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Preface 

Innovation processes are influenced by many factors; they occur in interaction 
between institutional and organizational elements which together may be called 
'systems of innovation'. The 'systems of innovation' approach has recently 
received considerable attention. It is considered by many to be a useful and 
promising analytical tool for better understanding of innovation processes as 
well as the production and distribution of knowledge in the economy. It also 
provides an appropriate framework for empirical study of innovations in their 
contexts. Furthermore, it is highly relevant from an innovation policy-making 
point of view. 

Though the systems of innovation approach has great potential, it is also, like 
all new approaches, associated with conceptual and theoretical problems and 
weaknesses. As a means to sort out some of these problems and puzzles, I took 
the initiative and formed the Systems of Innovation Research Network in early 
1994. Representatives from variants of the systems ofinnovation approach were 
invited to participate in the Network. 

The objective of the Network was to contribute to building a more solid and 
sophisticated conceptual and theoretical foundation for the continued study of 
innovations in a systemic context. We wanted to stabilize and formalize the 
systems of innovation approach and thereby facilitate and elevate the quality of 
future empirical, theoretical, and policy-oriented work within the approach. 

The Network met three times: in Vadstena, Sweden (June 1994). in Lanzarote. 
Spain (January 1995). and in Soderkoping. Sweden (September 1995). Thus the 
Network participants were involved in continuous scientific dialogue over a 
considerable period. In Vadstena we discussed abstracts of papers. and in 
Lanzarote and Soderkoping we discussed different versions of the developed 
papers - which are now chapters in this volume. 

This book has three parts. Part I tries to sort out some conceptual problems. In 
Part II the systems of innovation approach is related to innovation theory. Part 
III is devoted to increasing our understanding of the functioning and dynamics 
of systems of innovation. These three parts will be discussed further in the 
general introduction. There are also shorter introductions to each of the parts. 
written by the co-editors of this volume. Bjorn Johnson. Esben S. Andersen. and 
Staffan Jacobsson. 

We expect the readers of the book to be scholars and students from various 
social science disciplines who are interested in innovation and technical 



xiv Preface 

change. The book has also been designed for people not yet familiar with the 
systems of innovation approach: in the introduction I have summarized and 
analyzed some important achievements that contributors to the systems of 
innovation approach have made in earlier literature. The circle ofreaders is also 
likely to include policy-makers dealing with R&D, innovation, and technical 
change. Because of the comprehensive and crucial macroeconomic conse
quences of innovation, policy-makers dealing with economic growth and em
ployment issues should also be interested. 

The Network activities were financed by the Axel and Margaret Ax:son 
Johnson Foundation, the Swedish Board for Industrial and Technical Develop
ment (NUTEK), and the Technology-Society Program of the Swedish Council 
for Planning and Coordination of Research (FRN). The Department of Technol
ogy and Social Change at Linkoping University was also very supportive, 
administratively and in other ways. Thanks are especially due to Eva Danielsson 
whose organization skills contributed to the success of the Network's meetings. 
Many thanks also to Dawn House, not only for excellent language editing, but 
also for pointing out inconsistencies and flaws in logic. In addition Simon 
Ivarsson was prepared to work highly uncomfortable hours typing in numerous 
changes during the later stages of preparation of the book. 

The most cordial thanks go to the authors who have contributed chapters to 
this book and also to those who added to the quality of the chapters by 
participating in the conference discussions.! In particular I want to thank the 
three co-editors for providing creative comments to the other authors at various 
stages of the Network's activities and for their imagination in helping to make 
the book coherent. I think we all agree that the Network activities were ex
tremely rewarding 'interactive learning' experiences. I hope that those who read 
this book will gain as many new insights into the innovation process as we 
did! 

Charles Edquist 
Linkoping 
June 1996 

1 They include Olle Edqvist, Lennart Elg, Jean Guinet, Patrik Hidefjall, David Mowery, 
Richard Nelson, Vlf Sandstrom, Rikard Stankiewicz, and Pekka Yla-Anttila. 



CHAPTER ONE 

Systems of Innovation Approaches -
Their Emergence and Characteristics 
Charles Edquist 

1. Introductionl 

It is almost universally accepted that technological change and other kinds of 
innovations are the most important sources of productivity growth and increased 
material welfare - and that this has been so for centuries. They are also a major cause 
of the destruction of old jobs as well as the creation of new employment.2 'Systems 
of innovation' is a new approach for the study of innovations in the economy that has 
emerged during the last decade. In this introduction I will discuss reasons why this 
approach is fruitful for studying innovation and technical change, and highlight some 
insights the approach provides into economic development. I will also review the 
historical development of the approach, outline its characteristics, and address the 
major arguments presented in this volume. 

Innovations are new creations of economic significance. They may be brand new 
but are more often new combinations of existing elements. Innovations may be of 
various kinds (e.g., technological and organizational). The processes through which 
technological innovations emerge are extremely complex; they have to do with the 
emergence and diffusion of knowledge elements (i.e., with scientific and techno
logical possibilities), as well as the 'translation' of these into new products and 
production processes. This translation by no means follows a 'linear' path from basic 
research to applied research and further to the development and implementation of 
new processes and new products. Instead, it is characterized by complicated feed
back mechanisms and interactive relations involving science, technology, learning, 
production, policy, and demand. 

Innovation processes occur over time and are influenced by many factors. Because 
of this complexity, firms almost never innovate in isolation. In the pursuit of 
innovation they interact with other organizations to gain, develop, and exchange 

1 I am very grateful to the following persons who have read and commented upon previous 
versions of this introduction: Mats Bladh, Bo Carlsson, Patrick Cohendet, Olle Edqvist, 
Lennart Elg, Christopher Freeman, Birgitte Gregersen, Patrik Hidefjiill, Staffan Jacobsson, 
Bjorn Johnson, Bengt-Ake LundvalI, Maureen McKelvey, Stan Metcalfe, Richard Nelson, 
Keith Smith, Tomas Svensson, Fran~ois Texier, and Per Trulsson. I also wish to acknowledge 
economic support for writing this introduction from the Axel and Margaret Ax:son Johnson 
Foundation and from the Swedish Work Environment Fund (AMFO). 
2 For supporting arguments see, for example, Abramovitz (1989), Denison (1985), Edquist 

and McKelvey (1992), Edquist (1993b), Edquist (1996), Nelson (1981), and Romer (1990). 
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various kinds of knowledge, information, and other resources. These organizations 
might be other firms (suppliers, customers, competitors) but also universities, 
research institutes, investment banks, schools, government ministries, etc. Through 
their innovative activities firms often establish relations with each other and other 
kinds of organizations; therefore it does not make sense to regard innovating firms 
as isolated, individual decision-making units. 

The behavior of firms is also shaped by institutions that constitute constraints and/ 
or incentives for innovation, such as laws, health regulations, cultural norms, social 
rules, and technical standards. Interaction between various organizations operating 
in different institutional contexts is important for processes of innovation. The 
actors as well as these contextual factors are all elements of systems for the creation 
and use of knowledge for economic purposes. Innovations emerge in such sys
tems. 

If we want to describe, understand, explain - and perhaps influence - processes of 
innovation, we must take all important factors shaping and influencing innovations 
into account. The systems of innovation approach - in its various forms - is designed 
to do this. Attempts to understand the structure and dynamics of such systems are at 
the core of modern thinking about innovation processes. 

However, the proof of the pudding is in the eating. Only general arguments for the 
fruitfulness of the systems of innovation approach can be presented here. It is the use 
of the approach, in research and in policy, that proves its usefulness, as compared to 
other approaches. 

This book as a whole concentrates upon resolving issues of three kinds: 

• sorting out some conceptual problems associated with the systems of innovation 
approach; 

• relating the systems of innovation approach to innovation theories;3 
• increasing our understanding of the dynamics of systems of innovation. 
Each of these themes are dealt with in one of the three parts of the book. 

In section 2 of the introduction I will address the genesis and theoretical origins of 
the different systems of innovation approaches, relate the variants to each other, and 
deal with some of the basic concepts and their meaning. Section 3 points out nine 
common characteristics of the various systems of innovation approaches. In doing 
so, it also identifies the main strengths and weaknesses of the approach, as it has 
been developed so far. A review of issues addressed in the three parts of the book 
will be presented in section 4 of this introduction.4 

3 As will be argued in section 3.9, we do not consider the systems of innovation approach as 
such to be a formal and established 'theory', but rather a 'conceptual framework'. In 
particular, we will relate the systems of innovation approach to innovation theories of an 
evolutionary kind. The nature of such theories is outlined in section 2.2. 
4 To talk of variants of the systems of innovation approach requires that we speak of the 

approach in both singular and plural terms. To reduce confusion it may be helpful to know 
that when dealing with differences between variants, I will speak of systems of innovation 
approaches, but when treating the variants as part of the same general approach, I will refer 
to the systems of innovation approach. 
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2. Various systems of innovation approaches: their genesis 
and anatomy 

Since the objective of this book is to contribute to the development of the systems of 
innovation approach, it is important to review the historical basis of our arguments. 
In this section, the genesis of different coexisting approaches to the study of systems 
of innovation are briefly outlined and their main conceptual components are 
discussed. This means that I will relate the arguments addressed in this book to 
previous literature, requiring that the scope of the introduction be wider than that of 
the remaining chapters. However, as space does not allow a complete account of the 
previous literature, I have left out many predecessors to the systems of innovation 
approach. While this review will selectively concentrate upon some of the most 
important contributions to the field, it has not been easy to decide which to include 
and which to leave aside. 

2.1. The emergence a/the systems a/innovation approaches 
According to Christopher Freeman (1995:5), the first person to use the expression 
'national system of innovation' was Bengt-Ake Lundvall (Freeman, 1995: 5). He 
suggested the term be adopted as a title for part 5 in Dosi et al. (1988). In addition to 
constituting the title the term was used in several chapters in that book.s However, 
in published form, the expression was first used by Chris Freeman himself in his 
book on technology policy and economic performance in Japan (Freeman, 1987). 

In the early 1990s two major books on national systems of innovation were 
published. These were edited by Bengt-Ake Lundvall (Lundvall, 1992) and Richard 
Nelson (Nelson, 1993).6 A perspective that is similar in important respects has been 
developed within a research program led by Bo Carlsson (Carlsson, 1995). Carlsson 
and his colleagues talk about 'technological systems'. They argue that these are 
specific for various technology fields, and hence their approach is sectoral rather 
than national. It may sometimes also be useful to talk about regional (or local) 
systems of innovation. Despite their different emphases, the various perspectives 
also hold important similarities which allow them to be clustered together as variants 
of a more general and broadly encompassing systems of innovation approach. 

The various publications mentioned above are by no means the only ones using 
the systems of innovation approach. Its diffusion has been surprisingly fast. In 
academic circles it is now widely used, and has already been the subject dominating 
a special issue of the Cambridge Journal of Economics.' The approach is also very 
much used in a policy context - by national governments as well as by international 
organizations like the OECD and the European Union. The approach seems to be 
very attractive to policy-makers who look for alternative frameworks for under
standing differences between economies and various ways to support technological 
change and innovation. 

S See chapters by Nelson (1988), Freeman (1988), and Lundvall (1988). 
6 Various national systems of innovation approaches have been compared and critically 
evaluated in McKelvey (1991). 
, Cambridge Journal of Economics, 19 (1), February 1995. A national systems of innovation 

approach was early on used in an empirical and comparative study of Denmark, Sweden, 
Finland, Switzerland, Austria, and Ireland (Mjoset, 1992). 
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Let me very briefly describe and contrast the national approaches of Nelson and 
Lundvall and present the 'technological systems' and the regional approaches.s 

The book by Nelson entitled National Systems of Innovation: A Comparative 
Study (1993), includes case studies of the national systems of innovation in fifteen 
countries, written mostly by authors who are residents of those countries. In the 
various chapters of this book, different authors interpret the concept of 'national 
system of innovation' in different ways - explicitly or implicitly. Two general 
chapters are also included: an introductory chapter (Nelson and Rosenberg, 1993) 
which outlines the process of technical advance and the key institutions involved, 
and a concluding chapter (by Richard Nelson), which draws some conclusions from 
the whole exercise. This book essentially emphasizes empirical evidence: 'the 
orientation of this project has been to carefully describe and compare, and try to 
understand, rather than to theorize first and then attempt to prove or calibrate the 
theory' (Nelson and Rosenberg, 1993: 4). 

The Lundvall book is quite different in orientation from the Nelson one, but it is 
complementary. As indicated by the title, National Systems of Innovation: Towards 
a Theory of Innovation and Interactive Learning, this book is theoretically oriented, 
with some chapters being exclusively concerned with theoretical issues. To the 
extent that the arguments are empirically based or illustrated, one country (Den
mark) is usually referred to. In some chapters there is also a 'thematic' rather than 
'country' approach, in that one aspect (such as export specialization) is studied for all 
OECD countries. One of the aims of the book is to demonstrate the need for 
developing an alternative to the neoclassical economics tradition by placing inter
active learning and innovation at the center of analysis (Lundvall, 1992: 1). Most of 
the chapters are written by scholars belonging to the IKE Research Group at 
Aalborg University, Denmark.9 

The 'technological systems' approach was developed within the framework of a 
five-year research program of Sweden's Technological Systems and Future Devel
opment Potential led by Bo Carlsson.lo The program deals with theoretical aspects 
of the study of technological systems as well as empirical studies of specific systems 

8 A more detailed characterization is made in section 3. 
9 Lundvall and his colleagues in Aalborg refer to Friedrich List's concept of The National 

System of Political Economy (List, 1841), which shows many similarities to the current 
concept of 'national system of innovation' (Lundvall, 1992: 16). 
10 A similar term '(large) technical systems' has earlier been used by Thomas Hughes (1983). 
However, he means something substantially different from Carlsson and Stankiewicz, at least 
in his original version. Hughes concentrates much more on technological complementarities 
and interdependencies, although he also deals with socio-economic aspects. The individual 
technologies are integrated with each other into large technical systems, such as electricity 
systems, telecommunications systems, or water supply systems; it is primarily the technical 
elements that are considered to be 'systemic', not the context around them. Only some 
technologies qualify, mainly infrastructural ones. Manufacturing technologies or office tech
nologies do not form 'large technical systems', as their scale or size are usually not large 
enough. This kind of 'technical' integration is not used as an argument for the fruitfulness of 
the systems approach in the form in which it is discussed in this book. This is also the reason 
why Hughes's perspective is not considered to be a variant of the systems of innovation 
approach in this review. 
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like factory automation, electronics and computers, pharmaceuticals, and powder 
technology. Although Carlsson and his colleagues do not use the same 'language' 
('system of innovation'), their 'technological systems' approach is - as will be shown 
in later sections - quite similar in several respects.ll 

A regional perspective on innovation and industrial development has also been 
widely used, although the term 'regional system of innovation' as such might be less 
common. One example is AnnaLee Saxenian's analysis of 'regional industrial 
systems' which focus on Silicon Valley, California and Route 128, Massachusetts 
(Saxenian 1994). Other examples are analyzes in terms of 'industrial districts' from 
Alfred Marshall on. The phrase 'regional innovation system' is also being increas
ingly used. This is indicated in Cooke (1996), which includes an analysis of the 
origins of the concept. The regional approach is addressed by Ellinor Ehrnberg and 
Staffan Jacobsson in chapter 14 of this volume. 

2.2. Theoretical origins of the systems of innovation 
approaches 

Although the systems of innovation approach is not considered a formal and 
established theory here,.2 its development has been influenced by different theories 
of innovation such as interactive learning theories and evolutionary theories. What 
follows is a very brief discussion of some theoretical roots of the systems of 
innovation approaches. 

Lundvall's (1992) book is an attempt explicitly to relate the national systems of 
innovation approach to innovation theory. In it, contributing authors from Aalborg 
University, Denmark, have placed their own previously developed innovation 
theories into a national systems of innovation conceptual framework. This theory 
stresses processes of learning and user-producer interaction.13 In LundvalJ's words: 

One of our starting-points is that innovation is a ubiquitous phenomenon in the modern 
economy. In practically all parts of the economy, and at all times, we expect to find 
ongoing processes of learning, searching and exploring, which result in new products, 
new techniques, new forms of organization and new markets. In some parts of the 
economy, these activities might be slow, gradual and incremental, but they will still be 
there if we take a closer look. (LundvaU, 1992: 8) 

The systems of innovation approach is compatible with the notion that processes of 
innovation are, to a large extent, characterized by interactive learning. It could be 
argued that some kind of systems of innovation approach is inherent to any 
perspective that sees the process of innovation as interactive: interactivity paves the 
way for a systemic approach. 

11 This discussion of the 'technological systems' approach is mainly based upon Carlsson and 
Stankiewicz's (1995) theoretical chapter in a case study of factory automation in Sweden 
(Carlsson, 1995). An earlier version of that chapter has been published in Journal of 
Evolutionary Economics, 1, 1991: 93-118. The concept of 'technological system' is also 
discussed by 80 Carlsson and Staffan Jacobsson in Chapter 12 of this volume. 
12 See section 3.9. for arguments. 
13 The theory seems to fit incremental technological innovations better than discontinuous 
ones, the latter often being science-based. Similarly, it might fit product innovation better than 
process innovation, as implicitly indicated by Lundvall (1992: 10). 
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Several innovation theorists have convincingly argued that the model of the 
isolated profit-maximizing firm is an inappropriate tool for interpreting certain 
important aspects of the processes involved in generating and diffusing innovations. 
For example, many of the actors and organizations involved in R&D and processes 
of innovation are not primarily governed by profit-seeking motivations. These actors 
may be governmental or private non-profit organizations such as universities and 
public research laboratories. Legal conditions, rules, and norms will also sig
nificantly affect an organization's inclination and possibility to innovate. Non-profit 
organizations and profit-oriented ones, like firms, also interact with each other in 
complex ways when pursuing learning and innovation (Nelson and Winter, 1977: 
50-2). 

As an alternative to understanding technical change to be a result of seeking to 
maximize profits, Nelson and Winter propose that it can be understood as an 
evolutionary process (Nelson and Winter, 1977, 1982; Nelson, 1987, 1995b). An 
evolutionary theory of technical change often contains the following components: 

1. The point of departure is the existence and reproduction of entities like 
genotypes in biology or a certain set-up of technologies and organizational 
forms in innovation studies. 

2. There are mechanisms that introduce novelties in the system (i.e., mechanisms 
that create diversity). These include significant random elements, but may also 
produce predictable novelties (e.g., purpose-oriented development work). In 
biology the novelties are mutations and in our context they are innovations. 

3. There are mechanisms that select among the entities present in the system. This 
increases the relative importance of some and diminishes that of others. The 
selection process reduces diversity and the mechanisms operating may be the 
'natural selection' of biology or the 'market selection' of competition as regards 
technical change. '4 Together the selection mechanisms constitute a filtering 
system that functions in several stages and leads to a new set-up of, for example, 
technologies and organizational forms. There might also be feedback from the 
selection to the generation of new innovations. 

Nelson writes, 'Technical change clearly is an evolutionary process; the innovation 
generator keeps on producing entities superior to those earlier in existence, and 
adjustment forces work slowly' (Nelson, 1987: 16). The technologies that are 
developed are only superior in a relative sense, not optimal in an absolute sense, and 
the system never reaches a state of equilibrium. Technological change is an open
ended and path-dependent process where no optimal solution to a technical problem 
can be identified. 

Although the resource bases of various national systems of innovation highly 
influence their patterns of innovation, technical change will likely also involve 
considerable randomness. In addition, the processes through which new technolo
gies are screened, selected, and implemented take considerable time. Randomness, 
combined with the time-consuming nature of innovation processes, may indicate 

14 In the latter case, selection mechanisms may also be of a non-market character (e.g., 
institutions like rules and strategies within firms, government regulations, and public technol
ogy policies). 
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that evolutionary models of technological change are a more realistic way of 
grasping and understanding innovations than the models provided in neoclassical 
economics (Nelson, 1981: 1036,1059-61).15 

It must be recognized, however, that there is no mention of evolutionary theory in 
Nelson and Rosenberg (1993), and that their version of the national systems of 
innovation approach is therefore not explicitly based in evolutionary theory. How
ever, in his 1988 article on the US innovation system, Nelson explicitly argues that 'in 
capitalist countries, technical change is set-up as an evolutionary process' (Nelson, 
1988: 313). In Nelson's (1995b), detailed survey of evolutionary theorizing there are 
no indications that he has abandoned the evolutionary perspective that he helped to 
establish (Nelson and Winter, 1977, 1982). Therefore, it seems perfectly safe to 
assume that the Nelson (and Rosenberg) version of the systems of innovation 
approach is implicitly based on an evolutionary theory of innovation. 

The Carlsson approach is, however, explicitly based on an evolutionary per
spective: 'We have chosen an evolutionary approach because of its ability to bring 
within a single conceptual framework the institutional/organizational as well as the 
cognitive/cultural aspects of social and economic change' (Carlsson and Stankiewicz, 
1995: 23). Hence they have a fairly long discussion of the role of creation of diversity 
and of selection mechanisms. 

In contrast, Lundvall does not refer to evolutionary theory in his introduction 
(Lundvall, 1992). However, in Chapter 4 of that text, Esben Sloth Andersen 
explicitly discusses an evolutionary framework as well as the evolutionary founda
tions of learning by doing (Andersen, 1992). I have already shown that theories of 
interactive learning lie behind the Aalborg version of the national systems of 
innovation approach. Furthermore, there might be an intimate relation between 
learning theories and evolutionary theories in the sense that learning is one mecha
nism through which diversity is created. Learning might even be an element in 
processes of selection. 

Carlsson and Stankiewicz, Nelson and Rosenberg, as well as Lundvall and his 
colleagues are all committed to the idea that technological change is an evolutionary 
process. Not only is the systems of innovation approach compatible with evolu
tionary theories of innovation but there is a close affinity between the twO. 16 Thus 
theories of interactive learning together with evolutionary theories of technical 
change constitute origins of the systems of innovation approach.17 

IS This article primarily discusses productivity growth, but the argument seems to be as 
relevant for technological change. 
16 For further arguments in this direction, see Chapter 8 of this book by Paolo Saviotti and 
Chapter 11 by Esben S. Andersen and Bengt-Ake Lundvall. In Chapter 10 Patrick Cohendet 
and Patrick Llerena deal with economically positive consequences of diversity and the 
possibilities of exploiting them. That the concept of a national system of innovation is 
consistent with evolutionary theory has also been argued in Niosi et al. (1993). 
17 In Part II we will discuss the relations between evolutionary theories and the systems of 
innovation approach in a more profound way. 
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2.3. The concept of systems of innovation 

As a basis for understanding this book's discussions about various kinds of systems 
of innovation, it is useful to go into more depth in describing what such a system 
actually is. It is necessary to start by indicating what some contributing authors mean 
by a system of innovation. 

In an early study. Christopher Freeman (1987) defines a national system of 
innovation as 'the network of institutions in the public and private sectors whose 
activities and interactions initiate. import. modify and diffuse new technologies' 
(Freeman. 1987: 1). When describing the Japanese national system of innovation he 
concentrates upon four elements: 

1. The role of the Ministry of International Trade and Industry (MITI). 
2. The role of company R&D. especially in relation to imported technology. 
3. The role of education and training and related social innovations. 
4. The conglomerate structure of industry (Freeman. 1987: 4). 

Lundvall explicitly defines the concept of a national system of innovation in a 
'broad' sense, including 

all parts and aspects of the economic structure and the institutional set-up affecting 
learning as well as searching and exploring - the production system. the marketing 
system and the system of finance present themselves as subsystems in which learning 
takes place. (Lundvall. 1992: 12) 

He adds that: 

Determining in detail which subsystems and social institutions should be included. or 
excluded. in the analysis of the system is a task involving historical analysis as well as 
theoretical considerations . . . a definition of the system of innovation must be kept open 
and flexible regarding which subsystems should be included and which processes should 
be studied. (Lundvall. 1992: 12. 13) 

Lundvall suggests that the boundaries of a national system of innovation cannot be 
sharply determined, and indeed it might be an impossible task to do so in detail. 
However, the issue of providing a more precise definition of system of innovation 
will be discussed further in this book - and we hope to clarify the concept at least to 
some extent. Accordingly, this topic will be addressed in Chapter 9 by Maureen 
McKelvey and in Chapter 15 by Riccardo Galli and Morris Teubal. 

Leaving the national approach, Carlsson and Stankiewicz define a technological 
system as: 'a network of agents interacting in a specific economidindustrial area under 
a particular institutional infrastructure or set of infrastructures and involved in the 
generation, diffusion and utilization of technology' (1995: 49; italics in original).18 

In Nelson and Rosenberg's (1993) introductory chapter to the Nelson book no 
explicit definition of a national system of innovation is provided but rather three 
terms - 'innovation ', 'national', and 'system ' - are discussed in some detail. I will 

18 In the same book. Carlsson uses a somewhat different formulation: 'technological systems 
consist of network(s) of agents interacting in a specific technology area under a particular 
institutional infrastructure for the purpose of generating, diffusing and utilizing technology' 
(Carlsson, 1995: 7; italics in original). Technological systems are closely related to the kind of 
'networks' analyzed by HAkansson (1989). 
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follow a similar procedure below, but go further by relating the discussion to the 
approaches mentioned above - as well as to the works of a few other scholars. 

2.3.1. The concept of 'innovation' 

Innovation as conceived by Nelson and Rosenberg (1993) is narrow in the sense that 
it is restricted to technical innovations.19 They write: 'This book is about national 
systems of technical innovation ... the studies have been carefully designed, devel
oped, and written to illuminate the institutions and mechanisms supporting technical 
innovation in the various countries' (Nelson and Rosenberg, 1993: 1). This is 
certainly an accurate description of the content of the Nelson book, for none of the 
contributing authors discuss organizational, institutional, or social innovations in 
any detail, although a few address such innovations in an ad hoc manner. 

The innovation concept is, however, not always restricted to technical innova
tions. Schumpeter, for example, conceived of innovation in a much broader way. In 
his own words, he preferred to 

define innovation more rigorously by means of the production function ... this function 
describes the way in which quantity of product varies if quantities of factors vary. If, 
instead of quantities of factors, we vary the form of the function, we have an innovation. 
(Schumpeter, 1939: 87; emphasis added) 

Or in somewhat different words: 
we will simply define innovation as the setting up of a new production function. This 
covers the case of a new commodity as well as those of a new form of organization such 
as a merger, of the opening up of new markets, and so on. (Schumpeter, 1939: 87; 
emphasis added)20 

Directly following the quote above, Schumpeter defined innovation in extremely 
broad terms: 

Recalling that production in the economic sense is nothing but combining productive 
services, we may express the same thing by saying that innovation combines factors in 
a new way, or that it consists in carrying out New Combinations. (Schumpeter, 1939: 
87-8) 

'New combinations' is also used as a definition of innovation by, for example, 
Lundvall (1992: 8) and Elam (1992: 3). However, neither of these authors refer to 
innovations as the setting up of a new production function. 

In its various forms, Schumpeter's definition is extremely wide - when compared 
to the innovation concept used by Nelson and Rosenberg. In another sense, 

19 Process as well as product innovations are counted as technical innovations (Nelson and 
Rosenberg, 1993: 4-5). 
20 Hence Schumpeter explicitly mentions new commodities (i.e., what we could also call new 
product technologies or product innovations). He also specifically mentions new forms of 
organization - which he, somewhat surprisingly, exemplifies with a merger. However, he does 
not explicitly define 'form of organization'. (Organizational innovations are discussed more 
systematically in Edquist, 1992.) Although not mentioned in the quotes above, new process 
technologies are also considered to be innovations by Schum peter. As a matter of fact, 'the 
setting up of a new production function' is an extremely wide conception and actually covers 
many important changes of economic significance, including technological and organizational 
process innovations as well as product innovations. 
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however, Nelson and Rosenberg's concept is also very wide. As they state, they 
interpret innovation 'rather broadly, to encompass the processes by which firms 
master and get into practice product designs and manufacturing processes that are 
new to them, whether or not they are new to the up.iverse, or even to the nation' 
(Nelson and Rosenberg, 1993: 4-5). Hence their innovation concept includes not 
only the first introduction of a technology but also its diffusion. They point, in 
passing, to one difference between their concept of innovation and Schumpeter's by 
observing that 'the strictly Schumpeterian innovator, the first firm to bring a new 
product to market, is frequently not the firm that ultimately captures most of the 
economic rents associated with the innovation' (Nelson and Rosenberg, 1993: 4). 

As with the Nelson and Rosenberg concept of innovation, the 'technological 
systems' approach of Carlsson and Stankiewicz focuses mainly upon technologies, 
their generation, diffusion, and utilization (Carlsson and Stankiewicz, 1995: 49) In 
technological innovation Carlsson, however, includes both know-how ('software') 
and artefacts ('hardware') (Carlsson, 1995: 3). Product as well as process technolo
gies are also included in the Carlsson/Stankiewicz notion of technology. Hence their 
innovation concept is similar to that of Nelson and Rosenberg.21 

Lundvall deviates here in mentioning 'new forms of organization' and 'institu
tional innovations' (Lundvall, 1992: 8,9,14,17), in addition to technological process 
and product innovations. However, he does not specify his concept of innovation 
explicitly and systematically. It could be argued that he is more faithful to Schump
eter in understanding the concept of innovation in a very broad sense. But there are 
difficulties with Lundvall's approach: he does not systematically deal with non
technological kinds of innovations (i.e., he focuses mainly on technological innova
tions), and there is some confusion about the distinctions he makes between 
different kinds of innovation. 

To conclude, different authors who adopt the systems of innovation approach 
mean different things by the term innovation. This is not necessarily problematic, 
since definitions and analytical distinctions are not right or wrong. However, for 
certain purposes specific definitions may be good or bad; useful or not.22 This 
pragmatic view of conceptual matters simply implies that the object of study should 
influence the conceptual specification. The conceptual tools used should, for exam
ple, be influenced by whether we want to study only technological process innova
tions or include product innovations and/or organizational innovations as well. In 
summary, all authors working within the systems of innovation approach are 
centrally focused on technological innovation and, in addition, all are interested in 
organizational and institutional change. 

21 It should be added that the Carlsson approach also focuses upon 'institutional infra
structures' as constituent elements of technological systems. 
22 And analytical distinctions do not imply views about relations (causal or temporal) between 
the categories distinguished. For example, a distinction between development and diffusion of 
technology does not imply a linear view of technological change. However, such relations can, 
of course, be conjectured on the basis of theories and/or established in empirical work. 
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2.3.2. The concepts of 'national', 'regional', and 'sectoral' 

Another component in the national systems of innovation concept is the notion of 
'national'. It will here be discussed in conjunction with 'regional' and 'sectoral'. The 
delimitation of systems of innovation in geographical and sectoral dimensions will be 
in focusY On what it means to be 'national' Nelson and Rosenberg write: 

On the one hand, the concept may be too broad. The system of institutions supporting 
technical innovation in one field, say pharmaceuticals, may have very little overlap with 
the system of institutions supporting innovations in another field, say aircraft. On the 
other hand, in many fields of technology, including both pharmaceuticals and aircraft, a 
number of the institutions are or act transnational. Indeed, for many of the participants 
of this study, one of the key interests was in exploring whether, and if so in what ways, 
the concept of a 'national' system made any sense nowadays. National governments act 
as if it did. However, the presumption, and the reality, may not be aligned. (Nelson and 
Rosenberg, 1993: 5) 

Thus, Nelson and Rosenberg implicitly argue for a sectoral approach, then question 
the usefulness of examining national systems of innovation. Because of increasing 
internationalization, Lundvall (1992: 3-4) also expresses arguments against studying 
systems of innovation from a national perspective. 

Systems of innovation other than national ones can be, should be, and are being 
identified and studied. An innovation system can be 'supranational' in several 
senses; it can be truly global, or it can include only part of the world (e.g., an 
integrated Europe).24Jt can also be 'regional' within a country, an example being the 
Silicon Valley area in California or Route 128 in Massachusetts (Saxenian, 1994). An 
innovation system can also be supranational and regional within a country at the 
same time, as are parts of Germany, France, and the UK. Continuing along the 
spatial path one may - in Europe - distinguish between a supranational system at the 
European Union level, the national level, and the regionaillocallevei. 

Leaving the geographical dimension, we could also talk about 'sectoral' systems of 
innovation (i.e., systems that include only a part of a regional, a national, or an 
international system). The 'technological systems' approach, as defined in section 
2.3., is a sectoral one in this sense. In contrast to the national approach represented 
by Nelson and Lundvall, Carlsson et al. (1992) talk about technological systems in 
specific technology fields. In other words, their approach is 'sectoral' in the sense 
that it is determined by generic technologies ('technology fields'). They can be, but 
are not necessarily restricted to one industrial branch.2s Carlsson and Stankiewicz 
state that the 

nation-state constitutes a natural boundary of many technological systems. Sometimes, 
however, it may make sense to talk about a regional or local technological system ... In 
yet other cases the technological systems are international, even global. Where the 
boundaries are drawn depends on the circumstances, e.g., the technological and market 
requirements, the capabilities of various agents, the degree of interdependence among 
agents, etc. (Carlsson and Stankiewicz, 1995: 49) 

23 Delimitation in a functional sense will be discussed in the next section. 
24 The development of the European Union's system of innovation will be discussed by 
Paraskevas Caracostas and Luc Soete in Chapter 17. 
~ In Chapter 6, Stefano Breschi and Franco Malerba also talk about 'sectoral systems of 
innovation'. However, they clearly do not mean the same thing as Carlsson et al. 
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Hence, technological systems may be national, regional, as well as international. 
From the point of view of a transnational corporation, the relevant system of 

innovation may be similar to a sectoral one, but international or global at the same 
time.26 Since it is active in many countries, it may also be important for the firm, in its 
strategy, to take differences between national systems into account - in order to 
exploit them. At the same time 'technological systems' constitute elements of 
national as well as regional systems of innovation. 

The specification national systems of innovation is obviously only one among 
several possibilities. However, there are strong reasons to talk about innovation in 
terms of national systems. One reason is the fact that the various case studies in 
Nelson (1993) show that there are sharp differences between various national 
systems in such attributes as institutional set-up, investment in R&D, and perform
ance. For example, the differences in these respects between Denmark and Sweden 
are remarkable - in spite of the fact that these two small countries in Northern 
Europe are very similar in other respects such as language, culture, standard of 
living, lifestyle, consumption patterns, size of the public sector, and strength of trade 
unions (Edquist and Lundvall, 1993: 5-6). Another very important reason is that 
most public policies influencing the innovation system or the economy as a whole are 
still designed and implemented at the national level. In other words, the importance 
of national systems of innovation has to do with the fact that they capture the 
importance of political and policy aspects of processes of innovation.27 It is not only 
a matter of geographical delimitation; the state, and the power attached to it, is also 
important.28 

The discussion pursued here leads to the following conclusion. Systems of innova
tion may be supranational29 national, or subnational (regional, local) - and at the 
same time they may be sectoral within any of these geographical demarcations. 
There are many potential permutations. Whether a system of innovation should be 
spatially or sectorally delimited depends on the object of study. All the approaches 
mentioned above may be fruitful - but for various purposes or objects of study. 
Sometimes a national approach to systems of innovation is most appropriate and 
sometimes a sectoral or regional one is more useful.)() The approaches complement 
rather than exclude each other. Sometimes one angle is useful, sometimes another. 
For example, Paolo Guerrieri and Andrew Tylecote combine a national and a 
sectoral approach in Chapter 5 of this volume. 

26 However, a firm may, of course, produce in several sectors and be present in several 
technological systems simultaneously. 
27 In Chapter 7 of this volume, Mark Elam deals with the role of territoriality and why nations 
matter in economic development. The national dimension is also central in Chapter 16 by 
Siavo Radosevic on the transformation from socialist to post-socialist systems of innova
tion. 
28 In some countries political power is decentralized (e.g., to the German Lander). This 
increases the relevance and importance of regional systems of innovation. 
29 Freeman talks about 'continental' systems of innovation (Freeman, 1995). 
30 This is - again - an example of the conceptual pragmatism referred to in the discussion of 
'innovation' at the end of section 2.3.1. 



Systems of Innovation Approaches - Their Emergence and Characteristics 13 

2.3.3. The concept of 'system' 

Given the pragmatic position taken above with regard to the specification of 
'innovation' and the delimitation of systems of innovation in spatial and/or sectoral 
terms, the concept of 'system' becomes very central. This term is problematic in all 
the three approaches discussed here. 

It may be illuminating briefly to relate the systems of innovation concept to a 
general systems concept, where the term 'systems' refers to 'complexes of elements 
or components, which mutually condition and constrain one another, so that the 
whole complex works together, with some reasonably clearly defined overall func
tion' (Fleck, 1992: 5).31 

The systemic character of the systems of innovation approach32 means that it has 
the potential of transcending the linear view of technological change, which places 
R&D (technology development) at the beginning of a causal chain that ends in 
productivity growth, mediated by innovation and diffusion.33 As stressed in the 
Lundvall book, it is natural to regard innovation as an interactive process leading to 
a systems of innovation approach. 

