section 2  summarises a constructivist, interactionist view of learning. We use a broad definition of 

knowledge as including perception, understanding, value judgements and even emotions (which have 

cognitive content, cf. Nussbaum 2001). Our view of knowledge entails that knowledge and learning 

are contingent upon the institutional environment, and that different institutional environments 

stimulate different types and levels of social interaction, leading to different types of inter-firm 

learning.  

Section 3 discusses the theoretical framework of Nooteboom (2000) that serves as a logic to 

understand the co-evolution of institutional selection environment and innovation in networks of 

firms. We explain this co-evolutionary process through a ‘cycle of discovery’ that describes how 

exploration and exploitation are related and build on each other. 

In Section 4 and 5, for an empirical test of our claims, we describe and analyse the co-evolutionary 

process in the emerging pharmaceutical biotechnology industry, both worldwide and in the 

Netherlands. In section 6 we compare our empirical findings with the claims based on our theoretical 

framework and we draw some conclusions.  

 

2. Knowledge and learning 

For knowledge and learning we employ a social constructivist, interactionist view. People perceive, 

interpret and evaluate the world according to mental categories (or frames or mental models) that they 

develop in interaction with their physical and social/institutional environment. This view is consistent 



 3

with what is also known as the ‘activity theory’ of knowledge (Blackler 1995), and ‘experiential 

learning’ (Kolb 1984).  It entails that perception, interpretation and evaluation are contingent upon the 

institutional environment. Thus, people are influenced in their thinking by prevailing cognitive 

institutions and other institutions that enable and constrain their actions. Our view also implies that to 

some extent knowledge, in the broad sense, is path-dependent and idiosyncratic. Different people see 

the world differently to the extent that they have developed in different social and physical 

surroundings and have not interacted with each other. In other words, environment and past experience 

determine ’absorptive capacity’. Below, we indicate the relevant implications for networks of firms.  

As discussed in Nooteboom (1992), an implication of this view of knowledge for the theory of the 

firm is that in order to achieve a specific joint goal the categories of thought of the people involved 

must be aligned to some extent. Different people have a greater or lesser ‘cognitive distance’ between 

them (Nooteboom 1992, 1999). In view of this, organizations need to reduce cognitive distance, i.e. 

achieve a sufficient alignment of mental frames, to understand each other, utilise complementary 

capabilities, achieve a common goal and have trust. This yields the notion of organization as a 

‘focusing device’. The focus entails basic perceptions concerning goals, values, norms, and styles of 

management and operations, expressed in shared language, jargon, and symbols. One aspect of 

entrepreneurship, which links with Schumpeter’s notion of the entrepreneur as a charismatic figure, is 

that it is his central task to achieve this: to align perceptions, understandings, goals and motives. Focus 

arises on different levels of an organization: in the organization overall, and in more specialised forms 

within the organization, in divisions and ‘communities’ (Brown and Duguid 1992). As we go ‘down’ 

to more specialised subunits in the organization, the focus is sharper, and cognitive distance is less. 

Note that alignment of cognitive frames in the firm need not entail full identity, even on the ‘deepest’ 

level. There is a trade-off between cognitive distance, needed for variety and novelty of cognition, and 

cognitive proximity, needed for mutual understanding. Different people will to a greater or lesser 

extent introduce elements of novelty from their outside lives and experience, and this is a source of 

both innovation and error. Outside experience may be derived from relations with a firm’s partners in 

a network.  
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This connects with another implication of the theory. As a result of the need to achieve a focus there is 

a risk of myopia: relevant threats and opportunities to the firm are not perceived. To compensate for 

this, people, and firms, need complementary sources of outside intelligence, to utilise ‘external 

economy of cognitive scope’ (Nooteboom 1992). Here again the trade-off arises between cognitive 

distance, for the sake of novelty, and cognitive proximity, for the sake of understanding and utilization 

of complementary knowledge. The merit of novelty increases but  comprehensibility decreases with 

cognitive distance. Effectiveness of learning by interaction can be construed as the product of the 

novelty and comprehensibility, which yields an inverse U-shaped relationship, with an optimal 

cognitive distance. However, one can increase absorptive and communicative capacity to deal with 

larger cognitive distance, by means of R&D and experience with alliances. Small and new firms tend 

to have limited absorptive capacity, and need to deal with firms at a limited cognitive distance. In 

small firms knowledge is often more tacit. One reason is that codification is less needed for 

coordination of activities, due to limited division of labour, and because activities are located together 

and are subject to direct, visual monitoring and interaction. In new firms knowledge tends to be more 

tacit, because it is still in a trial and error stage, with little understanding why or even how, precisely, 

processes and prototypes work.  

 

3. Exploitation, exploration and co-evolution 

Given the aim of this paper to understand the co-evolution of institutional selection environment and 

innovation in networks of firms, we need a theory that explains it. For that we use a ‘cycle of 

discovery’ (Nooteboom 2000) that describes and explains how  exploration and exploitation are 

mutually related and build on each other.   

Exploitation, i.e. the efficient employment of current assets and capabilities, is needed to survive in the 

short term. Exploration, i.e. the development of novel capabilities, is needed to survive in the long 

term. Thus, to survive in the short and long term, firms must combine the two, somehow. That is a 

paradoxical task. A key question now is how do exploitation and exploration build on each other. For 

this, Nooteboom (2000) proposed a heuristic ‘cycle of discovery ’, with several stages, illustrated in 

Figure 1. A key feature of this cycle is an alternation of variety of content and variety of context. A 
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variety of alternative forms of a novelty is reduced, by a process of selection, in convergence on 

dominant designs, in technology and organization, in a drive towards exploitation. Next, for 

exploration practices must be confronted with novel conditions and opportunities, in a variety of new 

contexts.     

(Insert figure 1 about here) 

 

Exploitation 

Exploitation starts when variety of content (of a concept or practice) that emerges from exploration is 

reduced, in consolidation into a dominant design, as suggested in the innovation literature. As a result 

of reduced uncertainty, demand increases, and new producers jump on the bandwagon. The new 

technology/product/market combination develops into a dominant design or ‘dominant logic’ (Bettis 

and Prahalad 1995) of organization, including network structure and ‘industry recipes’ (Spender 

1989), with pressures to conform, in ‘organizational isomorphism’ (Dimaggio and Powell 1983). New 

entrants exert pressure on price, and for the sake of efficient production increase of scale, division of 

labour and associated specializations emerge. This increasingly selective nature of the institutional 

environment allows for only minor product adaptations and process improvements. As a result, variety 

decreases, and the focus of interfirm learning is on ‘single-loop’ learning. This requires a search-

process that is well-structured around a limited search space. As a consequence, there is an increase in 

specialization that  entails more specific knowledge on a narrower range of issues.  

Concerning governance, when novelty gets consolidated in dominant designs, knowledge gets more 

codified and institutions adapt to enable diffusion, a need and a basis arises for more formal 

governance. There is a need because relations become more distant and therefore less personalised, 

and codification of knowledge yields a greater risk of spillover. There is a basis because there is more 

information about options, outcomes and tasks for constructing contractual arrangements, and 

codification of knowledge yields better opportunities for contract specification and monitoring. A 

reputation mechanism has developed. Trust shifts from relation-specific to institutions-based trust 

(Nooteboom 2002a), as the appropriate institutions arise. Competent intermediaries enter the new 
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market, norms and standards are established by trade and professional organizations, to reduce 

transaction costs. Legal rules may adapt to enable new contractual forms.  