According to Carlsson et al., the objective of government technology policy is to 
improve the function of existing technological systems and to enhance the creation 
of new ones (Carlsson et al., 1992: 14). In other words technological systems are - at 
least partly and sometimes - consciously built by the state. In Nelson and Rosenberg 
(1993) the contrary is the case: national systems are not consciously designed. The 
elements in the systems may even be in conflict with each other (i.e., influence 
innovations in opposing directions). This is shown in their definition of the term 
'system': 

the concept here is of a set of institutions whose interactions determine the innovative 
performance, in the sense above, of national firms. There is no presumption that the 
system was, in some sense, consciously designed, or even that the set of institutions 
involved work together smoothly and coherently. Rather, the 'systems' concept is that 
of a set of institutional actors that, together, play the major role in influencing 
innovative performance. The broad concept of innovation that we have adopted has 
forced us to consider much more than simply the actors doing research and develop
ment. Indeed, a problem with the broader definition of innovation is that it provides no 
sharp guide to just what should be included in the innovation system, and what can be 
left out. (Nelson and Rosenberg, 1993: 5-6; emphasis added) 

Nelson and Rosenberg do not conceive 'systems' of innovation to be 'created' or 
'developed' by, for example, policy-makers. In my view the truth is somewhere 

31 Fleck also quotes the Shorter Oxford English Dictionary according to which a system is a 
'set or assemblage of things connected, associated or interdependent, so as to form a complex 
unity; a whole composed of parts in orderly arrangement according to some scheme or plan, 
rarely applied to a simple or small assemblage of things' (Fleck, 1992: 5). 
32 Note that it is the approach that is systemic, not technologies. 
33 This is not to imply that there is nothing at all in the linear view. It has some relevance, 
particularly in areas where technologies are heavily science based and technical change 
thereby often discontinuous. But the linear view does not in general capture the determinants 
of innovation in a satisfactory manner. This has been argued by, for example, Kline and 
Rosenberg (1986) and von Hippel (1988). These contributions could therefore be regarded as 
predecessors to the systems of innovation approach. 
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between Carlson et at. and Nelson and Rosenberg. Some elements of systems of 
innovation - they might be national or sectoral- are consciously designed by actors 
- sometimes by government policy-makers. Other important elements seem to be 
evolving spontaneously over extended time periods. It might be added that it is 
probably easier to influence a technological system than a national system of 
innovation from the policy level. A national system as a whole can certainly not be 
designed. 

The emphasized part of the quote above indicates that a problem with broadening 
the definition of innovation is to define the limits of the systems studied. On this issue 
Lundvall writes, as we saw: 'a definition of the system of innovation must be kept 
open and flexible regarding which subsystems should be included and which pro
cesses should be studied' (Lundvall, 1992: 13; emphasis added). Lundvall specifies 
two key universal components of national systems of innovation - institutions and 
industrial structure - but he does not give clear criteria for identifying the most 
important ones (McKelvey, 1991: 130). 

Neither are Carlsson and his colleagues clear on this issue. Carlsson and Stankie
wicz (1995) do not address the issue of the non-geographic, or functional, boundaries 
of technological systems. It is unclear exactly which agents and institutional 
infrastructures are 'involved' in the generation, diffusion, and utilization of 
technology.34 

Hence all three approaches are vague in specifying the boundaries of the sys
tems.35 

One way of specifying 'system' is to include in it all important economic, social, 
political, organizational, institutional, and other factors that influence the develop
ment, diffusion, and use of innovations. Potentially important determinants cannot 
be excluded a priori if we are to be able to understand and explain innovation.36 

Provided that the innovation concept has been specified, the crucial issue then 
becomes one of identifying all those important factors.3' This could - in principle -
be done by identifying the determinants of (a certain group of) innovations. If, in this 
way, innovations could be causally explained, the explanatory factors would define 

34 See the definition of 'technological system' towards the end of section 2.3. 
3S However, this seems to be a common problem also in other spheres where a 'systems' 
concept is used, for example, in 'systems development' in software production. 
36 For example. there are no reasons to limit the determinants to only 'a set of institutional 
actors', as done by Nelson and Rosenberg (1993); see the earlier quote in this subsection. The 
proposal here can also be compared to the definition proposed by Lundvall as quoted in the 
beginning of section 2.3. Lundvall's definition is broad in the sense that it includes all kinds of 
learning. searching. and exploring (instead of focusing only upon innovation). However, it is 
limited in pointing out certain kinds of determinants (i.e .• the economic structure and the 
institutional set-up). 
37 Clearly the system of innovation is larger than the R&D system. It must. for example. also 
include the system of technology diffusion and how institutions and similar factors influence 
both. 
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the limits of the system. The problem of specifying the extent of the system studied 
would be solved - in principle.38 

Admittedly, this is not as easy in practice as in principle. We simply do not know 
in detail what all the determinants of innovation are, particularly not for all types of 
innovations. This procedure would require a lot of explanatory work - which 
remains to be done - and which is a very complex thing in the social sciences. In 
other words, at the present state of the art, defining the limits of a system of 
innovation in this way (as all determinants) is a 'catch 22' problem.39 In spite of this 
and the fact that we might never be able completely to identify the determinants of 
innovation, we will, for the time being, specify system as including all important 
determinants of innovation. 

An advantage of this definition is that it is open in the sense that it does not a priori 
exclude any determinants. An obvious disadvantage is that it is unspecific at the 
present state of the art. We are, for example, unable to specify the relative 
importance of determinants in various cases and there may, of course, still exist 
unidentified determinants which are important.4o A primary objective of further 
research in the field is to decrease our ignorance in these respects. This would 
simultaneously increase the degree to which we can specify a 'system'. 

Having defined systems of innovation functionally in this very comprehensive 
sense, it must also be pointed out that some factors (determinants) are viewed as 
being more important than others in specific versions of the systems of innovation 
approach. As we have seen, Lundvall argues that 'the structure of production' and 
'the institutional set-up' are the two most important dimensions, which 'jointly 
define a system of innovation' (Lundvall, 1992: 10). They 'form the framework for, 
and strongly affect, processes of interactive learning, sometimes resulting in innova
tions' (Lundvall, 1992: 9). In a similar way Nelson singles out organizations support
ing R&D. These instances serve to focus our attention on some aspects of systems of 
innovation. In this way the approaches serve as 'focusing devices'. Neither are, 
however, examples of proven theories, but rather they are interesting conjectures 
that need to be specified and then verified or disproved through further research. 

3. Common characteristics of the systems of innovation 
approaches: advantages and problems 

This section identifies nine characteristics that the systems of innovation approaches 
have in common. In doing so it also points out the advantages associated with the 

38 An attempt in this direction - but only with regard to diffusion of process technologies in the 
engineering industry - was made in Edquist (1989: 10-11). In that context the explanatory 
factors included: structure of production, relative factor prices, organizational conditions, 
degree of unemployment, union attitudes, technology policy, and availability of know-how. 
39 In addition, we would be forced to make some sort of distinction between important 
determinants and less important ones; excluding determinants of minor importance is 
necessary to facilitate the task (and reduce the extension of the systems). 
40 Even if a definition of 'system of innovation' is clear and unambiguous, the national system 
of innovation in each country might be specified in different ways. For example, the role of 
different institutions, organizations, and activities tend to change over time and space. We will 
return to this issue in section 3.4. 



16 Introduction 

systems of innovation approaches as a means for studying innovation, as a con
ceptual framework for government policy-making, and as a basis for formulating the 
innovation strategies of firms.41 The identification of common characteristics will 
also point out a number of problems, weaknesses, and puzzles associated with the 
systems of innovation approaches. Some of these weaknesses were considered 
challenges in the work within the Network and are hence addressed in this book. 

3.1. Innovations and learning at the center 

Despite their different interpretations of innovation, all versions of the systems of 
innovation approach place innovations at the very center of focus. Somewhat less 
evident is that this also applies to learning processes of various kinds. This contrasts 
with conventional neoclassical analysis, where technological change is treated as an 
exogenous factor (i.e., emerging outside the economic system). 'As a result, the 
causal connections between technological change and economic growth are poorly 
understood' (Carlsson, 1995: 1). 

Technological innovation is a matter of producing new knowledge or combining 
existing knowledge in new ways - and of transforming this into economically 
significant products and processes. Learning in the form of formal education and 
searching through research and development (R&D) is behind much of innovation. 
However, not all innovation has this source; in many cases innovation is a con
sequence of various kinds of learning processes embedded in various ordinary 
economic activities. Many different kinds of actors and agents in the system of 
innovation are involved in these learning processes; the everyday experiences and 
activities of engineers, sales representatives. and other employees matter a lot. In the 
words of Lundvall: 

Such activities involve learning-by-doing, increasing the efficiency of production oper 
ations (Arrow 1962), learning-by-using, increasing the efficiency of the use of complex 
systems (Rosenberg 1982). and learning-by-interacting. involving users and producers 
in an interaction resulting in product innovations (Lundvall 1988). (Lundvall, 1992: 
9). 

As indicated in section 2.2., Lundvall also argues that learning, searching, and 
exploring take place in practically all parts of the economy (Lundvall, 1992: 8). 

The economic role of learning currently seems to be increasing rapidly, and there 
is much talk about 'the knowledge based economy' and 'the learning economy,:2 
Lundvall argues that knowledge is the most fundamental resource in the modern 
economy and, accordingly, that the most important process is learning (Lundvall, 
1992: 1). This means that it is vital, from the viewpoint of encouraging economic 
growth and employment, to analyze the knowledge and learning aspects of systems 
of innovation, including the formal R&D system, the education and training system, 
as well as processes of learning embedded in routine economic activities. Not only is 
the creation of new knowledge crucial but so is its accessibility (i.e., its distribution 

41 This means an implicit comparison between the systems of innovation approach(es) and 
other approaches. Making this comparison explicit and systematic is a larger task than can be 
done in an introduction to an edited book. 
42 See, for example, Lundvall and Johnson (1994). 
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and its utilization within systems of innovation). This latter issue is addressed by 
Dominique Foray in Chapter 3 of this volume and by Keith Smith in Chapter 4. 

3.2. Holistic and interdisciplinary 

The systems of innovation approaches can be characterized as 'holistic' in the sense 
that they have the ambition to encompass a wide array - or all - of the determinants 
of innovation that are important - whether it is in a national, regional, or sectoral 
context. Holistic is then contrasted to 'reductionist' (i.e., the a priori exclusion of 
potentially important determinants of innovation). 

The systems of innovation approach can be contrasted with previous attempts to 
understand innovation. 'The traditional OECD approach' to technical change and 
innovation has strongly influenced the kind of data collected on R&D and technical 
change. This approach focuses mainly on the R&D system in a narrow sense, 
primarily by studying resource inputs (money and personnel) into the R&D system. 
One reason why the systems of innovation approach goes beyond R&D is that 
technologies are also developed outside the formal R&D system through, for 
example, learning by doing, learning by using, and learning by interacting.43 In 
addition, technologies are not only developed, but also produced, diffused, and 
used.44 They are also changed during these processes. All these additional factors are 
included in a system of innovation - but not in an R&D system. Hence a 'system of 
innovation' is much more than an R&D system, and the systems of innovation 
approach is much wider and more comprehensive than the traditional OECD 
approach.4s 

The systems of innovation approach also allows for the inclusion not only of 
economic factors influencing innovation but also of institutional, organizational, 
social, and political factors. In this sense it is an interdisciplinary approach. Perhaps 
it might best be labeled a 'political-economic' approach. 

Elements of systems of innovation - such as firms and other actors at the 'micro' 
level - behave and perform very differently with regard to innovation activities in 
different contexts, including national ones. For example, old and established firms in 
Japan and South Korea have diversified into production of new R&D-intensive 
products to a much larger extent than firms in the USA or Sweden. This probably is 
largely due to the different structural environments of the firms. In order to 
understand such phenomena it is important to have a structure concept. The system 
of innovation approach can fruitfully serve as such, because it can be considered to 

43 These learning processes operate outside the formal R&D system, as noted earlier. 
However, they may also be relevant to the activities within this formal system. 
44 And technologies do not have large economic and social consequences until they are widely 
diffused and used. For all but the - economically speaking - largest countries, this diffusion 
means mainly absorption from abroad. This is so for Sweden as well as for Mexico and 
India. 
45 It must be mentioned that the OECD secretariat has been very quick to adopt a systems of 
innovation approach in its work. For example, in the OECD Technology/Economy Program 
(TEP) reported in 1991. the notion of national systems of innovation was already im
portant. 
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combine a structural and an actor-oriented approach.46 A systemic and holistic 
framework in the sense discussed here has a tremendous value as a tool to facilitate 
understanding of the dynamics of innovation. 

Let me conclude this section with some remarks of a methodological kind. A 
system of innovation should be looked upon as a 'whole' because many of its 
elements are - more or less closely - related to each other. Otherwise, there would 
be no 'system'. But it is also sometimes necessary to deal only with parts of the 
system - one at a time or a few in relation to each other. 

Hence, it may sometimes be necessary to restrict the analysis to various sub
systems of a system of innovation. To divide the complex 'whole' into pieces as done 
in some chapters of this book is sometimes useful- and sometimes even a necessary 
way of understanding and creating theories about the relations between various 
parts or 'elements' involved in the process of technological and organizational 
change. In other words, a study limited to, for example, the financing of innovations 
is not necessarily reductionism. To study only one subsystem can also contribute to 
the creation of a more coherent and sharp 'scientific language' appropriate for 
dealing with elements like technological development, diffusion of technology, the 
emergence and diffusion of organizational forms, education and training, as well as 
institutional changes related to these spheres. The combination of a holistic ap
proach with clearly developed analytical distinctions between elements in the system 
as a whole is useful in interdisciplinary research on technological and organizational 
change.47 

3.3. A historical perspective is natural 

The time lag between a technical invention, its transformation into an economically 
important innovation, and its widespread diffusion is often long. In many of the 
country case studies in the Nelson book the historical dimension is therefore 
stressed. To use the study of Denmark and Sweden as an example, it can be seen that 
the natural resource base (fertile land in Denmark and forests and minerals in 
Sweden) and the economic history of the two countries from the industrial revolu
tion onwards strongly influenced the present anatomies of the two national systems 
of innovation (Edquist and Lundvall, 1993: 269-82).48 

The different natural resource bases of Denmark and Sweden were highly 
influential in determining the direction of innovation and therefore the development 

46 Anthony Giddens combines both actor and structure in his structuration theory (Giddens, 
1984). Various systems of innovation approaches are discussed in a structure/actor per
spective by McKelvey (1991). A theoretical framework combining a structural and an actor
oriented approach have been used in empirical work in Edquist (1985). 
47 In such work it must be kept in mind that analytical distinctions (and definitions) do not 
imply statements about the relations between the categories distinguished. 
48 In this analysis we also used the concept of 'development blocks', coined by Erik Dahmen 
(1970, 1988), as a tool to understand the formation and development of the systems of 
innovation in the two countries. Development blocks are similar to what Michael Porter 
(1990) would later call 'clusters' and what others have labeled '(industrial) complexes'. Both 
Dahmen and Porter could be considered to be Schumpeterian predecessors to the systems of 
innovation approach, although both of them are neglected in this introduction. 
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of the two countries' current systems of innovation. This has also been true for 
countries such as Canada and Australia. In Japan and South Korea the natural 
resource base may have been less important, while civilian technology policy has 
been a more important determinant of the development of the systems of innova
tion. Through such policy, other resources, for example human resources such as 
knowledge and competence, have been created as a substitute for the lack of natural 
resources. In the USA, military R&D and technology policy may have been crucial 
factors. In other words, technology policy may act as an engine for 'liberating' a 
country's system of innovation from its natural resource base, i.e., using the resource 
base without being constrained by it (Edquist and Lundvall, 1993). 

Such historical processes can be captured by an analysis anchored in a systems of 
innovation framework. To have a historical perspective is not only an advantage 
when studying processes of innovation, but also necessary if we are to understand 
them. This is because innovations develop over time. In their development they are 
influenced by many factors , and it is not clear to the actors involved - e.g., firms and 
other organizations - what the end result is going to be or whether their efforts will 
be successful or not. History matters very much in processes of innovation as they 
are often path dependent: small events are reinforced and become crucially im
portant through positive feedback.49 

It is not only innovations that develop in this way but also institutions and 
organizations. Even systems of innovation as a whole cumulatively develop over 
time, and the accumulation of knowledge and skills is crucial to them. These 
processes might be captured in terms of the dynamic 'co-evolution' of knowledge, 
innovations, organizations, and institutions. 

However, systems of innovation are also subject to inertia, as indicated by the 
examples of Denmark and Sweden. Their anatomies seem to be quite stable over 
long periods, and the structural resistance to change is often considerable. 

3.4. Differences between systems and non-optimality 

The systems of innovation of various countries can be quite different. The same is 
true for regional (or local) systems of innovation and for sectoral ones (technological 
systems). Various national systems of innovation differ in their structure of produc
tion (i.e., pattern of specialization in production). In some countries raw material 
based production is important; in others knowledge-intensive production is more 
dominant. For these and other reasons systems differ in the amount of resources 
spent on R&D and innovation. The systems also differ in their performance in terms 
of technology development and diffusion. 

In addition, the organizations and institutions constituting elements of the systems 
of innovation may be different in various countries. regions, or sectors. For example, 
research institutes and company-based research may be important for the R&D 
system in one country (Japan) while research universities may perform a similar 
function in another (USA).sU Legal systems, norms, and values also differ. The 

49 They may therefore be understood in an evolutionary perspective, as discussed in section 
2.2. 
so And this significantly influences the availability of R&D results to other actors. 
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specifications of the elements in a national system of innovation therefore normally 
differ between countries.sl 

In the systems of innovation approaches the differences between the various 
systems are stressed and focused upon rather than abstracted from.s2 This makes it 
not only natural but vital to compare various systems. Without comparisons between 
existing systems it is impossible to argue that one national system is specialized in 
one or the other way. Neither can we argue that one country spends much on R&D 
or that its system performs well- or badly. This is because the notion of optimality 
is absent from the systems of innovation approaches. Hence comparisons between 
an existing system and an ideal system are not possible. 

We cannot define an optimal system of innovation because evolutionary learning 
processes are important in such systems and they are thus subject to continuous 
change. The system never achieves an equilibrium since the evolutionary processes 
are open ended and path dependent. We do not even know whether the potentially 
best trajectory is exploited at all, since we do not know which one it is. Processes of 
change are at least partly random and take a long time. 

In the absence of any notion of optimality, a method for comparing existing 
systems is necessary for understanding what is good or bad or what is a high or low 
value for a variable. Large benefits could be reaped if comparisons between systems 
were made explicit and systematic. Comparisons are also crucial for policy purposes; 
for the identification of problems that should be subject to intervention. Such 
comparisons between systems must be genuinely empirical and would therefore be 
similar to what is often called 'benchmarking' at the firm levelY 

3.5. Emphasis on interdependence and non-linearity 

Following Schumpeter, innovations can be considered to be 'new combinations' of 
elements of existing and/or new knowledge. These knowledge elements often 
originate from different actors and agents such as firms and universities. It has long 
been recognized that firms almost never innovate in isolation. When innovating, 
they interact more or less closely with other organizations, and they do so in the 
context of existing laws, rules. regulations, and cultural habits. The other organiza
tions may be firms as well (customers, competitors, or suppliers of inputs - including 
knowledge and finance), but they may also be other kinds of organizations such as 
universities, schools, training institutes, government agencies, etc.S4 

SI The fact that there are differences between countries in all these respects is clearly shown for 
Japan in Odagiri and Goto (1993), for South Korea in Kim (1993), for the USA in Mowery 
and Rosenberg (1993), and for Sweden and Denmark in Edquist and Lundvall (1993). 
S2 This is in sharp contrast to neoclassical economic theory which is supposed to be valid for all 
market economies, and treats all as the same. 
S3 The usefulness of empirical-comparative analysis as a basis for policy design is argued in 
Edquist (1994). 
54 What has been mentioned here are simply important elements of systems of innovation. In 
Chapter 15 Riccardo Galli and Morris Teubal deal with the main elements of a national 
system of innovation and the linkages between them. Keith Smith partly uses a similar 
perspective in Chapter 4. 
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These insights are here considered to be a driving force behind the emergence of 
the systems of innovation approach, an approach in which interdependence and 
interaction between the elements in the systems is one of the most important 
characteristics. In the systems of innovation approach, innovations are not only 
determined by the elements of the system but also by the relations between these.$$ 
For example, the long-term innovative performance of firms in science-based 
industries is strongly dependent upon the interaction between these firms and 
universities (or other organizations that carry out relevant basic research).$6 To 
describe a system of innovation it is therefore not sufficient only to enumerate its 
elements. The relations between the elements must also be addressed.$7 

These relations are extremely complex and often characterized by reciprocity, 
interactivity, and feedback mechanisms in several loops. They are clearly not 
characterized by unilateral and linear causal relationships. This means that the 
systems of innovation approach has the potential to transcend the linear view of 
technical change, as mentioned in section 2.3. 

This emphasis on the complex relations between elements constitutes a major 
advantage of the systems of innovation approach. However, it also constitutes a 
challenge; we simply do not know enough about these relations. It is important to be 
able to capture these interdependencies in empirical work - which includes the 
development of concepts and indicators that relate elements to each other. Quantifi
cation is important. This is needed for the development of a more sophisticated 
systemic and interactive view of innovation processes. It is, however, not an easy 
task. More work is needed on identification of the central elements in systems of 
innovation, estimating their relative importance, as well as investigating the rela
tions between them. In particular, we need to know more about the interdependence 
and connectivity of the systems. We also ought to find out more about the division of 
labor between elements of innovation systems; who is responsible for what kind of 
knowledge and why? 

One consequence of the interdependent and non-linear view which characterizes 
the systems of innovation approach is that it is natural also to bring in demand as a 
determinant of innovation. This has been done by Lundvall when focusing on 
interactive learning as a relation between using and producing firms. 'Demand 
conditions' have also been singled out by Porter as one of four factors that determine 
the creation of competitive advantage of an industry (Porter, 1990: 71).$8 Porter 
emphasizes the nature of home demand for the industry's product. He claims that 
the size of home demand is far less significant than its character, and stresses the 
importance of buyers that are sophisticated and demanding, since they pressure 

$$ Elements and relations are both seen as determinants of innovation; see section 2.3.3., as 
well as Chapter 16 by Siavo Radosevic. 
$6 The increasing roles of science-based technologies and interdisciplinarity are discussed by 
Frieder Meyer-Krahmer in Chapter 13. 
57 Various kinds of interactions within firms, between firms, and between firms and other 
organizations are the focus of Paolo Guerrieri and Andrew Tylecote in Chapter 5. 
58 The others are factor conditions, related and supporting industries, and firm strategy, 
structure, and rivalry. 
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companies into meeting higher standards and innovating. Under 'demand condi
tions' he includes not only demand from other firms, but also consumer demand for 
end products (Porter, 1990: 86-100). Corresponding to Porter's stress of demand is 
the emphasis on 'lead users' in the technological systems approach. 

A corollary of treating demand as an important determinant of innovation is a 
widening of the traditional view on innovation policy. The traditional view strongly 
emphasizes innovation policy instruments at the supply side, e.g., support and 
subsidies to R&D or absorption of new products and processes from abroad. It is 
obviously influenced by the linear view. The emphasis on demand as a determinant 
of innovation points also to demand side innovation policy instruments such as laws, 
taxes, regulations, and subsidies which may influence the diffusion of technologies, 
including choices between alternatives and their use. Such regulations can, for 
example, be motivated by environmental reasons.59 

A focus on demand also naturally leads to an emphasis on government technology 
procurement as an innovation policy instrument. This means that a government 
agency places an order for a product or a system that does not (yet) exist. Hence the 
agency serves as a sophisticated customer, and innovation activities become neces
sary for satisfying the demands of the buyer. This instrument has been used in the 
defense material sector of many countries. It has also proved to be an extremely 
potent instrument for influencing the speed and direction of innovation at the 
civilian side in some countries. Sometimes government technology procurement has 
also served to strongly enhance the competitiveness of those firms successfully 
meeting the demands and thereby winning the contracts.6() 

3.6. Encompasses product technologies and organizational 
innovations 

The concept of innovation can be used in many senses - as we saw in section 2.3.1. In 
mainstream economic theory innovation is, more or less explicitly, often assumed to 
be limited to process innovations (which normally lead to productivity growth and 
decreased employment per unit of output, at least as an immediate or direct 
effect).61 

At the same time, technological product innovations are probably more important 
than technological process innovations. A considerable part of industrial R&D goes 
to the development of new and/or better products (rather than processes), although 
this figure varies between countries.62 Intuitively, we expect there to be more new 

59 Supply versus demand side innovation policy instruments have been discussed in Edquist 
(1994). 
60 Government technology procurement as an innovation policy as well as an industrial policy 
instrument has been discussed in some detail in Edquist (1995). 
61 However, some neoclassical models deal with product innovation and the emergence of new 
products. 
62 Depending on how one counts, this figure is between 75 and 90 per cent for Sweden (SCB, 
1991: table 4). In 1985 68 per cent of industrial R&D was spent on developing new products 
and product changes in the USA. The figure for Japan was 36 per cent (Mansfield, 1988: 1771). 
The rest of industrial R&D was in all three countries spent on the development of new 
processes and process changes. 
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goods - i.e., more product innovation - in R&D intensive sectors of manufacturing 
than in other sectors.63 Examples are electronics and pharmaceuticals (Edquist, 
1996). 

The production of R&D intensive goods is also positively correlated to high 
productivity and high productivity growth.64 We also expect the market for new 
goods to grow faster than for old goods. As a consequence, we expect a 'mediated' 
correlation between sectors with high R&D intensity (and a lot of product innova
tion) and sectors with rapid market growth; there is a correlation between R&D 
intensive products and growth products (Edquist and Texier, 1996). 

A historical comparison shows that over the past hundred years there have been 
tremendous cultural, social, and technological transformations resulting from the 
development and diffusion of new products. Just assume away the automobile, the 
telephone, the computer, and the television! Product innovation, leading to the 
substitution of old goods and services or to the satisfaction of new needs, is the main 
mechanism effecting structural change in economies. It propels development for
ward to a larger extent than increasing efficiency through process innovations. 
Hence product innovation seems to be the more important part of technological 
innovation.6s This is probably the reason why Lundvall, Nelson and Carlsson include 
product innovations in their concept of innovation. Hence, the systems of innovation 
approach has no problems in capturing and dealing with product innovation. 

If the objective is to understand the growth and employment effects of innovation, 
there are strong reasons for also including organizational innovation in the analysis. 
Developments in production have led managers and researchers to give more 
emphasis to organizational change as a source of productivity growth and com
petitiveness, and we are all familiar with 'just-in-time' and 'lean production'. 
Arguments favoring organizational change are persuasive. Although Japanese auto 
assembly plants in the USA use process technologies similar to their US counter
parts, the Japanese 'transplants' are more productive than domestic plants. Thus 
organizational forms may be 'national', i.e., rooted in and emerging from specific 
characteristics of societies. But they may also be 'firm based' and 'international' at 
the same time, as shown by the existence of transplants. 

There are three specific arguments for including organizational innovations in the 
concept of innovation: 

63 An R&D intensive sector has a high ratio between R&D expenditures and production value 
or value added. 
64 This has been shown in Edquist and McKelvey (1992, 1996), Edquist (1993b), and Tyson 
(t 992: 35). Learning curves are also steeper for R&D intensive goods, and their development 
and production are often associated with positive externalities. This means that a country 
with a - relatively speaking - large production of R&D intensive goods can be expected 
to experience a higher productivity growth (and a higher economic growth) than other 
countries. 
65 Product innovation is the main source of the creation of new jobs in industrial countries 
(Edquist and Texier, 1996; Edquist, 1996). The development and production of new products 
might be associated with increased productivity as well as the creation of new jobs (Edquist, 
1993c). 
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• Organizational changes are important sources of productivity growth and com
petitiveness and they might also strongly influence employment (Edquist, 1992: 
23-4; 1996); 

• Organizational and technological changes are closely related and intertwined in 
the real world, and organizational change is often a requirement for technological 
process innovation to be successful;66 

• All technologies are created by human beings; they are in this sense 'socially 
shaped', and this is achieved within the framework of specific organizational 
forms. 

This means that organizational changes are important process innovations. They are 
also vital for the development and use of technological innovations. Nevertheless, 
the study of organizational innovations is neglected compared to the study of 
technological innovations. We need much more systematic knowledge about the 
emergence and diffusion of organizational innovations and their socio-economic 
consequences. Therefore the marginal return of work along this path can be 
expected to be high. 

However, organizational innovations are not included in the innovation concepts 
used by Nelson and Rosenberg (1993) and Carlsson and Stankiewicz (1995). In 
Lundvall (1992) innovations other than technological ones are mentioned, but they 
are not systematically analyzed (see section 2.3.1.). An exception is Chapter 5 in 
Lundvall (1992), which deals with work organization and the innovation design 
dilemma. 

The emergence of new organizational forms, their diffusion, as well as the 
interaction between these forms and technological innovations can - in principle -
be analyzed within a systems of innovation approach.~71t may simply be achieved by 
including organizational innovation in the innovation concept - in the pragmatic 
spirits aired at the end of section 2.3.1.68 However, organizational innovation takes 
place under different circumstances and is governed by different determinants as 
compared to technological innovation. 

3.7. Institutions are central 

One of the most striking characteristics the systems of innovation approaches have 
in common is their emphasis on the role of 'institutions'. In all the definitions 

66 This is, for example, shown in Nyholm (1995) and also discussed in Edquist and Jacobsson 
(1988). 
67 Since there are organizational forms in most areas of human activity, it is useful to talk about 
such forms in different 'spheres' or at various levels of aggregation. For example, the 
organizational form in an R&D department influences the design of product technologies -
some of which are later transformed into process technologies. The organizational form 
where the process technology is used - i.e., in the process of production - influences the 
implementation of the technology. See Edquist (1992, 1996). 
68 This is, for example, done by Dosi: 'In an essential sense, innovation concerns the search for, 
and the discovery, experimentation, development, imitation, and adoption of new products, 
new production processes and new organizational set-ups' (Dosi. 1988: 222). The relations 
between the three innovation categories mentioned by Dosi is discussed in some detail in 
Edquist (1996) for manufacturing goods as well as for services. 
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presented in section 2.3. institutions influencing innovation are central elements, 
rather than being assumed away from the array of potential determinants of 
innovation: 

• Freeman talks about 'the network of institutions' in his definition (Freeman,1987: 
1). 

• For Lundvall, 'The institutional set-up .. . is the second important dimension of 
the system of innovation' (Lundvall, 1992: 10). 

• Nelson and Rosenberg stress 'the institutions and mechanisms supporting techni
cal innovation' (Nelson and Rosenberg, 1993: 1). 

• Carlsson and Stankiewicz point to the 'particular institutional infrastructure .. . 
involved in the generation, diffusion, and utilization of technology' (Carlsson and 
Stankiewicz, 1995: 49).69 

'Institutions' are of crucial importance for innovation processes, as has been 
convincingly shown in a large part of the innovation literature and as will be argued 
in several chapters of this book. It is therefore a great strength of the systems of 
innovation approach that 'institutions' are central in all versions of it. However, it is 
a weakness that the various contributors to the development of the approach do not 
mean the same thing when they use the term 'institution'. In order to show that this 
is the case, it is necessary to quote the various authors at some length. 

Carlsson et al. divide the 'institutional infrastructure' which is related to each 
' technological system' into four parts: 

• industrial research and development; 
• academic infrastructure; 
• other institutions; 
• state policy (Carlsson et al., 1992: 14). 

Later Carlsson and Stankiewicz write: 

Institutions are the normative structures which promote stable patterns of social 
interactions/transactions necessary for the performance of vital societal functions . . .. 
By the institutional infrastructure of a technological system we mean a set of institu
tional arrangements (both regimes and organizations) which, directly or indirectly, 
support, stimulate and regulate the process of innovation and diffusion of technology. 
The range of institutions involved is very wide. The political system, educational system 
(including universities), patent legislation, and institutions regulating labor relations 
are among many arrangements which can influence the generation, development, 
transfer and utilization of technologies. (Carlsson and Stankiewicz, 1995: 45) 

Their concept of institutions seems to be quite heterogeneous and very complex. It 
includes 'normative structures', 'regimes', as well as 'organizations' of various kinds. 
At the end of their paper they verify this by including 'both rules or laws determining 
behavior and organizational structures' in the concept of institutional infrastructure 
(Carlsson and Stankiewicz, 1995: 51). 

While Nelson and Rosenberg do not provide an explicit definition of the concept 
of institutions, it is clear from their discussion that they consider firms and industrial 
research laboratories to be the most important institutions involved in industrial 

69 The emphasis in these four quotes has been added. 
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innovation. They also include what they call 'supporting institutions' which incorpo
rate research universities, government laboratories, as well as technology policies 
(Nelson and Rosenberg, 1993: 5, 9-13).70 

Hence, institutions for Nelson and Rosenberg are basically different kinds of 
organizations, although they also seem to include 'technology policies'. 

Lundvall states that: 'Institutions provide agents and collectives with guide-posts 
for action' and as such 'institutions may be routines, guiding everyday actions in 
production, distribution and consumption, but they may also be guide-posts for 
change. In this context, we may regard technological trajectories and paradigms, 
which focus the innovative activities of scientists, engineers, and technicians, as one 
special kind of institution' (Lundvall, 1992: 10). 

'Institutions' in the sense of 'routines' and 'guide-posts for action' (including 
trajectories and paradigms) is obviously something very different from the meaning 
Nelson and Rosenberg give the term. 

The conceptual ambiguity surrounding the term 'institution' should be sorted out 
before we go into deeper theoretical, empirical, and policy-oriented work on the 
specific ways in which 'institutions' influence innovation. It seems that the term 
'institutions' is used in two main senses. One being 'things that pattern behavior' like 
norms, rules, and laws (e.g., Lundvall), and the other 'formal structures with an 
explicit purpose', i.e., what is normally called organizations (e.g., Nelson and 
Rosenberg)." The Nelson and Rosenberg perspective could gain from a stronger 
emphasis on 'things that pattern behavior' and Lundvall could perhaps give more 
weight to organizations in his theoretical elaboration. Carlsson and Stankiewicz take 
both into account in their conceptualization, but do not make a clear distinction 
between them. 

It must be mentioned here that 'institutions' play quite different roles for innova
tions. Both R&D laboratories, patent systems and technical standards are often 
regarded to be 'institutions' intended to stimulate technical innovation. It is also 
important to keep in mind that institutions may also be (or become) obstacles to 
innovation. Institutions - once established - tend to live a life of their own and may 
become unsuitable to perform functions they previously performed or for which 
they were originally intended. Then institutional change - or institutional innovation 
- is called for; but there is often intense resistance to such change. Dismantling 
institutions and perhaps replacing them with alternative ones may be necessary. Less 
drastically, institutional 'shake-ups' may now and then be required.72 All this calls for 
research on how institutional change is actually taking place. 

3.B. Conceptually diffuse 

The systems of innovation approach is associated with various kinds of ambiguities. 
Some conceptual problems have to do with the fact that different definitions of the 

70 Patel and Pavitt mean something similar with 'institutions': business firms, universities, 
other education and training institutions, and governments (Patel and Pavitt, 1994: 10, 12). 
71 This is argued by Bjorn Johnson and me in Chapter 2. The role of institutions is also very 
much at the center of Dominique Foray's analysis of knowledge openness in Chapter 3. 
72 To the extent that 'institutional change' is subject to influence by policy-makers and firm 
managers, this might be a matter of innovation policy or firm strategy. 
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systems of innovation concept are used by different authors (see section 2.3.). Other 
problems are related to the vagueness of some concepts upon which the approach is 
based. We have just concluded that the concept of institution, which is so central to 
the systems of innovation approaches, is used differently by various authors. Similar 
problems concern other conceptual elements in the approach.73 

In addition none of the major authors provide a sharp guide to what exactly should 
be included in a '(national) system of innovation'; they do not define the limits of the 
systems in an operational way. As we saw in section 2.3.3., both Nelson and Lundvall 
explicitly state that the boundaries are unspecific. Carlsson offers no further clar
ification. My own proposal is subject to our ability to identify the determinants of 
innovation, and therefore, for the time being, is also unclear in practice if not in 
principle. There is simply no given demarcation between a system and its surround
ing context. 

The issue of delimiting systems of innovation in functional terms will be discussed 
further in this book (e.g., in Chapter 9 by Maureen McKelvey). However, it might be 
an impossible task to identify the boundaries in detail, as argued by Lundvall (1992: 
13).74 An important complement to these attempts at specification is then to try to 
identify the core elements in systems of innovation, and focus on the relations 
between these (see section 3.5.). 

Conceptual ambiguity, or in more positive language, conceptual 'pluralism', is 
natural for a new approach under formation. At an early stage it is uncertain which 
concepts are essential to the conceptual core of the approach, what their exact 
content should be, and what the precise logical relations are between them. By 
comparison, the development of neoclassical economics required the efforts of a 
large number of extremely competent people over more than a hundred years. 

At its current stage of development, the conceptual ambiguity of the systems of 
innovation approach is a strength in providing openness and flexibility that make 
room for competing perspectives and solutions. By comparison, in the early break
through period of a new technology area it is normal to find different solutions 
competing. It is important to allow such diversity so that we do not prematurely 
exclude solutions that may have large potential. At the same time, a hundred flowers 
cannot bloom forever. It is hard to optimize the timing of selection between 
alternatives; it may be fatal to exclude options too early and wasteful to do so too 
late. Doing it too early may result in closing what may potentially be the most fruitful 
trajectories and working instead along those that are inferior. Doing it too late may 
absorb excessive amounts of resources. 

The process of selection between alternatives is always gradual, reducing plural
ism by degrees. In the case of analytical approaches or conceptual frameworks it 
cannot be 'managed', but is spontaneous (if the invisible college in the field functions 
well). Obviously, we are currently at a stage where some scholars consider the 
diffuseness of the systems of innovation approach to be a weakness. The Systems of 
Innovation Research Network was established partly for this reason. In some cases 

73 Examples are 'organization', 'science and technology infrastructure', and 'technological 
regime'. 
74 As we saw in section 2.3.3. Lundvall argues that a definition must be kept open and flexible, 
the reason being that as the systems develop, the boundaries also move. 
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the time is now right for further development, clarification, and specification of some 
conceptual elements of the systems of innovation approach.7s This is reflected in 
several contributions to this book. We are aware of the conceptual discrepancies of 
the approach and have opened a discussion with the objective of trying to increase 
the commonality of the conceptual framework. We hope to clarify some conceptual 
ambiguities, but are certainly aware that conceptual 'pluralism' remains in many 
respects. 

3.9. Conceptual frameworks rather than formal theories 

One may mean many different things with the term 'theory'. There are 'hard core' 
theories which are proven and not disputed, then there are formal models, 
conceptual frameworks useful for the generation of hypotheses, and empirical 
generalizations, etc. 

Nelson and Winter (1982) make a distinction between appreciative theorizing and 
formal theorizing (in economics). Appreciative theorizing tends to be close to 
empirical substance and empirical work. It provides both interpretation and guid
ance for further exploration. It is normally expressed verbally, and certain variables 
and relationships are treated as important while others are ignored. It is an abstract 
body of reasoning. There is generally explicit causal argument (Nelson, 1995a: 5). 

Formal theorizing, on the other hand, almost always proceeds at some intellectual 
distance from what is known empirically; it is an abstract structure expressed in 
highly stylized form and set up to enable one to explore, find, and check proposed 
logical connections. Good formal theorizing is less likely than appreciative theoriz
ing to contain logical gaps and errors. An important role of formal theorizing is to 
discipline and sharpen appreciative theory, thus assisting in its development (Nel
son, 1995a: 5). 

In these terms, the systems of innovation approach is certainly not a formal 
theory. It does not provide convincing propositions as regards established and stable 
relations between variables. The most it does in this direction is to provide a basis for 
the formulation of conjectures, e.g., that various factors, like institutions or learning, 
are important for technological innovations. However, it has yet to confront these 
hypotheses with empirical matter. The systems of innovation approach -like many 
other institutionally oriented approaches - is characterized by a rather uninhibited 
formulation of conjectures. And we know too little about whether the hypotheses 
are true or false or about causal relations between variables. Combined with the fact 
that it is also conceptually diffuse, I would argue that, at the present state of the art, 
the systems of innovation approach is not an example of appreciative theorizing. 

I prefer to label the systems of innovation approach a conceptual framework - or 
'approach' as I have consistently called it in this introduction - which many scholars 
and policy-makers consider to be useful for the analysis of innovation. It is a kind of 
'wide trawl' intended to capture processes of innovation, their determinants, and 
some of their consequences (e.g., productivity growth and employment) in a useful 

75 In the beginning of section 4.1., four general reasons for conceptual clarity are discussed. 
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way.76 As a framework it is fairly advanced and has a great potential, as indicated by 
the characterization done in section 3 of this introduction.77 

Although the systems of innovation approach is not called a theory here, it has, as 
we saw in section 2.2., important roots in various theories of innovation. It is also an 
important task to continue investigating the relations between various innovation 
theories and the systems of innovation approach, and this will be done in Part II of 
this book. In combination with conceptual work this can be expected to contribute to 
raising the theoretical status of the approach and to making it more formal, rigorous, 
and coherent.7s 

4. Issues addressed in this book 

Most of the characteristics of the systems of innovation approach outlined in section 
3 must be considered to be important advantages in work intended to understand the 
determinants of innovation processes and their consequences for variables such as 
growth and employment. Given the complex and comprehensive character of 
innovation processes, it is important that the systems of innovation approach places 
innovations and learning at the very center of focus, makes a historical perspective 
possible, ensures that comparisons between systems are natural, emphasizes inter
dependence, includes product technologies and organizational innovations, ac
counts for institutions, etc. 

Hence most characteristics of the systems of innovation approach constitute a 
promising point of departure for studies intended to increase our understanding of 
innovations. Therefore the systems of innovation approach can be expected to 
continue to gain ground, and it is likely to develop into an even more important 
school or tradition in the future. 

The broad characterization presented in section 3 also serves to identify a number 
of problems associated with the approach, such as a certain conceptual diffuseness 
and an immature theoretical status. These problems were considered to be chal
lenges in the work within the Systems of Innovation Research Network and are 
therefore dealt with in various chapters below. In this book we will concentrate upon 
three kinds of issues: 

• sorting out some conceptual problems associated with the systems of innovation 
approach; 

• relating the systems of innovation approach to innovation theories, particularly of 
an evolutionary kind; 

• increasing our understanding of the dynamics of systems of innovation. 

These issues are addressed in Parts I to III respectively. 

76 It is useful partly because some of the questions that are natural in a systems of innovation 
approach could not be asked within the framework of other theories and approaches. 
n As mentioned at the end of section 2.3.3., specific versions of the systems of innovation 
approach, however, point out some factors (determinants) as more important than others. 
78 However, this might be achieved at the cost of reductionism and decreased relevance since 
there seems often to be a trade-off between relevance and degree of formality. 
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4.1. Part I: overview and basic concepts 

Part I seeks to clarify the concept of systems of innovation for four general reasons. 
First, conceptual clarity is a precondition for identifying research questions and for 
formulating conjectures and theories, i.e., for making propositions about the rela
tions between variables. Second, it is necessary for communication. We do not 
understand each other if we cannot make clear what we mean when using key 
concepts. Third, it is required for carrying out theoretically based empirical studies 
(i.e., for operationalization). Clearly defined concepts are necessary in order to 
make it possible to identify empirical correspondents to theoretical constructs and to 
identify the data that should be collected. Therefore, conceptual specification to 
make possible empirical studies is of particular importance.7~ Fourth, ambiguity of 
key concepts reduces the credibility of the researcher and the approach. 

We saw earlier that the systems of innovation approach suffers from conceptual 
ambiguity.80 Although such diffuseness is natural for a new approach, further 
conceptual work that takes a step back and tries to sort out the arguments is 
important. It can contribute to the development of a more solid conceptual basis for 
empirical work, causal explanation, and policy-oriented research.81 Although some 
conceptual and theoretical tension and competition might have a stimulating role, 
unnecessary conceptual heterogeneity is confusing. Therefore Part I of this book 
makes an attempt to address some of the conceptual problems. However, we will not 
be able to straighten out all of them. 

The conceptual ambiguity did not emerge with the systems of innovation ap
proach. It is associated with innovation studies and the economics of technical 
change in general. Hence, the efforts in Part I of this book to address conceptual 
issues might benefit innovation studies in a wider sense. In Bjorn Johnson's introduc
tion to the chapters included in Part I further insight into the dilemmas of building 
conceptual coherence is provided. 

4.2. Part II: evolutionary perspectives 

In section 3.9. I argued that it is preferable to label the systems of innovation 
approach a conceptual framework for the study of innovation processes rather than 
a formal theory. We have also seen (section 2.2.) that the approach reflects previous 
theoretical understandings in the theory of innovation; it has been influenced by 
innovation theories such as interactive learning theories and evolutionary theories. 
It is important to continue investigating the relations between the systems of 
innovation approach and innovation theories and thereby elevate the theoretical 
status of the approach and increase its degree of formalization. 

79 A precise scientific language is a precondition for empirical work; analytical distinctions and 
conceptual specificity are essential. For example, the relation between two phenomena cannot 
be satisfactorily investigated if they are not conceptually distinguished from each other. 
80 This concerns, for example, the core concept of 'institution' and the definition of the 
functional limits of innovation systems. See sections 3.7. and 3.8. 
RJ However, there are also strong reasons to integrate conceptual and theoretical work with 
empirical studies; it leads to cross-fertilization. This is not done in this book to any large 
extent, although such integration is the ultimate objective. 
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Strengthening the components that make up a conceptual framework or a theory 
can be done in several ways. An obvious method is to formulate specific hypotheses 
within the framework and confront them with empirical data; this may increase the 
body of established knowledge. Another is theoretical reflection in an intuitive and 
heuristic manner - as attempted in this book. Explicit theoretical development is 
important. 

We do have considerable knowledge of various aspects of innovation processes; 
there are many theories and bodies of established empirical knowledge focused on 
parts or elements of systems of innovations and the relations between variables 
within them. Most of this knowledge existed before the emergence of the systems of 
innovation approach, and the emergence of the approach is actually partly a result of 
the development of this knowledge. 

An efficient way of elevating the theoretical status of the systems of innovation 
approach is to relate it to other existing bodies of - theoretical as well as empirical
knowledge and research, and to do this explicitly and systematically. In particular, 
the specific relations between the systems of innovation approach and more formal 
theories of innovation should be investigated further. This is a major task, but one 
that could be expected to provide more coherence and rigour to the systems of 
innovation approach. This was a primary motivation for establishing the Network. 

We saw in section 2.2. that the Lundvall et al. version of the systems of innovation 
approach is explicitly based on learning theories of innovation. The relation between 
the two could probably be developed, and the learning theory itself could also be 
specified. This will not, however, be attempted in this book. In Part II of the book we 
will, instead, concentrate on evolutionary theories of innovation. This means that all 
the chapters deal with various aspects of the creation of diversity and/or selection 
mechanisms of various kinds. The more specific content of Part II is discussed by 
Esben S. Andersen in his introduction. 

4.3. Part III: systems transformation 

Systems of innovation are by no means static. I have earlier discussed whether it is 
reasonable to talk about national systems, given the apparent rapid processes of 
internationalization. These processes have an economic as well as a political dimen
sion. The economic dimension has been around for centuries, but has grown during 
the last few decades through direct foreign investment, increasing trade, global 
sourcing and marketing, etc. At the political level we have seen the establishment of 
free trade areas and the consolidation of the European Union. It can be argued that 
these processes have increased the importance of systems of innovation at the 
supranational and regional levels at the expense of those at the national level. 

I have earlier pointed out that processes of innovation have evolutionary charac
teristics, i.e., they are path dependent, develop over time, and it is highly uncertain 
what the end result is going to be. The idea of optimality is absent. Systems of 
innovation are also subject to similar processes of change. Although the systems are 
often relatively stable, they also change - and in exceptional cases these changes may 
be rapid. 

Processes like these are captured in Part III which deal with 'systems dynamics'. 
The chapters deal with issues like changes in the way R&D is carried out (such as the 
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increased science-base of innovation and increased degree of interdisciplinarity) and 
problems associated with technological discontinuities. Such changes have implica
tions for the ways that systems of innovation develop and for the actors, such as 
firms, operating within these systems. 

The dynamism of the real world is characterized by transitions from relatively 
stable systems to more temporary and unstable 'hybrid' forms. The transformation 
from a socialist to a post-socialist system in the USSR/Russia is fairly unstable at 
present. The building of a supranational system of innovation through the European 
Union is more stable and has more of a sense of direction in its development. Such 
transitions can either be modeled or analyzed empirically. In both cases the roles of 
organizational and institutional change seem to be crucial. In the analyses of these 
changing configurations of systems of innovation in Part III, the interaction among 
various systems and levels are also explored. The more specific content of these 
chapters are addressed in Staffan Jacobsson's introduction to Part III. 
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Part I 

Systems of Innovation: Overview and 
Basic Concepts 
INTRODUCTION 

Bjorn Johnson 

In this first part some basic elements in the system of innovation approach are 
discussed on a conceptual level. The chapters deal with the problem that many of the 
fundamental ideas in this approach still lack a firm conceptual foundation, and 
definitional and conceptual dimensions are important in all of them. The topics 
include the character and changeableness of a system of innovation's knowledge 
base and its dependence on specific innovation infrastructures, as well as the nature 
and importance of institutions, technologies, sectors, and nations as levels of 
analysis. 

Taken together the chapters reflect an effort to come to grips with and sharpen our 
ideas about the essence of the concept of systems of innovation; what do we mean 
when we say that we have a system of innovation approach to innovation analysis? 
The chapters are also an effort to develop some missing elements in the language 
used by scholars in this field and to decrease the conceptual noise, which often still 
accompanies the communication between them. 

All authors in this section would agree that the system of innovation approach is 
relevant for different levels of analysis. Regional, national, continental, and even 
global systems of innovation are looked upon as complementary approaches rather 
than being substitutes, and sectoral systems may sometimes be preferred to geo
graphical ones. Most of the chapters either refer generally to systems of innovation 
or specifically to national ones. 

The chapters in this section have in common a number of basic ideas and 
propositions about what is important to innovation. They all share the 'insight' that 
the creation as well as the diffusion and utilization of knowledge are important for 
the performance of systems of innovation and that interactive learning is a crucial 
factor behind both these processes. There is also a shared insight that learning and 
innovation are only to some extent deliberately organized activities. Some parts of 
the economy are designed and organized with the creation and utilization of 
knowledge in mind, but many innovations are unintended byproducts of standard 
economic activities like producing and using. 

There seem to be two different views on innovation systems, a broad and a narrow 
one. Either you regard it (in a narrow way) as a specific sector of the economy (for 
example, universities and R&D organizations) supported by specific institutions 
(such as patent rights) or you look upon it (more broadly) as a certain aspect of the 
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economic process located in almost every part of the economy. All the chapters in 
this section would include both the production and distribution of knowledge as well 
as intended and unintended learning and innovation in the concept of system of 
innovation and, thus, follow the broad rather than the narrow interpretation. 

Another basic idea shared by this section's authors is that the innovation perform
ance of an economy is not only determined by the characteristics and abilities of its 
individual firms and other organizations, but also very much by the different kinds of 
relations between them and the ways they interact with each other and with the 
government sector. The character as well as the change of these economic patterns 
of interaction are central parts of the system of innovation, and it follows from this 
that the economy's institutional set-up and its pattern of specialization or industrial 
structure are important, maybe the most important determinants of its innovation 
performance. 

However, there are several unsolved problems of how to define and describe the 
structure and change of the institutional set-up and connect it to innovation. 
Different kinds of rules, norms, conventions, and established practices that have 
important implications for learning and innovation are forming the economy's 
patterns of interaction, both inside firms and organizations and between them. 
Searching for and explaining patterns of interaction, which lead to the creation, 
application, and distribution of knowledge, is part of the innovation systems ap
proach. This, however, means that we have to develop much more specific and sharp 
conceptual categories. For example, we have to develop taxonomies for institutions 
and institutional change as an integrated part of the innovation systems research 
program. 

There are also several conventions for analyzing an economy's specialization 
pattern and technical structure (for example, how to define industries and fields of 
technology and how to define and measure convergence and divergence in these 
respects), which need to be changed and adapted to innovation analysis. The 
proposition that innovation processes depend on institutions and production struc
tures is more like a research program than a testable element of theory. Still, it may 
be worth observing that the chapters in this section reflect common priorities and a 
commitment to these research programs. 

Although all the chapters discuss systems of innovation on a rather general level, 
there are of course many quite central topics that are not touched upon. First, it 
should be noted that the focus is on the anatomy rather than the change processes of 
systems of innovation, and furthermore the relations between system structure and 
system change are not discussed. I A system which creates, applies, and distributes 
knowledge can hardly avoid the forces of change it supports. There are many 
feedback loops from technical and organizational innovation to the institutional set
up and the production structure of the economy, and the neglect of these may render 
a static flavor to the chapters in this section. However, important aspects of the 
essence of the system of innovation approach and many conceptual topics can be 
discussed within this static framework, and besides, the structure of a system of 
innovation may change in rather short spurts and jumps and tend to be stable for 
long periods in between. 

1 System change is the theme of Part III in this book. 
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Second, while firms are the main actors in all systems of innovation, the analysis in the 
chapters of this section (and indeed in most chapters of the book) is on levels above the 
single firm. The organization of the firm, which everybody agrees is a crucial determi
nant of innovation, is only dealt with in Chapter 5 and then only partly. In the same way, 
and again with the partial exception of Chapter 5, stable patterns of interaction between 
firms, for example, in the form of innovation networks, are not explicitly analyzed. 

Third, the analysis is strictly limited to systems of innovation in their own respect 
in the sense that, with the exception of some references to trade performance, there 
are no bridges between such systems and macroeconomic performance variables as 
employment, economic growth, income distribution, and inflation. If the reasons for 
studying systems of innovation lie in their effects on the macroeconomic perform
ance of the economy, these variables need to be taken into account. 

The last 'missing theme' that will be mentioned is the possibility of transferring 
elements of systems of innovation from country to country. For any country only a 
small part of the innovations are genuinely domestic. The ability to adapt, diffuse, 
and use products, processes, organizational forms, and even institutions developed 
abroad is a central aspect of any national system of innovation, not only for catching 
up countries but for leading innovators as well. It is only natural then to ask, 
especially from a policy point of view, if and how significant parts of the innovation 
system itself can be transformed and transferred to other countries. Such questions 
may be an important reason for studying innovation systems in the first place. 

The sequence of chapters is ordered so that it starts with rather general conceptual 
discussions, then moves to more specific discussions of national and sectoral differ
ences, and ends on a more general level again with a critical look at the concept of 
the nation-state in the system of innovation approach. The chapter by Charles 
Edquist and Bjorn Johnson discusses the character and role of institutions in relation 
to systems of innovation. It starts with the observation that all existing definitions of 
innovation systems put institutions at the center of the stage, but that there is much 
confusion about what institutions are. Institutions are defined very differently, if 
they are defined at all, and different kinds of institutions are often mixed together 
into an amorphous catch-all concept. The authors then try to clear this mess up a bit 
by taking some small steps towards developing a taxonomy of institutions. 

The chapter by Dominique Foray is about the openness of knowledge systems 
which he defines as networks of actors or entities concerned with generating, 
transforming, transmitting, and storing of knowledge. Openness (or accessibility) is 
an important characteristic of a knowledge system because knowledge is in some 
respects a non-rival good and because the process of knowledge generation is 
cumulative and integrative. Knowledge is produced by knowledge and it generates 
positive externalities. Foray treats knowledge openness as a convention and ex
plores its efficiency properties. The emergence of knowledge openness is not an 
automatic process, however, but depends on a coalition of a minimum group of 
agents. Once established, a convention of openness is not necessarily stable but may 
degrade through spontaneous order processes. There is an asymmetry involved: a 
convention of openness has to be constructed but a convention of secrecy may 
evolve and diffuse spontaneously. There is also the possibility that a convention of 
openness survives through complementary relationships with mixed conventions 
which involve some aspects of knowledge control. 



Systems of Innovation: Overview and Basic Concepts 39 

In the next chapter Keith Smith contributes to the conceptual foundation of 
systems of innovation. He explores the problem of defining infrastructures and their 
effects on the performance of innovation systems. It turns out that the concept of 
infrastructures is not well defined at all in economic literature, in spite of their 
acknowledged importance for the functioning and development of the economy. 

Systems of innovation rest on both institutional and infrastructural foundations 
and the author defines these concepts, discusses the relations between them, and 
their place within systems of innovation. Smith argues that if infrastructure is to have 
any meaning in systems analysis it must be distinguished from two other features of 
any system - the institutional foundations and the general capital stock. He defines 
infrastructures as large-scale indivisible capital goods producing products and ser
vices, which become inputs in most or all economic activities on a multi-user basis. 
Within this Smith distinguishes between, on the one hand, physical infrastructures 
such as roads, harbours, electricity production systems, telecommunication systems, 
etc. and, on the other hand, knowledge infrastructures such as universities, research 
laboratories, training systems, organizations related to the managing of intellectual 
property rights, libraries, etc. He concentrates on the knowledge infrastructure and 
discusses its role in innovation systems. According to Smith it performs several 
important roles and he especially considers production of knowledge, production of 
skills, establishing of technical norms and standards, creation of firms, and access 
and dissemination functions in relation to the knowledge stock. Finally, some 
tentative policy conclusions are drawn. 

Paolo Guerrieri and Andrew Tylecote regard the national and the sectoral systems 
of innovation approaches as complementary, and suggest explanatory variables 
related to the internal organization of the firm, the connections among firms, and the 
technological environment as useful for both approaches. The authors argue that the 
technological performance of countries can be explained by the degree of fit between 
the behavioral and external technological requirements of specific industries and the 
extent to which countries meet these requirements. They demonstrate that both 
sectoral composition and organizational and institutional characteristics matter for 
innovation performance and that patterns are country specific and rather stable over 
time. By this they also, to some extent, demonstrate the usefulness of the system of 
innovation approach both in its sectoral and national versions. 

Sectoral systems of innovation, as compared to local and national systems, are 
discussed more thoroughly in the chapter by Stefano Breschi and Franco Malerba. 
In order to specify what constitutes and keeps a sectoral system of innovation 
together they use the concept of technological regime. Technological regimes are 
defined by opportunity conditions, appropriability conditions, the cumulativeness of 
technological knowledge, and by the characteristics of the knowledge base. Oppor
tunity conditions reflect the likelihood of innovating as a result of investments in 
research. Appropriability conditions summarize the possibilities to protect innova
tions from imitation and recoup investments. Cumulativeness follows from con
tinuities in innovative activities and the creodic nature of technical change. The 
characteristics of the knowledge base are specified in terms of the nature of the 
knowledge (generic or specific, degree of codification, degree of complexity, degree 
of independence) and in terms of the means of knowledge transmission and 
communication. 
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By taking technological regimes as the basis for sectoral innovation systems, 
Breschi and Malerba put much more of the burden of explanation on technological 
factors and much less on institutional factors than most writers adhering to the 
national system approach. This does not mean, however, that they deny the major 
role played by institutions in the development of all systems of innovation, including 
sectoral systems. In this chapter Breschi and Malerba demonstrate the usefulness of 
their approach by empirical discussions of five important sectoral systems of innova
tion. The results confirm that the specific history of industrial development of each 
country constitutes a background for the interactions between the institutional and 
technological factors, which shape the organization and evolution of innovative 
activities within a given industry. 

Mark Elam's chapter is rather different from the others. It is basically an exercise 
in the history of economic thought about the character and role of the nation-state in 
economic development. Since there seems to be a general agreement on the 
existence of national characteristics and national differences in terms of innovation, 
it is important to have a clear view of how permanent and stable such national 
patterns may be. Elam shows that nations are not as fixed and stable as one might 
expect and he argues that once it is seen that nations, like technologies, are fluid and 
ambiguous the national systems of innovation approach will be in a better position 
to analyze globalization and international penetration of the national systems of 
innovation. 

Taken as a whole the chapters in this section confirm the complementarity of 
territorially based and technically based systems of innovation. However, the proper 
balance between technology based and institutionally based explanations of innova
tion performance is far from obvious. We still lack a clear understanding of the very 
nature of (and the relations between) technological and institutional factors. 



CHAPTER TWO 

Institutions and Organizations in 
Systems of Innovation 
Charles Edquist and Bjorn Johnson 

1. Introduction 

During the latest few decades, economists have given increasing attention to the role 
of 'institutions' in the functioning and change of economic systems. 'Institutions' 
have also become increasingly important in innovation theory. From occupying a 
background position, they have been brought more and more into the analysis and 
have come to be viewed as a main character in the innovation process. The role of 
institutions is also emphasized in all versions of the system of innovation approach, 
as was shown in section 3.7. of the Introduction to this book. In addition, the role 
institutions play in the innovation process has become more qualified: from being 
looked upon as rigidities and obstacles to innovations to being seen as factors that 
can both retard and support innovation - depending, for example, on the degree of 
mismatch between technologies and institutions. 

There are many problems associated with the role of institutions in the process of 
innovation, e.g., conceptual vagueness. What actually is this very important phenom
enon called 'institution', and how does it, in its various forms, affect innovations? 
This is not at all clear in the literature and various scholars mean very different 
things when they use the term 'institution'.! In addition, its delimitations - for 
example, in relation to 'organizations' and to 'markets' - are not clear. 

Let us initially illustrate the conceptual vagueness by the following quotation: 
For several authors, an organization is an institution .. . or an institutional arrangement 
... , while for others its contractual nature is such that it is nothing but another form of 
market activity .... Reciprocally, markets have been considered as specific organiza
tional forms ... as well as institutions ... , and a market economy defined as 'one large 
organization'. (Menard 1990: 2) 

Thus, organizations (like firms, universities, state agencies, etc.) and markets are 
often considered to be institutions, and the concept itself is often used in a very 
broad way to include routines, habits, taboos, formal law, common law, etc. In other 
words, almost everything - at least a very large part of economic behavior and many 
types of economic activities and processes - can be subsumed under the concept of 
institutions. No wonder institutions are important! But can we really use a concept 
that covers so much and tries to do so many things? 

I In section 3.7. of the Introduction to this book it was shown that Carlsson and Stankiewicz 
(1995), Nelson and Rosenberg (1993), and Lundvall (1992b) mean quite different things when 
they use the term 'institution'. 
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We will devote most of this chapter to clarifying the concept of institution.2 

Generally speaking, our main purpose is to increase our understanding of the role of 
institutions in processes and systems of innovation. In discussing the concept of 
institution we will therefore relate especially to the phenomenon of innovation. We 
will try to identify and focus upon the subset of institutions that are important for 
innovation. 

2. The concepts of innovation and innovation system 

Technological innovations are here regarded as the introduction into the economy 
of new knowledge or new combinations of existing knowledge. This means that 
innovations are looked upon mainly as the result of interactive learning processes. 
Through interactions in the economy different pieces of knowledge become com
bined in new ways or new knowledge is created and, sometimes, this results in new 
processes or products. Such interaction does not only take place in connection with 
R&D but also in relation to normal and everyday economic activities such as 
procurement, production, and marketing. The interaction occurs within firms 
(between different individuals or departments), between firms and consumers, 
between different firms, or between firms and other organizations like public 
agencies.3 

We also regard innovation as a cumulative process. It is now an empirically well
established fact that in many areas of technical change there is a strong cumulative
ness in the form of innovation avenues (Sahal, 1985) or technological trajectories 
(Dosi, 1982). Both these characteristics of learning processes - being interactive and 
cumulative - mean that the institutional set-up will affect innovation processes. As 
we shall see, institutions by their very nature affect interactions between people and 
the habits which partly constitute the cumulativeness of learning processes. 

This has relevance for the analysis of innovation systems. It has recently become 
increasingly common to study innovations within various kinds of 'innovation 
systems'. In the available definitions of innovations systems, the concept of institu
tion plays a dominant role.4 In other words, systems of innovation are normally 
defined in institutional terms. In all the definitions used, various economic, social, 
and political institutions influencing innovation are central elements rather than 
being assumed away. Examples of such institutions are universities, R&D labo
ratories, schools, patent systems, labor market organizations, banking systems, 
various government agencies, etc. There are also other kinds of institutions in the 

2 In section 4.1. of the Introduction to the book four general reasons for conceptual clarity 
were discussed. 
3 This does not mean that individuals can never innovate all by themselves, i.e., without 

interaction, or that all new knowledge is the result of new combinations of already existing 
knowledge. Sometimes genuinely new and 'uncombined' knowledge may pop up. It means, 
however, that we consider interactive learning, which combines and recombines knowledge, 
to be a dominant source of innovation. To look at innovation as closely related to ordinary 
economic interactions also means that it is a 'normal' process which is integrated in the 
modern economy; it is to a large extent endogenous to the economic process and not a series 
of random events or manna from heaven. 
4 See section 3.7. of the Introduction. 
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sense of norms, habits, practices, and routines that may be very important influences 
upon innovations and innovation systems, though this seems to be less emphasized 
in the literature. However, we do not know in any detail how important various 
kinds of institutions are for innovation. In fact, in order to answer this question it is 
necessary to develop a more precise concept of institutions. 

3. The concepts of institution, organization, and market 

It seems as if most innovation theorists think of institutions in accordance with the 
everyday meaning of the term, as rather concrete things that deal with the organiza
tion and utilization of research and development: for example, technical universities, 
industrial research institutes, R&D departments in large firms, consulting agencies, 
patent offices, technological service institutes, and other bridging organizations, etc.s 
This way of using the concept of institution is not based in institutional theory - or 
any other theory. It builds upon generalizations from empirical observations to the 
effect that these things are crucial for processes of innovation. If these empirical 
generalizations are correct, the 'institutions' mentioned above should obviously be 
at the center in analyses of processes and systems of innovations. 

Another group of scholars have dealt with institutions in a more theoretical 
manner, but they have rarely dealt with innovations. These 'institutional economists' 
usually adopt the 'sociological' meaning of institutions as the things that pattern 
behavior, e.g., routines, norms, shared expectations, morals, etc. - including certain 
ground rules for economic behavior often referred to as property rights.6 It is also 
common for economists (both institutionalists and more mainstream economists) to 
talk about the general categories of markets and firms as the basic economic 
institutions of capitalism. 

In this chapter we will deal with institutions in both senses mentioned above: as 
concrete things and as things that pattern behavior. We will not try to marry the two 
- since we do not consider that fruitful! Instead, we will try to keep them apart in 
order to make it possible to study the relations between them. In section 3.1. we will 
address the more theoretically based variety of the concept, and in section 3.2. we 
will discuss the 'concrete things', which we prefer to label organizations. Firms will 
be included in the category of 'organization'. The relations between institutions and 
markets will be discussed in section 3.3. Developing our own view in this process has 
required deducting 'organizations' and 'markets' from the wide concept. Thereby we 
have formulated another concept of institution which is less comprehensive, but still 
very wide in scope. 

3.1. Some authors on the concept of institution 

The thinking on institutions has come from a number of different theoretical angles. 
Ideally, the genesis of the concept should be analyzed as part of the development of 

S See Nelson and Rosenberg (1993: 5, 9-13). They make no mention of what we will below call 
institutions in the sense of 'things that pattern behavior'. Patel and Pavitt (1994: 10, 12) mean 
something similar. 
6 Durkheim referred to sociology as 'the science of institutions'. Institutions, interpreted as 
established procedures and patterns of behavior, constitute a core concept in sociology. 
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various institutional schools. However, we will not try to carry out a detailed study 
here of the history of the concept of institution. Our ambition is much more limited. 
We will simply discuss the meaning given to the term by a few scholars who have 
made institutions a central concept in their analysis. 

Neoclassical economics, with its rational economic man at the center of the scene 
and its lack of an evolutionary perspective, does not need more than a very simple 
concept of institutions. In neoclassical economics, the rules of the game - a common 
mainstream specification of institutions - can be described as utility and profit 
maximization guided by a set of parametric prices within a context of exogenously 
given populations, tastes, and technologies. This might be summarized by the term 
'competitive markets'. In this regard Schotter (1981) accurately estimates that: 
'Economics today, as seen in the works of Debreu (1959) and Arrow and Hahn 
(1971), is an institutionally limited science. The only social or economic institutions 
that exist are markets of the competitive type in which all agents act parametrically 
and in isolation. This lack of institutional detail must be considered a weakness of 
the theory' (SchoUer, 1981: 149). Of course it is possible to argue that competitive 
markets imply the existence of some basic institutions like private property rights 
and contract laws of some kind - otherwise exchange could not take place - but this 
does not add much institutional richness. 

The simplistic character of economic behavior in neoclassical economics and its 
vision of the economy as an equilibrium system rather than a process in time have 
always irritated the institutionalist economists. Thorstein Veblen, who is often 
considered to be the founder of American institutionalism and who coined the term 
'neoclassical economics', ridiculed its central concept of an institutionally unaffected 
Homo economicus.' Veblen's own understanding of economic behavior built on the 
concept of habits, or rather 'habits of thought', which he used to describe un
calculated, unreflective actions and behavior that were taken for granted. He 
defined institutions as 'settled habits of thought common to the generality of man' 
and suggested that 'institutions are an outgrowth of habit' (Veblen, 1919: 239, 
241).8 

An elegant definition of institutions in the American institutionalist tradition is 
provided by Walton Hamilton: 

It connotes a way of thought or action of some prevalence and permanence, which is 
embedded in the habits of a group or the customs of a people. In ordinary speech it is 
another word for procedure, convention or arrangement; in the language of books it is 
the singular of which mores or the folkways are the plural. Institutions fix the confines 
of and impose forms upon the activities of human beings. The world of use and wont, to 
which imperfectly we accommodate our lives, is a tangled and unbroken web of 
institutions. (Hamilton, 1932) 

'See, for example. the oft-quoted passage, Veblen, 1898: 73-4. 
8 It should be noted that in the American institutionalist tradition, beginning with Veblen, 

coUective action is at least as important as individual action. John Commons emphasized that 
collective action was becoming increasingly important in economic processes and very much 
circumscribed the scope for genuinely individual action. In fact, he defined institutions as 
'collective action in control, liberation, and expansion of individual action' (Commons, 
1931). 
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The defeat of the American institutionalists by the neoclassical school nearly wiped 
institutions out of mainstream economics, and this situation was only to a very small 
extent changed by the Keynesian revolution in economic theory. Institutions were 
forgotten and theoretical insights were lost for awhile. 9 The last couple of decades. 
however, has seen a revival and a renewal of institutional economics. There are now 
new variants of institutional thought which put transaction costs at the center of the 
analysis. One branch of transaction cost economics is related to organizational 
theory (exemplified below by Oliver Williamson), and another takes its starting
point in economic history (exemplified by Douglass North). Both are strongly 
influenced by neoclassical economics. The stage is still dominated by agents trying to 
optimize. even if they are now less able to do so (because of bounded rationality). 
and who take transaction costs (and not only production costs) into account when 
doing their maximizing exercises - under more diversified and historically changing 
institutional restrictions. 

The transaction costs economics developed by Williamson analyzes the relation
ships between transaction costs and organizational forms both at the levels of the 
firm and the market. The institutional set-up of the economy becomes important 
because it affects transaction costs and thereby the organization of firms and 
markets. Williamson does not offer a precise definition of institutions (he prefers to 
describe 'institutional economics' as 'transaction cost economics') but the title of one 
of his books captures his broad conception of the term rather accurately: The 
Economic Institutions of Capitalism: Firms, Markets, Relational Contracting (Wil
liamson, 1985).10 

In Douglass North's historical perspective institutions develop as a means to reduce 
transaction costs. In the same way as Williamson, North considers the market to be 'the 
most fundamental institution of modern Western economies' (North, 1981: 33), but he 
also explicitly states that a theory of institutions must include a theory of property 
rights, a theory of the state, and a theory of ideology (North. 1981: 7). Otherwise 
historical processes would be impossible to understand. North offers several explicit 
definitions of the concept of institutions which differ slightly from one another: 

Institutions are the rules of the game in society or. more formally. are the humanly 
devised constraints that shape human interaction. In consequence they structure 
incentives in human exchange. whether political, social or economic. Institutional 
change shapes the way societies evolve through time and hence is the key to under
standing historical change. (North 1990: 3)11 

9 Of course, there were a few European institutionalists who resisted the neoclassical 
onslaught on institutions in economic theory. Gunnar Myrdal insisted on the importance of 
institutional and cultural factors and of cumulative causation in economic development. Karl 
Polanyi described and analyzed how market processes were embedded in institutions and 
showed the impossibility of pure markets. 
10 Williamson's understanding of institutions is clearly influenced by Ronald Coase who has 
summarized his institutional argument in a book the title of which is also a shorthand 
specification of what he means by institutions: The Firm, the Market and the Law (Coase, 
1988). 
11 Obviously, when North talks about 'the rules of the game in society' he means something 
more comprehensive than what the neoclassicists referred to, as outlined in the beginning of 
this section. 
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Institutions are the humanly devised constraints that structure political, economic and 
social interaction. They consist of both informal constraints (sanctions, taboos, customs, 
traditions, and codes of conduct), and formal rules (constitutions,laws, property rights). 
(North, 1991: 97) 

There is also now a new type of institutional theory, which analyzes the evolution of 
institutions with the help of game theory. In Schotter's theory institutions are 
organizers of information. Past experience is encapsulated in institutional rules and 
becomes a guide for forming expectations about the future. The more institutions 
encode expectations the more they reduce uncertainty and solve problems which 
arise from bounded rationality. This is analyzed in terms of repeated n-person 
uncooperative games in which the players develop confidence in each other, and 
norms are stabilized and passed over from one generation to another (Schotter, 
1981: 11, 155). 

Besides these developments in the so-called new institutional economics there is 
now also a revival of the more classical institutional economics both in the USA and 
in Europe. This development is to some extent converging with evolutionary 
economics in the sense that institutions are seen as forming selection environments 
and functioning as selection units in evolutionary processes. 

We have here confined ourselves to summarizing some definitions and discussions 
of institutions presented by well-known institutionalists. The intention has been to 
show that, even if there are several varieties of the concept, institutionalists tend to 
use it to refer to important and general economic phenomena like basic behavioral 
patterns and ground rules. Let us, on this basis, present our own definition of 
institutions in the sense of patterned behavior: Institutions are sets of common habits, 
routines, established practices, rules, or laws that regulate the relations and 
interactions between individuals and groups. This definition catches the essence of 
the classical concept and relates to interactive learning, which is our link between 
institutions and innovations. 

It is also a fairly open definition, which permits institutions either to play the basic, 
very important role of shaping people's cognitions, views, visions, and actions, or the 
much more limited role of being designed and malleable constraints on the decisions 
of rational agents (Coriat and Dosi, 1995). 