Requirements and opportunities of more codified information, reduced uncertainty, specialization and 

more formal governance are best facilitated by ties that are strong in some respects and weak in others. 

Ties are strong in terms of investment and in durability, to ensure a stable, efficient division of labour. 

The drive for efficiency requires the elimination of redundant relations. This pushes for a less dense 

structure of the network. Increased codification of knowledge and the emergence of standards further 

diffusion without the need for relation-specific investments of mutual understanding. There is less 

need for variability and variety for exploring novel combinations. This allows for a less dense 

structure, since now one can identify what competencies are and will remain relevant, who has those 

competencies, and who is likely to survive in the industry. Increased competitive pressure narrows the 

potential for trust and creates a need for contracts. At the same time, reduced uncertainty and more 

codified, diffused knowledge on a narrow range of issues enable the specification of contracts and the 

monitoring of compliance. So, whereas ties show strength in terms of duration, ties show generally 

lower strength in terms of frequency of contacts for knowledge exchange, mutual openness and scope. 

The interesting question now is how one gets away from the dominant designs in technology and 

organization,  for a next round of (radical) innovation. 

 

Exploration 

For exploration that yet maintains exploitation, one next needs to open up to a new variety of contexts 

of application, in generalization. These novel contexts of application may be sought voluntarily, in an 

expansion of activity. Voluntary new applications of established capabilities appears to be based on an 

instinctive drive that among psychologists is known as a principle of ‘overconfidence’. In economics, 

there is also a pressure to extend the market as growth in the original market stagnates. With the entry 

into new markets, one needs to access wider distribution channels, and there is a need to adapt 

products and organization, which requires knowledge from outside.1 Although firms may actively 

                                                 
1 An example is formed in the case of clusters that may need MNC’s as a vehicle for this reach outside existing boundaries. 
This is in line with Boschma and Lambooy’s (2002) analysis of developments in Italian industrial districts, where they 
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search for knowledge from outside, new conditions of market, technology and institutions may also be 

imposed from outside one’s familiar niche. An illustration of this, in the development of the multi-

media industry, is that publishers were first not very pro-active in developing the potential and use of 

Internet, and  went along in digitalization and electronic distribution of text only later, for fear of 

losing their position (Gilsing 2003). For networks of firms, this imposition of change may arise from 

an invasion of multinationals. 

A novel context is needed for three reasons. The first is that established capabilities arose and 

consolidated in a given niche, and therefore perform well there, and are taken for granted, so that new 

conditions of technology, demand, infrastructure and institutions are needed to gain new insights in 

limits of validity. The second reason is to build motivation for change, resulting from such misfits, in 

the novel context. The third reason is to yield insight into potential novel content of practice, for which 

inspiration is found in the novel context. 

First, to maintain exploitation as much as possible, there is an attempt to make minor, incremental 

adjustments to established practice, in what is called differentiation. Insight for this may come from 

previous experience, in novel selections from familiar repertoires, which are retrieved in an attempt to 

improve fit in the novel context. Next, if differentiation is not sufficient for adaptation, or if the novel 

context indicates novel opportunities, experiments are conducted with novel elements, adopted from 

the novel context, which seem to be successful where familiar practice fails, in hybrids of old and new 

elements, in reciprocation. The function of this is two-fold. First, it still allows for ongoing 

exploitation, albeit in new forms. Second, it allows for experimentation with new elements, to test 

their potential, without sacrificing existing basic design principles.  

Next, this yields diminishing returns, inconsistencies, and added complexity. Insight has built up 

concerning the potential of novel elements, and concerning the constraints imposed on the realization 

of that potential. This yields an incentive and insight for more radical architectural change, in novel 

structures of old and new elements. This requires the break-up of existing network structures in order 

                                                                                                                                                         
identified the role of MNC’s as ‘bridging enterprises’, to carry activities into international markets and to access outside 
sources of knowledge, and with Asheim and Isaksen’s (2002) analysis of how Norwegian clusters had to make a shift from 
local to global operations. 
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to open up to new variety of content. This is the stage of radical reconfiguration or transformation that 

can no longer be made consistent with old systems of exploitation.  

Next, for this novelty to gain widespread acceptance,  it may still run into vested interests and their 

supporting institutions, in spite of the fact that is has now proved its potential and feasibility. Firms 

occupying a central position in existing networks, whose interests are threatened, may try to 

undermine the legitimacy of the new technology (Aldrich and Fiol 1994). They may try to block new 

entrants so that novel combinations may not be further explored.  

In this scheme, one can recognise the principles of evolutionary thinking: consolidation entails 

selection among novelty, generalization entails transmission, and differentiation, reciprocation and 

accommodation generate new variety of forms. The latter process of variety generation has been 

neglected by evolutionary economics and innovation theory, which have taken the generation of 

novelty as random (by analogy to evolution in biology) or not amenable to explanation. 

Concerning forms and instruments of governance, we argue that formal contractual safeguards are 

problematic in innovation, especially in the stages of more radical change. The outcomes of learning 

and innovation are by definition uncertain, which makes it difficult to specify those outcomes upfront. 

In addition, a contract needs to be monitored, which to a large extent is determined by the nature of the 

knowledge base : when knowledge is tacit and subject to radical change, monitoring may be very 

difficult. In addition, there is a relational argument that detailed contracts aimed at the prevention of 

opportunism are a signal of distrust (Nooteboom 2000). This is especially the case when relations are 

(mainly) informal and coordinated by mechanisms such as social norms and reputation, putting a 

strong limit on the use of contracts. As a consequence, the more radically new exploration/innovation 

is, the more one can only use more informal instruments such as relation-specific trust, and reputation 

by word of mouth or early results, such as first prototypes, within the developing innovation 

community. It is known from studies of trust that it is stimulated by the condition that one needs each 

other, and there are no alternatives. Then one will simply have to make it work, in mutual give and 

take. Trust is further engendered by mutual respect among professionals struggling with shared 

problems. An informal safeguard against free-riding may be that in order to keep up with new 

knowledge development, all partners have to do their part, in give and take, to keep up with the 
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development of their absorptive capacity, and shared tacit knowledge, to benefit from what partners 

develop. An informal safeguard against hold-up on the basis of specific investments is that no one 

knows yet which investments will turn out to be generic and which specific. An informal safeguard 

against the use of confidential information as a hostage is that it is not certain what knowledge could 

be used as a hostage. In radical innovation, knowledge may soon become obsolete, and then is not 

functional as a hostage.  

In this situation, risks and opportunities for opportunism are uncertain, and this uncertainty is shared 

by all. Opportunism and poaching are restrained by an unknown risk of retaliation, and by the 

reputational risk of destroying options for future collaboration. This risk also is not known, since one 

does not have a clue what options for what kinds of relations, and with whom, may be at stake. 

Furthermore, since it is not clear yet what designs will ultimately be accepted in markets, and there is 

no manifest demand yet, competition is hardly an issue. As a result there is mutual dependence in 

unknown risks, concerning technology, products, markets, and options for future relations. All one can 

do, and can afford to do, is gamble on trustworthiness, which may be reciprocal and self-sustaining. 

This informal, unspecified governance requires close and locally embedded interaction, which is 

needed also for the lack of codified knowledge. Local embeddedness is also needed to jointly escape 

from the grasp of prevailing institutions, in a niche that is relatively isolated. It also gives a basis for 

using local gossip in the development of reputation. So, the network structure needs to be dense to 

yield reputation mechanisms, needed in view of the limited feasibility of contractual control. 