3.2. Institutions and organizations 

Our discussion of institutions so far has left important questions unanswered. For 
example, what are the relations between institutions and organizations and between 
institutions and markets? What are the relations between firms and organizations? 
These questions wi\l be discussed in this and following sections. 

In everyday language there is no clear distinction between institutions and 
organizations. Often they are used as synonyms. A police station, a trade union, and 
a nursery can be referred to both as organizations and institutions. The Commission 
and the Parliament are usually called the institutions of the European Union, etc. In 
the terminology of institutional economists the situation is generally not much 
better. As we saw in the introduction, some authors include organizations in the 
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concept of institution. Others suggest that a distinction between institutions and 
organizations is of critical importance:12 

A crucial distinction in this study is made between institutions and organizations . ... 
Conceptually, what must be clearly differentiated are the rules from the players. The 
purpose of the rules is to define the way the game is played. But the objective of the 
team within that set of rules is to win the game - by a combination of skills, strategy and 
co-ordination; by fair means and sometimes by foul means. . .. Organizations are 
created with purposive intent in consequence of the opportunity set resulting from the 
existing set of constraints (institutional ones as well as the traditional ones of economic 
theory) and in the course of attempts to accomplish their objectives are a major agent 
of institutional change. (North, 1990: 5) 

Hence, organizations are, according to North, partly formed by the institutional 
framework and are, at the same time, vehicles for their change; the players follow the 
rules but they also influence them.13 

The individuals or groups constituting an organization have a common purpose to 
achieve certain objectives. Organizations include, according to North, many kinds of 
entities: political bodies (e.g., political parties, city councils, regulatory bodies), 
economic bodies (e.g., firms, trade unions, family farms, cooperatives), social bodies 
(e.g., churches, clubs), and educational bodies (e.g., schools, universities, vocational 
training centers) (North, 1990: 5). In the context of innovation studies it is partic
ularly important to note that firms, universities, and schools are considered to be 
organizations - since they are important engines of technical change. 

This understanding of organization is much the same as what was called 'institu
tions as concrete things' at the beginning of section 3. They are not part of our 
concept of institution as defined at the end of section 3.1. Thus we adopt the 
distinction between institutions and organizations as well as include firms under the 
category of organizations. The reasons for this distinction are that institutions and 
organizations play different roles in the process of innovation and that we believe 
there are complicated but important relations between them. In order to be able to 
study this interaction we must conceptually distinguish between them.14 It is im
portant to note that organizations are formal structures with an explicit purpose and 
they are consciously created. They are players or actors. In contrast, institutions may 
develop spontaneously and are often not characterized by a specific purpose. 

Distinguishing between 'institutions' and 'organizations' as we have done in this 
section is actually the beginning of a taxonomy of the very wide concept of 
'institution' referred to in the introduction. The two categories are still very compre
hensive ones and there are strong reasons for continuing the taxonomic work by 
dividing the more narrow categories of 'institutions' and 'organizations' into finer 
ones. With regard to 'institutions', we will resume classification in sections 4 and 5, 
after a brief discussion of the relations between institutions and markets in section 
3.3. 'Organizations' will be further discussed in sections 7 and 8. 

12 Hodgson argues that 'Perhaps a more appropriate distinction should be drawn between 
institutions which function primarily through authority and command, described as organiza
tions, and those which do not, such as language and table manners' (Hodgson, 1993a: 10). 
13 We will return to the issues of institutional change and the relations between institutions and 
organizations in sections 6 and 8. 
14 These interactions will be addressed in section 8. 



48 Systems of Innovation: Overview and Basic Concepts 

3.3. Institutions and markets 

As we saw in section 3.1., both North and Williamson consider the market to be an 
important institution of modern capitalism. In neoclassical economics there is a 
tendency to conceptualize this most fundamental of institutions in an institutionally 
minimalist way: as transactions in an abstract marketplace in response to supply and 
demand, without specifications of the rules and procedures for these transactions. 
Exchange takes place without any specification of its institutional setting. Only 
prices and volumes matter. The market concept has more substance in the Austrian 
tradition where it is described, not as an equilibrium system, but as a process in 
which both needs and ways to meet them are discovered. Still, however, all 
communication is in terms of prices and quantities. 

From an institutionalist point of view, definitions of markets as systems or 
processes of abstract transactions are not adequate. According to Coase, it really 
amounts to 'exchange without markets' (Coase, 1988: 3) which is a bit contradictory 
since the market is supposed to facilitate exchange. It would only be meaningful if 
you assume zero transaction costs: 

Markets are institutions that exist to facilitate exchange, that is, they exist in order to 
reduce the cost of carrying out exchange transactions. In an economic theory which 
assumes that transaction costs are non-existent, markets have no function to perform, 
and it seems perfectly reasonable to develop the theory of exchange by an elaborate 
analysis of individuals exchanging nuts for apples on the edge of the forest or some 
similar fanciful example. This analysis certainly shows why there is a gain from trade, 
but it fails to deal with the factors which determine how much trade there is or what 
goods are traded. And when economists do speak of market structure it has nothing to 
do with the market as an institution but refers to things as the number of firms, product 
differentiation, and the like, the influence of the social institution which facilitate 
exchange being completely ignored. (Coase, 1988: 7-8) 

In any economy 'out there' exchange will always be supported by a web of routines, 
rules, norms, and laws, i.e., by an institutional set-up. This support is so necessary for 
markets to be able to function that the concept of a pure, institution free market does 
not seem to make much sense. North (1981: 35) describes how even such a simple 
transaction as buying fourteen oranges for one dollar in the local public market 
depends on a complex structure of institutions. More complicated transactions 
require even more deeply embedded institutional arrangements. 

Other authors have argued that institutions not only support market exchange but 
also protect markets from self-destruction. In a famous passage Polanyi describes 
how pure, institution free markets for money, labor, and land would, if they existed, 
tend to destroy society. 

To allow the market mechanism to be the sole director of the fate of human beings and 
their natural environment, indeed, even of the amount and use of purchasing power, 
would result in the demolition of society .... Undoubtedly, labor, land, and money 
markets are essential to a market economy. But no society could stand the effect of such 
a system of crude fictions ... unless its human and natural substance as well as its 
business organizations was protected against the ravages of this satanic mill. (Polanyi, 
1957:73) 

If we think of markets as things which facilitate economic exchange and keep costs 
of exchange transactions manageable, it follows that markets without institutional 
support are not possible. Markets require rules for exchange: 'Exchange ... involves 
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contractual agreement and the exchange of property rights, and the market consists 
in part of mechanisms to structure, organize and legitimate these activities. Markets, 
in short, are organized and institutionalized exchange' (Hodgson, 1988: 174). Volun
tary transfers of property rights require rules, norms, and legal arrangements, and it 
is very difficult to imagine systematic exchange without institutions. Even Walras's 
process of 'tatonment' requires an institution, i.e., a rule for coming to a simultane
ous decision about prices and quantities. The set of rules governing 'the auctioneer' 
is the institution needed to reach eqUilibrium. 

We have seen that the concept of institutions is needed to understand how 
markets facilitate and organize exchange. This is important when analyzing alloca
tion of scarce resources in a static context. If we want to understand innovation 
processes, an institutional specification of the market becomes even more necessary. 
In connection with innovation it becomes relevant to study the processes of commu
nication and interaction in terms other than the prices and quantities that accom
pany market transactions. Pure markets, i.e., markets in which sellers and buyers 
only communicate with the help of prices and quantities, will not produce many 
innovations. Innovations require qualitative communication through which techni
cal possibilities and user needs can be confronted and matched. Such communica
tion and interaction can be organized in many ways but usually it is supported by 
different institutions. Markets are usually not 'pure' but are institutionally supported 
in different ways and the character of these institutional arrangements affects 
interactive learning and innovation. Again, we need to clarify the concept of 
institutions to understand how different types of markets affect innovations. 

4. Taxonomies of institutions 

In the introduction to this chapter we explained that in the literature a very large 
part of economic behavior and many types of economic actors, activities, and 
processes have been subsumed under the concept of institution. In section 3 we 
excluded organizations (including firms) from the concept and we discussed the 
relations between institutions and markets. 

However, if we want to understand the role of institutions in innovation systems, 
we have to be more specific and concrete. Even our less comprehensive concept of 
institution is a very wide and heterogeneous one. Therefore it seems useful to 
continue the taxonomic exercise. In this section we will discuss various kinds, 
categories, or classes of institutions. The aim is to make it possible to identify 
different kinds of institutions that play specific roles in systems of innovation. This 
also seems to be a need perceived by other students of institutions. As Hodgson 
states, 'it is an important and as yet incomplete project to construct a more precise 
and reasonably comprehensive taxonomy of institutions' (Hodgson, 1993b: xiii). 

If we start with our general definition of institution as a set of common habits, 
routines, established practices, rules, or laws that regulate the relations between 
individuals and groups, then it is of course possible to distinguish between many 
different kinds of institutions. There are institutions that are primarily affecting 
specific 'spheres' of society, as, for example, economic institutions and political 
institutions. Within the category of economic institutions, there are subsets that 
regulate specific types of markets, for example, labor market institutions, capital 
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market institutions, foreign trade institutions, etc. But we are not merely interested 
in institutions that regulate specific sectors of the economy. Essentially, we want to 
identify a subset of institutions that influence innovations and that may therefore be 
used to help define 'systems of innovation'. Before we get to that, however, it may be 
convenient to make some general distinctions, which apply to all spheres of society 
and all kinds of processes of change. 

It is often useful to distinguish between institutions that are 'formal' (laws, e.g., 
patent laws, government regulations of bank conduct, formal instructions for offi
cials of a technological service system, regulations and instructions for installation of 
electrical equipment, etc.) and institutions that are 'informal' (common law, cus
toms, traditions, work norms, norms of cooperation, conventions, practices, etc.). 
This distinction is important because the balance between formal and informal 
institutions may differ between countries, between sectors within countries, and 
between small and large enterprises within sectors, etc. Formal institutions are more 
'visible' than informal ones; formal institutions are codified and informal ones must 
be indirectly observed through the behavior of people and organizations. These 
differences must be taken into account when one, for example, describes and 
compares systems of innovation. In a country such as Denmark with almost no large 
firms, relatively low levels of R&D, and no conspicuous technology policy, the 
relative importance of informal institutions in the system of innovation might be 
much greater than in a country like Sweden with many large firms and a considerable 
amount of formal R&D activity. 

It may also be fruitful to identify levels in the institutional set-up in the same 
meaning as there are levels in the legal system of a country, for example, constitu
tional laws, statutes, and ordinances. We may, for example, distinguish between 
'basic' and 'supporting' institutions. Basic institutions are like constitutional rules or 
ground rules. They define basic rules in economic processes, for instance, property 
rights and rules for cooperation and conflict solving in the labor market and in firms. 
Supporting rules define and specify certain aspects of the basic rules, for example, 
restrictions on the use of private property in specific situations and rules for 
regulating overtime work in specific industries. 

In addition to this, it may sometimes be useful to separate between 'hard' 
institutions which are perceived as binding and in some way policed, and 'soft' 
institutions which are perceived more as rules of thumb and suggestions than as 
commands that have to be obeyed. Whether an institution is soft or hard may 
depend on the context. Table manners may be very important and strictly respected 
in some social circles and on some official and ceremonious occasions, but in other 
circles and on everyday occasions largely ignored. Property rights may be closely 
policed in situations of scarcity but looked upon in more relaxed ways in situations 
of relative abundance, and so on. 

Of course, both basic and supporting institutions can be formal as well as informal 
and hard as well as soft, and it is also possible to define more categories between 
formal and informal institutions. This leaves us with at least eight types of institu
tions that may be used in a description of an institutional set-up. As mentioned in the 
introduction to this volume, definitions and analytical distinctions are not right or 
wrong, but fruitful or not for certain purposes. Therefore the various distinctions 
discussed above have to be tried out - in formulation of conjectures and theories, in 
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scientific communication and in empirical work. That is the only way in which it can 
be judged whether the distinctions are useful or not. What we have presented here 
is just a beginning of the process. 

5. The functions of institutions in relation to innovations 

Institutions, by their very nature, regulate the relations between people and groups 
of people within as well as between and outside the organizations. This means that 
the pattern and the content of communication and interaction in the economy is 
affected by its institutional set-up. Since we regard innovations as mainly resulting 
from interactive learning processes, it follows that institutions affect innovations. In 
fact it is difficult to imagine innovations that are not to some extent formed by the 
institutional set-up. This perspective is not very common in institutionalist theory. A 
great deal of the literature assumes that institutions are the glue that keeps society 
together, but very little is written about the role that institutions play in processes of 
learning and innovation. It is not a common perspective in innovation theory either. 
At least, it is not common to link institutions in our sense to learning and innovation 
processes in a serious way. Something like this was acknowledged by Douglass 
North in his Nobel prize lecture in 1993 in which he discussed some relations 
between cognition, learning, and institutions: 'While there is a substantial literature 
on the origins and development of science, very little of it deals with the links 
between institutional structure, belief systems, and the incentives and disincentives 
to acquire pure knowledge' (North, 1994). 

Connections between institutions and innovation are ubiquitous and exist at many 
levels. They exist at the level of the firm where institutions affect the relations 
between R&D, production, and marketing - relations which strongly influence 
innovation. They also exist at the level of the market, i.e., the relations between firms 
and between firms and households. Feedback mechanisms for consumer reactions 
on new products, durable and selective user-producer relationships, and network 
relationships are essential to many types of innovation processes. Relations between 
government agencies and private firms and stable forms of technology policies are 
examples at a third level in which institutions influence innovations. The pattern and 
content of communication and interaction in relation to innovation activities are 
thus shaped by the institutional set-up of the economy. But this is a general 
statement. If we want to be more precise about the channels of influence between 
the institutional set-up and processes of innovation, it might be fruitful to take the 
point of departure in various specific functions of institutions. 

In the following sections we will discuss three basic functions of institutions: 

• to reduce uncertainty by providing information; 
• to manage conflicts and cooperation; 
• to provide incentives. 

These are general functions of institutions, but in the discussion we will try to point 
to their specific role in relation to innovations. Having discussed these functions of 
institutions, we will address two specific aspects. These concern institutions that 
channel resources to innovation activities (section 5.4.) and the fact that institutions 
might serve as obstacles as well as supports to innovation (section 5.5.). 
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5.1. Institutions provide information and reduce uncertainty 

The most basic, and at the same time general, function of institutions is probably to 
reduce uncertainty about the behavior of other people by providing information or 
by reducing the amount of information needed. In this way institutions act as 
signposts; perhaps they even make it easier to be rational in that they reduce the 
informational and computational burden of Homo economicus. 

Institutions are needed to cope with the high levels of uncertainty that apply to 
innovation activities. Technological service systems reduce uncertainty about tech
nical solutions. Patent laws and other intellectual property rights reduce uncertainty 
about appropriation possibilities, and so on. Long gestation periods for innovations 
increase uncertainty and emphasize the importance of innovation financing institu
tions for resolving this uncertainty. Norms for repayment periods in relation to 
investment projects affect the time perspective and the management of risk and 
uncertainty in innovation. There are also norms that concern the operation of banks 
and other financial organizations on fast earnings through financial investments and 
speculation and on long-term industrial development projects. Punter capitalism (as 
in Britain and the USA) has a different norm set, including less patient capital, than 
industrial capitalism (as in Japan and Germany). Other norms have to do with the 
balance between behavior building upon opportunism and lack of mutual trust or 
upon honesty and trust (Lundvall, 1992a: 61). 

Many more examples can be mentioned. However, genuine uncertainty is an 
unavoidable component of innovation activities - most innovation projects are 
terminated even before market testing, and among those that reach the market most 
do not survive the test. Therefore rules, practices, stable relationships between 
parties, etc., are needed to provide information. The uncertainty reducing function 
of institutions applies to standard economic activities like production and sales, but 
is even more important in relation to innovation activities. Indeed, in view of all the 
uncertainties and long lead times involved in innovation, it is not unreasonable to 
believe that without such institutional support innovations would be rare and the 
resources allocated to them would be insignificant. 

5.2. Institutions manage conflicts and cooperation 

On a more specific level, it is also common to say that institutions control and 
regulate conflicts and cooperation between individuals and groups. This is of course 
a basic function: without institutions for conflict regulation, the survival of society 
would be at constant risk and cooperation and economic change would be very 
difficult. Conflict has the potential to be a very serious problem in connection to 
innovation activities. Within firms, for example, the channels of communication and 
the established patterns of cooperation between the departments of R&D, produc
tion, and marketing, which are usually considered to affect innovation processes, 
may easily be disturbed by conflicts and mutual mistrust. The R&D personnel may 
tend to be more long-term oriented and less focused on cost reduction and pro
ductivity than the people in the production department. In the marketing depart
ment they may be more oriented towards consumer wants and less towards the 
manufacturability of products than the personnel of the production department. 
How serious such latent conflicts turn out to be depends partly on norms and 
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established practices of cooperation, job security, work place democracy, and other 
institutional factors. 

Other kinds of conflict may be provoked by innovation processes. When new 
products and processes are introduced, old ones often have to give way; high rates of 
innovation may be accompanied by fast restructuring of firms and reshuffling of 
power, prestige, and income. The same kind of phenomena can be observed on 
higher levels of aggregation. New firms are born and old ones go bankrupt. Whole 
sectors of production stagnate while others grow. Such restructuring of the economy 
is part and parcel of high rates of innovation, and it burdens people with costs of 
change. Skills and competencies become obsolete, relative incomes and job options 
decline, etc. These costs are often unevenly distributed and may provoke resistance 
and conflicts. Social security arrangements, education and retraining rights, labor 
market arrangements, and other institutions shape the character and seriousness of 
such conflicts and resistance to change. An institutional set-up that effectively 
redistributes the costs of change and compensates the victims also supports fast rates 
of innovation. 

5.3. Institutions provide incentives 

A third function of institutions is to provide incentives, i.e., to specify and implement 
the sticks and carrots of economic life. There may be different incentives to engage 
in learning and to participate in innovation processes. Some are of the pecuniary 
kind. Salary and wage schemes, income taxes, tax allowances, and inheritance rules 
affect innovative efforts. Property rights to knowledge and ideas (laws and rules 
concerning patents, copyrights, trade marks, etc.) are also important as incentives, 
since they permit appropriation of temporary technological rents, and affect the 
diffusion of knowledge. They provide a temporary monopolization of knowledge. 
And there are also pecuniary sticks. Profits are competed away and firms risk going 
bankrupt if they are not innovative enough. It has been argued (Rosenberg and 
Birdzell, 1986) that one of the main reasons for the dynamic inefficiency of the 
former Soviet Union was the lack of a proper institution for closing down firms and 
bringing failed technical projects to an end. New resources were too often thrown 
after wasted resources. 

The motives and incentives of the entrepreneur may also be affected by many 
non-pecuniary aspects of the institutional set-up. And there are negative incentives 
or sticks to take into account too. What happens to persons who fail in innovation 
processes? Who bears the financial risk? Are there costs in the form of losses of 
status and prestige? And so on. These negative incentives may be important, though 
perhaps not as much as they were in the past. At least it is probably safe to assume 
that the practice of burning people who spread 'false' knowledge about the laws of 
nature, such as the early evolutionists Giordano Bruno (1548- 1600) and Lucilo 
Vanini (1585-1619). is a custom detrimental to learning and innovation. 

Since individual entrepreneurship has become less important and collective 
entrepreneurship more important than in earlier periods, there may be a need to 
adapt the incentives structure and reduce the importance of individual incentives. 
There may be an increasing conflict between individual incentives. which may 
restrict trust and sharing of information and knowledge on the one hand. and 
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interactive learning and innovation, which needs trust and sharing on the other. The 
incentives for communication and cooperation between departments within firms, 
between firms in industrial networks, and between firms and government agencies 
are important aspects of the incentives for collective entrepreneurship. These 
incentives may be formed just as much by norms of cooperation, practices for 
acquiring intellectual prestige, access to publication, status norms, etc., as by more 
traditional individual pecuniary incentives. It is clear that many aspects of the 
institutional set-up affect the system of incentives for learning and innovation. 

5.4. Institutions channel resources to innovation activities 

In sections 5.1. to 5.3. we argued that some general functions of institutions affect the 
mechanisms of innovation. However, the performance of an innovation system is not 
only affected by how innovations are done but also by the amount of resources that 
are allocated to innovation activities. It is well known that some countries apply 
more resources toward R&D than others and that some firms have a larger share of 
new products in their turnover than others. Other aspects of the resources applied to 
innovation activities are less well documented. The amount of resources that are 
used on day-to-day innovations in small firms or in networking between firms or in 
education in connection with the diffusion of innovations, etc., is anybody's guess. 
These activities are not identified and documented as innovation related in the 
bookkeeping systems of firms. The costs of innovation are often hidden under quite 
different entries. 

How does the allocation of resources to innovation activities come about? To 
some extent, of course, it is a result of deliberate decisions by management in firms 
and by politicians in the form of government support to specific programs of 
technology development. But resources may also be allocated more or less by 
chance, for example, as a result of lack of information and managerial control. IS 

However, some resources are allocated by institutions or at least affected by 
institutions. R&D may be supported by formal institutions like tax rules and 
government subsidies. In addition, governments and industry organizations make 
long-term commitments in terms of agreement to finance technological service 
systems, and so on. Governments are also committed through informal norms and 
traditions to allocate resources to universities, research institutes, libraries, and 
other organizations involved in learning and innovation. 

A substantial part of the allocation of resources to innovation is informal. In many 
industries there are norms and routines that make it almost imperative to establish 
and run R&D departments. For certain kinds of small and medium-sized firms, 
management gurus and consulting firms influence habits of thought so that increased 
resources are invested into research and development cooperation and innovation 
networks. A vast body of ideology and soft theorizing about the information society, 

IS Inability to identify and add up the costs of innovation in firms may be a precondition to 
carrying out the activities. On information received from Uno Lamm, Technical Director of 
ASEA/ABB, Erik Dahmen has suggested that if the costs of developing the technology of 
very high voltage electricity transmission over long distances had been known to the managers 
responsible they would have stopped the project at an early stage. It turned out to be 
commercially very successful (private communication). 
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the knowledge society, the necessity of perpetual ongoing change, re-education and 
flexibility, and the importance of being in the forefront of the technological develop
ment tend to support resource flows into innovation related activities at all levels of 
society. Clearly, institutions are important in affecting the amount of resources 
devoted to innovation. Institutions are also important in helping to channel re
sources to specific areas and in rechannelling them from ailing activities to new ones 
with promise - or failing to do so. The institutions that regulate how firms go 
bankrupt and determine how to distribute the social costs of moving resources on 
the firm and the sectoral levels from one type of activity to another are important in 
this connection. 

5.5. Institutions as obstacles to innovation 

We have emphasized that innovation activities are so uncertain and conflict ridden 
that they need strong institutional support in order to become an important activity 
to which more than marginal resources are allocated. This is not the traditional 
perspective on the relations between institutions and innovations. It is more com
mon to regard institutions as entities that introduce stability, even rigidity, into the 
economy, and act as innovation brakes rather than accelerators. Institutional change 
is often supposed to be slow and lag behind technical change. This may cause 
mismatch problems, which prevent the full realization of the productivity potentials 
of technical innovations, which forestall the reallocation of resources and efforts 
from mature to emerging technologies, and which generally favor established 
technological trajectories to new ones. The term 'institutional sclerosis' has been 
used by the OECD to characterize this phenomenon (e.g., OECD, 1979). 

It is true that there are limits to how fast institutions can change (except for 
shorter periods of institutional turbulence) and still be the things that are responsi
ble for stable patterns of behavior. Continuously changing institutions are, after all, 
contradictions in terms (Johnson, 1988), while institutional rigidity is in the long run 
a threat to technical change. However, it is important to move beyond these limited 
perspectives, and recognize that institutions may have both supporting and retarding 
effects on innovation. The balance between them, however, may be very different 
between countries and may change drastically over time. The concept of techno
economic paradigms has been developed by Freeman and Perez (1988) to illustrate 
how increasing tensions between radical technical change and the institutional set
up may lead to periods of economic stagnation until new institutions and institu
tional restructuring establish a new match between institutions and technologies to 
support renewed growth. This illustrates that a specific institutional set-up can 
neither permanently support nor retard innovation. It depends on the historical 
situation which includes the specific technologies in question. The economy's ability 
to generate growth depends on its ability to generate technical change, and, at the 
same time, on its ability to adapt and renew its institutions to support growth and 
innovation. 

6. Institutional set-ups and institutional change 

Our taxonomic discussion of institutions suggests that the institutional set-up of an 
economy consists of many different kinds of institutions which more or less hang 
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together and are related to one another. They form a complex system, which taken 
as a whole fulfills some functions in relation to both the cohesion and change of the 
economy. We may also, even if the borderlines may not be very sharp, define a 
subset of institutions that have sufficient effects on innovation processes to be 
included in what we might call the 'institutional set-up of the system of innova
tion'. 

So far we have concentrated on how the institutional set-up influences innovation 
processes. There is of course a large degree of stability in the institutional set-up 
which makes this direction of causality natural. One reason for this stability is the 
enormous complexity of a modern economy's institutional set-up. Such a complex 
order normally only changes incrementally. There is also much more resistance to 
institutional (and organizational) change than to technical change. Institutions are 
about relations between people, while technologies are often disguised as more 
neutral relations between people and things. Furthermore, society invests much 
more physical and human capital in technical change than in institutional change, 
and the experts on institutions and institutional change - lawyers, administrators, 
etc. - tend to value stability and permanence, which of course is quite different from 
the ideals natural scientists and engineers tend to hold. 

But the institutional set-up does change over time. Completely rigid institutions 
would, of course, make long-run economic development impossible. Our taxonomy 
of institutions should include at least two aspects of the relationship between 
institutions and innovations. First, there are different modes or ways of institutional 
change, and second, there are different forces behind institutional change. 

The 'classical' force behind institutional change is technological change. Famous 
social scientists like Marx and Veblen have discussed how radical technical change 
and technological revolutions have, again and again, broken through the institu
tional barriers, provoked institutional change, and generated new institutions. This 
is also a central observation in Freeman and Perez's (1988) theory of techno
economic paradigms. But in more stable times too, institutional adaptations tend to 
accompany incremental technical change. In addition to technical innovation, other 
forces behind institutional and organizational innovation may concern conflicts 
revolving around political and social relations and income and power distribution. 
Political, social, and economic conflicts between labor and capital have been 
important factors behind many changes in the structure of property rights. 

When it comes to the ways in which institutions change, it may be useful to 
separate 'incremental' from 'radical' institutional changes and 'changes in techno
institutional paradigms' as a parallel to Chris Freeman's (1992: 132-3) taxonomy of 
technical innovations. It may also be illuminating to distinguish between institutions 
that are 'designed and consciously created' by economic or political agents on one 
hand and institutions that are 'self-grown' on the other. The self-grown institutions 
have evolved, so to speak, behind the backs of decision-makers - by human action 
but not by human design, as it was formulated by Menger. 

Although the borderlines between designed and evolved institutions are fuzzy, it 
may be useful to make distinctions within both categories. Institutions may be 
designed by private decision-makers as, for example, when groups of firms enter into 
networking arrangements or banks design new types of risk dispersing options. They 
may also be designed by government policy-makers: a set of rules for procurement 
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policies may be developed, instructions for public technological service systems may 
be designed, etc. Institutions may also be borrowed or imported from abroad by 
both private and government policy-makers. We may talk about 'institutional 
imitation' when institutions are transferred more or less as they are and about 
'institutional adaptation' when changes are made in order to improve upon the 
borrowed institutions or make them fit into the existing institutional set-up. 

The undesigned evolution of institutions is more difficult to categorize. It may be 
possible to identify more or less random institutional changes and different selection 
mechanisms in relation to these. Maybe we can use the term 'institutional drift' when 
existing institutions - through incremental changes - take on new functions (as for 
example when copyrights increasingly become applied to computer software). 
However, the emergence of institutions is often a long-term process, which includes 
both minor and radical changes and in which elements of design enter at different 
points of time and in which existing institutions condition new ones.16 

These crude taxonomic distinctions may be used to shed some light on the 
processes of institutional change. The match between basic and supporting institu
tions is important here. Incremental institutional change, which is necessary if the 
system of innovation is to support continuing technical change, may be easier if the 
institutional set-up is coherent in this respect. For example, property rights need to 
be well defined and supported by rules for introducing incremental change and 
resolving conflicts that may develop during the change process. In the same way, the 
distinction between 'soft' and 'hard' institutions may be useful for understanding 
institutional change. In many cases soft institutions are more easily adaptable and 
open to incremental changes than hard institutions, and on average hard institutions 
may be more durable than soft ones. The distinction between formal and informal 
institutions is also important in this connection. Formal institutions are changed by 
design (policy or strategy) while informal institutions are more likely to develop 
spontaneously. But formal institutions cannot be designed without taking the 
evolution of informal institutions into account. An understanding of how the 
institutional set-up as a whole changes and of the possibilities to design and 
implement changes in it depends on how formal and informal institutions comple
ment each other. 

The distinction between institutions and organizations is also important for 
understanding institutional (and organizational) change. If the organizations are the 
players and the institutions the rules, then how are the rules changed? The rules may, 
of course, gradually evolve behind the backs of the players as the play goes on, but 
they may also be deliberately changed by the players themselves or as a consequence 
of the interaction between players. In some cases organizations may apply to 
superior organizations with rule-making power; for example, firms may apply to 
employer organizations, industry associations, or the state. In other cases the 
initiative may come directly from the rulemaker. In any case, interactions between 
organizations and institutions - between players and rules - influence the process of 
institutional change, and this is why we make this distinction and do not subsume 
one entity to the other. 

16 A famous analysis of the development of market institutions is by Hicks (1969). 
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Observe that when we talk about institutional change we mean both the emergence 
of new institutions and the decline and disappearance of old ones. Furthermore, when 
we say that institutions fulfill some necessary functions in the existence and survival of 
society, as we do in section 5, this is not the same as saying that it is impossible to find 
institutions without functions, i.e. , empty or purely ceremonial institutions. Institu
tions may persist even after they have ceased to fulfill any function or to serve 
anyone's interest, perhaps because, for example, there may be more costs than 
benefits associated with changing them or because of simple inertia. Of course this 
may only be a temporary situation; empty institutions may be reminiscences, which 
will either fade away or take on new functions (Polanyi, 1957). 

7. Organizations and innovations 

In our discussion of institutions, we have dealt with taxonomy, the functions of 
institutions in relation to innovation, and institutional change. We will not, however, 
pursue a similar discussion of organizations here. This is certainly not because of the 
topic's lack of relevance, but because of the need to limit the scope and length of this 
particular chapterY In this section we will therefore only briefly touch upon the role 
of organizations for innovation. In section 8 we will discuss a few aspects of the 
relations between organizations and institutions. 

No one questions the importance of organizations for innovation. Organizations, 
including firms, are the main vehicles for technological change in that they carry 
through innovations. For example, most formal research and development activities 
are carried out in organizations such as (technical) universities, research institutes, 
and R&D departments of firms, with the processes of diffusion of product and 
process innovations occurring mainly through firms. 

Without attempting to create a taxonomy of innovation-relevant organizations, 
we would like to distinguish between private and public organizations. Private 
organizations include industry associations and scientific and professional societies 
(Nelson, 1991: 19). But the most important components among the private innova
tion relevant organizations are, of course, the firms. Although the primary objective 
of capitalist firms is not innovation, innovation is often an important precondition 
for making a profit and therefore a large portion of the innovation processes in a 
capitalist market economy takes place within firms. This means that in addition to 
'production';S firms must be able to have a good overall innovation performance, 
i.e., they must be consistently able to innovate over long periods. This means that 
innovating firms must have certain competencies, such as the capacity to: 

• carry out a routinized search for new knowledge; 
• change the search routines when necessary; 
• utilize the search results; 
• absorb new knowledge created elsewhere (in other firms, etc.); 
• stimulate the emergence of 'unexpected' new knowledge; 
• utilize unexpected new knowledge. 

17 Another reason is that we know far more about the role of organizations in innovation than 
about the role of institutions - thanks to previous research. 
IS Compare the neoclassical conceptualization of firms as 'production functions' . 
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Of course this leads to difficult organizational questions and dilemmas, which, 
however, will not be addressed here. 

The public organizations of importance for innovation include those that for
mulate and implement technology policy, regulatory agencies, organizations for 
higher education and research, technology support entities (training programs, 
industry specific research organizations, extension services), standard-setting orga
nizations, and patent offices. The activities of innovation-oriented organizations 
vary substantially and it might be fruitful to distinguish between organizations for 
knowledge production (for example, universities), knowledge distribution (for 
example, science parks), and knowledge regulation (for example, standard setting 
committees and patent offices, which are responsible for creating elements of the 
institutional framework for private organizations). 

The importance and role of different organizations differ substantially between 
systems of innovation. For example, universities are very important for research in 
the USA and Western Europe. In Japan, however, most research is done in firms and 
private research institutes. In a system of innovation, organizational change means 
altering the structure of the organizational matrix, but it may also involve changing 
the character of existing organizations. The emergence of the multidivisional form of 
firm organization might be an example of the latter kind of organizational change.19 

Any description of the anatomy and change of systems of innovation should include 
the character, structure, and change of the organizational matrix, and therefore it is 
as important to develop an organizational taxonomy as an institutional one. 

8. The relations between institutions and organizations 

We have, in this chapter, argued that it is useful to make an explicit conceptual 
distinction between institutions and organizations. One reason for this is that the 
relations between institutions and organizations are important for innovation and 
for the structure and performance of systems of innovation. We will now conclude 
this chapter with a brief discussion of these relations. 

Organizations are strongly influenced, colored, and shaped by institutions. Orga
nizations can be said to be 'embedded' in an institutional environment or set of rules. 
This includes the legal system, various norms, standards, etc., which influence all 
organizations of a certain kind, (e.g., all firms in a country). For example, we 
mentioned in section 5.1. that there are laws, rules, and norms which affect the 
operation of banks and other financing organizations. These influence the repay
ment periods for loans - which in turn may have a strong impact on the incentives, 
risks, and uncertainty related to innovation. Similar 'rules of the game' also influ
ence the operation of both private firms and public organizations. 

But institutions are also 'embedded' in organizations, which may be seen as 
concrete hosts for specific institutions. Certain established practices, for example, in 
bookkeeping or concerning the relations between workers and managers, are only 
relevant in the operation of firms. A lot of institutions develop in organizations and 
are only used in or in connection with organizations. 

19 Organizational change in this sense has previously been dealt with in Edquist (1992). 
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There is thus a complicated two-way relationship of mutual embedded ness 
between institutions and firms, and one reason for focusing on this relationship is 
that it influences both the performance and change of systems of innovation. For 
example, since the connection between organizations and institutions differs sub
stantially between various countries this leads to important differences in the 
operation and performance of the various national systems of innovation. 

Another type of relation between organizations and firms is that some organiza
tions are directly responsible for creating institutions. There are, for example, 
'dedicated' standard-setting organizations which formulate or determine technical 
standards, which, in our sense of the term, are institutions. These standard-setting 
organizations may be public, but there are also voluntary, private standard-setting 
bodies. There are also organizations that formulate innovation policies and other 
organizations that implement those policies. If such policies are repeated over time 
they may evolve into stable patterns which become taken for granted and thus take 
on an institution-like character. The task of such organizations is, to a large extent, 
a matter of creating institutions. 

The character and strength of the interactions between organizations and institu
tions is an important research issue. The dynamics of technological innovation in 
systems of innovation might be better understood if studied in relation to institutions 
and organizations and the interaction between them. In this chapter we have tried to 
contribute to the development of a conceptual framework which might be useful for 
such research. Because of the underdeveloped state of the art with regard to 
research in this field, we expect that case studies of the relations between institutions 
and organizations and their role for innovation would be an appropriate approach 
for the time being. 

9. Concluding remarks 

As we saw in section 2, the concept of institution - used in a very comprehensive 
sense - plays a key role in all definitions of innovation systems (i.e., systems of 
innovation are always defined in institutional terms). But the concept of institution 
is not very clear. In many cases what is meant is what we have called 'organizations' 
that influence innovation (e.g., Nelson and Rosenberg, 1993; Patel and Pavitt, 1994). 
Others, however, primarily refer to institutions (and not organizations) when they 
use the term institutional set-up (e.g., Lundvall, 1992b). 

If a definition of an innovation system is to be capable of embracing all important 
determinants of innovation processes, both institutions and organizations should 
obviously be included in that definition. The relations between organizations and 
institutions are also crucial for the functioning and change of systems of innovation. 
Furthermore, we believe that specifications of different kinds of institutions and 
organizations as well as different kinds of institutional and organizational change are 
important in an analysis of the performance, structure, and change of systems of 
innovation. 

However, our arguments have been of a theoretical and common-sense character. 
It would be an important research task to show that this is also empirically true. In 
such work it may be necessary to be more specific than we have been with regard to 
which kinds of specific institutions influence innovation and in what ways. Not much 
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empirical knowledge exists on this. Are institutions, in the sense of 'things that 
pattern behavior', really that important for innovation? What do we know and what 
would we want to know about this? 