Moreover, density enables to utilize third parties to aid judgement of the meaning and value of 

knowledge (triangulation), and to aid in its absorption. The cost of redundant relations is both limited, 

in view of limited size of relation-specific investments, and of limited relevance, since in exploration 

competition is less on price than on feasibility and fast prototyping.  

With regard to tie strength, as already noted, in exploration uncertainty is wide ranging, covering 

many possible issues of technology, market and organisation, and as a result ties tend to be strong in 

scope as well as in trust and openness, whereas generally weak in formal control. So, trust is needed, 

next to reputation mechanisms, due to the limited feasibility of contractual control. Moreover, to build 

mutual understanding may require relation-specific investments, which requires sufficient frequency of 
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interaction and/or duration, to make such investments worthwhile. However, duration need not be 

very long, since in view of fast knowledge change specific investments in mutual understanding have 

a short economic life. Duration should not be too long for two reasons. First, it should not inhibit fast 

architectural innovation, if that is needed, as is often the case in systemic technology. Second, if ties 

are exclusive, long duration will yield too much identification, killing learning potential. Specific 

investments are recouped, mostly, on the basis of frequent interaction, which is needed also in view of 

the large scope of ties, and for building relation-specific trust.  

 

(Insert table 1 about here) 

  

4   Pharmaceutical Biotechnology  

Biotechnology as such is not an industry per se, but refers more to a set of technologies that 

profoundly affect existing industries such as agriculture, food-processing and human health.  In this 

section we focus on the impact of the biotechnological revolution on the Dutch pharmaceutical 

industry.2 However, the biotechnological revolution in the pharmaceutical industry has been largely 

global in nature  (Henderson 1994, Reiss 2000). Therefore, to understand the impact of biotechnology 

in the Netherlands and the sectoral dynamics that have followed from that, we cannot ignore some of 

the essential developments that have largely taken place outside the Netherlands. Therefore we start 

this section with an analysis of the profound changes in the pharmaceutical industry caused by the 

biotechnology revolution. This will be the topic of section 4.1. This then forms the basis for our 

analysis of the evolution of the pharmaceutical biotechnology system of innovation in the Netherlands 

over the period from around the mid 1980’s towards the beginning of the new millenium. This will be 

covered in the sections 4.2, 4.3 and 4.4.  
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4.1    Global developments 

In this section we analyse the profound changes caused by the biotechnology revolution that have 

affected the global pharmaceutical industry. To do so, we start with a brief overview of the 

pharmaceutical industry before the biotechnological revolution arrived. Then we analyse more in-

depth the impact made by biotechnology on this industry, based on the cycle of discovery. On the 

basis of this we will then analyse and try to explain the emergence of new organisational forms. 

 

The advent of biotechnology 

The core knowledge base of the pharmaceutical industry until the early 1960’s was formed by organic 

chemistry. It had developed in Germany and the UK in the late 19th century and had consolidated in 

different types of dominant designs formed by a variety of chemical production processes. These 

processes generated different types of products that, in generalisation, were used for a wide range of 

applications ranging from polymers, paints and coatings, lubricants, cosmetics, detergents to 

pharmaceuticals. It was this growing body of knowledge on and experience with organic chemistry 

that increasingly enabled to produce pharmaceuticals on a large scale and in a reliable way. As far as 

such pharmaceutical applications were concerned, organic chemistry provided the possibility to 

develop an in-depth understanding of the chemical properties of molecules and how they interact with 

one another. However, organic chemistry did not provide an understanding of the human body. Its 

focus was on understanding the properties of chemical entities and producing them reliably in large 

quantities (Santos 2003), not on understanding the biological underpinnings of specific diseases. At 

best, organic chemists could develop a sense of a relation between a chemical compound and its 

potential therapeutic effect (Pisano 2002). These chemists therefore tended to focus on the synthesis of 

chemical compounds that had already been shown to have positive effects. These compounds were 

then screened for their therapeutic potential. So, the discovery of new drugs was a mainly tacit 

capability that was mainly dependent on the skills of  individual chemists, which made it  difficult to 

codify. Still, this search process of random screening worked very well for a large number of years and 

                                                                                                                                                         
2 We thank Bo Carlsson (Case Western Reserve University, Cleveland, Ohio), Felix Janszen (Rotterdam School of 
Management, Erasmus University) and Christien Enzing & Sander Kern (TNO-STB, Delft, The Netherlands) for their 
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generated important classes of drugs, making this period after WWII the ‘golden age’ of the 

pharmaceutical industry (McKelvey and Orsenigo 2001, Pisano 2002). In terms of our cycle of 

discovery  we can characterise this period as one with a strong focus on incremental innovations and 

the exploitation of the existing knowledge base of organic chemistry. 

 

From exploitation to differentiation-reciprocation 

The advent of biotechnology had an impact on this knowledge base of organic chemistry in so far as 

its application in pharmaceuticals was concerned. In the early 1980’s some first signs emerged that 

things were changing. The massive public funding for health related research after WWII began to 

bear fruits. Substantial progress in scientific areas such as physiology, pharmacology, enzymology and 

cell biology created a growing understanding of the biochemical and molecular roots of diseases and 

of the effectiveness of existing drugs in curing these diseases (Reiss e.a. 2000). These new medical 

insights in diseases offered researchers new areas to apply and develop their skills and to diversify  the 

development of new drugs. So, the first biotechnological revolution created a branching of the 

knowledge base of organic chemistry into a new branch that was formed by a combination of organic 

chemistry and molecular biology, which enabled to improve the productivity of the existing search 

process substantially. Although the core knowledge base remained firmly rooted in organic chemistry, 

this new biological knowledge enabled chemists to take a more rational approach to the design of new 

drugs. It enabled them to define the search space more accurately, enabling a more structured approach 

to the screening process. So, random screening turned into a more guided search process (McKelvey 

1997). During this period, those pharmaceutical firms that had maintained absorptive capacity through 

in-house R&D and developed close relations with networks of individual scientists were able to make 

this transition (Gambardella 1995, Pisano 2002, Santos 2003).  

In essence, the advent of molecular biology enabled pharmaceutical firms to now fully exploit the 

possibilities that the existing knowledge base of organic chemistry provided. Still, the random 

character of the search process did not disappear, as these technological advances were more 

complementary and did not displace existing competences of the screening process. Later on, from the 

                                                                                                                                                         
valuable comments on an earlier version of this section. Of course, any error remains entirely our responsibility.  
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early 1990’s onwards, increasing computational possibilities provided by ICT enabled a further 

improvement of the search process through high throughput screening. Whereas the original process of 

random screening was fairly labour intensive, this technology of high throughput screening was an 

automated, robotics-based process that enabled the test of large numbers of chemical compounds, 

although still in a rather random manner.3 

In terms of the cycle of discovery, we see a movement from generalisation to the phases of 

differentiation and reciprocation. We see differentiation in the sense that this adoption took place in 

view of a strong focus on exploitation, resulting into incremental innovations and creating only limited 

uncertainty. This continued exploitation of organic chemistry made its limitations increasingly visible, 

first slowly but towards the end of the millennium increasingly more apparent. These limitations 

became manifest by the increasing number of existing patents by pharma companies that were 

expiring, in combination with a decreasing number of potential ‘blockbusters’ in the pipe-line.4 5 

These growing indications of failures are indicative for the phase of differentiation, for which then 

new insights from outside are needed to address such misfits, in reciprocation. We see this 

reciprocation in the sense that new inputs (molecular biology) were adopted in the existing R&D 

process, leading to a hybridisation of the knowledge base on organic chemistry. 

Beyond reciprocation 

In the late 1980’s and early 1990’s, a second wave in the molecular biological revolution emerged: 

genetic engineering. This second revolution was more radical than the first revolution as it opened up 

completely new areas for innovation and altered the drug discovery process in profound ways. Genetic 

engineering forms an umbrella-name for a newly emerging set of complex and multidisciplinary 

technologies, formed by among others recombinant DNA (rDNA), monoclonal antibody technology, 

and eventually combinatorial chemistry and high throughput screening. These new knowledge bases 

                                                 
3 This random character is still present, even with new drugs that are introduced at today’s markets. Pfizer’s Viagra was 
initially developed as a treatment for hypertension, which proved to be limitedly successful. However, it has become an 
enormously successful drug for erectile dysfunctionings. 
4 An example is formed by Eli Lilly’s patents for its very successful Prozac (against depressions) which expired from the 
beginning of 2001. The turn-over of 2.3billion US$ in 2001 has halved in a few months and could not be compensated for by 
increasing sales of other new medicines (FD, January 2002).   
5 According to Jan Leschly, former CEO of SmithKline Beecham, “Big pharma cannot afford to rest on its laurels. If today’s 
successful pharma companies do nothing then their sales will be halved within ten years from now” (E&Y 2001 (1)) 
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opened up a fundamental new way to define search spaces, identify promising targets and develop 

potential heuristics.  

In terms of our cycle of discovery, this second wave in the molecular biology revolution marked the 

transition beyond the phase of reciprocation as it changed the locus of innovation away from 

incumbent firms (Santos 2003, Roijakkers 2003). The cognitive distance between these new 

knowledge bases and the existing knowledge base of organic chemistry was large (McKelvey and 

Orsenigo 2001, Reis e.a. 2000, Roijakkers 2003, Santos 2003). Now, to realise this new potential, new 

structures were needed. Without exception, new entrants formed by small start-ups that specialised in 

biotechnological research, have been at the leading edge in transforming the highly scientific 

knowledge created at universities into potentially commercially useful techniques and products (Reis 

e.a. 2000, McKelvey and Orsenigo 2001, Pisano 2002, Roijakkers 2003). The successful adoption of 

these new technologies for incumbents was far more difficult and varied substantially among them. 

Especially firms that adopted the first molecular techniques in the early 1980’s and made the 

subsequent transition from random to guided drug discovery proved to be successful in managing this 

change process (Henderson e.a. 1999, Pisano 2002). These firms had developed strong in-house R&D-

capabilities and nurtured close links to scientists that enabled them to build up and maintain sufficient 

absorptive capacity and identify relevant external knowledge (Reis e.a. 2000, Santos 2003). Firms that 

had not made this initial transition nor had developed relations with scientists, were often very slow 

followers and when following, often proved unsuccessful in adopting the 2nd wave of new techniques 

(Gambardella 1995, Pisano 2002). So, we see a new selection environment emerging that stressed the 

need for close links to science and provides incentives for small, specialised firms to enter. The 

existing selection environment increasingly fell apart in large, R&D-intensive firms that disposed over 

sufficient absorptive capacity while lining up with these small players, and those firms that had not,  

which made them increasingly fall behind.  

 

4.2  Pharmaceutical biotechnology in the Netherlands  

The emergence and growth of biotechnology is shaped to an important extent by the presence and 

structure of downstream industries that provide demand for biotechnology and its related products. 
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However, large and integrated pharmaceutical firms are absent in the Netherlands. This may explain 

the relatively moderate position of the Netherlands in the field of pharmaceutical biotechnology. 

According to recent figures, the Netherlands occupies a 12th position in the overall ranking of nations, 

based on number of biotechnology companies (Ernst and Young 2002)6. Still, three medium-sized 

multinational firms are clearly involved in pharmaceutical biotechnology, namely AKZO Nobel 

(Organon, Organon Technika and Intervet), DSM-Gist Brocades (largest global manufacturer of 

penicillin), Yamenouchi and Solvay Pharmaceuticals. In addition, foreign pharmaceutical firms have 

clinical research being carried out in the Netherlands and have relations with Dutch DBF’s. Moreover, 

some of these DBF’s have relations with firms outside the Netherlands. This indicates that 

geographical proximity seems of less importance, an issue which we will further address.   

 

From the middle 1980’s towards the mid 1990’s technologies were primarily based on molecular 

biology or biology, forming a mainly stand-alone knowledge base. The main focus in this period was 

on scientific research so that knowledge mainly pertained to universities and research institutes 

(Ministerie EZ 1998). There was a low number of entrants of about 1 per annum and most of the 

DBF’s had close relations with academia whereas some of them had relations with pharma firms, 

either Dutch (mostly Akzo and Solvay) or foreign ones. In general, there was a limited focus on 

possibilities for a rapid commercialisation of this knowledge (Degenaars and Janszen 1996).  

 

From the early 1990’s towards 1998-1999 the number of entrants by DBF’s per annum increased from 

4 in 1994 to 10 in 1998, making 50 in total (Biopartner 2001, 2002). Around 50% of these firms in the 

pharmaceutical industry in the Netherlands were active in the field of pharmaceutical biotechnology. 

This indicated that in this period a pharmaceutical biotechnology innovation system  was emerging in 

the Netherlands. All these young firms saw R&D as their core activity. They were either 

independently established (60%) or spin-offs from academia (40%) with virtually no DBF’s created 

                                                 
6 Another reason mentioned is that of the institutional set-up of national healthcare systems. When these favour low priced 
medicinal products, such as in the Netherlands, this would lead to relatively few biotechnology companies (Senker and 
Zwanenberg 2001). 
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through diversification from existing pharmaceutical firms (Enzing 2000, Enzing and Kern 2002). 

These DBF’s had relations with academia as well as with large pharma firms, both inside and outside 

the Netherlands. Their main sources of income were formed by royalties from licences or by offering a 

variety of specialised services such as contract research, contract manufacturing and/or custom 

synthesis (Enzing and Kern 2002 (2)). Examples of such DBF’s are among others Pharming 

(transgenic animals), Crucell (platform technologies, gene therapy), Isotis (human tissue engineering).  

 

The majority of this ‘new breed’ of Dutch DBF’s were engaged, through contract research services, in 

general platform technologies with a potential for applications in the pharmaceutical industry such as 

e.g. genomics, combinatorial chemistry, high-throughput screening and bio-informatics (Degenaars 

and Janszen 1996, Ernst and Young 2001(2)). In these application areas, time-to-market was shorter 

and there was less risk involved as compared with therapeutics. These latter required lengthy and 

costly clinical trials and had a higher chance of failure. In our analyses of the Dutch pharmaceutical 

biotechnology industry we will further focus on firms active in these general platform technologies.   

 

General-purpose, platform technologies 

Research in these platform technologies could be considered as an important ‘engine of knowledge’ 

(Allansdottir e.a. 2002). There were many technological spill-overs by means of licences to different 

parts of biotechnology. Especially platform-technologies generate such spill-overs by providing 

platforms also in non-pharma applications such as plant breeding, food-processing (e.g. diagnostic 

kits), speciality chemicals, bioinformatics and biological catalysis. DBF’s that specialised in platform 

technologies aimed to provide tools and services to pharma firms that were involved in drug discovery 

and development. The advantage of this strategy was its potential for relatively rapid 

commercialisation with (hopefully) fast cash-flows (Casper 1999).  