Empirical work is also called for in the study of organizations, although the lack of 
knowledge here is not as severe as in the case of institutions. Furthermore, in 
relation to institutional change, better conceptual tools than those we have at the 
moment are needed. We have suggested that a distinction between designed and 
self-grown institutions is important in this context, and that concepts like in
cremental and radical institutional innovations, institutional imitation, adaptation, 
and drift might be useful. But since the proof of the pudding continues to be in the 
eating this also needs verification through empirical work. 
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CHAPTER THREE 

Generation and Distribution of 
Technological Knowledge: Incentives, 
Norms, and Institutions 
Dominique Foray 

1. Introductionl 

In this chapter, I propose to treat knowledge openness as a social convention, 
imposing itself within a given (regional, sectoral) space through the operation of 
some social mechanisms. The goal is to explore how such a convention can emerge 
and persist over time, what the reasons are for its degradation, and what factors force 
a system rapidly to move from one behavioral convention to another with respect to 
disclosure and openness. 

In this introduction I will argue that an efficient system of distribution and access 
to knowledge, whether at the local, regional, national, or international level, will 
increase the social value of knowledge that is produced by experience-based 
learning and by organized research, as well as the knowledge acquired and assimi
lated from external sources. This is the reason why a system of innovation must be 
characterized as much by its 'distribution power' as by its capabilities for generating 
new knowledge - that is to say, by the system's ability to support and improve the 
efficient functioning of procedures for distributing and utilizing knowledge. Ad
dressed in this chapter is the issue of knowledge distribution and openness as a 
critical characteristic of any system of innovation. 

Following Carlsson and Jacobsson (this volume), a knowledge system is defined 
here as a network of actors or entities that assume specific functions for the 
generation, transformation, transmission, and storing of knowledge. Examples of 
knowledge systems include industrial districts, the worldwide community of scien
tists, national industries, or any other kinds of highly cohesive subgroups of agents or 
organizations. The critical degree of cohesiveness, necessary to get a knowledge 
system, is simply defined by some parameters describing the frequency of the 

1 I wish to acknowledge the contribution made to my thinking about the economics of 
knowledge distribution by my collaborative research with Paul A. David on national systems 
of innovation. He has been responsible for shaping my views on most of the issues treated 
here. over the course of many conversations. Most of this paper draws upon a collaborative 
work with him. David and Foray, 1995. I also thank Bjorn Johnson for extensive comments on 
an earlier draft, and gratefully acknowledge the helpful comments of the other participants of 
the Network. However, I am solely responsible for the remaining errors, omissions or 
imprecisions. 
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knowledge interactions. The definition of a knowledge system has, thus, a great deal 
of suppleness and ductility. 

A knowledge system includes economic agents (or learning entities) that assume 
the relevant functions of knowledge generation (by means of cognitive exploration 
and search) such as the codification and reduction of knowledge to information, the 
monitoring and perception of information (involving encoding, decoding, transla
tion, filtering, and compression), the communication and transfer of knowledge, and 
its storage, retrieval, and reconstruction. It also includes the institutions that serve to 
overcome the market's deficiencies in the production and distribution of knowl
edge.2 

The learning entities, however, do not exist in isolation. Every entity needs to 
draw upon pre-existing knowledge generated in other parts of the system. Conse
quently, the extent to which knowledge is exchanged and the conditions of exchange 
are an important feature of the system. 

1.1. Economic properties of knowledge openness 

Two properties of knowledge as an economic good are relevant to explaining why it 
is economically efficient to improve the distribution of existing scientific and 
engineering knowledge and to increase the accessibility of the latest additions to the 
knowledge stock. First, knowledge is usually described as a non-rival good, that is, a 
good which is infinitely expansible without being diminished in quality, so that it can 
be possessed and used jointly by as many as care to do so.) An economic good that 
can be concurrently possessed and utilized by all cannot be treated as if its transfer 
was a zero-sum proposition. Second, the process of knowledge generation is cumu
lative and integrative. Knowledge is not only an output of the innovative process. It 
is also the main input of any process of knowledge generation (Romer, 1993). 
Cumulative forms of knowledge are those in which today's advances lay the 
foundation for succeeding rounds of progress. Synthetic knowledge is generated 
through the convergence or collateral integration of previously independent pieces 
of knowledge. 

Due to these properties, the process of knowledge generation produces 'positive 
externalities'. As Machlup (1983: 23) put it, 'the more that is invented the easier it 
becomes to invent still more', provided of course that the conditions of wider 
distribution, and timely, inexpensive access to new findings are fulfilled. 

2 Market mechanisms tend to discourage the production of public goods (or of goods which 
have some aspects of public good) because of an inability on the part of producers to 
appropriate fully the value of the fruits of their efforts (see Nelson, 1959; Arrow, 1962; David, 
1993). 
3 Calion (1994) offers a discussion of non-rival goods from a sociological point of view. I agree 
with him that the exploitation of the property of 'infinite expansibility' requires investments, 
competences, and infrastructures: all elements forming the 'absorptive capacity' for the 
knowledge considered. That means that the economic value of non-rivalry depends upon 
those investments. For instance, a very sophisticated mathematical statement, which cannot 
be understood by more than two mathematicians in the world, is, of course a non-rival good, 
but this characteristic of non-rivalry has a very low economic value. 
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Thus, openness is vital for the efficient use of costly research resources in creating 
reliable knowledge. Open access that distributes knowledge widely and rapidly: 

• facilitates independent replication of findings; 
• promotes swift generalization of results; 
• avoids excessive duplication of research; 
• increases the probability of creating useful new products, processes, and ideas 

arising from novel and unanticipated combinations because new knowledge is 
available to many researchers; 

• thus raises the social value of knowledge by lowering the chance that it will reside 
with persons and groups who lack the resources and ability to exploit it. 

1.2. Instability of knowledge openness 

However, the conditions for the efficient distribution and utilization of knowledge 
cannot be expected to arise automatically from the interplay of market forces. 
Various obstacles impede knowledge distribution. For instance, the creation of 
intellectual property rights - designed in order to allow agents to capture rents from 
their innovative efforts - creates access problems that impede distribution. And 
institutional incompatibilities among organizations also impede the flow of knowl
edge transfers as a result of distinctive rules of disclosure, institutional goals, and 
reward structures. 

The activity of diffusing economically relevant knowledge is not itself a natural 
one. Rather, it is socially constructed through the creation of appropriate institutions 
and conventions such as open science or (some kinds of) intellectual property rights. 
Improving what David and Foray (1995, 1996) termed the 'distribution power' of the 
system of innovation often has been portrayed as a desirable objective that has to be 
sacrificed; in order to provide stronger market incentives for private investment in 
organized R&D, copyright, patent, and trade secrecy laws are developed which 
create obstacles to access and restrict the commercial utilization of knowledge. 
There is therefore a persistent tendency toward the penetration of market-driven 
rivalry (generating secrecy and access restriction practices) into domains of 
knowledge production where rivalry among researchers or among organizations 
previously was organized (and restrained) under the non-commercial norms of 
openness and cooperation. 

1.3. Precis o/the argument 

In sum, knowledge openness is a critical factor of efficiency at the system's level: for 
a knowledge system as a whole, the pace of innovation may be sped up if competitors 
are able to build on other innovators' advances, rather than being allowed to block 
the progress of others. To use a concept developed by Klein (1988), knowledge 
openness generates positive-sum games: there will be winners and losers during 
every round of the game, but owing to the economic properties of openness, the 
gains will exceed the losses. However, the norms of openness and free access are 
very fragile. The reason is that a positive-sum game does not preclude that at each 
period in the game any given agent may be losing. This means that the stability of 
openness as a behavioral norm requires that the future (that is, the long-term future 
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in which each entity is a winner) be sufficiently significant with respect to the present 
(the short-term future in which there are both winners and losers) (Foray, 1991). 

This chapter is structured as follows: in the next section the factors governing the 
knowledge distribution capabilities of a system of innovation are described. These 
factors are considered as not inherent in the knowledge itself but rather as the 
product of the institutions supporting the production of knowledge. In section 3, I 
describe some historical knowledge systems which are based on a particular conven
tion of knowledge openness, and I derive from each description the efficiency 
properties of the system under consideration. In section 4, I address the problem of 
the emergence of knowledge openness as a social convention, exploring reasons for 
its persistence and why it may be degraded in favor of conventions of knowledge 
control and restricted access. 

2. The institutional dimensions of knowledge4 

What governs a system's capability of distributing scientific and technological 
knowledge? Rather than emphasizing epistemological distinctions between 'tech
nology' and 'science', it may be more illuminating to consider the implications that 
the modes of organizing research activities have for the costs of transferring the 
knowledge that is produced. Following the analytical framework developed by 
Dasgupta and David (1994), and further elaborated in David and Foray (1995), this 
particular conception of economically valuable knowledge focuses on the character
istics of knowledge affecting production and acquisition, such as the degree of 
explicit codification (contrasted with tacitness), the degree of publicness (contrasted 
with privateness), the degree of disclosure (contrasted with secrecy), and the degree 
to which the codes, languages, and symbols are commonly understood (contrasted 
with specialization or idiosyncrasy). It is a particular constellation of those charac
teristics that define the economic properties of a given 'knowledge product'.s 

2.1. Codification and tacitness 

Codification is a step in the process of reduction and conversion that renders the 
transmission, verification, storage, and reproduction of information especially easy. 
Codified information typically has been organized and expressed in a format that is 
compact and standardized to facilitate and reduce the cost of such operations (David 
and Foray, 1995).6 By contrast, tacit knowledge cannot be dissociated from the work 

4 This section draws upon a collective work carried out by Paul David and Dominique Foray 
in the context of the OECD project on National Innovation Systems (see David and Foray, 
1995,1996). 
S The term 'product' does not, in this context, carry any implication that the knowledge 
involved is the object of organized production for economic gain, nor do I mean to suggest 
that such knowledge is necessarily an exchangeable commodity. (See Radosevic, this volume, 
who uses this framework to characterize the innovation systems in socialism and post
socialism.) 
6 On the diversity of codification forms, see Foray and Lundvall (1996), who distinguish 
various forms, impacts, and possible extensions of codification, with respect to a classification 
of knowledge into four types proposed by Lundvall and Johnson (1994) - know-what, know
why, know-how, and know-who. 



68 Systems of Innovation : Overview and Basic Concepts 

practices of research and production units. These forms of knowledge are acquired 
experientially, and transferred by demonstration, rather than being reduced im
mediately or even eventually to conscious and codified methods and procedures. 
Tacit knowledge therefore cannot readily be expressed outside the production 
context in which it is generated (David and Foray, 1995). 

Codification is important because it reduces some of the costs of knowledge 
acquisition. The costs of the most 'logistics oriented' aspects - such as transport and 
transfer, reproduction, storage, and even access and search - can fall dramatically as 
a result of codification. By codification, knowledge acquires more and more proper
ties of a commodity. Market transactions are facilitated: codified knowledge can be 
more precisely described and specified in terms of content of intellectual properties, 
and this can reduce uncertainties and information asymmetries in any transaction 
involving knowledge. For these reasons, codification facilitates knowledge ex
ternalization and allows a firm, for a given cost, to acquire more knowledge than it 
could before. Thus, in this sense, codification can reduce learning costs; that is to say, 
it can increase the quantity of knowledge a firm can acquire for a given absorptive 
capacity. 

That tacit and codified knowledge are complementary is not in dispute: codifica
tion is never complete, and some forms of tacit knowledge will continue to play an 
important role. Thus, the extension of codification towards new areas must not be 
viewed as a simple substitution process. As suggested by Hatchuel and Weil (1995), 
it is rather the construction of a new ensemble of codified and tacit knowledge which 
is in question. The dimension of creativity is a crucial aspect of that process, since 
knowledge codification entails fundamental transformations. The codified knowl
edge base does not precisely overlap the previous tacit knowledge base. In this sense, 
codification is an irreversible process: once knowledge has been transformed into 
information, it cannot be returned to the tacit state while new tacit knowledge is 
generated. 

2.2. Ownership status 

The status of publicness and privateness (in the sense of being legal property) should 
be treated as a continuous variable. It is clear that different intellectual property 
systems provide possessors of knowledge with bundles of rights that approach the 
idea of 'perfect property' to varying extents.7 Patent rights, for example, are 
temporally delimited, and may be granted subject to requirements of compulsory 
licensing at 'reasonable' fees. Copyrights,likewise, exist for only a fixed period and 
do not protect against use of the material by independent originators - whereas 
patents do offer recourse against the latter form of trespass. Even within the patent 
system, there are big differences among the national systems regarding scope, 
length, and disclosure implications (Foray, 1994, 1995a; Ordover, 1991). Finally, 
trade secrecy law, according to some legal theory, does not create property rights-

7 Patents and copyrights are means of defining and protecting intellectual property rights. 
Patents confer a monopoly right over a device or a method, and are awarded on the basis of 
novelty, originality, and non-obviousness. and in exchange for public disclosure of codified 
knowledge (see Besen and Raskind, 1991; David, 1993). 
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in as much as a secret is something that cannot be disclosed in public or described 
sufficiently without its nature being destroyed by the decision of one who possesses 
the secret at any point in time. 

2.3. Disclosure and secrecy 

The extent of disclosure is, likewise, a continuous variable, bounded by full disclos
ure at one limit and total secrecy at the other. The degree of disclosure required is 
not uniform across intellectual property regimes; and even within a given regime, 
different kinds of knowledge may be protected by different criteria of disclosure. 
Computer software, for example, may be copyrighted without revealing the source 
code, and in some instances even the full body of object code does not have to be 
disclosed. It might also be added that the standards of disclosure may be defined not 
only by the statute laws and the intellectual property agencies (patent offices) but, in 
the case of scientific papers, by the policies of the journals in which professional 
papers are published. The latter, for example, mayor may not insist upon disclosure 
of the exact coordinates of complex proteins whose molecular structure is being 
reported, or of the computational algorithm used in analyzing experimental ob
servations. 

2.4. Collective and idiosyncratic codes or languages 

Access costs can be radically different between two knowledge products which are 
rather similar in the three other dimensions. For example, two different mathemat
ical statements are similarly public, codified, and disclosed. However, one has a very 
high access cost (only one or two persons in the world can understand it) while the 
other is easily understood by schoolchildren after one month of class. As knowledge 
products, English on the one hand and Galician on the other have the same status of 
codification, pUblicness, and disclosure. However, the cost of learning Galician 
today is far higher than the cost of learning English. Sharing a code among partners 
and using it as a barrier to access is also becoming a more frequently adopted 
strategy. Arrow (1994) has recently pointed out that the traditional dichotomy 
between public and private knowledge may be becoming less and less relevant. More 
often strategic know-how is developed and shared within subgroups and networks. 
Access to and membership in such subgroups is far from free.8 

2.5. The institutional nature of knowledge 

It is important to stress that the characteristics listed above are not inherent in the 
knowledge itself but are rather the product of the institutions supporting the 
production of knowledge. Here institutions are understood as things that pattern 
behavior (in our particular case, these behaviors concern knowledge openness and/ 

8 Thanks are due to B.- A. Lundvall who drew my attention to this fourth dimension. It is this 
dimension that can conduce to what he terms 'intellectual tribalism' where networks develop 
their own internal codes and norms of conduct which are not extended to non-participants 
(see Lundvall, 1995). 
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or control; see Edquist and Johnson for a discussion on the concepts of institutions, 
this volume). 

In other words, the true nature of new knowledge does not stem from any intrinsic 
differences between knowledge that is 'scientific' and 'technological', or, indeed, 
between basic and applied scientific knowledge. The critical factors governing the 
distribution and utilization of new findings are those regarding the rule structures 
and behavioral norms about information disclosure that dominate in the particular 
social organizations within which the new knowledge is found or improved.9 How
ever, the institutions that support the generation of the knowledge product do not 
necessarily predetermine its character. In fact, institutions and norms of behavior 
have a certain degree of suppleness, which means that a knowledge product 
generated in a given organization (say a university) can be expressed in a broad 
range of forms (scientific papers, patents, shared expertise, restricted or delayed 
access, etc.), depending upon the incentive structures and the institutional com
promises that characterize the organization considered. In this volume, Ehrnberg 
and Jacobsson strongly emphasize this aspect by showing that two regional clusters 
- Silicon Valley and Route 128 - have very different positions regarding knowledge 
disclosure and practices of secrecy. 

Thus, a great deal of detailed institutional information would be demanded if one 
were to undertake comparative studies that called for an exact characterization of 
the knowledge products being generated by different research communities.1O For 
this reason, analysis of the distributional capabilities of a system requires a detailed 
description of the elementary social mechanisms in the particular society 
that support coordination among the agents engaged in research and innovative 
activities. 

3. Historical figures and changes in the convention of 
knowledge openness 

A system of knowledge can be characterized with reference to a particular constella
tion of institutional characteristics that form a knowledge base. We will describe 
some of these characteristics in this section and will try to derive from each 
description the efficiency properties of the system under consideration. 

9 While this claim is rather plausible for some of the characteristics listed here, it is more 
disputable for the codified tacit dimension. I will argue, however, that the relative proportions 
between those two types of knowledge are reflecting only the reward structures within which 
researchers are working, as well as the costs and benefits of codification. As a result, the 
position of the boundary between codified information and tacit knowledge in a specific field 
of research may be shifted by economic considerations and prevailing institutional con
straints. However, the task of moving the boundary between the codified and the tacit parts of 
the knowledge stock is by no means simple or instantaneously accomplished. It is usually a 
matter of long-term technological and organizational evolution. 
10 Following the technological regime framework, Breschi and Malerba, in this volume, 
elaborate upon another 'constellation' of characteristics in order to describe the knowledge 
base. 
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3.1. Towards knowledge openness: understanding the 
cumulative nature of technologies 

In the Middle Ages, the knowledge system of craftsmen was based on secrecy. 
Disclosure of craft techniques threatened to undermine the craftsmen's monopoly 
over specialized skills. Engineers and inventors were also reluctant to publish their 
discoveries for fear of losing claim to public recognition for their inventions (Eamon, 
1985). In the seventeenth century Francis Bacon claimed that knowledge was 
progressive. During the age of enlightenment, more and more scientists and in
ventors realized that secrecy and access restriction had resulted in the stagnation of 
knowledge rather than the protection of valuable secrets. Technical knowledge, 
Bacon had said, is a cumulative store that is built up by a succession of individual 
contributions. Each individual takes over from predecessors an accumulated store of 
knowledge, adds to it, and passes the augmented store on to successors who are 
expected to make their contributions in turn. Newton himself acknowledged the role 
of cumulativeness: 'If I have seen far, it is by standing on the shoulders of giants.' 

3.2. Intellectual property rights and the disclosure of technical 
knowledge 

The growing awareness that knowledge is a cumulative store of individual effort and 
that scientific knowledge could be put to practical commercial use led quite naturally 
to the creation of intellectual property rights. Thus, a new convention of openness 
emerged based on the 'paradoxes of patenting' (MacLeod, 1991): a patent is a device 
to prevent the free use of new ideas and methods and is also a means by which 
codified information is disclosed. Historically, the disclosure provisions were an 
essential and natural aspect of the effort to induce foreign artisans 'to reveal a 
mystery' and to train domestic craftsmen in its pursuit (David, 1993). However, this 
enforced disclosure was also viewed by inventors as a major failing of the system, 
and the issue was endlessly debated throughout the nineteenth century (Machi up 
and Penrose, 1950). At the root of the debate was the assumption that the patent was 
a form of reward, Le., protection for one party and exclusion of all others. For 
instance, the first superintendent of the US Patent Office considered that ideally the 
specifications of invention should remain confidential until the patent period had 
expired; otherwise, inventors might decide not to risk patenting and their inventions 
consequently would never be secured by the public (MacLeod, 1991: 898). 

However, what seemed a deficiency of the system now appears to be, in fact, one 
of its strong points. The patent system requires patentees to disclose certain items of 
information in exchange for monopoly rights. Although the patent only reveals the 
codified information needed to make use of a novelty, it provides an invaluable 
indication of the potential success or 'practicability' of a given line of research. It 
gives information on the 'state of the art' , and thus allows rival firms to allocate their 
research resources more efficiently (Kitch, 1977). Compared with the system of 
trade secrets, therefore, patents actually increase the output of resources allocated 
to technological innovation. Firms must therefore be encouraged to use patents as 
their main mechanism for appropriating knowledge. Here the efficiency of the 
knowledge system depends upon the institutional design of the patent system which 
may differ widely from one system to another in ways that affect both the incentives 
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to engage in research and the extent of access afforded to the information that is 
disclosed (see below, the Japanese case). In particular, the decision about a patent's 
scope can strongly influence cumulativeness and the development of a technology 
(Merges and Nelson, 1994): for instance, it is possible to make the inventions of 
patentees available for use by others at reasonably modest costs. This goal can be 
achieved by restricting the scope of the patent grant, and the degree of novelty 
required of the typical patentable innovation. Narrow patents and patents involving 
low degrees of novelty tend to favor knowledge recombination because they 
promote 'pooling' and cross-licensing of innovations. Manipulating the parameter of 
scope raises, however, the problem of finding the means to optimize the allocation of 
property rights to both the initial and subsequent inventors (Scotchmer, 1991). 

3.3. The 'invisible college' and 'open science' 

One important result of the Baconian vision was to encourage informal associations 
among individuals interested in promoting experimental science, and to cultivate 
informal channels of communication through which the results of their research 
could be disseminated. The institution of the invisible college describes a new 
convention of openness which was based on an informal network of communications 
and restricted to small circles of personal contacts. One essential factor present at 
the origin of those circles was a shared scientific approach: the experimental method 
introduced by Galileo and Bacon. As Rosenberg and Birdzell (1986: 254) state, 'The 
general acceptance of the experimental method made it possible for hundreds even 
thousands of specialists to build the results of their individual research into a single 
store of information, usable across all sciences.' The world of 'open science' (as 
described by Merton, 1973, and his students) expresses the ideas of free pursuit and 
open disclosure of knowledge accompanied by a reputational reward and resource 
allocation system based on validated claims to priority in discovery or invention 
(David, 1991). The Mertonian 'norms' represent, of course, idealizations having 
little correspondence in the behavioral dimension. II The rule of priority plays a key 
role in the organization of the system: first, it establishes a competitive context, for 
scientific discoveries; second, it acts as a mechanism to accelerate the public 
disclosure of new findings. As argued in Dasgupta and David (1994), it is a 
remarkable social innovation for its faculty to separate 'moral property' and 'phys
ical possession', i.e., for making compa tible the provision of incentives to researchers 
('winning the race') with the organization of quick and broad dissemination of the 
new findings. 

3.4. Collective invention in industrial districts 

An interesting convention of openness characterized some local knowledge systems 
in the nineteenth century. These systems involved an institutionalized process of 

11 Latour (1987) has portrayed the Mertonian 'norms' as apologetic ideology: self-serving 
'myths' about cooperative. disinterested science. In David (t 991) it is argued that the norms 
are prescriptive, and that beliefs that are instilled in scientists as part of the 'culture of science' 
have an effect on their behavior - making it easier to form cooperative networks where it is in 
their mutual interest (and that of society at large) to organize research cooperatively. 
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'collective invention'. An essential feature of 'collective invention' is the free 
exchange of information about new techniques and plant designs among actual and 
potential competitors. Allen (1983) described one such system in the case of the iron 
industry: 

If a firm constructed a new plant of novel design and that plant proved to have lower 
costs than other plants, these facts were made available to other firms in the industry 
and to potential entrants. The next firm constructing a new plant could build on the 
experience of the first by introducing and extending the design change that had proved 
profitable. The operating characteristics of this second plant would then also be made 
available to potential investors. In this way fruitful lines of technical advance were 
identified and pursued. (Allen, 1983: 2) 

It is this behavior that allows cumulative advance (see Ehrnberg and Jacobsson, for 
other examples, this volume). While this pattern of knowledge sharing describes 
very well the innovative behaviors of some British industrial districts between 1850 
and 1875, it is not irrelevant to view the Japanese knowledge system as a particular 
institutionalized form of collective invention. 

3.5. Knowledge openness in Japan 

A certain number of indicators regarding the organization of innovative activity 
suggest that Japan's policies and institutions are oriented toward making intensive 
use of existing scientific and technical knowledge for the purpose of generating 
technological innovations (Foray, 1994, 1995a). Regarding the use of intellectual 
property rights, one may draw notice to the importance assumed by patenting 
activities in Japan, as measured by the ratio of intellectual property rights to total 
R&D achievement. This feature, which runs counter to one of the main findings of 
recent Western innovation surveys, can be explained by (i) the absence of any 
legislation relating to trade secrets; and (ii) an ensemble of three features of Japan's 
patent regime, all of which encourage innovators to file patents as quickly as 
possible: the low cost of filing, the priority given to the first to file (as opposed to the 
first to invent), and the freedom given to applicants to make changes to a proposed 
patent for a limited period of time after the initial application has been filed. 
However, the high rate of patenting should be interpreted in this case as the 'victory 
of a method of coordination' rather than the 'triumph of a mode of exclusion': all 
parties are aware that by making their own knowledge available through licensing 
they will very rapidly be able to benefit from reciprocal arrangements to gain access 
to the knowledge of others. It is essential to stress the role played by a fine 
institutional mechanism, which combines limited exclusion rights, relaxed novelty 
requirements, and early disclosure (a prerequisite to granting a property right): early 
disclosure is a highly effective means of disseminating information and has some 
dynamic effects on the accumulation of knowledge. Indeed, Ordover (1991) notes 
that 'potential competitors who have "reverse engineered" the invention during the 
laying-open and opposition phases can file their own patent applications, thanks to 
the narrow scope of patent coverage and very relaxed novelty requirements'. Early 
disclosure, combined with the limited exclusion rights conferred by the patent, lie at 
the heart of collective invention. 
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3.6. The destruction of the convention of openness 

This history does not follow a linear tendency, starting from medieval attitudes 
which opposed openness and disclosure and then progressing, through successive 
steps, toward the 'open Japanese model'. As already suggested, the norms of 
openness and free access are very fragile in the case of knowledge. Policy measures 
that make the knowledge stock more socially useful will in many instances conflict 
with those measures designed to make it more economically valuable to private 
parties. There is, therefore, a persistent, market-driven pressure toward reducing 
openness in the knowledge system by altering the norms, incentive mechanisms, and 
property right systems in a direction that will encourage non-cooperative modes of 
pursuing and transmitting scientific and technological knowledge. 

3.7. Access restriction in the university system 

Contrasting with the traditional context of knowledge openness characterizing 
science (section 3.3.), some new behaviors attest to the degradation of this norm. 
David et al. (1994) have analyzed the sources of inherent conflicts between university 
and industry research institutions. These involve the incompatibility of the reward 
system that underlies the organization of research in the two domains. Many 
empirical studies deal with particular facets of that problem, exploring, for 
instance: 

• the extension of university patenting and research contract activities and its 
implication for the organization of research (Henderson et al., 1994); 

• the increasing industrial influence and control of the research agenda of uni
versity laboratories through the extension of university-industry research centers 
(Cohen et al., 1994); 

• the adoption of access restriction practices regarding 'research-related informa
tion' (information that cannot be published in journals, such as experimental 
materials and innovative instruments, locally produced software, data sets, and 
novel research techniques) (Hilgartner and Brandt-Rauf, 1994); 

• the increasing frequency of scientific publications that do not fully disclose 
relevant findings that would permit replication by other scientists (e.g., reduced 
ratio of publications of molecular structures whose coordinates are disclosed to 
total published structures; reduced disclosure of algorithms used in mass spectro
graphic analysis) (Dasgupta and David, 1994). 

These variegated indicators are particularly worrying, since universities are logical 
candidates for enhancing rather than curtailing their function as 'open nodes' in 
global scientific and technological information networks. As observed by David et at. 
(1994), the interactions between universities and industries that are likely to prove 
most dysfunctional tend to arise when companies have succeeded in convincing 
universities to internalize the norms of highly proprietary research, i.e., research that 
is closely linked to the strategic aims of the firm, or when universities adopt practices 
that cause them to act in a similar fashion for their own financial interest. 
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3.B. Openness limitations in the software industry 

Initial protection of intellectual property in the software industry was governed by 
copyright law: a system that prohibits the users of a software program from making 
copies of it without the permission of the individual company that licenses the 
program.12 It prevents one company from appropriating and selling another com
pany's work. But the existence of a copyright does not prevent other programmers 
from using algorithms or techniques contained in the program in their own work. A 
single software technique can be implemented in different ways to do totally 
different jobs. Thus, the institutional system of the software industry was 'distribu
tion oriented', encouraging information dissemination and facilitating coordination 
among innovative projects. Until recently, it had been normal, under this regime, for 
computer scientists in the commercial as well as the academic world to publish their 
discoveries. Secrecy about techniques was not a significant problem, and universities 
played a critical role by developing software and distributing it without charge. I) 
Within the last few years, however, software developers have been surprised to learn 
that hundreds, even thousands, of patents have been awarded for programming 
processes ranging from sequences of machine instructions to features of the user 
interface (Kahin, 1990). Many of the patents cover processes that seem conventional 
or obvious, and developers now fear that any of the thousands of individual 
processes in their programs may be subject to patent infringement claims. These 
changes may lead to a radical disruption of the networks of cooperation: the 
expansion of software patents could mean the end of software developed at 
universities and distributed without charge; patents could also mean an end to public 
domain software, which has played an important part in making computers afford
able to public schools; software patents would pose a special danger to small 
companies, which often form the basic structure of software development but cannot 
afford the cost of patent searches for litigation; and last but not least, software 
patents introduce a major timing problem in a system where the product cycles are 
very short with respect to the application period for software patents, which take an 
average of thirty-two months to process. 

3.9. Institutional adjustments to restore openness: weakening 
property rights 

Unlike the Japanese patent system described above (section 3.5.), the patent systems 
of Western economies provide strong protection for innovators but impede the rapid 
disclosure of information. They place greater emphasis on novelty and on the 
monopoly rights that accompany the award of a patent, while reducing disclosure 
requirements. However, such a system need not necessarily hamper the diffusion of 
knowledge. It can be adapted to increase its distribution power. For instance, new 
systems of property rights are emerging that warrant protection for the inventor 
while maintaining zero marginal costs of access for research use. An example of such 
a new institutional arrangement is the system of prepaid, lump sum access fees in 

12 This paragraph draws upon Kahin (1990), Garfinkel et al. (1991). and OTA (1992). 
13 The place where trade secrecy is used extensively in software is the 'source code' for 
programs. 
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biotechnology. The success of its introduction attests to the possibility of according 
protection to an inventor, while at the same time maintaining zero marginal costs of 
access to knowledge products required for research. This model maintains the free 
circulation of genetic resources through a system of dependency licenses in the case 
of dependant innovations (Joly and Hermitte, 1993). 

Similarly, the expanding use of compulsory licensing systems, whereby applica
tions for a license to produce and market variant versions of a given innovation 
cannot be refused, offers one way to restore some balance between the functions of 
diffusion and protection within the patent system. 

3.10. Institutional adjustments to restore openness: building 
informal networks and high-tech consortia 

Another strategy to minimize secrecy practices is to promote collective forms of 
R&D (such as high-tech consortia, and collective industrial research) and interfirm 
cooperation in development of anticipatory technical standards. A research con
sortium creates a local convention of knowledge openness which facilitates access to 
research results at lower costs and reduces duplication among the research activities 
of competing firms (Grindley et al., 1994). The elaboration of specific rules of 
knowledge sharing among the participants is a very important ex ante prerequisite of 
the cooperation. Cassier (1995) shows how it is possible to design procedures among 
the participants to favor the free circulation of knowledge while also encouraging 
industrial protection. The multiplication of consortia thus leads to new forms of 
knowledge with aspects of both private and public goods (Arrow, 1994; Lundvall, 
1995). Moreover, empirical evidence on tacit toleration of secret sharing and know
how trading through informal coordination among engineers attests to the existence 
of institutions and norms of behavior that warrant some local convention of 
knowledge openness within a general context of private appropriation and control of 
knowledge for competitive advantage (von Hippel, 1988). 

4. The dynamics of the convention 

What has been described above is a long sequence of short stories attesting to the 
richness of institutional devices that allow a system to maintain or restore the 
convention of knowledge openness, which is continually threatened by the natural 
forces of the market. All these cases, describing either the stability or the instability 
of the convention, are always revealing its fragility. This raises the problem of 
explaining the process of this convention's emergence and the reasons why it may 
persist over time or be degraded and give way to a convention of secrecy. 

4.1 . How a system can get locked into a dominant convention 
of openness 

Let me briefly review the problem of the emergence of a dominant convention of 
openness in a given domain of research (either scientific or commercial). This is a 
coordination problem that can be solved by the creation of common knowledge 
about mutual behaviors regarding the disclosure problem. Three mechanisms will be 
briefly reviewed. 
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4.1.1. Emergence 

I define a convention as a way of aligning individual expectations. What matters 
above all is that the players somehow must possess the same consistent expectations 
about the ruling convention, and they must be mutually aware of that fact. Each 
player must know that the other players know that she knows that they know that ... 
and so on, with the result being that she will disclose the knowledge once discovered 
in short time and in well-documented form. This argument raises the question of 
how do such jointly held expectations become established? Where does such a 
common knowledge come from, if not from shared history and fine institutional 
mechanisms elaborated in a given historical context. Thus, precedent emerges as an 
important factor allowing the players to align their individual expectations. The first 
mechanism therefore entails the historical emergence of structures of mutually 
consistent expectations, resulting in the creation of a 'common knowledge' (which 
shapes the cooperative/competitive strategies of agents). As Long states in discuss
ing the sixteenth-century authors who decided to disclose their knowledge in clear 
and well-diffused articles: 

Despite their diversity, these authors shared the context provided by the capitalist 
expansion of mining. As a result, they elaborated a group of seemingly unrelated 
attitudes from a remarkably consistent point of view. Their affirmation that knowledge 
should be transmitted openly was closely associated with beliefs related to early 
modern mine and metallurgical capitalism: wealth is a positive good; investment in 
mining should be encouraged and would payoff in riches; clear technical language and 
understandable discussions of technical processes, careful measurement, honest and 
precise assaying, and practical skill all are necessary to high productivity. They criti
cized alchemy not on the basis of whether transmutation occurred, but in terms of the 
criteria of clarity, honesty, and productivity. (Long, 1991: 35) 

4.1.2. Consolidation 

The second mechanism is based on the complex interplay between the perception of 
the existence of a positive-sum game associated with knowledge openness and the 
policy response in terms of institutional setting (intellectual property rights, sub
sidies for cooperative research, etc.) that will consolidate the perception and thus 
produce self-reinforcing effects. Under a system which is perceived as generating 
positive-sum games, it is pro-innovative to reduce the obstacles to information 
dissemination due to intellectual property rights and appropriation by secrecy, 
replacing them with devices for coordinating the actions of innovative agents. For 
instance, the knowledge system of the software industry was initially perceived as 
generating positive-sum games, in which norms of cooperative behavior and the 
formal institution of copyright played a role of self-reinforcing mechanisms to lock 
in the system to this dominant convention of openness and disclosure. The policy 
response to the perception of a system - as one that requires special incentives to 
exploit the positive-sum games - confirms the perception by strengthening the 
positive feedback elements originally present in the system. 

4.1.3. Persistence 

Finally, there are strong aspects of complementarity among various features of the 
institutional landscape observed in any particular society. Those complementarities 
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tend to increase institutional stability (inertia), forcing successful institutional in
novation to take an incremental form unless the society (or the organization) as a 
whole is disrupted or captured by an innovation that is differently structured. 
Institutions generally are less malleable than material technologies, and the inter
relatedness among their constituent parts, like their mutual interlocking dependence 
within a given societal context, only makes it more difficult to introduce radical 
changes in any individual part of the structure. The feasible space for institutional 
innovations in a given society, thus, is likely to be tightly constrained by its history, 
which is to say its institutional structure is path dependent (David, 1994; David and 
Foray, 1995). 

4.2. How a system can get locked in to a dominant convention 
of access restriction 

My view of the emergence of a convention of openness also holds for the opposite 
case, in which a convention of secrecy is adopted. Emerging behaviors of access 
restriction and secrecy are followed and consolidated by the creation of an institu
tional system that facilitates access restriction, strong protection of inventors and 
innovators, and the exclusion of others from the use of new findings. In such a 
system, some types of institutions have been created to provide stronger market 
incentives for private investment in organized R&D. These institutions will likely 
include extensive intellectual property rights (in terms of patent scope); high 
reliance on mechanisms of appropriability like trade secrecy which do not imply any 
disclosure constraints; low incentives to codify knowledge (codification facilitates 
diffusion); and some modes of cooperative arrangements designed as forms of 
(minimum yield) insurance.14 Thus, this view of the world - one that requires 
inducing entrepreneurs to invest by offering them extra-normal profit to compensate 
for risk taking - leads to institutional adaptations that reinforce the strategic 
behaviors of restricted access and control of knowledge: stronger knowledge prop
erty rights reduce the possibilities of self-reinforcing expansion of knowledge based 
on technical progress. Monopolists curtail access to knowledge by others, as well as 
underinvest in the capacity to exploit new knowledge - both because they exercise 
their monopoly power, and because they avoid destroying old lines of business that 
they control. 

4.3. Micromotives and the macrodynamics of the convention 

This last section explores the relation between the behavioral characteristics of 
individuals exhibiting some incentives towards either openness or restriction and the 
characteristics of the aggregate convention. Following Schelling's approach, two 
patterns of collective behaviors will be analyzed: a tipping pattern describing 
transition mechanisms between two conventions, and a splitting pattern describing a 
system that splits into two different conventions. 