So, over the course of the 1990’s a ‘knowledge exploration value chain’ was emerging in the field of 

general platform technologies, which is schematically depicted in figure 2: 

  

(insert figure 2 about here) 
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Within this value chain we can discern between 2 main types of learning regimes, namely: 

- Learning regime 1: embedded within a network of DBF’s with academia.  

- Learning regime 2: embedded within a network of one or more DBF’s with a large   

      pharma firm. 

 

As can be understood from figure 1, DBF’s performed a key role in commercialising scientific 

knowledge. They connected a ‘basic scientific environment’ with its emphasis on the importance of 

new knowledge with a ‘techno-economic environment’ that emphasised economic value (McKelvey 

1997). In this respect DBF’s were faced with a dual selection environment that stressed economic 

performance on the one hand and scientific excellence on the other hand. This had implications for the 

nature of the knowledge base in terms of stand-alone vs. systemic. The knowledge produced by 

academia was of a mainly stand-alone nature. To turn this knowledge into commercially valuable 

knowledge, DBF’s needed to integrate it with other bodies of knowledge such as adjacent 

biotechnological disciplines as well as with competences in the field of process technology and ICT. 

So, when moving from left to right in figure 2, the knowledge base became increasingly systemic 

(Degenaars and Janszen 1996, McKelvey and Orsenigo 2001).  

 

 

5.  Learning regimes 

We now further analyse each learning regime more in depth: section 5.1 discusses learning regime 1 

and  section 5.2 discusses learning regime 2.  

 

5.1  Learning regime 1 : technological exploration 

Learning regime 1, located in the  selection environment of basic science, was embedded in a network 

made up of relations between DBF’s and (public) research institutes. In this learning regime, the main 

selection force stemmed from the nature of the knowledge base and its focus was on exploring new 

knowledge. We distinguish between two periods, one period from the late 1960 towards the late 
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1990’s and a second period from the late 1990’s onwards. 

 

From the late 1980’s towards the late 1990’s  

From the 1980’s towards the middle of the 1990’s, the knowledge base on general purpose platform 

technologies had a mainly stand-alone nature due to its strong basis in molecular biology or biology. 

Demand was formed by European and world demand rather than local demand (Ernst and Young 2001 

(2). Due to some high quality research at Dutch universities there were opportunities for Dutch DBF’s, 

although mainly pertaining to various niches (Degenaars and Janszen 1996). The fact that there were 

virtually no DBF’s created through divestment from existing pharmaceutical firms provided an 

indication of the cognitive distance from the existing knowledge base of organic chemistry. Also, the 

unwillingness of the existing labour force of organic chemists to ‘give up’ their powerful positions to 

pharmacologists and biotechnologists prevented incumbent firms from jumping onto these new 

opportunities. The majority of firms cooperated with (public) research institutes, indicating that 

knowledge was highly science-based (Ministerie EZ 1998). The learning outcome of this search 

process was formed by abstract and codified knowledge. The search process of scientific discovery 

itself was characterised by a lot of trial & error and was highly specific to individual persons and 

research communities (Enzing 2000). This process entailed many elements that were difficult to 

codify, such as test set-up, accurate execution, interpretation of test results, and so on. It was 

characterised by serial, incremental improvements, leading to the accumulation of tacit knowledge 

within stable research groups of academics and DBF’s (Enzing and Kern 2002). So, a science-based 

and fast-changing knowledge base developed, with cumulative characteristics and high specificity to a 

network of DBF’s and academics (Enzing and Kern 2002). Relations between these people were dense 

and of fairly high durability (4-5 years or more) with frequent interaction in mutual openness on 

mainly search-related and technological issues. Coordination took place through a combination of 

contracts and social mechanisms. Contracts were used to arrange economic aspects such as fees for 

using scientific staff (fte’s) and laboratory facilities as well as allocating intellectual property rights to 

the people involved. Next to this, coordination was mainly social in terms of  peer reviews and 

reputational control in view of academic quality standards.    
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(Insert Table 2 about here)  

 

In this network a clear spatial concentration could be observed, especially around universities in 

Amsterdam, Groningen, Leiden, Utrecht, Nijmegen, Wageningen, Maastricht and Delft. The mainly 

tacit search process meant that personal contacts and frequent interaction were necessary to 

accommodate an effective transfer of this tacit knowledge (Geenhuizen and van de Knaap 1997). In 

addition, physical proximity facilitated easy access to a talent pool of skilled workers, facilitating 

knowledge spill-overs through the mobility of researchers. In addition, opportunities were generally 

diffuse, requiring regular checks and adaptations of the search process into the most promising search 

direction (Geenhuizen 1999). The importance of physical proximity was further indicated by the fact 

that most patents are assigned to inventors from within the Netherlands (Allansdottir e.a. 2002) in this 

period, limiting  spill-overs into this learning regime. So, these exploration networks were formed by 

dense networks of strong ties between universities and DBF’s that enabled them to develop an in-

depth understanding and critical peer reviews (Enzing e.a. 2002).  

 

From the late 1990’s and onwards  

Towards the end of the 1990’s platform technologies increasingly became more multidisciplinary in 

nature and entailed varying combinations of disciplines. Examples of such systemic platform 

technologies are DNA chips, rDNA arrays, proteomic analysis combining electrophoresis and NMR, 

genomic sequencing  (Degenaars and Janszen 1996, Enzing 2000). In addition, combinations with 

software and micro-electronics started to develop that allowed for miniaturisation, automation and 

data-mining. This was also reflected in a growth of the number of patents with multiple assignees, 

especially over the 2nd half of the 1990’s (Allansdottir e.a. 2001). In this respect, opportunities 

increased, which was also reflected by the fact that the number of entrants further accelerated to 22 in 

2000 (Biopartner 2001), providing further substance to the Dutch pharmaceutical biotechnology 
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innovation system.7  

Due to the mainly monodisciplinary orientation of their academic partners in this learning regime 1, 

DBF’s have also actively started to search and access complementary (scientific) knowledge, wherever 

it was located. As a result these dense networks of strong ties between universities and DBF’s were 

opening up to complementary, outside sources of knowledge. Such outside sources were formed by 

universities, research institutes and other networks outside the Netherlands, either at various locations 

in Europe or in the US. Next to Dutch partners also universities and research institutes in the US 

(18%), the UK (6%) and Germany (4%) are mentioned8 (Enzing e.a. 2003). Because this knowledge at 

universities and research institutes was codified, it was easily accessible and transferable by means of 

publications or Internet (Ernst and Young 2000). Especially the use of Internet enabled DBF’s to share 

information with anyone around the globe and to access public databases with state-of-the-art 

(scientific) knowledge. These relations relied much less on geographical proximity and could take 

place over (very) long distances (van Geenhuizen and van de Knaap 1997). So, these more virtual 

linkages with non-redundant ties created a non-dense network that was complementary to these dense 

research networks. The relations in the former were generally of low strength in terms of duration, 

frequency and entailed a limited set of specific technological issues (Enzing and Kern 2002). See also 

again table 2. Governance and coordination of these relations took place in various forms such as 

licenses, technology partnerships or by research contracts with scientific organisations. This also 

explained the large inflows of knowledge from US-based licences into the Netherlands (Degenaars and 

Janszen 1996, Enzing e.a. 2003). 