14 Where an individual's search capabilities are limited and the location of opportunities is 
uncertain and transitory, information pooling becomes an attractive form of insurance. 
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4.3.1. Tipping behavior 

Let me assume a system of innovation with a predominant convention of openness. 
Any deviation from this convention will be treated as a defection in cooperation and, 
therefore, will generate a chain of reprisals, so that the system can very rapidly 
switch towards one characterized by a new convention of restricted access. As 
argued above, the policy response to the perception of such a system can lead 
eventually to a redesign of its institutions (by creating stronger intellectual property 
rights, writing laws to protect commercial secrecy, and so on). The same is not true, 
however, in regard to the 'reverse' process. 

In a system with predominant practices of secrecy and access restriction, any 
'deviation' (cooperative behavior) from this norm occurs when one player decides to 
disclose broadly his new knowledge. IS Such an instance of individual cooperative 
behavior will not automatically lead the system to switch towards a convention of 
openness. Quite the contrary: the deviant individual will reinforce, at least in the 
short term, the non-cooperative behavior of the other players as suggested by the 
standard results of a classic prisoner's dilemma. 

This example demonstrates that the process of switching from one system to 
another will confront quite different problems, depending upon the direction of the 
switch. While a convention of secrecy and access restriction can diffuse spontan
eously, a convention of openness and cooperation has to be constructed. The origin 
of the asymmetry seems to reside in the necessity of communication in the case of 
cooperation - ego must signal alter that he will cooperate (and even tolerate some 
defections on alter's part) in order for alter to determine that it is better not to free
ride. However, in taking a decision to freeride ego need not signal anything, and, 
indeed, ego will try not to communicate what his decision is or what his actions 
mean. The cooperative, altruistic strategy seeks 'reciprocity', whereas the ego
centric, individualistic strategy does not. 

The construction of the convention of openness: a coalition-building 
problem 

In the case of a transition to a system based on a convention of openness, the 
problem is one of a 'uniform multi-prisoner's dilemma' (UMPD), as described by 
Schelling (1978). A UMPD can be defined as a situation in which: 

1. There are n people, each with the same binary choice - 0 (for openness) or R 
(for restriction of access) - and the same pay-offs. 

2. Each has a preferred choice independent of what the others do; and the same 
choice is preferred by everybody. In our case, the preferred choice is R. There is, 
thus, a natural tendency toward the norm of non-cooperation. 

3. Whatever choice a player makes, the greater the number of those who choose 
their unpreferred alternative (0) the better off he is. Thus all players have an 
interest in the commitment of a majority of others to the norms of disclosure (0 

15 The rationale for such action may be, for instance, the existence of redistributive pecuniary 
effects: I disclose my knowledge because I have invested in complementary assets, the value 
of which will be likely to increase once the knowledge is diffused (see Hirshleifer, 1971). 
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choice), but for everybody it is more profitable to stay out (R), since the fruits of 
the 0 option have a public good nature. As a result, there is a strong probability 
that the system will be trapped in a situation of non-cooperation. 

4. There is, however, a specific solution to the coordination problem in the case of 
a UMPD (unlike a two-agent PO): there is some number k, greater than one, 
such that if k or more individuals choose their unpreferred alternative, they are 
better off than if they had chosen their preferred alternative; but if they number 
less than k this is not true. 

Following Schelling, k represents the minimum size of any coalition that can gain by 
abstaining from the preferred choice. It is the smallest disciplined group that, though 
resentful of the freeriders, can be profitable for those who join (though more 
profitable for those who stay out). 

As a result, the construction of a convention of openness 'calls for some effort at 
social organization, some way to collectivize the choice or to strike an enforceable 
bargain or otherwise to restructure incentives so that people will do the opposite of 
what they naturally would have done' (Schelling, 1978). Thus, the transition towards 
the institutions of openness (the system is somewhere closed to R) requires an active 
policy of building new forms of cooperation, some efforts to construct 'collab
oratories' (Hilgartner and Brandt-Rauf, 1994), in order to tip the balance in favor of 
coordination among individual innovative projects (Sabel, 1992). 

However, it is possible that in the course of the coalition forming process, the 
openness (0) alternative becomes the unconditionally preferred choice: beyond a 
number k, the coalition becomes large enough to generate positive feedback, based 
on the effects of synergetic cooperation, informational learning, and the efficient use 
of new knowledge among the members of the coalition. These factors will be 
reinforced by some institutional adaptations as well as the adoption of standardized 
procedures (infratechnologies, measurement, etc.) which increase the efficiency of 
the coordinated actions of innovative agents. As a result, the members of the 
coalition will derive a net profit from their commitments. On the other hand, the 
agents choosing to stay out do not enjoy these positive externalities derived from the 
institutional and technological adjustments to the collective norm of openness.16 

These two cases determine the convention's various degrees of fragility. In the 
former, the restricted access alternative is the unconditionally preferred choice. In 
this case the convention is very fragile and can be spontaneously degraded by some 
causal chains of defections and reprisals. In the latter, openness may become the 
unconditionally preferred choice in the course of the process. 

The spontaneous diffusion of the convention of access restriction 

In the case of the system's transition towards a convention of access restriction, the 
process I have described makes it appropriate to study the behavior of the ensemble 
of players by employing various applications of the theory of 'Markov random 
fields' (see David and Foray, 1993, 1994 for particular applications). It is obviously 

16 Margolis (1991) shows how path-dependant properties can be derived from this particular 
class of coalition building problem based on a uniform mUlti-person prisoner's dilemma (see 
also Foray, 1995b). 
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a percolation problem: to what extent can the new (non-cooperative) behavior 
contaminate the entire space of the system? The collective behavior of the system is 
capable of exhibiting long-run dynamic transformations that feature recurrent 
spontaneous 'phase transitions', or endogenous fluctuations in the system's macro
state (David et at., 1996). Thus, the only way to stop the contamination of the system 
is to isolate the deviants by degrading the mixed percolation probabilities (David 
and Foray, 1993). 

Take, for example, the current migration of the software industry from one 
intellectual property regime to another (see section 3.8.). It is a process that exhibits 
the main characteristics of a spontaneous phase transition. The spontaneity of the 
process is caused by the chains of reprisal which encourage the new form of behavior 
and turn it into a norm (as suggested above, this process can be formally analyzed as 
a process of additive interdependent Markov chains). Thus, although very few 
programmers and entrepreneurs believe that patents are necessary for improving 
the social organization of R&D in the industry, there is a proliferation of patents. 
This paradox is due to the fact that most patenting by companies is done in order to 
have something to trade or as a defense against other patent infringement suits. As 
a result, a new game with new rules and new norms of behavior emerges 'spontan
eously and rapidly'. 

In contrast to the process of transition towards a collective norm of access 
restriction, there are in the transition towards openness no spontaneous 'phase 
transitions'. Thus, an individual (deviant) decision towards disclosure and coopera
tion is probably less common in generating a movement towards a new norm of 
behavior than in the opposite case, in which the deviant decision of freeriding can 
spontaneously contaminate the entire space of the system. 

4.3.2. Splitting behavior: the survival of the convention of knowledge 
openness through a complementarity relationship 

A system can split into two (or more) systems, characterized by different conven
tions. It is, for instance, the case of the open science system. As described above 
(section 3.7.), university research is now experiencing the degradation of the 
openness convention through the penetration of market-driven rivalry. New behav
iors and strategies regarding knowledge disclosure and sharing are emerging 
(patenting activities, delayed access, non-release of data, and so on). Two systems 
are, thus, coexisting - one still based on a complete openness convention and the 
other characterized by an internalization of the norms of proprietary research. 
However, these two systems are strongly interrelated since the same agents and 
entities can operate within both systems. As CalIon (1994) suggests, 'in the morning 
the mathematician drafts an article on equations of partial derivatives, and in the 
afternoon he sells an algorithm to Dassault or the Aerospatiale'. We again face a 
problem of binary choices with externalities: each agent must decide whether to 
work in a complete open science system (0) or in a system characterized by a 
compromise between openness and some norms of proprietary research (O-R). 
However, the problem here is rather different than the above problem where there 
was a preferred choice and the same choice was preferred by everybody. In this new 
context, the problem is to maintain the two systems in a dynamic balance, since they 
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involve complementary research activities. The system O-R needs the maintenance 
of the system 0 for three reasons (Dasgupta and David, 1994): 

• System 0 generates public knowledge which can be used free of charge by the 
system O-R. This pool of knowledge is an essential input for the research 
activities carried out in O-R. The important economic payoffs to O-R from 
research undertaken in 0 come in the form of higher rates of return on expendi
tures allocated to applied research in O-R (David et al., 1992). 

• System 0 is an institution existing in an organization that provides training. The 
opportunity to have available scientific training organizations is particularly 
valuable for O-R agents when the rate of growth of scientific knowledge is rapid, 
increasing the risk of obsolescence of existing knowledge. 

• System 0 generates screening externalities. System 0 involves an incentive 
system (priority rule, prizes) which allows the researcher to provide a clear signal 
about his talents, and this typically affects the conditions of a researcher's future 
employment, including the option of finding employment in O-R. 

Thus, O-R agents need the maintenance of a strong 0 system. The opposite is also 
true. A strong O-R system is required to warrant the viability of the 0 system. The 
latter is not a self-contained system - and indeed, could not survive as such. 

We are thus facing a new problem of choices addressed by Schelling (1978): things 
are better if the agents distribute themselves between 0 and O-R. But though 
everyone prefers that the universe be mixed in its choice, he himself may prefer to be 
in the majority, may prefer to be in the minority, or may have an unconditional 
preference. Thus, an agent could have anyone of three preferences: 

• First, there might be a uniform preference in which everybody wants to enter into 
the 0 system or into the O-R system independently of the choice ratio in the 
population of researchers, while badly wanting that the researcher-population 
ratio be close to fifty-fifty. 

• Second, everybody might prefer to be in the minority. Working in the minority 
group might be advantageous. 

• Third, the dominant choice might have a majority advantage outweighing 'scar
city value'; and researchers might deplore a preponderance of 0 or O-R while 
selecting the convention of the preponderant system. 

In one case there is a happy equilibrium. In one case, there are two unhappy 
equilibria. And in one case, there is a single unhappy equilibrium (Schelling, 1978). 

5. Conclusion 

In this chapter, I have studied the process of emergence, persistence, and degrada
tion of the convention of knowledge openness in the realm of science and 
technology. The efficiency properties of this convention have been explored and 
some historical figures of the convention have been presented. 

Having defined a convention as a way of aligning individual expectations, I have 
explained that the emergence of the convention of knowledge openness is caused by 
some 'shared history' that allows such jointly held expectations to become estab
lished. The consolidation of the convention is based on the collective perception of 
the mutual benefits associated with knowledge openness and on the policy response 
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in terms of institutional setting. Finally, its persistence is caused by the path
dependent nature of the institutional system. 

The emergence of this convention is not a spontaneous process. It requires the 
building of a 'coalition', which is a minimum group of agents who experience mutual 
benefits by abstaining from their preferred choice of non-cooperation. On the other 
hand, the convention can very rapidly be degraded through dynamic allocation 
processes that exhibit the properties of spontaneous order. There is here a funda
mental asymmetry: while a convention of secrecy can diffuse spontaneously, a 
convention of openness has to be constructed. Finally, a convention of openness can 
also survive through complementarity relationships with a system characterized by a 
more moderate convention (involving some knowledge control features) . 
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CHAPTER FOUR 

Economic Infrastructures and 
Innovation Systems 
Keith Smith 

1. Introduction 

This chapter explores the problem of conceptualizing infrastructures and describing 
their effects on the economic performance of innovation systems, with a focus on the 
role of public policy in developing and maintaining such infrastructures. The chapter 
consists of two parts: a discussion of the technical and economic characteristics of 
physical and knowledge infrastructures, followed by a more empirical overview of 
the ways in which knowledge infrastructures actually contribute to the performance 
outcomes of systems. 

A primary reason for examining infrastructures is that in the modern economics of 
innovation, and particularly those theories adopting a systems approach, the term is 
very widely used: there is frequent reference to institutional infrastructures, knowl
edge infrastructures, and so on. But the characteristics and roles of such infra
structures are frequently unclear - often 'infrastructure' seems to be used as a kind 
of shorthand reference for a wide range of framework conditions, institutional set
ups, collective inputs, public utilities, and so on. This rather loose way with the word 
is shared by the economics literature generally - the term infrastructure is widely 
found, but it has no agreed conceptual underpinning, and is generally deployed in a 
flexible but unrigorous way. 

The view taken here, however, is that we need a more developed concept of 
infrastructure, particularly when thinking about the characteristics and performance 
of innovation systems. The analysis focuses on collective capital: we look not at 
'infrastructural' institutional frameworks, but rather at collective resources for 
production which require investment decisions. The argument is that we can define 
a class of such resources which provide either tangible inputs to production or, more 
importantly, shape the knowledge background to production. These inputs can be 
called infrastructure because they possess technical and economic characteristics 
that are significantly different from the characteristics of the capital stock in general, 
and that help to define important characteristics of systems. 

2. The need for a concept of infrastructure 

Why should a concept of infrastructure be necessary for systems theories of 
innovation and economic performance? For much economic analysis it may be that 
the absence of an elaborated concept of infrastructure is not a serious problem. 
After all, many theories incorporate fringe notions of various types referring in a 
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broad way to phenomena that are not conceptually central, yet are important in 
some way to what McCloskey calls the 'rhetoric' of a discourse. It could be that 
infrastructure is a notion of this type. Whether it should remain so, however, 
depends not on the objectives and problems of economic analysis in general, but 
rather of specific types of analysis. Neoclassical theories that explore private 
decision-making and allocation effects in the context of given technologies and strict 
independence of utility and production functions can treat the broad institutional 
and technological framework as given, and therefore probably have little need of a 
concept of either infrastructure or institutions (at least as long as they do not have 
any ambition to produce a descriptive theory of any particular economy). But this 
can hardly be the case with any theory that stresses interdependence among 
economic agents, or that aspires to descriptive adequacy. Suppose agents are 
reciprocally dependent on each other for specialized inputs, or reciprocally depend
ent in terms of learning and technology creation, or jointly dependent on shared 
inputs of some kind. Then we can begin to speak in terms of systems, systemic 
interactions, and so on. This leads to three broad problems: first, what is it that 
encourages or compels coherence or cohesion in the system (what is genuinely 
systematic about the system?); second, what is it that establishes the specificity of a 
system (and by implication defines its boundaries); and third, what kinds of factors 
shape the overall performance of the system? 

Although it is clear that there is no simple answer to such questions, the suggestion 
here is that infrastructures are important to each of these three problems. Of course 
there is more to such questions than infrastructure, since systems are complex. They 
rest on definite institutional foundations (the specific forms of which have compli
cated links with cultures and social values); they have legislative and regulatory 
foundations which rest on political boundaries, sovereignties, and political cultures; 
and they are also to some extent shaped by natural resource conditions and 
geophysical considerations. But the argument here is that they are also constructed 
and shaped by discretionary investments in collective capital inputs which can be 
understood as 'infrastructure': that is, the cohesion, specificity, and spatial character 
of systems can be seen in terms of the characteristics, opportunities, and constraints 
that flow from historically cumulated patterns of overhead capital. This implies that 
one component of the general performance of a system will be the nature and 
amount of infrastructural resources available. 

If infrastructure is to have any rigorous meaning in this context, then it must be 
carefully distinguished from two other features of any system, namely the institu
tional foundations and the general capital stock. The concept of 'institution' used 
here is drawn directly from Edquist and Johnson of this volume, and refers to the 
distinction between processes that regulate economic behavior (the rules of the 
game) on the one hand, and organizations that operate within these rules on the 
other. From this perspective, institutions can include culturally developed rules, but 
also such phenomena as systems of law. These types of institutions are not part of the 
infrastructure as it is discussed here. This is because although they are a tangible and 
extremely important part of the framework within which economic activity occurs, 
they are socially constructed, usually originating via evolutionary processes of 
cooperation or by political decisions and legislation. It is difficult, though by no 
means impossible or unheard of, for institutions in the cooperative sense to be 
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objects of policy action. On the other hand, we have infrastructures that are the 
outcome of conscious policy decisions and investment programs, and these are the 
types of infrastructure on which we focus here: that is, organizations or structures 
requiring substantial (and usually sustained) capital investment, such as utilities, 
health organizations, transport systems, universities, government laboratories, and 
so on. A key question, to be addressed below, concerns the extent to which the 
capital assets that result from such investment differ from the general capital stock. 
Can we identify infrastructure as a specific class of capital goods, and if so what are 
the implications? 

We are concerned here with two types of tangible infrastructure - physical 
infrastructures such as roads, harbors, electricity production and distribution sys
tems, telecommunications networks, etc., and knowledge infrastructures such as 
universities, research labs, training systems, organizations related to standardization 
and intellectual property right protection, libraries and databases, etc. 

There are two reasons for examining the role of such infrastructures in the 
establishment and stability of large technological systems or wider innovation 
systems. The first derives from simple empirical points about complex technologies 
or innovation systems: most in fact involve significant accompanying infrastructures. 
Automobiles, consumer electric technologies, information and communications 
technologies, aeronautics, and so on all rely on extremely substantial infrastructure 
investments; these seem to have powerful effects both in establishing the dominance 
of technologies within particular regimes, and in shaping the trajectories of the 
evolution of regimes. These impacts on shaping technological regimes are one way in 
which infrastructures shape the overall performance of national systems. 

Turning to knowledge infrastructures, it is worth bearing in mind that when we 
look at the major technological innovations that have shaped the modern world 
something stands out: most of them in some sense originated or developed in public 
sector infrastructural organizations in the sense used here: Radar, telecommunica
tions, microelectronics, nuclear power, biotechnology, advanced aircraft, space
based communications, new materials - in these core technologies of the modern 
industrial economy most of the important developmental decisions were made, in 
one way or another, in government or public infrastructural agencies. Of course the 
decisions came from a variety of organizations - the military, research councils, civil 
ministries, universities - and were often shaped by the imperatives of war and 
strategic rivalry. The key choices and decisions were not necessarily made in any 
rational or consistent way. Nor is there any straightforward connection between 
such decisions and subsequent national economic performance: both the develop
ment of these innovations and their economic impacts have depended on the way 
industrial firms have realized the potential inherent in the technologies. But none of 
these qualifications should obscure either the extraordinary importance of public 
sector decision-making at key stages in the evolution of these technologies, or the 
fact that these decisions were taken within infrastructural organizations. It might be 
argued that radical breakthroughs which have occurred in industrial R&D labs -
such as solid-state physics and the development of the transistor at Bell Labs, or the 
superconductivity achievements of IBM - are by contrast noticeable by their rarity, 

J See Faulkner and Senker (1995) for a recent discussion. 
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although they may be of great economic importance. Given the prevalence of such 
infrastructural inputs to modern technology, it seems unlikely that the infrastruc
tural role is merely contingent, and it is therefore worth asking whether there is 
anything essential (or indeed systematic) about it. 

The second reason for examining the role of infrastructures concerns not the 
empirical role but their economic effects. As will be argued below, infrastructures 
can involve major network externalities, and they are often the place within a system 
where scale and scope economies are very significant. This implies that their 
existence or non-existence can significantly shape the fates of competing technolo
gies, and thus the evolution of overall techno-economic systems. 

How should we think about the past and future of the infrastructural organiza
tions that generated these technologies? This chapter follows a systems approach 
which sees public and private organizations as part of an overall system rooted in 
specific geographical and cultural contexts. Science and technology, like economic 
forces generally, are international; but how these global forces actually operate 
depends on how they interact with specifically national or regional institutions and 
environments. In particular, the innovative behavior of industries takes place within 
national or regional environments in which many agents are interacting. One 
component of this innovation system can be thought of as 'infrastructure' - a stable 
framework of collective inputs including scientific and technological activities and 
institutions which private industry uses. The infrastructure enters - sometimes 
intermittently, sometimes routinely - as a contribution to a wide range of apparently 
private activities. Understanding this contribution seems to be an essential precondi
tion for future thinking about the financing and management of the knowledge 
infrastructure. 

There seems to be a necessary 'convergence' of systems approaches to innovation 
and analyses of infrastructure. It is increasingly recognized that innovation decisions 
(including decisions involving the diffusion of a new technology) do not occur in 
isolation. The actions of an innovating firm should be seen in the context of the 
economic and technological relationships in which it exists. That is, any firm exists 
within a more or less complex network of suppliers and customers, of sources of 
labor skills, of suppliers of specialized inputs, knowledge, finance, and so on. These 
networks consist in large part of interfirm relationships, but they also involve a set of 
overhead capital inputs and a range of organizations engaged in the production, 
distribution, and management of knowledge. 

The cohesion of any system thus appears to rest on two sets of infrastructure: 
physical infrastructures usually related to energy and communications, and science
technology or knowledge infrastructures such as universities, publicly supported 
technical institutes, regulatory agencies, libraries and databanks, or even govern
ment ministries. 

These infrastructures in turn operate inside an institutional framework which in 
one context emphasizes regulation: technical standards, risk management rules, 
health and safety regulations, and so on. The regulatory system includes not just 
formal rules, but also the general legal system relating to contracts, employment, and 
intellectual property rights (patent and copyright law) within which firms operate. 
Finally there is the wider context of political culture and social values, which shape 
public policy objectives and particularly the macroeconomic policy environment. 
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Taken together, this integrated set of public and private organizations, regulatory 
systems, and the policy system make up a 'national system of innovation': an overall 
context of economic and technical behavior that shapes the technological opportun
ities and capabilities of firms. It thereby shapes firms' economic performance and the 
macroeconomic evolution of the economy as a whole. Attempts to conceptualize 
such systems, and to understand their capabilities and dynamics, are at the core of 
much modern theory of innovation. 

3. Analyses of the economic infrastructure 

Before we can discuss the role of infrastructure in national innovation systems, it is 
necessary to clarify its distinctive economic characteristics. The main problem here, 
noted above, is that although the term 'infrastructure' is frequently used in economic 
discussion, its use is casual and untheoretical. 'Infrastructure' usually refers to the 
complex of non-natural resources that are collectively used by industry in the 
production and distribution of products. This includes energy supply systems, water 
supply, transport systems (roads, airports, harbors, etc.), telecommunications sys
tems, and so on. The infrastructure can also involve non-physical components (often 
in the form of public sector services) such as technical standards, educational 
provision, and legal systems (particularly the framework of contract law). A funda
mental difference between these types of infrastructural institutions lies in the ways 
in which they come into existence: on the one hand, on the basis of major investment 
decisions, and on the other via the evolution of cooperative institutions. 

How can we characterize the activities or products that make up the infra
structure? As noted at the outset, economics has no accepted definition of this term; 
indeed it is perhaps worth emphasizing that with the exception of development 
economics until very recently there has been virtually no discussion of infrastructure 
issues in economic analysis.2 

This does not mean that there is no literature or implicit definitions. On the 
contrary, within recent years a substantial literature has emerged, of two types. One 
is econometric, looking at the links between total factor productivity growth and 
changes in the infra structural capital stock. However, within this literature infra
structure is defined in a somewhat mechanical way, presumably in order to facilitate 
measurement and ease the data problems. It is defined and measured either as public 
sector capital, or as some combination of the capital stocks for 'producers of 
government services', electricity, gas and water, and transport and communications 
structures. In an influential paper, Aschauer shows that changes in the infrastructure 
stock are closely correlated with changes in private sector productivity; he concludes 
that infrastructure has a positive impact on such productivity (Aschauer, 1991: 
177-200) This conclusion has recently been challenged by Ford and Poret who 
nevertheless concluded that 

infrastructure investment has a large estimated return in the United States and four 
other OECD countries; the estimates imply widely differing production structures from 

2 The most comprehensive overview of modern economics, the New Palgrave Dictionary of 
Economics, which contains over four thousand pages of text, has no entry for infrastructure, 
and does not mention infrastructure in the index. 
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country to country; there is no evidence that infrastructure and productivity are related 
in the United States outside the post-WW2 period; there is some cross section evidence 
that countries with high infrastructure investment in the post-war period also have had 
high productivity growth. (Ford and Poret, 1991: 74) 

These studies are by no means conclusive: they concentrate on relatively simple 
correlations, they ignore lag structures, and they do not discuss factors (such as 
geophysical characteristics) shaping infrastructures. Above all, they ignore the 
scientific and technological dimension. Nonetheless they suggest economic effects 
that deserve further research; recent surveys can be found in Munnell (1992) and 
Gramlich (1994). 

But a wider literature has emerged, seeking to develop a more nuanced view of 
knowledge infrastructures. In terms of technological infrastructure, two recent 
definitions have been offered (Justman and Teubal, 1996; Tassey, 1994). Justman 
and Teubal define technological infrastructure in terms of 'a set of collectively 
supplied, specific, industry relevant capabilities, intended for several applications in 
two or more firms or user organizations' (1996: 23). The specifically technological 
dimensions of this are returned to below. 

The Justman and Teubal and Tassey approaches are productive, but they do not 
involve an analysis of the techno-economic characteristics that serve to place these 
activities as infrastructure; it seems to me that a key issue concerns why these 
activities tend to be developed or provided in collective, quasi public forms, rather 
than as private activities - what is it about the activities, as activities, that makes the 
term infrastructure appropriate? 

A very different analysis is offered by Richard Day (1994) who argues that 
differentiated technologies involve a problem of cohesion in the workforce which is 
not solved by market relations, and is related to the evolutionary stage of society. 

Suppose that the technology can only be effective if a part of the population forms a 
social infrastructure upon which the use of the given technology depends. Such an 
infrastructure mediates the human energy devoted to coordinating production and 
exchange, so providing social cohesion for effective cooperation, for training and 
inculturating the workforce, and for producing the public goods, such as waste disposal 
and public safety required for the well-being of the workforce. (Day, 1994: 48) 

Day's model incorporates infrastructure in this sense into a stages theory of 
economic growth. This notion of cohesion in the face of complex technologies 
(which also relates to much wider debates concerning the role of market coordina
tion versus forms of hierarchical command or administrative coordination) is surely 
grasping a central functional feature of infrastructures. But it leaves open the 
question of why some processes or activities fall into the category of infrastructure. 
The approach taken here is not to give a prior definition of infrastructure, but to try 
to define some of the technical characteristics of activities or organizations that are 
usually considered part of the infrastructure, and to explore whether those technical 
characteristics translate into economic characteristics that in some way distinguish 
'infrastructure' from other types of capital input. 

4. Technical and economic characteristics of infrastructure 

What is it that justifies thinking of some inputs in terms of infrastructure? Taking an 
inductive point of departure, we can suggest that technical characteristics of scale, 
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indivisibility, multiple users, and generic functions distinguish infrastructure from 
other components of the capital stock and from other widely used inputs. These 
attributes imply economic characteristics that distinguish infrastructures from other 
categories of capital goods. 

First, there is indivisibility - the fact that a harbor or an electricity supply service 
must normally be constructed as a complete system or set of systems. It is this feature 
that has led Thomas Hughes to argue that the history of the construction of major 
modern technologies, and in particular electrical power systems, should be con
ceptualized in terms of 'systems, presided over by systems builders' (1984: 28). The 
constructed systems often serve not a particular market but rather the entire 
industrial base of a region, country, or even continent. 

Second, infrastructure is multi-user in the sense that there are many users of the 
same supply system: many users of the same road, rather than many users of 
individual cars. This implies that firms or consumers use the infrastructure capital 
stock directly; in the case of 'normal' capital they use the capital stock indirectly by 
using its products. The multi-user characteristic means that, within limits of conges
tion, only one infrastructure system need be provided: duplication is unnecessary 
and results in social losses. (This is of course a key element in establishing the 
dominance of a technological regime, since it implies a 'first mover' advantage to any 
technology that can begin infrastructural construction.) The combination of in
divisibility and multiple users means scale is often large, and investment require
ments are often very large relative to most industrial investment.3 

Third, infrastructure is generic, in the sense that it is a core requirement for many 
or all activities: it consists of the provision of resources that enter as fundamental 
inputs into virtually all economic activity. Energy, the flow of information, the 
movement of products, the social and legal framework for production: these are 
among the very few inputs generic to all production. The infrastructure is therefore 
a kind of social overhead capital, related to fundamental 'enabling' technologies 
which are basic conditions for production to take place. It should be noted that there 
are, of course, some fundamental activities that can be provided either on a 
decentralized basis like most goods, or on an integrated systemic basis like the 
infrastructure described here. Important examples would be medical care and 
education. In such cases, most countries have some combination of infrastructural 
and private provision, the emphasis depending on values and political choices. 

What do the technical and systemic characteristics of infrastructure imply in 
economic terms? The combination of size and indivisibility often means increasing 
returns to scale. This is why natural monopoly is common in infrastructure. Multi
user characteristics in many cases imply network externalities.4 Next, recall that the 
infrastructure need not be physical: it can include organizational systems such as the 
framework of contract law or regulation of the physical environment. These are 

3 The investment costs of the Channel Tunnel, for example, are several orders of magnitude 
higher than even the investment costs of a new large commercial aircraft, which is probably 
the single most investment-intensive industrial product. 
4 Network externalities arise where the benefits to an individual user rise with the number of 
users. Not true in the case of a road or an airport, but true of telecommunications systems, 
data networks, etc. 
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public goods (and it could be argued that, within limits of congestion, many elements 
of the infrastructure are 'quasi' public goods).s So there is the potential for sig
nificant productivity 'spillovers' from the infrastructure to the private sector. Finally, 
the substantial investment costs have already been noted, but it should be added that 
some elements of infrastructure also have very long lifetimes (there are in Europe 
bridges built by the Romans still in use, roads first carved out by the Romans, and 
many cities using sewers built more than a century ago). Infrastructures involve -
both in a negative and a positive way - major problems of stability and path 
dependence in systems. 

The characteristics of scale economics, indivisibilities, and externalities mean that 
although infrastructure can be provided either by the public sector or by private 
firms, there is often a case for public provision.6 Alternatively, the natural monopoly 
aspects lead to pricing problems that require public regulation. In terms of invest
ment, the combination of high initial cost and longevity leads to serious problems of 
investment appraisal and finance. 1 The scale, monopoly, and externality aspects of 
infrastructure mean that in practice the private sector often lacks either the in
centives or the financial capability to construct infrastructure; it is frequently very 
much a matter for public sector decision-making.8 From a pricing point of view, the 
'outputs' of infrastructural systems are often a form of joint production, a phenom
enon that provides major problems in using prices to achieve optimal resource 
allocations. 

What is the economic role of infrastructure either in the national innovation 
system or in supporting the competitiveness of different technologies? It is not 
difficult to see that decisions regarding either provision or pricing of infrastructure 
can have a major impact on economic performance and technological choice. There 
are more or less direct effects on industrial competitiveness, industrial structure, and 
the international or regional location of industry. The transport infrastructure, for 
example, directly shapes transport costs. The major innovations in this area (bulk air 

S Subject to choices about methods of finance and management (i.e., subject to economic 
organization), and within congestion limits, a road can, for example, be non-rival, non
excludable, etc. 
6 An historically important method of provision combines public organization and ownership 
of infrastructure with private finance. Worldwide economic development in the late nine
teenth century relied heavily on major infrastructure construction; approximately 70 per cent 
of all foreign investment from Britain, France, and Germany, raised from private sources, 
went to infrastructure projects in foreign countries. However, as Edelstein (1982: 39) points 
out, 'the principal overseas borrowers for railway and other social overhead capital projects 
were either governments or joint stock enterprises whose dividends and interest payments 
were guaranteed by an overseas government'. 
1 The main problem being that discounted cash flow methods of investment appraisal place a 
very low value on benefits occurring over the long-term. 
8 Note that where private sector provision of infrastructure occurs - such as the Channel 

Tunnel, or private bridges (the Dartford bridge over the Thames), or private toll highways in 
France - there are usually complementary public sector decisions. These can involve construc
tion of related infrastructure (such as rail links to and through the Channel Tunnel), or links 
with existing road systems, or price regulation, etc. It is worth noting that the Channel Tunnel 
has faced severe and persistent financing problems. 
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cargo, the container revolution) both require serious infrastructure provision and 
have radically reduced transport costs with serious consequences for the inter
national division of labor. Health and education provision have important con
sequences for productivity and the growth rate.9 Legal systems and the regulatory 
environment shape transaction costs. This affects, among other things. the size 
distribution of firms and the locational decisions of international firms. The in
tegration of computing with the telecommunications infrastructure affects interfirm 
relations with strong implications for industrial 'clustering' and the location of firms; 
the combination of this physical infrastructure and international data standards 
sharply reduces the economic significance of distance and national boundaries. 

Infrastructure decisions can directly affect the industrial structure. The existence 
of a hydroelectric power infrastructure in Norway, and the pricing policies adopted 
for it, more or less account for the existence of an aluminum industry in Norway. and 
hence for a major metallurgical sector within the industrial structure of the country. 
Finally, it is worth noting that infrastructure provision can be an essential precondi
tion for the diffusion of major technologies: the internal combustion engine and the 
automobile requires road and highway construction; the electrical power generation 
and supply network is a precondition for diffusing industrial and consumer electrical 
products; the fax machine requires a telephone system; diffusion of advanced 
information technology requires internationally compatible telecommunications 
networks. etc. 

These considerations lead us to the following provisional definition: The economic 
infrastructure consists of large-scale indivisible capital goods producing products or 
services that enter on a multi-user basis as inputs into most or all economic 
activities. 

To return to the national system of innovation, it seems plain that the production 
infrastructure will be an important shaping factor in the technological competitive
ness and capabilities of firms. Even at a simple level the scale and scope of the 
infrastructure affects the ability to diffuse and apply technologies. the access to 
information, the ease in forming international linkages, and the supply of skills. All 
of these are central elements in innovative performance. Any analysis of the 
technological performance of a country or region should therefore have the infra
structure clearly in focus . But we can also argue that scientific and technological 
activities are elements of the infrastructure which have an even more direct im
pact. 

5. The knowledge infrastructure 

Can we identify a knowledge infrastructure that is analogous to - or a component of 
- the physical and organizational infrastructure of the advanced economies? And 
what is the public sector role in it? 

If we think of infrastructure as generic, multi-user. indivisible, and enabling, then 
it seems clear that there is a 'knowledge' infrastructure. There certainly exists a 
complex of public and private organizations and institutions whose role is the 

9 However. the precise links between education and development remain a subject of much 
debate; for an overview of recent approaches. see Tortella (1990). 
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production, maintenance, distribution, management, and protection of knowledge. 
These institutions possess technical and economic characteristics that are not 
dissimilar to those of physical infrastructure. 

This infrastructure is of the greatest economic significance because industrial 
production is based ultimately on knowledge: industrial technology consists essen
tially of knowledge related to material transformation. Such knowledge can be 
either formal (codified scientific or engineering knowledge) or tacit (embodied in 
skilled personnel and/or technical routines). The distinction between formal and 
tacit knowledge corresponds roughly to a distinction between generic or 'accessible' 
knowledge and private (appropriable or secret) knowledge. This distinction 
between generic (usually formal) and private (usually tacit) knowledge is central to 
innovation theory, mainly because it refers to economic characteristics of knowledge 
that are important for R&D performance. If generic knowledge is not appropriable, 
then firms have no incentive to produce it. 

The part of the industrial knowledge base that is public (not in the sense that it is 
produced by the public sector, but public in being accessible knowledge which is, in 
principle, available to all firms) is one way oflooking at the concepts of technological 
paradigms or regimes, that is, as a body of knowledge and practice that shapes the 
performance of all firms in an industry. This knowledge base does not exist in a 
vacuum. It is developed, maintained, and disseminated by organizations of various 
kinds, and it requires resources (often on a large scale). Gregory Tassey has defined 
the combination of knowledge and organizational base as the 'technology infra
structure', which 

consists of science, engineering and technological knowledge available to private 
industry. Such knowledge can be embodied in human, institutional or facility forms. 
More specifically, technology infrastructure includes generic technologies, infratech
nologies, technical information, and research and test facilities, as well as less 
technically-explicit areas including information relevant for strategic planning and 
market development, forums for joint industry-government planning and collabora
tion, and assignment of intellectual property rights. (Tassey, 1991: 347) 

Justman and Teubal have a somewhat similar approach, but they distinguish 
between 'sector-oriented' and 'functional' infrastructures. The former include, for 
specific sectors, the provision of capabilities for testing and quality control; product 
design capabilities; and institutional capabilities for identifying and implementing 
new process technologies. The latter includes methods and institutions for changing 
fundamental technological capabilities, via the development of new generic technol
ogies (Justman and Teubal, 1996: 4-5). Tassey emphasizes three important aspects 
of the knowledge infrastructure's institutional basis: first, it has some of the charac
teristics of the physical infrastructure - such as high investment costs - which I have 
emphasized above;lo second, it can involve both public and private institutions; and 
third, it is independent of the (multiple) users. We should also note that since a 'core' 
knowledge is involved, then parallel or duplicate production of such knowledge is 
problematic; this can either be viewed as potential waste, thus providing a funda
mental economic argument for collective provision, or - from an evolutionary 
perspective - as a problem related to the maintenance of variety. 

10 • A characteristic of technology infrastructure is that it depreciates slowly, but it requires 
considerable effort and long lead times to put in place and maintain' (Tassey, 1991: 347). 
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On the private level, technology infrastructure institutions include industry 
associations and conferences, training centers, trade publications, collectively 
established technical standards (such as architecture and operating systems in 
computing), branch research institutes, and so on. Public sector institutions include 
research councils, standard setting organizations, patent offices, universities, re
search institute systems, libraries, and databases. Public sector instruments include 
R&D programs, legal or administrative regulations, subsidies to capital stocks 
(especially structures and scientific equipment), and public procurement. We could 
define the public knowledge infrastructure as consisting of a combination of these 
institutions and the flow of resources through them. Before discussing the effective
ness of many possible combinations of institutions/resource flows, it is necessary to 
consider the kinds of ways in which the infrastructure can have economic effects. 

6. The economic role of the knowledge infrastructure 

In this section I consider the economic impacts of the knowledge infrastructure by 
looking at the functions performed by the infrastructure, sketching some of the 
institutions involved, and describing where possible the nature of the economic 
impacts. It ought to be noted at the outset that the studies which have been carried out 
on economic outcomes are very limited, and few definite conclusions can be drawn. 
But at the same time the approach I offer is by no means exhaustive, and we could 
probably identify many more areas of economic impact. l1 The main functions con
sidered here are the production of knowledge, the production of skills, regulation and 
protection functions, creation of firms, and access and dissemination functions. 

6.1. Production and diffusion of scientific and technological 
knowledge 

Government R&D expenditure is perhaps the most visible element of infrastructure 
support, typically involving about 1 per cent of national income in the OECD 
economies. There is wide international variation in policy institutions - research 
councils, ministries, state enterprises, etc. - through which these resources flow, both 
in terms of the balance between institutions and their respective missions and 
internal organization. There is wide variation also in the receiving institutions. The 
basic contrast is not necessarily between universities and systems of technological 
institutes (such as the Fraunhofer system in Germany). There are also sharp 
contrasts between universities, both nationally and internationally: the research 
activities and objectives of universities like Stanford or MIT, and the substantial 
applied R&D effort of US state universities, are often much closer to the institute 
sector of research in Europe than to the research profiles of European universities 
(Mowery and Rosenberg, 1989: 92-5, 257-67). 

However, it is not the formal institutions which matter so much; perhaps the basic 
infrastructural element has been public R&D program funding or block support grants 
for R&D. In terms of producing knowledge that is directly relevant to industrial 
performance, public R&D funding essentially plays three economic roles. 

11 Major recent studies of these phenomena include Carlsson (1995), Faulkner and Senker 
(1995), Leyden and Link (1992), Tassey (1994) and Teubal et al. (1996). 
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First, it undertakes a general process of scientific search which, over the long-term, 
affects the technological frontier of industry. This does not mean that technology is 
simply applied science: more often, fundamental science has its problems and search 
areas shaped by practical needs (often military rather than commercial). Since this 
kind of science is characterized by high levels of uncertainty in research output and 
long lags between research and identifiable applications, economic evaluation is 
more or less impossible. But there are plenty of examples of the use of fundamental 
or university-based research which are relevant, and we should be aware that they 
exist. Perhaps the quantitative indicators in this area are the references to basic 
research literature in patents. A number of writers have shown that patented 
inventions are increasingly drawing on academic science, as measured by academic 
journal literature in patent applications (Narin and Noma, 1985; Narin, 1988). This 
suggests that the links between technological advance and fundamental research 
may be becoming closer. Since such research takes place to a large extent in 
infrastructural institutions, and via public R&D support, there is an infrastructural 
economic impact to the extent that patents are utilized. 

Second, fundamental research systems produce knowledge that is directly applica
ble to industrial production. This usually occurs in areas where the relevant industries 
have a powerful role in shaping research priorities, and where the economic effects 
can be widespread. Edwin Mansfield recently showed that approximately 5 per cent 
of US manufacturing production flowed directly from advances in knowledge pro
duced within the last fifteen years in the university system (Mansfield, 1991). In the 
UK, the British Technology Group - an organization that holds patents on behalf of 
universities - generates an income of approximately £15 million per year purely from 
licenses for university research, which implies a high value to the knowledge 
produced. Such industrially relevant knowledge is strongly concentrated in particular 
fields, especially pharmaceuticals, metallurgy, and engineering. But this should not 
obscure the fact that where returns are identifiable, they seem to be high. 

Third, research results produced within the S&T infrastructure can be seen not 
just as direct inputs to production, but as inputs to the further production of 
knowledge. That is, infrastructure-based R&D can open up opportunities that 
encourage industrial firms to perform more R&D. Because productivity growth is 
positively associated with R&D, the economic outcomes are therefore indirect but 
positive. A wide range of investigations, using case studies, surveys, and econometric 
analyses, have shown that public R&D support has a positive impact on research 
performance at firm level, and that variations in public support are significantly 
associated with variations in industry performance of R&D. 

The infrastructural element in this is the development of 'core' knowledge which 
forms the basis of firm-specific knowledge. Mowery and Rosenberg have argued that 
the US aircraft industry has drawn on the R&D activities of NACA and NASA in 
precisely this way:t2 

Both NASA and NACA did more than simply support research yielding results that 
were widely diffused within the industry; they underwrote a portion of the costs of the 
research infrastructure associated with innovation in airframes and engines .. .. NASA 

12 National Advisory Committee on Aeronautics, and National Aeronautics and Space 
Administration, respectively. 
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facilities complement the privately funded R&D infrastructure and reduce the total 
costs of R&D to the industry. (Mowery and Rosenberg, 1989: 184) 

This argument can be generalized. A survey by Mansfield and Switzer looked at 
energy R&D of 25 firms that performed 40 per cent of all R&D in the chemical, oil, 
electrical equipment, and metals industries. Data from the firms were supplemented 
with data from 41 publicly funded energy R&D projects. Mansfield and Switzer 
concluded that very little of this publicly funded research would have been funded 
privately, and that increases in federal R&D funding were associated with increases 
in private R&D. 

Levin et al. (1985) conducted a second important analysis, drawing on data from a 
major survey of R&D executives in about 130 US industries.13 The authors discussed 
factors shaping R&D intensity and innovation rates of firms, using parts of the 
survey questions that were intended to illuminate the technological opportunities 
facing a firm or industry. The basic factors affecting technological opportunity 
comprised: 

1. closeness to science (with questions covering the relevance of university-based 
basic and applied science to the industry's technology); 

2. external sources of technological knowledge (either suppliers of materials and 
equipment, users of the industry's output, or government agencies and labo
ratories); 

3. industry maturity, as proxied by the age structure of the capital stock. 

The relevant public R&D variables, SCIENCEBASE (which reflects the degree to 
which the firm or industry depends on university science) and GOVTECH (which 
reflects the role of government agencies and research labs as sources of techno
logical knowledge), had strongly positive and significant effects on the R&D 
performance of the firm. They concluded that 'R&D spending appears to be 
encouraged in youthful industries where a strong science base is present and where 
the government makes substantial contributions to technological knowledge' (Levin 
et al., 1985: 23). 

As well as these survey approaches there are many econometric studies using 
R&D data sets to analyze the statistical links between public and private R&D. 
Studies include Higgins and Link (1982), Lichtenberg (1984) and Scott (1987). Scott, 
for example, used panel data to analyze R&D in 437 US manufacturing firms. He 
asked, 'Is company-financed R&D intensity greater or lower in [lines of business] 
where government-financed R&D is greater?' He estimated four equations which 
first showed a positive relation between company R&D intensity and the presence of 
federal R&D funding (Scott, 1987: 241). The general conclusion of all of the above 
work is that a positive relationship exists between federally funded and privately 
funded industrial R&D in the USA. 

In terms of specific sectoral links, case studies in a number of countries have 
shown the (probably increasing) importance of the infrastructure in a range of 
rapidly developing fields. For example, Granberg (1995) has shown a complex set of 
links between factory automation capabilities and academic institutions in Sweden; 

13 Results from the main survey are reported in Levin et al. (1987) . 
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Faulkner and Senker (1995, chs 5, 6, and 7) have demonstrated the role of infra
structure in such fields as biotechnology, parallel computing, and ceramics in the 
UK; and Steinmuller (1996) has described the importance of infrastructures in 
information technology in the USA. 

6.2. Education, training, and skills 

Education is clearly a sine qua non for advanced industrial production. To the extent 
that the public sector contributes basic non-traded support to the education sector 
on a large scale (education is one of the major items of public expenditure in most 
OECD economies) and this results in substantial though difficult to measure 
economic outcomes. I want to draw attention here, however, to the training role of 
R&D infrastructure institutions. The key point is that technological competence is 
based on learning. A neglected area of study is the infrastructure's role in contribut
ing to learning and the role of personnel movement in diffusing this learning. There 
are no adequate studies of personnel movement as a form of technology diffusion. In 
the European case, however, several of the major technological institutes have 
personnel turnover rates on the order of 5 to 10 per cent per year. Since most of the 
entry into the institute sector comes from the university system, and most of the exit 
goes to industry, the turnover process has some significant but difficult to measure 
economic role as a process of technology diffusion. These general turnover rates 
apply to institutions such as TNO in the Netherlands, various Italian institutes, the 
Fraunhofer system in Germany, VIT in Finland, and the substantial institute sector 
in Norway (for examples from Norway, see Ekeland and Wiig, 1994). These are 
important untraded diffusion effects of infrastructural institutions. 

6.3. Standards, regulation, and protection of technical 
activities 

Major infrastructural activities relate to the social organization of innovative activity 
by establishing coordinated acceptance of technical norms and standards. The 
important activities are standards for the characteristics or performance of products, 
the regulation of risk, and the protection of non-appropriable technological knowl
edge. While these are familiar concepts with a long history, they are rarely explicitly 
incorporated into technology policy. 

The establishment of standards - in the form of standard weights and measures
was one of the earliest technology related activities of government. (With patent 
protection, it is in fact the only technological activity allowed to the federal 
government by the US Constitution.) But it has extended into standard setting for 
almost every product and process in the industrial economy. Two broad types of 
standardization can be identified. First, in some cases technical standards are 
imposed implicitly by choices concerning the physical infrastructure. The technical 
characteristics of the energy supply system, for example, impose de facto standards 
on electrical equipment. In this case the public sector has a role by virtue of its 
position as provider of physical infrastructure. Second, there are standards based on 
a perceived need for coordination, when there are likely to be losses if producers of 
different products use incompatible standards. These can arise via a dominant firm 
imposing a set of standards (as with IBM and the MS-DOS operating system), or 
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through public sector regulation. The basic arguments about standardization derive 
from the fact that standards generate network externalities, that is, benefits to users 
of a system that rise as the number of users rises. But standards also have powerful 
effects on how technologies evolve. There are two reasons for public sector involve
ment. First, 'market competition does not lead to enough standardization to opti
mize the efficiency of existing network technologies', as Paul David (1987: 209) 
commented. Second, in a dynamic context, leaving standards to market selection can 
easily mean that the dominant standard that emerges can be inefficient.14 

Equally wide though very different economic impacts derive from the regulation 
of technological risk and hence safety. Most technologies involve some degree of 
risk: risk to life or health, risk of economic loss, environmental risk. These risks have 
given rise, in all of the advanced economies, to an extraordinarily wide array of 
institutions aimed at the regulation of technology development and operation: 
aircraft, medicines, shipping, computing and information, the environment, road 
transport of all kinds, working conditions, and potentially dangerous materials - all 
have specific institutions that regulate the performance of the technology. Such 
organizations can be public sector (such as the Civil Aviation Authority or data 
monitoring systems) or private sector (such as ship classification agencies like 
Lloyd's or Det norske Veritas); their role in technological change, technology policy 
and economic performance has been seriously neglected. IS 

Regulatory agencies can have two countervailing economic impacts. On the one 
hand, by imposing standards of construction, performance, and safety, they sharply 
reduce economic loss from accidents (meaning loss of output, loss of goods in transit, 
and loss of life). Because changing standards interact with the general process of 
technological advance, it is difficult to isolate their economic impact. But losses in 
shipping, after the first mid-nineteenth century regulation derived from Plimsoll's 
work, declined very significantly. Similarly, losses in air transport have declined 
continuously from the mid-1950s. Certainly this reflects technological advance, but 
technological evolution in aircraft and ships is also shaped by infrastructural reg
ulatory decisions. On the other hand, regulatory agencies can easily retard techno
logical development, or direct it along inefficient paths, due mainly to the fact that 
regulation lags behind technological opportunities. In either case, the operation of 
regulatory systems should be more explicitly in focus in technology policy. 

Finally, there is the protection of intellectual property rights by the public sector. 
This happens through the patent system, through copyright law, and through such 
things as trade mark protection. This is a widely studied area, mentioned here 
because the economic benefits and limitations of patent protection are well under
stood (patents encourage invention but inhibit diffusion), but are not well integrated 
into the whole complex of infrastructure related policy. 

14 The classic example of this is the standard QWERTY keyboard, which is inferior to a range 
of well-known alternatives. See Arthur (1989). 
l' For an excellent general discussion of why and how such institutions emerge and operate, 
see Andersen and Cotlett (1989). 
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6.4. Creation of firms 

The economic role of the knowledge infrastructure is usually thought of in terms of 
the use of knowledge by industrial firms, 'technology transfer' between infra
structural (usually basic) R&D, and engineering development. The problem with 
this approach is that it tends to suggest an unreal distinction between science and 
technology. But the merit of this kind of thinking is its emphasis on the fact that the 
basic economic unit of the market economy is the firm, and that this is where - for 
the most part - technology is translated into economic results. It is clear that the 
success of any national or regional economy relies in part on its ability to create firms 
which become the 'bearers' of new technologies, by developing and commercializing 
those technologies themselves or by linking in some way with the international 
suppliers of such technologies. 

Where do such firms come from? One important source is the publicly supported 
infrastructure, either R&D programs or organizations developing new technologies. 
There are plenty of examples of this, particularly in electronics and computing. 
Firms like Digital in the USA or Norsk Data in Norway emerged more or less 
directly out of the infrastructure. Perhaps more systematic examples of firm crea tion 
are the high-technology regions around research universities. This process of firm 
creation has been a highly visible aspect of some universities, notably Stanford and 
Cambridge; but this appears to be a widely dispersed phenomenon, with many 
universities able to point to more or less vigorous processes of firm creation.'6 It is 
not possible to point to any research that quantifies the impact of this, but when it 
comes to the creation of high-technology firms, the public sector infrastructure 
might well be among the more important sources. 

6.S. Access and dissemination functions 

One way of thinking about infrastructure is in terms of a stock of knowledge, and the 
processes of learning and/or research which add to that stock. Most public policy is 
focused on research, the idea being to produce a flow of knowledge that will increase 
the stock. But equally important - and somewhat neglected as an element in science 
and technology policy - is the maintenance of the existing stock of knowledge, in 
terms of storage, access, availability, dissemination, and so on. A range of infra
structural organizations can be involved here, related to the fact that knowledge can 
be stored both in human heads and in recorded form. 

Let us begin with human beings. Organizations such as universities, technical 
colleges, and research institutes contain people who devote a significant part of their 
time to keeping up with current developments; they do this partly for teaching 
preparation, partly for research purposes, and partly from specific or general 
interests. Such activities include reading professional scholarly or technical journals, 
taking part in formal or informal seminars, attending conferences, reviewing books, 
arguing over coffee, and so on. Quite often these activities are seen as, at best, barely 
productive, but this seems to me too narrow a view. What is implicitly going on here 

16 There are many studies of this phenomenon: see Dorfman (1983); Engstr~m (1987); Keeble 
(1989); McQueen and Wall mark (1982); Rogers (1986); and Wicksteed (1985) . 
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is the maintenance of a knowledge base, a process which does not happen automati
cally and which requires resources. The degree to which this knowledge base is 
accessible varies according to, for example, the academic cultures of particular 
universities; but it ought to be seen as an important element in maintaining scientific 
and intellectual cultures, and hence important to the stock of knowledge. Moreover, 
this stock is directly used in industrial innovation, as Gibbons and Johnston (1974) 
showed some years ago in a study that will be outlined in more detail below. 

But the knowledge stock is also maintained in the form of libraries, databases, 
archives, statistical offices, patent records, and so on. This element of the infra
structure requires a significant capital stock, both buildings and equipment, and a 
substantial array of skills. Once again, these kinds of systems can be more or less 
open to users, depending on particular institutional cultures and management 
objectives. However, the question of the scale and openness of such systems is an 
important issue in public policy, with potentially large effects on innovation per
formance. 

The classic discussion of the economic role of what I have called 'the knowledge 
stock' is Gibbons and Johnston's paper on the 'mechanisms by which scientific 
research and education contribute to industrial innovation' (1974: 231). Their point 
of departure was, in effect, a rejection of the linear model of innovation - in which 
innovation results from prior processes of research discovery - in favor of an 
approach which saw the function of research as problem-solving within ongoing 
innovation activities. Gibbons and Johnston examined thirty industrial innovations 
in the UK, all involving significant technological change. The basic method was in
depth interviewing, focusing on the types of information used to resolve technical 
problems in the development of each innovation, the number of 'units' of informa
tion involved, and the source and content of the 'information units'.I? About one
third of the information used came from sources external to the firm, and of this 
about one-third came from what might be called infrastructure sources: universities, 
scientific literature, conferences, research associations, and so on. One of the most 
important problem-solving elements was contact with former teachers at university 
or technical college level. The only traded elements in the external sources of 
information were consultants, who supplied only 4 per cent of the information units. 
Infrastructural sources of information were not limited to these external sources: 
among what Gibbons and Johnston called 'personal' sources of information, the 
second largest element was education. Gibbons and Johnston concluded that basic 
scientific results - stored in libraries or in university departments - were key inputs 
from these infrastructural sources. They state: 

In this study, 36% of the information which contributed to the development of an 
innovation and which was obtained outside the company during the innovation had its 
origin in basic scientific research. Of all the information obtained by 'problem-solvers' 
during an innovation, approximately one fifth could be similarly classified. (Gibbons 
and Johnston, 1974: 230) 

17 A 'unit' was defined in terms of the coherence of its content and source, and involved, for 
example, information about the properties of materials, or relevant general laws, or appro
priate test procedures. 
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7. Infrastructures. economic performance. and policy 

What makes the infrastructure economically effective? The previous section has 
simply sketched a set of potential effects. describing what these are likely to be in 
individual cases and surveying empirical studies that estimate the size of these 
effects. Not much more than this can be done without a wider research effort 
(although very much has been achieved in the works referred to above). It is worth 
remarking here that one of the peculiar features of research policy in all OECD 
countries is that governments have not felt the need of analysis in this area - major 
decisions about the organizations of the infrastructure have been taken without any 
real work on the economic implications. even where it is plain that potentially large 
economic effects might be involved. 

Nevertheless, the discussion suggests a number of tentative conclusions. First. 
however difficult the concept of infrastructure, it appears to be the case that we can 
identify a theoretical and operational concept that is relevant to central problems in 
the analysis of systems; these problems include identifying the specificity and 
boundaries of systems, understanding elements of system cohesion, and accounting 
for performance differences. Furthermore, we can identify a knowledge infra
structure that is a central component of the wider economic infrastructure, and 
therefore a central component of the national innovation system. The effect the 
knowledge infrastructure will have on the performance of the national system will 
depend on the extent to which it actually delivers the outcomes sketched above. 

There are four outstanding policy issues concerning the knowledge infrastructure: 
these relate to the level of funding. the composition of infrastructural activity, the 
internal organization and management of infrastructure, and policy integration 
across government agencies. 

The level of provision should be increased only if it will generate benefits greater 
than costs. It is one thing to show, either through example or statistical analysis, that 
the infrastructure can have economic effects. It is something quite different to 
estimate how changing the scale of provision will affect subsequent economic 
performance in terms of output or productivity growth. A serious issue before us is 
whether existing levels of funding for infrastructure are in some sense 'adequate', 
and this requires a much more sustained effort to analyze how marginal changes in 
provision are likely to affect industrial users. 

The second problem concerns the composition of the infrastructure. What is the 
appropriate balance between the types of activities outlined above? At the present 
time, research and higher education are the most heavily supported elements of 
infrastructure, although there are wide disparities among countries. In some cases 
public research program budgets - strongly oriented towards the military in the 
USA, Britain, and France - are central elements in infrastructure systems, while 
others focus more on public-private coordination agencies. Library and database 
provision likewise varies sharply among countries and regions. We really know little 
about the combined effects of infrastructural organizations, and thinking about the 
system as a system is an important challenge. 

Third, there is the question of management and organization within the infra
structure. I have pointed out above that the term 'university' means different things 
in different countries; the objectives, cultures, and self-images of universities vary 
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widely, and this may be linked with variations in economic role. But similar points 
apply to regulatory organizations and to library systems (where differences in 
operating practice make the difference between knowledge that is accessible or 
inaccessible). This is not simply a matter of deciding which methods of administra
tion and management are most 'efficient', because there are differences among 
cultures in what people want from a library, for example. But nevertheless these 
internal aspects of infrastructural organizations will be an increasingly important 
policy question. 

Finally, perhaps the most important issue. How can a coordinated infrastructure 
policy be developed and implemented? The infrastructure is a system, and it should 
be seen as such by policy-makers. But the elements of the system that have been 
described above usually fall within the competence of different ministries or public 
agencies. Intersectoral problems within public administration are a well-known issue 
that needs no repetition here; but it is clear that any integrated approach to the 
knowledge infrastructure will require organizational innovation within the public 
sector itself. The knowledge infrastructure activities described above absorb some
where between 5 and 10 per cent of the national income in most OEeD economies. 
If the knowledge infrastructure is important enough to deserve these kinds of 
resources, it probably deserves an integrated policy approach as well. 
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CHAPTER FIVE 

Interindustry Differences in Technical 
Change and National Patterns of 
Technological Accumulation1 

Paolo Guerrieri and Andrew Tylecote 

1. Introduction 

The concept of 'innovation systems' relates both to geographically defined systems, 
like national ones (Freeman, 1987; Lundvall, 1988; Nelson, 1993), and sectorally or 
technologically defined systems (Carlsson and Stankiewicz, 1991; Breschi and Mal
erba, this volume). The national systems of innovation approach suggests that the 
structural characteristics of a national economy, such as its specific production 
structure, technical infrastructure, and other institutional factors, strongly influence 
firms' innovative performance: it depends not only on good management but also on 
the structural features of the countries in which they operate. The sectoral approach 
emphasizes the features of innovation which are technology and industry specific -
for processes of technological change tend to vary among sectors in technological 
opportunities, cumulativeness, and appropriability conditions (Pavitt, 1984; Scherer, 
1986). The two approaches converge to the extent that the competitive advantages 
of single countries and areas are concentrated on given clusters of industries and 
technologies, reflecting the systemic characteristics and the interrelatedness of many 
technologies (Porter, 1990; Carlsson and Stankiewicz, 1991). This chapter, in effect, 
merges the two approaches in order to explain such differences among countries, by 
putting forward a common set of explanatory variables of innovation systems. 

Our starting-point is simple: we assume that technological innovation is the key to 
success in advanced countries in most industries (we focus on manufacturing). To 
succeed in innovation in a particular sector requires a good match of the sector's 
requirements with the country's characteristics. In section two we argue that 
requirements relate to management interactions of various kinds, and to external 
support - from the government, financial system, education system, and science 
base. In section three we show briefly that our sample of countries - the USA, Japan, 
and six in Europe - appear to vary substantially in their ability to satisfy these 

1 This chapter is based on a research project supported by the Italian Consiglio Nazionale 
delle Ricerche (CNR), Technological Change and Industrial Growth. 
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requirements.2 Deep-rooted cultural factors, which for our purposes are exogenous, 
affect their 'predisposition' to different kinds of management interaction in a way 
that has some uniformity across sectors. The external support factors on the other 
hand are largely endogenous: though influenced by culture and history, they have 
largely 'co-evolved' with industry and do tend to vary substantially across sectors. In 
section four we argue that industries vary considerably in the relative importance of 
these requirements. The last section of the chapter shows - within the limits of the 
'casual empiricism' we have employed so far - that our hypothesis accounts well for 
many of the salient features of trade and technological performance of the countries 
studied. 

2. A conceptual framework for technological advantage 

We propose (following Guerrieri and Tylecote, 1994) the following requirements for 
successful innovation. 

2.1. Behavioral requirements for technological advantage 

The key behavioral requirements are three kinds of management interaction, each 
requiring subdivision: 

1. Functional- among the different functions and departments within the firm (FI) 
(Ansoff and Stewart, 1976). This necessarily involves the R&D function 
(broadly defined to include design, etc.). Two other principal functions which 
may be involved are production and sales/marketing, again broadly defined. We 
can thus distinguish between functional interaction focusing on production, 
which we label FIp (see, e.g., Bergen, 1983), and functional interaction focusing 
on sales/marketing, which we label FIsm. Both types will benefit from (a) mutual 
respect between the functions; (b) an inclination for informal lateral coopera
tion across departmental and other organizational boundaries; and (c) a com
mon language of 'technology'. 

2. Vertical - up and down the line of command and among the different levels of 
management, as far as the lowest employee (VI). We must distinguish between 
vertical interaction which only involves different levels of management (VIm), 
and that which involves the managed, in particular manual workers (VIi-c, or 
' interclass vertical interaction'). 

3. External- with other organizations (EI) (see, e.g., Lundvall, 1988). The major 
subcategory to be emphasized here is interaction with other industrial firms, Eli. 
These firms include customers, suppliers, and other firms (even rivals) in the 
sector (with whom there may be common interests in training, research, govern
ment policy, etc.) (Lane and Bachmann, 1995; Lundvall, 1988; Sako, 1994). 

2 In assessing this 'fit' with the data of countries' performances, however, we have not yet 
gone far beyond 'casual empiricism'. In this case too, more rigorous statistical analysis is 
required. Individuals will of course vary round the mean, and individual companies may 
deviate greatly from their countries' mean either through selection of unusual individuals or 
through actively working to alter perceptions, attitudes, and values; a company may pass 
through some kind of collective learning process, in response to external stimuli and perhaps 
internal leadership, in which its 'corporate culture' changes. 
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We claim no originality for the basic proposition here: it is in effect the argument of 
Burns and Stalker (1966) when they recommend the 'organic' style of management 
for innovative companies (see also Freeman, 1982 on the findings of the SAPPHO 
project at Sussex). The levels, functions, and organizations mentioned all have a part 
to play in innovation (in product innovation, at all events: sales/marketing has 
nothing to contribute to pure process innovation) and must be coordinated in order 
to play it well. 

2.2. External requirements for technological advantage 

We also propose three underlying external requirements for successful innovation, 
which will vary among sectors. 

Science base (SB) 

SB describes the level of appropriate expertise in the external research system, 
which should be high. To make use of that, good external interaction with uni
versities and research institutes is required, which inter alia means firms must show 
openness and constantly scan the science base. 

Technically trained manpower (TM) 

We take the supply of technically trained graduates to depend mainly on the 
educational system; the supply of those with intermediate skills depends also on the 
actions of firms, individually and collectively. 

Financial system (FS) 

Innovation requires finance, and also corporate governance, which is supportive of 
a firm's innovative efforts and expenses (rather than disapproving because current 
profits are reduced). Every financial system provides both in some measure (Tyle
cote, 1994). Financiers and 'governors' have to cope with two problems: low visibility 
and novelty. 

First, technological innovation requires investment of various kinds which can be 
ranked according to their 'visibility' to external sources of finance: at the top is 'fixed 
investment' in machinery, buildings, etc. (highest visibility); then research and 
development expenditure; then training; at the bottom, in production, pre-launch 
diversion of resources and post-launch 'teething troubles', and in sales/marketing, 
market research, distribution, and servicing (lowest visibility). Industries in which 
innovation requires heavy investment in low visibility categories will require finance 
and governance which displays firm-specific perceptiveness (Ff-sp). This is tradition
ally displayed in 'insider-dominated' systems in which there are stable relationships 
between managers and large shareholders (often founding families), and between 
managers and banks; they can also be called bank-based systems. 

The alternative is the stock exchange based system, an outsider-dominated 
system. Shareholders (now increasingly financial organizations: pension funds, in
surance companies, etc.) mostly operate on the basis of diversified portfolios which 
avoid large share holdings in any individual firm, thus limiting the information and 
power that any can develop. This system may cope with the main weakness of the 
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bank-based system, if (within the looser structures of an outsider-dominated system) 
venture capital develops, as it has in certain geographical areas and new industries in 
the USA. Venture capital may provide both finance (directly, and by reassuring 
other financiers) and some governance to new firms in areas in which it has expertise. 
It has, in fact, what novelty needs, that is (new) industry-specific expertise (Fi-se). 

We believe these behavioral and external requirements to be of great explanatory 
value since countries appear to vary enormously in their ability to satisfy them and 
sectors appear to differ in their emphasis among them. 

Government 

For brevity and simplicity we shall not discuss the role of government here except in 
so far as it affects the organizations above. 

3. Countries' characteristics 

Countries appear to vary very much in their ability to satisfy these behavioral and 
external requirements, although we are not able at this stage to assign all the 
countries in our sample - USA, Japan, Germany, France, UK, Italy, Sweden, 
Switzerland - confidently to positions on all these continua. We should stress that 
national differences are general tendencies or means, around which individual 
companies may vary greatly, and particular industries considerably. 

3.1. Behavioral requirements 

3.1.1. Functional interaction with production (FIp) 

Referring back to section 2.1. for our desiderata for both kinds of FI, the first was 
'mutual respect between the functions'. Germany leads Europe in giving production 
high pay and prestige, followed by Switzerland, with Sweden a little way behind 
(Guerrieri and Tylecote, 1994). This prestige is reflected by a 'strong line, lean staff' 
tendency (Bergen, 1983; Bessant and Grunt, 1985; Maurice et at., 1980) which puts 
production in the center and links other functions strongly to it; in France and 
Britain this is generally absent (Lane, 1989). As to the second desideratum, inclina
tion for informal lateral cooperation across departmental boundaries, Britain, 
France, and Germany all appear quite weak by comparison with Sweden (d'lribarne, 
1989; Demirag et al., 1994; Hartman, 1992). 

Finally, on the third desideratum, having 'a common language of technology', 
interest in technology is generally pervasive in German firms (Lawrence, 1980) and 
very considerable in France, while Britain traditionally has a relatively low level of 
technological understanding among general management (Lane, 1989). Italy ap
pears moderate on the first and third counts and rather deficient on the second 
(Guerrieri and Milana, 1990). 

Overall, then, we would rank Germany, Switzerland, and Sweden as good, France 
and Italy as moderate, and Britain as poor. 

Japan is very similar to Germany in the respect given to production. All author
ities on Japanese management concur on this. Given the 'firm-as-community' 
emphasis - with job rotation among functions which takes advantage of 'lifetime 
employment' - there is no doubt that interaction with production in Japan is 
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extremely high (Wakasugi, 1992). Dertouzos et at. (1989) inter alia indicate that the 
production function generally has rather low prestige in US industry, and we 
therefore score US interaction with production as moderate. 

3.1.2. Functional interaction with sales/marketing (FIsm) 

This is traditionally very high in the USA: 
Many factors combined to bring scientist and salesman in the United States more 
closely together than anywhere else in the world. The social prestige of industry and a 
widespread regard for scientific knowledge were not competitive in the United States: 
they were complementary. (Wilson, 1968: 70) 

Marketing as a function is clearly much weaker and less prestigious in Japan: see 
Mansfield (1988b) on the greater emphasis on improving process as opposed to 
product technology, and see Mansfield (1988a) on the lesser emphasis on marketing 
start-up expenditure in innovation. On the other hand, interaction with sales/ 
marketing, as with production, must benefit from the firm-as-community principle. 
We therefore score Japan's FIsm as moderate. On the prestige of sales and 
marketing within Europe, Guerrieri and Tylecote (1994) cite relative pay data that 
suggest it is high in Britain and France, moderate in Italy and low in Germany, 
Switzerland, and Sweden. For Sweden, this is balanced by the inclination for 
informal lateral cooperation; Italy has a consumer-centered design tradition. We 
therefore score Germany and Switzerland as poor and the rest as moderate. 

3.1.3. Vertical interaction among management (VIm) 

For vertical interaction, power distance in Hofstede's (1984: 49) terms seems to be 
the key: 'the degree of tolerance of inequality in wealth and power indicated by the 
extent to which centralization and autocratic power are permitted'. A high score in 
a Western culture, precludes 'rich interaction'. Hofstede's (1984: 52) numerical 
measurement gives Sweden 31; Switzerland 34; Germany 35; Britain 35; USA 40; 
Italy 50; Japan 54; and France 68. 

To judge from Lorenz's (1989) contrast between Sweden and Italy the former 
should be even lower (like its neighbor Denmark), the latter higher. Accordingly, we 
score Sweden as high on vertical interaction among management, Switzerland, 
Germany, Britain, and the USA as moderate, and Italy and France as low. However, 
we do not accept Japan's implied low score: in East Asian culture generally, and in 
Japan particularly, deference to higher rank does not prevent rich interaction 
between superiors and inferiors within 'firm as community' (see, e.g., Clark, 1979). It 
is notable that Japan and Singapore come second and fifth respectively (behind 
Sweden) in leaders' willingness to delegate authority, whereas the high power 
distance countries in Europe, Italy and France (along with Spain, Portugal, and 
Greece), are at the bottom (Hampden-Turner and Trompenaar, 1993: 251). We thus 
score Japan's vertical interaction among management (VIm) at moderate. 

As to interclass vertical interaction (VIi-c), however, power distance figures cannot 
be trusted on their own. This interaction has been relatively good in Germany, largely 
because potential conflicts have been contained and controlled by institutions and 
traditions of codetermination; Switzerland and Sweden are similar. In Britain, on the 
other hand (and in a different way in France and the other Latin countries), industrial 
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relations are fundamentally adversarial (Baglioni and Crouch, 1990). We therefore 
score Sweden and Germany high, Britain moderate, and France and Italy poor. The 
1950s settlement between management and labor in Japan was particularly beneficial 
to this interaction (see, e.g., Dore, 1973) and we score it as high. 

3.1.4. External interaction within industry (Eli) 

Within Europe, a central band of countries and regions stretching from Scandinavia 
to north/central Italy seem to show a greater capacity for this type of interaction than 
the rest (Lane and Bachmann, 1995; Paci, 1992). This seems to be associated in the 
case of Germany and Italy with the survival of guild organizations into modern times 
and the absence of a centralized state (Lane, 1991). In the case of Scandinavia and 
Switzerland it is presumably due to the small size in population of national units. 

Strong external interaction takes place in Germany within a given sector regard
less of the size of firms involved. In Italy, on the other hand, there is a clear 
polarization of firm size between a few large ones and a huge number of relatively 
small businesses; it is among the latter that external interaction seems particularly 
strong (Malerba, 1993). In the highly centralized states of Britain and France guilds 
were destroyed early. The more mature economy of Britain has, during this century, 
become dominated by large firms to a remarkable degree; as Lane (1991) shows, 
small firms are weak in numbers and poorly linked to each other and to big firms. 
France, developing later under state direction, has a polarization rather like Italy's 
between numerically dominant small firms and a relatively small number of large 
firms, either under state control or closely related to it. The links between large and 
small firms are generally poor (Taddei and Coriat, 1993) and sectoral organization is 
tightly supervised by the state rather than constituting an organic representation of 
sectoral interests (Lane, 1991). External interaction of all kinds is clearly also very 
high in Japan, late development being the most obvious cause (Riggs, 1985; Sako, 
1994). In the USA the long distance over which firms have to communicate must 
militate against interaction among them (although of course in regional clusters like 
Silicon Valley the opposite is the case). Since Riggs was making the usual Japan/ 
USA contrast, his high score for Japan can be read as a low score for the USA. On 
the other hand, Mansfield (1988a), measuring the percentage of R&D projects 
arising from suggestions from different groups in US and Japanese firms, found the 
proportion arising from customers slightly lower in the USA for two sectors, greater 
in the USA for one, and (much) lower for another; overall, not a dramatic difference. 
In general, and tentatively, we score the USA as moderate. 

3.2. External requirements for technological advantage 

As we indicated in the introduction, the external requirements - including science 
base, technically trained manpower, and the financial system - can be expected to 
'co-evolve' with the industries that they support. The resulting diversities across 
industries are particularly apparent for the science base. Overall rankings of coun
tries' science bases, as given in Table 5.1, are therefore only a very general first 
approximation. 

Moreover, Table 5.1 uses output of papers without taking any account of quality. 
Arguably the total number of citations of papers is a better measure of value, and for 
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Table 5.1 General Science Base: number of world scientific papers, 1978-80, divided by population in 
millions 

Papers! 
population 

Sweden 

2049 

UK 

1746 

Source: Guerrieri and Tylecote (1995) 

FRG France 

1109 1030 

Italy Japan USA Switzerland 

394 606 1790 2353 

five of our countries we have such data disaggregated by broad scientific area (see 
Table 5.2). 

The need for disaggregation is apparent: Germany and Japan, for example, are far 
weaker than the USA in clinical, biomedical, and biology, not so far behind in 
chemistry, physics, and engineering - indeed in chemistry Germany has a narrow 
lead. For our other three countries, Italy, Sweden, and Switzerland, we lack precisely 
comparable data; but Archibugi and Pianta (1992) provide data for 'scientific 
specialization' in the period 1981-86 ('citation relatives' in Table 5.3; 1.00 indicates 
a sector is as strong as the country's average) which allows us to make a rough 
adjustment of the figures for these countries. 