                                                 
7 Based on a recent survey held in spring of 20037,  there are approximately 110 DBF’s in the Netherlands that are 
specialised in pharmaceutical biotechnology. Of these 110 firms approx. 38 % (42 firms) employ activities that entail both 
R&D and production whereas approx. 27 % (30 firms) also operate, next to their own R&D and production, as subcontractors 
to others by offering contract research services. Moreover, approx. 21% (23 firms) are fully dedicated to R&D with no other 
activities (Enzing e.a 2003). Overall, this makes that approx. 78% (86 firms) that are active in the field of pharmaceutical 
biotechnology are active in R&D. Of these 86 Dutch DBF’s that are active in pharmaceutical biotechnological R&D between 
70 - 80% (60-69 firms) have indicated to work closely together with a university or a semi-public research institute. Approx. 
36% of the mentioned universities and research institutes are based in the Netherlands, with universities in Wageningen, 
Groningen, Utrecht, Leiden and Nijmegen most frequently mentioned.7 The focus of this cooperation is on scientific 
research, developing new research techniques and/or on preclinical trials. Cooperation is mainly formed by means of joint 
projects to which the involved parties contribute through bringing in (a combination of) finance, specific knowledge or 
specialised researchers (Enzing e.a. 2003). 
8 The remaining 36% is divided over France (3%), Belgium (3%), rest of Europe (5%), rest of world (2%) and unknown 
(23%). 
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5.2 Learning regime 2 : technological exploitation and business exploration 

The ‘techno-economic face’ of the dual selection environment (the second part of  figure 1 ) was 

concerned with the exploration of new products, more than with new knowledge (Degenaars and 

Janszen 1996, Ernst and Young 1999). This meant that learning regime 2 was embedded in a network 

made up of relations between DBF’s and large pharma firms. The rationales underlying this network 

were as follows. Large pharma-firms needed to keep up to date with a rapidly changing knowledge 

base that was also diverse and systemic, built up from various disciplines. At the same time, 

opportunities pertained to niches and were also diffuse, making it difficult for pharma firms to decide 

in which fields of knowledge to invest and which to ignore (Ernst and Young 2001 (1), 2001 (2)). 

Therefore, large pharma-firms made use of alliances with various small DBF’s, which enabled them to 

explore various opportunities at the same time, without making substantial specific investments. The 

attractive but diffuse nature of opportunities and the fact that knowledge was highly specific to these 

DBF’s meant that network structure was made up of mainly bilateral relations between large pharma-

firms and DBF’s. For these DBF’s, a core performance-yardstick is ‘time-to-patent’ (Ernst and Young 

1999). Again we distinguish between the two same periods, namely one period from the late 1980 

towards the late 1990’s and a second period from the late 1990’s onwards. 

 

From the late 1980’s towards the late 1990’s 

In contrast with learning regime 1 in this period, selection in this 2nd learning regime stemmed more 

from the nature of the opportunity conditions, i.e. the presence of clear incentives, technology and/or 

market related, to undertake innovative activities although the knowledge base still played its part. 

This combination of attractive, diffuse opportunity conditions and a rapidly changing knowledge base 

required diversity in search spaces. As a result, a network structure emerged that combined a variety of 

decentralised approaches with the ability to coordinate this diversity in a fairly light way. This network 

structure also explains why in most cases DBF’s did not cooperate closely together when they were 

already cooperating with a large pharma-firm. To interact directly with one another would require 
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specific cognitive investments from the involved DBF’s. DBF’s were highly specialised in a specific 

technological field and given the stand-alone nature of knowledge, potential linkages among these 

specialised fields were absent or very limited (Degenaars and Janszen 1996). This did not  provide an 

attractive perspective for a sufficient duration of such a relation in order to recoup such investments. 

As a consequence, spill-overs between DBF’s were very limited (Ministerie EZ 1998, Senker 1998). 

  

(Insert Table 3 about here) 

 

An important governance instrument in this network was formed by research contracts, possibly 

complemented by minority equity arrangements (Ernst and Young 1999, Enzing 2000 (2) ). These 

contracts regulated contract research, contract manufacturing, custom synthesis, development, 

sequencing, testing, software design and so on. They aimed to provide some duration to the 

relationship and to assure the DBF of sufficient resources (especially money) to do research. In 

general, these contracts wee being evaluated every 2 to 3 years (Ministerie EZ 1998).  

 

The case of general platform technologies now raises some interesting questions, such as: why were 

contracts such an important coordinating mechanism in a context with a strong focus on exploitation? 

How were these contracts monitored given the high rate of change? And how did the cognitive 

distance between large pharma firms and DBF’s affect the need for specific cognitive investments?  

In essence, the contract regulated a relatively arms-length relationship between two parties. A DBF 

devoted a lion’s share of its resources to explore a specific technological field to which the large 

pharma firm contributed by financial resources. From the viewpoint of a large pharma firm, it was 

basically subcontracting research to a DBF, and its interest mainly concerned the codified knowledge 

that came out of this search process, not so much this process itself. This was an important point: 

although the cognitive distance with its existing knowledge base of organic chemistry was fairly large, 

a pharma firm did not need to engage in specific cognitive investments (such as mastering all of these 

tacit competences and search routines) nor in the build-up of trust. This also explained the possibility 

of cooperating without the need of being physically close. These factors then made contracts a rational 
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choice. Its value lay mainly in regulating a ‘first-right-of-refusal’for the large pharma firm that 

contributed the costs of doing research, manufacturing and marketing. This entailed the rights to have 

first, exclusive access to the results upon which he could decide whether to use these or not. The fact 

that  knowledge as an outcome of the search process was highly codified explained why contracts 

could be used in the field of general platform technologies (and in biotechnology in general) as it 

allowed a  direct assessment of the amount of progress being made. The high rate of change explained 

the importance of evaluation on a regular basis. Depending on the outcome of such an evaluation, the 

contractual relation was durable as long as  opportunities proved to be viable. If not, relations 

terminated and parties separated. This easy break-up was possible due to the fact that specific 

cognitive investments were limited and trust-in-intention was not a key coordinating mechanism.  

 

From the late 1990’s and onwards 

At the end of the 1990’s, appropriability conditions were starting to change for DBF’s in the field of 

general platform technologies. Increasingly, knowledge on these technologies diffused on a wider 

scale, such as DNA-cloning or purification techniques (Ministerie EZ 1998). Compared with 

therapeutic applications, margins became lower and competition increased (Ernst and Young 2000). 

This enabled large pharma firms to command lower prices. To escape from this growing pressure on 

profit, DBF’s, both existing ones and new start-ups, moved into new and more advanced fields of 

knowledge, such as for example functional genomics that enabled them to create more advanced 

platforms (Senker 1998). It also forced DBF’s to think about alternatives for large pharma firms. One 

alternative remained to pursue an independent strategy (also requiring own production and marketing) 

in the market for therapeutics with potentially high margins but with the disadvantage of enormous 

costs and risks, requiring a large scale.9 Therefore, a more viable alternative was sought that consisted 

of a hybrid model. The general idea was to first develop a strong position around a sophisticated 

technology platform that generated cash-flow through licensing fees. These initial revenue streams 

                                                 
9 There are a few successful examples of DBF’s pursuing such a strategy. One well-known example from the US 
is the firm Amgen that, after its negative experiences with Johnson & Johnson, decided to pursue an independent 
strategy. This decision paid off: it made Amgen the most successful independent biotechnology firm until now as 
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then opened up possibilities to collaborate with other DBF’s in order to develop products based on this 

technology platform and aimed at larger, more profitable markets (Senker and van Zwanenberg 2001, 

Enzing and Kern 2002). An example was genomics firms that, through contract research, developed 

genetic libraries on the basis of which they (aspire to) develop potential therapeutics. Some of these 

products were much more niche-oriented and highly customised to specific diseases, a world-apart 

from the one-size-fits-all character of most blockbuster drugs of large pharma firms (Pisano 2002). 

Such niches generally did not appeal to large pharma firms but were potentially highly attractive to 

DBF’s, which could benefit from a more favourable cost structure.10  

So, opportunities seemed to be changing in favour of DBF’s. This was also indicated by the fact that 

some of them had been able to command deals with pharma firms at more favourable terms such as 

profit-sharing, co-promotion or full commercialisation.11 In addition, to explore this hybrid business 

model, DBF’s increasingly cooperated with other DBF’s instead of large pharma firms (PWC 1999, 

Enzing e.a. 2002). It enabled them to enrich products and services with additional properties and 

information, thereby strengthening the position of DBF’s (Reiss e.a. 2000). As a result, the proportion 

of collaborative relationships and alliances between DBF’s increased compared to alliances between 

DBF’s and large pharma firms, and this made the distinction between platform vs. product-based firms 

increasingly blurred. This made the network structure in learning regime 2 more multilateral12 and 

increased its density (Enzing e.a. 2002). See again table 3 for an overview. 

 

6.  Comparing empirical findings with theoretical claims and conclusions 

In this section we discuss whether our theory of co-evolution of the institutional selection environment 

and network of firms is supported by our empirical analysis of the Dutch pharmaceutical 

biotechnology industry. To do so, we discuss our findings on learning regime 1 (section 6.1) and 

                                                                                                                                                         
it was able to commercialise two blockbuster drugs (with annual sales over $3 billion) on its own (Giovanetti 
and Morison 2000).  
10 DBF’s could develop a more favourable cost structure by their focus on niches. Such niches required small 
volumes, with no potential for scale effects, and a need for flexibility.  In general, this was beneficial for 
small(er) firms such as DBF’s and unattractive for large pharma firms. 
11 This in line with a worldwide trend. In a recent study on the global biotechnology industry, Rothaermel and 
Deeds (2004) found that large(r) DBF’s had substantially gained in bargaining power viz-a-viz pharma firms and 
that the importance of alliances to DBF’s decreased.  
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learning regime 2 (section 6.2). As a final step we relate the empirical findings to the general logic of 

our cycle of discovery and discuss in how far it has served as an adequate theory of co-evolution, 

based on which we draw some conclusions (section  6.3).  

 

6.1 Learning regime 1: technological exploration 

In the Netherlands,  the profound, world-wide changes have resulted into the emergence of a 

pharmaceutical led to learning regime 1 that was mainly the domain of public research institutes and a 

few DBF’s. In the first period that we analysed, between the mid 1980’s until the late 1990’s, the main 

focus of this learning regime was on scientific research. Although codified knowledge through 

publications by researchers in other countries was used as an input to this search process, explicit 

relations were mostly absent as can be noted from the fact that most patents were assigned to inventors 

from within the Netherlands. In addition, there was a very limited focus on possibilities for a rapid 

commercialisation of this knowledge, which could be noted from the limited number of relations with 

pharma firms such as Akzo Nobel, Solvay or foreign firms. Learning regime 1, as it developed 

throughout the first period from the mid 1980’s towards the mid-late 1990’s, focused specifically on 

the development of an in-depth understanding of stand-alone, science-based knowledge. This search 

process was embedded in relations of fairly high durability with frequent interaction in mutual 

openness on mainly search-related and technological issues. In order to deal with this complexity, a 

dense network of strong ties emerged, coordinated by a combination of research contracts, mutual self-

interest and social mechanisms such as peer control and review. As argued, the research contract 

arranged some key economic aspects and the allocation of intellectual property rights, but beyond that, 

coordination was mainly social in terms of  peer reviews and reputational control in view of academic 

quality standards.   

These findings on learning regime 1 do provide support for our claim that in exploration the 

institutional environment will select a dense network. In contrast to our earlier hypothesis on tie 

strength is the finding that relations were strong in duration and partly coordinated by contracts, as a 

                                                                                                                                                         
12 This is also reflected in patents which are increasingly assigned to multiple assignees, either from the Netherlands or from 
elsewhere (Allansdotir e.a. 2002). 
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complement to social coordination. The role of contracts can be explained by the fact that they 

specified the inputs to the search process (in terms of fte’s and the use of laboratory facilities) and 

ownership issues with regard to the outcomes of the search process. Such capacity-related inputs can 

indeed be specified upfront whereas the codified nature of knowledge as outcome of the search 

process enabled to specify allocation of intellectual property rights. As argued, the search process 

itself was highly tacit and was therefore coordinated through social mechanisms. According to our 

arguments as set out before, such durable and to some extent formally coordinated ties would yield 

insufficient variety for exploration. Interestingly, these localized, dense networks were complemented 

by a non-dense periphery of ties, outside the Netherlands, with generally low strength in terms of 

duration and stability. Access to these non-redundant ties enabled to create the required diversity at the 

input-side of this learning regime, i.e. diversity in sources of knowledge.  

As analysed, these non-redundant ties were coordinated through licences that enabled to access and 

use this distant, codified knowledge without the need for the substantial specific cognitive investments 

and the build-up of trust. This is in contrast with our prediction that in such exploration-oriented 

networks coordination takes place through informal mechanisms such as reputation, trust-in-

competence and mutual self-interest. The explanation for this is that knowledge held by these non-

redundant ties at distant locations is highly codified through publications and patents. Its potential 

value can therefore readily be assessed given the generally high absorptive capacity present in the 

dense, local network. The high rate of change of knowledge made that such distant sources of 

knowledge succeeded one another on a regular basis, which required the constant monitoring for new 

potential sources. This relatively high turn-over of such non-redundant ties was possible because the 

knowledge base was of a mainly stand-alone in nature. Substantial technological interdependencies 

were absent or weak, so that these distant, non-redundant ties could be replaced without the risk of 

creating bottlenecks in adjacent technological areas. So, the locus of diversity of knowledge was in the 

periphery of the network whereas selection and triangulation took place  in the core of the network, 

with more dense and stronger ties. Hence the periphery compensated for potential dynamic 
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inefficiencies of the core.13  

 

6.2  Learning regime 2: technological exploitation 

In this learning regime, networks emerged due to a strong complementarity between large pharma 

companies and small specialised DBF’s, resulting in a clear division of labour: small firms conducted 

exploration for which the large firms formed the source of demand and provided the integrative 

capabilities that were required to transform the newly explored knowledge into commercial products.  

In fact, this learning regime formed the transition from exploration to exploitation. As predicted for 

exploitation networks, we find a non-dense network, formed by a hub-and-spoke structure with the 

pharma firm in the core of the network. The stand-alone nature of knowledge and the strong 

specialisation of DBF’s made that there were virtually no relations among them. This network 

structure enabled a large pharma firm to gain access to scientific research. These bilateral relations 

between the central pharma firm and DBF’s created a non-dense network structure made up of 

relations that were of limited strength and mainly coordinated through contracts. As argued, contracts 

could be used given the codified outcome of the search process.  

These findings provide support for our prediction that in exploitation non-dense networks are selected, 

made up of relations that are strong in duration but show less strength in terms of frequency of contact 

mutual openness and breadth of issues covered. In addition, support is also found for our claim that in 

exploitation formal coordination mechanisms are selected such as contracts and formal control 

mechanisms.  

 

6.3 Co-evolution of institutional selection environment and innovation networks  

The question now is in how far our cycle of discovery has served as an adequate theory for explaining 

the co-evolution of institutional selection environment and innovation in networks of firms? In section 

4.1 we discussed the changes that have affected the worldwide pharmaceutical industry. Following 

                                                 
13 This is in line with some recent findings by Aharonson e.a. (2004) on the pharmaceutical biotechnology industry in Canada 
as well as with findings by Owen-Smith and Powell (forthcoming) on the biotechnology cluster around Boston. Both studies 
indicate that biotech firms operate within a geographically embedded cluster from where they maintain large numbers of 
strategic alliances, many of them at long distances.- 
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this analysis we argue that these radical changes can be well understood in terms of our theory of co-

evolution. The different phases from exploration to exploitation (consolidation, generalisation) and 

from exploitation to exploration (differentiation, reciprocation) could all be identified. Moreover, key 

claims made per phase could be substantiated such as: (1) the accumulation of failures within 

differentiation (indicated by the lowering number of patents in pipeline), (2) the hybridisation of the 

knowledge base in reciprocation (importing molecular biology in organic chemistry) and (3) the 

emergence of new structures that enabled to fully realise the new potential of novel combinations 

(wide scale entry of new, specialised firms that created linkages between science on the one hand and 

pharmaceutical firms on the other hand). In line with this analysis along the cycle of discovery was the 

finding that it is very difficult to skip one or more phases. We found that in pharmaceutical 

biotechnology firms making the transition to the phases of differentiation and reciprocation had an 

advantage over firms which tried to move directly from exploitation to full exploration. At the same 

time, firms that maintained close links to the knowledge base of organic chemistry, such as most 

European firms, were far slower in adopting molecular biology when compared with US firms who 

had maintained sufficient absorptive capacity (McKelvey and Orsenigo 2001). In Dutch firms, organic 

chemists had occupied powerful positions for a long time and now tried to resist their lose of dominant 

positions to pharmacologists and biotechnologists, which became an inevitable process though from 

the end of the 1970’s and onwards. Still, the vested interests of existing organic chemists made that 

incumbent firms mostly did not jump onto the newly arising technological and commercial 

opportunities (Degenaars and Janszen 1996).  

From this, we may conclude that our logic has served its purpose of providing a theory of co-

evolution, although there are also some lessons for improving it. In our analysis along the cycle of 

discovery we have taken a rather voluntaristic view on the motivation of firms to adapt to change. As 

indicated, the willingness to change is not spread equally over firms. A lack of willingness may 

ultimately result in a lack of ability to change, with major consequences for firms themselves.  

A lesson is therefore that such a voluntaristic view holds for some firms but certainly not for all of 

them. This connects with a second lesson, which is that the case of pharmaceutical biotechnology 

provides further evidence for the notion that change can indeed be imposed from outside, in stead of 
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being voluntarily sought by incumbents. The described shifts in knowledge bases were largely 

exogenous to the pharmaceutical industry in the sense that molecular biology and genetic engineering 

originated from search activities outside the involved firms. These shifts have been endogenous in the 

sense that their adaptation has largely occurred within (successful) firms themselves and by 

establishing links with new entrants. In other words, co-evolution is not only an endogenous process. 

It is in the combination of exogenous shocks and endogenous absorption that co-evolution is ‘pushed 

forward’ and that a new selection environment is created. A final lesson is that we have seen phases 

going on at the same time, indicating  that co-evolution is not such a linear process as described, but in 

fact reveals the possibility of overlapping phases. Still, each phase could be clearly identified, 

indicating its relevance in understanding the co-evolutionary process between the institutional 

environment and innovation in networks of firms.   
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Figure 1 :  Cycle of Discovery (Nooteboom 2000) 
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Exploration Exploitation 
 
Competence 
radical innovation 
technology oriented 
experimentation with  
   novel combinations 
tacit knowledge 
 
Governance 
spin-offs, new entrants 
loose alliances 
limited use of contracts 
relation-based trust  
 
 
Networks 
dense, open networks 
informal, flexible ties 
limited size, high entry and exit 
locally embedded 
 
Strength of ties 
high frequency of interaction 
short duration 
high(er) openness 
 
Co-evolutionary process  
divergence in knowledge and   

organization 
variety through break-up of existing 
    networks and new relations to    
    outsiders  
 

 
Competence 
incremental innovation 
product & process oriented 
experimentation in  
    organisation 
codified knowledge 
 
Governance 
entrance by incumbents 
formal alliances, acquisitions 
contracts 
institution-based trust  
 
 
Networks 
non-dense, more exclusive networks 
formalisation 
stabilisation 
delocalised 
 
Strength of ties 
low frequency of interaction 
long duration 
limited openness 
 
Co-evolutionary process  
convergence in knowledge and 

organization  
selection by the institutional        
      environment  
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Figure 2 :    Emerging knowledge exploration value chain and learning regimes in 

the field of general platform technologies 
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Late 1980’s to late 1990’s  Late 1990’s – onwards  

 
Properties of Knowledge Base  
highly tacit (search process) 
highly codified (search output) 
low systemicness 
medium rate of change 
 
Governance 
contracts, mutual self-interest, peer 
reviews and reputational control  
 
 
 
 
Networks 
high density 
small size 
informal, inflexible ties 
locally embedded 
 
 
Strength of ties 
high frequency of interaction 
long duration 
high openness 
low cognitive distance 
 
 

 
Properties of Knowledge Base  
highly tacit (search process) 
highly codified (search output) 
medium to high systemicness 
medium to high rate of change 
  
Governance 
- network core: contracts, mutual 
  self-interest, peer reviews and 
reputational control   
- periphery: contracts (mostly 
licenses) 

 
Networks 
- network core: high density, small 
  size, informal and flexible ties,  
  locally embedded 

- periphery: low density, high entry   
     and exit, delocalised 
 
Strength of ties 
- network core: high frequency of 
  interaction, long duration, high 
  openness, low cognitive distance 

- periphery: low frequency of  
   interaction, short-medium duration,  
   limited openness 

 

 Table 2 :    Learning regime 1 – Technological Exploration 
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Late 1980’s to late 1990’s  Late 1990’s – onwards  

 
Properties of Knowledge Base  
highly tacit (search process) 
highly codified (search output) 
medium systemicness 
medium to high rate of change 
 
Governance 
contracts, network position, trust-
in-competence 
 
Networks 
low density 
small size 
open, structural holes 
locally disembedded 
 
Strength of ties 
low frequency of interaction 
medium duration (2-5 yrs) 
low openness 
high cognitive distance 
 
 

 
Properties of Knowledge Base  
highly tacit (search process) 
highly codified (search output) 
high systemicness 
high rate of change 
  
Governance 
contracts, network position, trust-in-
competence 
 
Networks 
medium density 
medium size 
medium entry 
delocalised 
 
Strength of ties 
low – medium frequency of interaction 
medium durability (2-5 yrs) 
low openness with pharma firm; 
  medium openness between DBF’s  
high cognitive distance with pharma 
  firm; medium cognitive distance  
  between DBF’s  

 
Table 3 :   Learning regime 2 – Technological Exploitation 
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