In section 4 below we shall be categorizing industries into technological families 
and subfamilies: chemicals, biochemicals, mechanicals, electricals, and electronics. 
We see clinical, biomedical, biology, and chemistry as equally relevant to the 
'biochemicals' subfamily, and therefore we average them; chemistry as relevant to 
'chemicals'; physics and engineering as equally relevant to all the other subfamilies, 
and we average them. However, we predict a negative correlation between the level 
of spending on defense-related R&D and science base availability to civil industries 
- our main concern. Thus, the high level of military spending in the USA, Britain, 
France, and Sweden, in that order (Patel and Pavitt, 1991: Table 3.3) and clearly 
concentrated in the electronic and mechanical areas, has tended to suck the available 
science base of those areas away from civil activities. The only sectors where civil 
industry may have gained are those like aerospace where there are clear synergies 
between military and civil advance. Given the above data and argument, we have 
'scored' countries as follows: since the USA is first or the equivalent of first in every 
discipline and has a clear lead in those affected by the 'defense diversion', we score 
it as strong overall; Switzerland likewise. The UK is clearly strong in chemistry and 

Table 5.2 Disaggregated Science Base (I): Percentage share of world scientific citations in six fields of 
science, 1986, divided by population in millions 

UK FRG France Japan USA 

Clinical 0.19 0.06 0.06 0.04 0.23 
Biomedical 0.15 0.08 0.07 0.04 0.24 
Biology 0.20 0.08 0.05 0.04 0.19 
Chemistry 0.141 0.147 0.103 0.095 0.145 
PhYSics 0.109 0.147 0.121 0.056 0.186 
Engineering 0.142 0.113 0.061 0.089 0.196 

Source: Guerrieri and Tylecote (1995) 
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Table 5.3 Disaggregated Science Base (2): world papers and citations in different fields of science 

Italy Sweden 

(1) (2) (1) 

Clinical 0.99 390 1.48 
Biomedical 0.65 256 1.04 
Biology 0.44 173 0.70 
Chemistry 1.71 674 0.61 
Physics 1.46 575 0.52 
Engineering 0.76 299 0.58 

(1) Citation relative (scientific specialization) 
(2) Column (1) divided by papers/population figure from Table 5.1 
Source: Table 5.1 and Archibugi and Pianta (1992: Table 7.3) 

Switzerland 

(2) (1) (2) 

3032 0.84 1977 
2131 1.09 2565 
1434 0.35 823 
1250 1.10 2588 
1065 1.59 3741 
1188 0.75 1765 

'bio' (clinical, biomedical, and biology), which we treat as science base to chemicals 
and biochemicals, but - allowing for the defense diversion - is only moderate in 
physics and engineering - the science base to the rest. Germany is strong every
where, except in 'bio', so we score its science base in biochemicals as moderate. 
France and Japan are moderate everywhere, except that Japan is weak in bio
chemicals. We have to score Sweden as strong everywhere, though clearly in 
biochemicals it is a good deal stronger than in the mechanical-electrical-electronic 
areas. Likewise, Italy is weak everywhere but less weak in chemicals. 

3.2.1. Technically trained manpower 

We have comparable disaggregated data only for the USA, UK, France, Germany, 
Italy, and Japan (see Table 5.4). 

For the other countries, we suppose that the science base affects the quality and 
quantity of the graduate supply. We also have to allow for the 'military' effect 
referred to above. Moreover, Pettersson (1992) argues that there have been serious 
diversions of skilled people away from industry in Sweden. As to intermediate skills, 
Soskice (1992) shows how German firms have acted to create an excellent supply of 
adequately educated and well-trained skilled workers and technicians, and how 
British firms have failed abjectly in this respect. He places other Northern European 
countries near Germany, with (northern) Italy and France not far below. Dertouzos 
et al. (1989) point out the US deficiencies in mass mathematical and scientific 
education, as compared to continental Europe and Japan. 

Table 5.4 R&D scientists and engineers as percentage of population, 1989 

USA France FRG Italy UK Japan Sweden· Switzerland* 

Total 
Chemical 
Electronic 
Mechanical/electrical 

0.293 
0.035 
0.05 
0.055 

0.096 
0.016 
0.025 
0.015 

• Data referred to total R&D personnel 

0.182 
0.022 
0.049 
0.057 

0.053 
0.011 
0.01 
0.016 

0.149 
0.027 
0.036 
0.031 

Source: OECD, Main Science and Technology Indicators 1989 (1990) 

0.255 
0.044 
0.07 
0.061 

(0.395) 
(0.053) 
(0.059) 
(0.084) 

(0.59) 
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Table 5.5 Availability of technically trained personnel, mid to late 1980s 

Japan USA FRG Sweden France UK Italy Switzerland 

MechanicaUelectrical XX X XX X X X XX 
Electronic XX XX xx X X X XX 
Chemical XX XX XX X X X XX 
Biochemical X XX X X X XX XX 

Source: Guerrieri and Tylecote (1995) 

The pattern of advantage thus varies between graduate and intermediate skills. 
Their relative importance also varies according to the proportion of manual work
ers: thus intermediate skills are important in mechanical and electrical (sub) famil
ies, unimportant in biochemicals. Allowing for all this we rate the overall availability 
of trained manpower in the different (sub) families as shown in Table 5.5. 

3.2.2. Financial systems 

Continental Europe and Japan have insiderlbank-based systems and thus provide high 
firm-specific perceptiveness, particularly valuable where technological advance is cumul
ative and of low visibility (see above). The USA and the UK have outsider/stock 
exchange based systems; but only the USA has an adequate venture capital industry and 

Table 5.6 Countries: behavioral and external characteristics 

Countries Behavioral characteristics 
Functional Vertical 
interaction interaction 

Flp FIsm 

Germany XX 

France X X 
UK X 

Sweden XX X 
Switzerland XX 
Italy X X 
Japan XX X 
USA XX 

XX = High 
X = Moderate (blank = Poor) 
• Among small firms 
§ Mechanicallelectrical 

VIi·c VIm 

XX X 

X 
X 

XX XX 
XX X 

XX X 
X 

FIp = functional interaction focusing on production 

Eli 

XX 

X 

XX 
XX 
XX· 
XX 
X 

FIsm = functional interaction focusing on sales and marketing 
VIi-c = interclass vertical interaction 
VIm = Vertical interaction among management 
Eli = external interaction with other industries 
SB = science base 
TM = technically trained manpower 
Ff-sp = firm-specific perceptiveness 
Fi-se = industry-specific expertise 

External characteristics 

Finance 

SB TM Ff-sp Fi-se 

XX XX XX 
X++ X++ 
XX 
X X 
XX+ XX+ 
XX X XX 
XX XX XX 

X§ XX 
X XX XX 
XX X XX 

+ + Biochemicals 
+ Chemicals and biochemicals 
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thus provides high industry-specific expertise, indispensable where there are fundam
ental discontinuities both in technology and the population of firms (Tylecote, 1994). A 
summary of all information on country characteristics, including functional interaction, 
vertical interaction, external interaction, and finance, is provided in Table 5.6. 

4. Sectoral characteristics 

Pavitt has argued that industrial sectors can be grouped into three broad 'techno
logical families', mechanical, electrical, and chemical, according to the technologies 
that are dominant within them (e.g., Patel and Pavitt, 1991: 45). We accept this as a 
'first cut' in classifying industries, but we break the electrical family into the 
electricals proper and electronics subfamilies, and regard the former as close to the 
mechanicals family. We break the chemicals family likewise into the chemicals 
proper and biochemicals subfamilies, the latter containing pharmaceuticals, agro
chemicals, and 'chemical' consumer goods. We then break them down further into 
capital, intermediate, and consumer goods (although some sectors, like vehicles, 
bridge categories). This level of aggregation is usually adequate for generalization 
about behavioral and external requirements; sometimes we have to disaggregate 
further. However, one requirement for strength in a part of subfamily x or y is 
usually strength in that subfamily in general since: (a) many sectors require sub
stantial interaction with other sectors in the subfamily, up or downstream;3 and (b) 
supporting organizations tend to relate to a whole subfamily, with a strong subfamily 
tending to create strong supporting organizations and vice versa. In turn, strength in 
a subfamily will be affected by the weight of constituent sectors within it.4 

We seek then to categorize sectors by Pavitt's (1984) taxonomy (scale intensive, 
science based, specialized suppliers, and supplier dominated or traditional), in 
practice omitting the last one. We also use where data is available Mansfield's 
(1988b: Table 6) categorization of types of innovation costs (applied research, 
preparation of product specifications, prototype, tooling and manufacturing equip
ment and facilities, manufacturing start-up, marketing start-up), calling his first 
category 'percentage of applied research' and aggregating his second, fourth, fifth, 
and sixth categories as 'low visibility investments'. 

We predict that the importance of requirements is a function of the following 
characteristics: 

• Functional interaction: (with production, FIp) f(manual %; R&D intensity); (with 
sales/marketing, FIsm) f(focus on consumer goods; R&D intensity). 

• Vertical interaction: (among management, VIm) f(scale; number of employees 
per firm); (interclass, VIi-c) f(scale; manual %). 

• External interaction within industry (Eli): f(focus on capital goods; membership of 
electrical/electronic/mechanical families). 

• Science base (SB) : f(R&D intensity; percentage of applied research). 

3 For example, vehicle manufacturers interact with intermediate and capital goods manu
facturers elsewhere in the mechanical family in making purchases. 
4 For example, the electronics subfamily, worldwide, is relatively weighted to consumer 

goods. A country that is strong in consumer electronics will then tend to be strong in 
electronics generally. 
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• Technically trained manpower (TM): f(R&D intensity; percentage of scientists 
and engineers in total employment) . 

• Financial system (FS): (firm-specific perceptiveness, Ff-sp) f(low visibility invest
ments); industry-specific expertise (FI-se) f(percentage of applied research; R&D 
intensity). 

On this basis we have categorized our sectors in the manner shown in Table 5.7. As 
evident in this table the electronics subfamily is relatively dominated by consumer 
goods, the chemical family is (overwhelmingly) dominated by intermediate goods, 
and the mechanical family and the electricals proper subfamily have an exception
ally high commitment to capital goods. In electronics, the relative importance of 
software is increasing rapidly. Software has no production function as normally 
understood: design is, in effect, production. There is thus a rapid decline in the 
requirement for interaction with production.s 

Table 5.7 Technological families: behavioral and external characteristics 

Technology 
family/sub family 

Behavioral 
characteristics 
Functional Vertical 
interaction interaction 

External 
characteristics 

Finance 

FIp FIsm VIi-c VIm Eli SB TM Ff-sp Fi-se 

Mechanical and Capital goods 
electrical 

Intermediate goods 
Consumer goods * 

Electronics Capital goods 

Intermediate goods 
Consumer goods 

Chemicals 
'Effects' Intermediate goods 
'Volumes' Intermediate goods 
Biochemicals Intermediate goods 
Biochemicals Consumer goods 

XX = High 
X = Moderate 
SCA = Scale intensive 
SPS = Specialized suppliers 
* Incl. auto vehicles 

SPS XX 

SCA XX 
SCA XX 

SB X 

SB/SCA XX 
SCA XX 

SB X 
SCA XX 
SB 
SCA X 

Flp = functional interaction focusing on production 

X 

XX 
X XX 

X 
XX XX 

X 
XX 
XX X 

FIsm = functional interaction focusing on sales and marketing 
Vli-c = interclass vertical interaction 
VIm = vertical interaction among management 
Eli = external interaction with other industries 
SB = science base 
TM = technically trained manpower 
Ff-sp = firm-specific perceptiveness 
Fi-se = industry-specific expertise 

X XX XX XX 

X XX X 
X X X 

XX XX XX XX XX 

XX XX XX XX XX 
X X X 

XX XX XX XX X 
X X X 
XX XX XX XX 
X X 

S Our sample of sectors does not include software as such, but of course it plays a role in so
called hardware. 
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The chemical subfamily has an increasing emphasis on 'effect chemicals' (fine 
chemicals) which require a strong concern with their application and thus high external 
interaction with relatively few industrial customers as opposed to 'volume' chemicals 
which are sold in bulk. In addition to chemistry, the 'biochemical' subfamily's science 
base includes biology, molecular biology, and the medical sciences (Sharp, 1992: 109). 
Its production costs (particularly in 'ethical' pharmaceuticals) are a minor fraction of 
value added. Its customers are hundreds of thousands of doctors and farmers, and the 
marketing function is accordingly much more important (Oemirag et aL, 1994). Over 
the last decade, new start-up companies in biotechnology have made an important 
contribution to pharmaceuticals. They need venture capital and they also need entre
preneurs, often academics. 

5. The hypothesis and the evidence 

We now briefly consider the fit between our hypothesis and our countries' techno
logical and trade performances. 

We chose as the best measures of countries' competitive advantages indicators for 
both trade and technological performance. For trade, two indicators are used: 

• the share of world exports (absolute trade advantage); 
• the Balassa index for trade specialization, or Revealed Comparative Advantage 

indicator. 

For technological activity, the two indicators are: 

• the share of technological patents registered in the US; 
• a Revealed Technological Comparative Advantages indicator (RTCA), that is, 

the Balassa indicator applied to technological specialization. 

It is fair to say that while no single indicator can provide an adequate view of a 
country's trade and technological performance, it is possible to draw fairly reliable 
results if various indicators are considered together and over a long period, as in the 
present chapter. 

The indicators have been calculated for the product groups comprised in our 
taxonomy of technological families, discussed previously.6 The basic empirical 
findings of our analysis are summarized in Tables 5.8 to 5.15. Each table shows a 

6 To this end, industrial product groups are classified into ten categories (Mechanical capital, 
Mechanical intermediate, and Mechanical consumer goods; Electronics capital, Electronics 
intermediate, and Consumer goods; Chemical volume, Chemical effects. and Chemical 
consumer goods; Drugs and biotechnology) plus three groups which are considered sepa
rately because of their specific features (Natural resource intensive goods, Auto, Aircraft). All 
other industrial products are grouped into one category (All other). for a total of 13 product 
groups. For this classification, we use an original database (SIE-Technology-Trade Database), 
which includes data for trade flows and patents granted in the USA (technology output) in 50 
sectors from 1970 to the early 1990s (Guerrieri. 1993; Amendola et al., 1992). The establish
ment of a correspondence between the Standard Industrial Classification (SIC), the reference 
nomenclature for US patents, and the Standard International Trade Classification (SITC), the 
reference nomenclature for international trade, has made it possible to set up the database 
used here (Guerrieri and Tylecote, 1994). The latter makes it possible to analyze and compare 
trade and technological performances for countries in individual industries (or product 
groups) during different time-frames. 
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country's relative strength and its relative weakness in terms of trade and techno
logical indicators. We stress relative: thus in Italy, which patents little, high figures 
for technology are still poor by international standards; likewise for Britain on trade. 
Note also that the technology figures are less reliable for the USA because they 
relate to domestic patenting (Amendola et ai., 1992). An overview of the evidence 
related to single countries' patterns of sectoral trade and technological performance 
reveals two major features. First, there are sharp differences among individual 
countries: each major country has a very different sectoral pattern of technological 
and trade advantage (disadvantage), and these national patterns show considerable 
stability over time. Second, each country succeeds not in isolated sectors, but in 
clusters of sectors connected through vertical and horizontal relationships at techno
logical and production levels. The growing internationalization of industries and of 
competition seems not (yet?) to have changed these national specificities. 

Let us recall the broad lines of our hypothesis, pairing requirements and national 
characteristics for each technological family or subfamily. In the mechanical and 
electrical sectors in general we saw a high demand for functional interaction around 
production, interclass vertical interaction, external interaction within industry, firm
specific perceptiveness in finance, and (at least in capital goods) trained manpower, 
graduate and intermediate. These requirements correspond well to the character
istics of four of our group of countries: Japan, Germany, Switzerland, and Sweden. 
All scored high on each of those requirements, except for Sweden's moderate score 
on trained manpower. We would therefore expect strong performance from these 

Table 5.8 Germany: specialization and performance in technology and trade 

Germany Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70-73 89-92 70-73 89-92 

Mechanical capital goods 9.0 11.8 116 134 25.6 20.8 176 159 
Mechanical intermediate goods 6.3 8.3 82 94 21.7 18.6 150 143 
Mechanical consumer goods 9.5 11.0 122 125 21.7 18.2 150 139 
Electronics capital intermediate goods 6.3 6.0 82 69 17.4 9.3 120 71 
Electronics consumer goods 5.9 5.2 77 60 11.9 7.1 82 55 
Chemical volumes 7.4 9.1 95 104 17.0 14.6 117 112 
Chemical effects 11 .6 13.8 150 157 21.9 17.3 151 133 
Drugs and biotechnology 8.8 10.6 114 121 16.5 13.2 113 101 
Chemical consumer goods 8.0 11.0 104 126 19.3 15.0 133 115 
Natural resource intensive goods 6.3 8.6 82 98 10.0 10.1 69 78 
Autovehicles 10.6 13.1 137 149 22.5 20.8 155 159 
Aircrafts and parts 10.5 12.1 135 138 3.0 11.4 20 88 
All others 5.3 5.9 69 67 12.6 13.3 87 102 
All industries 7.7 8.8 100 100 14.5 13.0 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage, 100) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN, OECD and OTAF data, from SIE WORLD TRADE and 
TECHNOLOGY Database 
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countries in these fields. When we look at the technological and trade specialization 
indicators, we find that for Sweden, all four were above 100 (positive specialization) 
in both periods; for Germany, the results are the same except for Mechanical 
intermediate goods. Results for Japan and Switzerland are more patchy: Switzer
land, of course, has no auto industry while Japan increasingly shines in that area. 
Switzerland, on the other hand, is extremely strong in capital goods while Japan has 
edged towards strength there (initial weakness due to late development, pre
sumably). Both have seen weakening positions on trade in consumer goods while 
their technology has strengthened; this we take to be a labor-intensive area and these 
are now high-wage nations. 

The other four countries should do, and do do, markedly less well in this area. The 
UK scores poorly on the first four of the key requirements specified above; the USA 
is nearly as bad (with a moderate score for external interaction within industry). For 
the later period they are both below 100 on both trade and technological measures 
in autos and consumer goods; in intermediate goods the UK is below 100 on both, 
the USA only on trade. In capital goods they are both (just) below 100 on 
technology, but above 100 on trade. It is the direction of change which is striking: in 
every single area on both measures their performance declines, except for slight 
improvements on technology in intermediate goods (USA) and consumer goods 
(UK). 

One definite prediction of strength, confirmed by the data, must be in mechanical 
capital goods for Italy - the match of characteristics to requirements is not exact, but 

Table 5.9 Japan: specialization and performance in technology and trade 

Japan Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70-73 89-92 70-73 89-92 

Mechanical capital. goods 5.6 17.9 79 85 6.6 14.4 75 138 
Mechanical intennediate goods 4.4 12.9 63 61 10.4 9.4 118 90 
Mechanical consumer goods 6.0 21.7 85 103 13.9 9.3 157 89 
Electronics capital intermediate goods 9.7 29.5 139 140 11.0 19.4 124 187 
Electronics consumer goods 16.6 43.6 236 207 34.2 26.9 386 258 
Chemical volumes 8.1 21.3 115 101 17.6 10.9 199 105 
Chemical effects 9.1 19.1 129 91 9.8 7.4 110 71 
Drugs and biotechnology 8.9 14.6 127 69 3.7 2.6 42 24 
Chemical consumer goods 4.5 9.0 64 43 3.2 2.9 36 28 
Natural resource intensive goods 5.6 16.2 80 77 3.2 4.1 36 39 
Autovehicles 7.4 33.6 105 159 9.6 21.8 108 210 
Aircrafts and parts 7.5 29.7 106 141 0.6 0.8 6 8 
All others 4.8 11.5 68 54 7.7 3.7 86 36 
All industries 7.0 21.1 100 100 8.8 10.4 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage. 100) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN. OECD and OTAF data. from SIE WORLD TRADE and 
TECHNOLOGY Database 
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given all the handicaps that a poor science base must put on other areas (see below), 
it should do relatively well here. The only real embarrassment for us is Italian 
strength in consumer goods and (on trade) in intermediates. An ad hoc explanation 
would perhaps be that the areas where Italy is strong are not particularly scale
intensive, and are susceptible to vertical disintegration relying on its good external 
interaction within industry (among small firms) and the firm-specific perceptiveness 
of its regional banks. These areas also benefit from Italy's relatively low wages in 
those same small firms. 

France is broadly mediocre on key requirements: it is poor only on interclass 
interaction, which should handicap its scale-intensive areas, and on external inter
action within industry, which should blight capital goods; but even there we must 
make an exception for external interaction where the state and large firms are linked 
(e.g., electricity generation and telecommunications equipment). 

Aircraft is very much a separate case. Here we do not believe our technology data, 
where it shows that Japan is relatively stronger than the USA. Our trade data 
confirm what everyone knows, that this is an industry where the USA dominates, 
where Britain and France are strong, and which Japan has not succeeded in re
entering seriously since the war. Italy is weak and Switzerland has little involvement 
or ambition here. Germany is rather active technologically and strengthening in 
trade. Our hypothesis is frankly useless here: it is the outcome of World War II that 
is clearly the key determinant of competitive position in this industry, perhaps 

Table 5.10 France: specialization and performance in technology and trade 

France Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70--73 89-92 70--73 89-92 

Mechanical capital goods 3.3 3.5 107 106 7.2 5.8 101 89 
Mechanical intermediate goods 2.7 3.1 87 96 8.2 7.3 115 112 
Mechanical consumer goods 2.1 2.4 67 72 4.5 5.8 64 89 
Electronics capital intermediate goods 2.8 3.0 91 90 6.9 4.6 96 70 
Electronics consumer goods 2.1 2.6 69 78 3.2 3.5 44 54 
Chemical volumes 2.9 3.0 96 93 10.4 8.9 146 136 
Chemical effects 3.7 4.0 121 120 7.6 7.7 106 118 
Drugs and biotechnology 5.1 4.3 167 132 7.6 9.2 107 141 
Chemical consumer goods 3.4 5.7 110 173 19.9 24.3 280 373 
Natural resource intensive goods 2.9 4.2 95 126 5.2 5.7 73 88 
Autovehic1es 4.2 2.8 136 84 9.1 8.0 128 123 
Aircrafts and parts 5.6 4.0 181 123 6.5 11.5 92 176 
All others 2.4 3.0 79 90 10.5 6.7 147 102 
All industries 3.1 3.3 100 100 7.1 6.5 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage, 100) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN, OECD and OT AF data, from SIE WORLD TRADE and 
TECHNOLOGY Database 
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slightly modified by the German government's determination to buy its way back 
in. 

The electronics subfamily has a somewhat different set of key requirements, 
particularly in capital and intermediate goods. There, a strong science base comes in, 
and interclass vertical interaction goes out; as to finance, industry-specific expertise 
is in, firm-specific perceptiveness out. Functional interaction around production is 
not so important in electronic capital goods as in mechanical and electrical. One 
country quite well matched to the requirements of capital and intermediate goods in 
this subfamily is the USA; and it does do well there on trade specialization. Japan's 
match is imperfect only on finance, and its performance here is good. None of the 
European countries are strong: Switzerland's once strong trade performance is 
clearly sliding, and, from lower starting bases, so is that of Germany, Sweden, 
France, and Italy. The modest exception is the UK, where we may offer the ad hoc 
explanation that it is home to strong US and Japanese multinationals, some of which 
have acquired UK firms. 

For Germany, Switzerland, and Sweden, our hypothesis fails to predict this 
weakness, at least by comparison with Japan. However, these areas are upstream of 
consumer electronics, where Japan's performance is excellent and theirs is poor -
again, like the other Europeans with the partial exception of the UK (which again 
has had heavy investment from Japan). Given the importance of consumer electron
ics, we can salvage our 'upstream' explanation if we can explain the pattern here. We 
can do so to some extent. Japan's match of characteristics to requirements is good, 

Table 5.11 Italy: specialization and performance in technology and trade 

Italy Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70--73 89-92 70--73 89-92 

Mechanical capital goods 1.2 1.8 112 136 6.3 7.6 119 145 
Mechanical intermediate goods 0.8 1.1 77 81 6.8 8.7 129 166 
Mechanical consumer goods 2.7 2.9 265 214 19.5 13.0 368 247 
Electronics capital intermediate goods 0.7 0.8 69 62 4.3 2.8 82 52 
Electronics consumer goods 0.7 0.9 65 63 3.9 1.4 73 26 
Chemical volumes 1.0 1.2 99 85 4.6 5.6 88 107 
Chemical effects 1.8 2.1 176 154 5.2 3.9 97 74 
Drugs and biotechnology 1.5 2.7 150 196 5.3 3.7 101 70 
Chemical consumer goods 1.0 0.9 95 65 2.0 4.1 39 78 
Natural resource intensive goods 0.9 1.1 89 80 5.2 4.7 98 88 
Autovehicles 1.0 1.4 94 106 5.1 3.9 97 74 
Aircrafts and parts 0.9 1.3 87 93 2.2 3.4 42 64 
All others 0.8 1.3 77 96 6.1 5.3 116 101 
All industries 1.0 1.4 100 100 5.3 5.3 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage, 100) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN, OECD and OTAF data, from SIE WORLD TRADE and 
TECHNOLOGY Database 
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but not perfect: thus in a scale-intensive assembly industry, good interclass inter
action, which Japan has, is important. On the other hand, we have set the require
ments for functional interaction as high for sales/marketing (in a fast-moving 
consumer goods industry) but have only given Japan a score of moderate there. The 
USA falls down on interaction with production, and interclass interaction, which can 
explain its rather poor and deteriorating performance. Almost all the Europeans are 
either poor on interaction with sales/marketing (Germany, Switzerland) or on 
interclass interaction (UK, France, Italy) - except Sweden: its only relevant defi
ciency is its moderate score on interaction with sales/marketing. 

The chemicals family is very different in its requirements. The biochemicals 
subfamily (pharmaceuticals and agrochemical) is demanding on interaction with 
sales/marketing, vertical integration within management, science base, graduate 
technical manpower, and industry-specific expertise from finance. That gives it a 
near perfect match with the US characteristics; and the US trade performance in 
drugs and biotechnology is good. The next nearest match is for the UK, which does 
even better. Sweden's match is also good, which fits its dramatic improvement in 
trade (if we leave aside the low starting-point) though less well its technological 
performance. Japan can gain nothing in biochemicals from its high interaction with 
production, interclass interaction, external interaction, and firm-specific perceptive
ness, and it loses from its poor science base and lack of industry-specific expertise in 
finance: its poor performance is therefore not surprising. Germany's match and 
performance are both mediocre. Italy has no obvious qualifications for success and 

Table 5.12 Switzerland: specialization and performance in technology and trade 

Switzerland Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70-73 89-92 70-73 89-92 

Mechanical capital goods 1.8 2.0 102 133 4.6 4.5 216 219 
Mechanical intermediate goods 1.2 1.2 65 78 2.2 2.5 101 124 
Mechanical consumer goods 2.1 2.2 116 149 2.4 1.4 111 69 
Electronics capital intermediate goods 1.4 1.0 80 69 6.4 2.8 297 135 
Electronics consumer goods 0.6 0.4 33 25 0.9 0.6 43 29 
Chemical volumes 1.1 1.3 58 85 0.5 1.1 24 56 
Chemical effects 4.7 3.0 261 200 5.5 4.0 255 195 
Drugs and biotechnology 4.9 3.0 272 204 9.6 8.9 449 436 
Chemical consumer goods 1.9 1.4 104 92 4.1 3.1 192 152 
Natural resource intensive goods 0.7 0.8 36 55 0.8 1.0 37 51 
Autovehicles 0.6 0.6 31 39 0.2 0.2 9 11 
Aircrafts and parts 0.7 0.6 37 42 0.2 0.4 7 21 
All others 1.3 1.3 72 90 1.2 1.4 57 67 
All industries 1.8 1.5 100 100 2.1 2.0 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage, 100) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN, OECD and OTAF data, from SIE WORLD TRADE and 
TECHNOLOGY Database 
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its poor trade performance is therefore unsurprising. Given France's poor inter
action within management and mediocre science base in bio-fields, its good perform
ance is surprising; but the great mismatch in this field is Switzerland, since we have 
scored it as poor on industry-specific expertise and interaction with sales/marketing, 
and yet its performance is superb. 

For chemical consumer goods, the key requirement is interaction with sales/ 
marketing; other modest requirements are interaction with production, within 
management, interclass, and in firm-specific perceptiveness. There is no perfect 
match, but Sweden comes closest - embarrassingly, since its performance is poor. 
Nor do we succeed in predicting the good performance of the UK, France, and 
Switzerland. 

As to the other chemicals subfamily, we have roughly divided it into 'effects' and 
'volume' products - the latter including metals; it is the chemistry base of the 
technology which is definitive. 'Effects' makes heavy demands on the science base, 
and it is notable that we have given every country a high score here except France 
and Japan (moderate) and Italy (low). It also demands a high score on trained 
manpower and (increasingly) external interaction. These requirements suit Switzer
land and Germany well, and their performance is good. The requirement for 
external interaction (but no other) should cause problems for the USA and the UK; 
their performance is rather less good. What is unexpected is the deteriorating 
performance of Japan - which of course scores high on external interaction - and the 
very poor performance of Sweden - which seems to meet the req uirements as well as 

Table 5.13 Sweden: specialization and performance in technology and trade 

Sweden Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70-73 89-92 70-73 89-92 

Mechanical capital goods 1.5 1.4 137 150 3.5 2.5 133 142 
Mechanical intermediate goods 1.4 1.3 128 144 2.9 2.0 110 113 
Mechanical consumer goods 1.4 1.5 122 167 3.8 2.0 144 110 
Electronics capital intermediate goods 0.9 0.6 78 71 3.1 1.4 119 76 
Electronics consumer goods 0.5 0.3 41 31 0.9 1.2 33 65 
Chemical volumes 1.0 0.7 89 75 3.4 2.6 128 143 
Chemical effects 0.4 0.3 37 36 1.3 1.1 49 61 
Drugs and biotechnology 1.2 0.7 106 76 1.1 3.0 43 164 
Chemical consumer goods 1.0 0.3 87 35 1.9 1.1 72 63 
Natural resource intensive goods 0.8 0.8 71 82 1.3 1.4 48 77 
Autovehicles 1.2 1.0 110 106 3.1 2.4 117 133 
Aircrafts and parts 1.1 0.9 % 100 0.6 0.9 24 49 
All others 1.1 1.1 100 115 0.8 0.8 29 43 
All industries 1.1 0.9 100 100 2.6 1.8 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage, 100) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN, OECD and OTAF data, from SIE WORLD TRADE and 
TECHNOLOGY Database 
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any. Finally, for 'volume' chemicals the only strong requirement is interaction with 
production, which should advantage Germany, Sweden, Switzerland, and Japan. In 
general they do well, except for Switzerland - which we may suppose is poorly 
located for the bulk inputs required. The rest in general do rather poorly, except for 
France in trade. 

6. Concluding remarks 

We have argued that the trade and technological (patents) performance of countries 
can be explained by the degree of 'fit' between the 'behavioral' and 'external' 
requirements of specific industries and 'subfamilies', and the extent to which 
countries meet these requirements. We have, more or less tentatively, scored 
industries and countries accordingly, and reviewed how far the degree of fit ex
plained the performance for the early 1970s, the late 1980s, and the direction of 
change between. Pending a formal statistical test, we conclude that our hypothesis 
accounts for the facts quite well. The deviation of fact from prediction is greatest for 
Sweden and Switzerland. For these countries we may point out that they are by far 
the smallest in our sample, obliged to specialize and with relatively few firms in each 
area: their performance therefore hangs on the decision and quality of rather few 
individuals in each area. These small countries are particularly affected by a factor of 
general relevance, 'path dependence': where industries can and do go is partly 
determined by where they are and therefore where they have been (Arthur, 1989). 

Table 5.14 USA: specialization and performance in technology and trade 

USA Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70-73 89-92 70-73 89-92 

Mechanical capital goods 66.2 49.7 97 95 19.1 12.8 143 109 
Mechanical intermediate goods 73.5 60.1 108 115 13.3 9.9 100 85 
Mechanical consumer goods 67.6 47.3 99 90 8.2 7.0 62 59 
Electronics capital intermediate goods 69.5 50.4 102 96 24.1 17.3 181 148 
Electronics consumer goods 64.4 37.3 94 71 13.1 10.2 99 87 
Chemical volumes 68.3 53.1 100 101 7.6 6.5 57 55 
Chemical effects 59.5 49.1 87 93 15.8 13.2 119 112 
Drugs and biotechnology 59.6 50.0 87 95 15.0 14.5 112 124 
Chemical consumer goods 72.3 59.0 106 112 12.9 9.3 97 79 
Natural resource intensive goods 71.8 58.2 105 111 8.4 8.8 63 75 
Autovehicles 65.6 38.9 96 74 17.4 10.5 131 90 
Aircrafts and parts 61.9 42.5 91 81 58.7 40.6 441 346 
All others 74.8 63.4 110 121 22.7 14.8 170 126 
All industries 68.3 52.5 100 100 13.3 11.7 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage 1(0) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN, OECD and OTAF data, from SIE WORLD TRADE and 
TECHNOLOGY Database 
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The most obvious case in point is the aircraft industry, which in Germany, Italy, and 
Japan was destroyed in the aftermath of their defeat in World War II. However path 
dependence has less obvious effects. It is at work when a country's supporting 
institutions and organizations are moulded to suit its pattern of specialization -
which provides positive feedback, except in very rare cases where external require
ments of industries change drastically. It is at work also when the behavioral 
characteristics of management in an industry are molded by the pressures of 
competition and other factors. They may then diverge, in a particular country, a long 
way from its 'predispositions'. 

There is one more problem for our approach: 'globalization'. It is important not to 
overstate the extent to which innovation has been globalized: as Patel (1995) and 
Humbert (1993) have shown, most R&D is done in the home country of the firm 
responsible; and R&D is not the same as innovation, which involves senior man
agers, marketing managers, and 'lead' factories which are even more likely than 
laboratories to be located near headquarters. Likewise, even where firms locate their 
R&D (etc.) abroad, their innovative performance may be greatly affected by factors 
bearing on their top management from within the country in which they are based -
the character of its financial system, for example. However, we must accept that for 
relatively small countries -like Sweden and Switzerland - the 'denationalization' of 
innovation has gone relatively far. For other countries, globalization affects our 
measures much more than the underlying reality. For example, we may judge that 
Matsushita is and remains a thoroughly Japanese firm in which success is determined 

Table 5.15 UK: specialization and performance in technology and trade 

UK Technological Technological Trade Trade 
performance specialization performance specialization 

(1) (2) (3) (4) 
71-75 87-91 71-75 87-91 70--73 89-92 70--73 89-92 

Mechanical capital goods 4.6 3.1 110 96 10.4 6.4 135 112 
Mechanical intermediate goods 3.9 2.9 94 90 9.2 5.0 119 87 
Mechanical consumer goods 3.5 2.8 83 88 7.1 3.1 93 54 
Electronics capital intermediate goods 3.8 3.0 90 96 8.8 7.1 114 124 
Electronics consumer goods 3.8 3.4 92 106 5.8 4.8 75 84 
Chemical volumes 4.5 3.3 107 103 6.5 5.5 85 97 
Chemical effects 4.4 3.2 106 100 7.9 6.7 103 117 
Drugs and biotechnology 4.6 6.5 111 205 9.7 9.4 125 164 
Chemical consumer goods 5.1 6.5 121 205 13.7 10.6 178 185 
Natural resource intensive goods 4.8 3.2 115 100 6.9 5.2 89 90 
Autovehicles 4.9 2.6 118 81 9.1 4.3 118 75 
Aircrafts and parts 8.2 4.3 196 136 13.2 10.6 171 185 
All others 3.1 2.5 75 79 6.2 4.8 80 84 
All industries 4.2 3.2 100 100 7.7 5.7 100 100 

(1) A country's share of patents registered in the USA in product group i 
(2) The ratio of country's share of patents registered in the USA in product group i to the share of the 
same country in total US patents (percentage, 100) 
(3) A country's share of world exports in product group i 
(4) The ratio of country's share of world exports in group i to the share of the same country in total 
world exports (percentage) 
Source: Elaborations on UN, OECD and OTAF data, from SIE WORLD TRADE and 
TECHNOLOGY Database 
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by the sort of behavioral and external characteristics we have described for Japan. It 
may nonetheless do much (and in future, most) of its patenting from R&D labo
ratories as well as its factory production in regions which lie outside Japan. In that 
case our database will reflect less and less the fact that the profits from its innova
tions accrue to, and the causes of its success arise from, Japan. But that is largely a 
problem for the future. 
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CHAPTER SIX 

Sectoral Innovation Systems: 
Technological Regimes, 
Schumpeterian Dynamics, and Spatial 
Boundaries 
Stefano Breschi and Franco Malerba 

1. Introduction 

The recent literature on technical change and innovation has identified two major 
concepts of innovation systems: National Innovation Systems (NIS) and Techno
logical Systems (TS). The former takes the geographical boundaries of the innova
tion system as given and analyzes the working of that composite and varied set of 
actors involved in the innovation and diffusion processes - firms, universities, 
professional schools, public research institutes, and the government - and the links 
among them (Freeman, 1987; Nelson, 1993). The 'national' boundaries aim at 
identifying actors that share a common culture, history, language, social and political 
institutions (Lundvall, 1993). As such, the NIS approach places a major emphasis on 
the role of nation states. A related set of contributions have analyzed 'Local' 
Innovation Systems (LIS). Here the boundaries refer to a specific region or area 
characterized by well defined historical, social, cultural, or productive features. It 
must be noted that both the NIS and the LIS perspectives do not focus on specific 
industries or technologies. Rather, they focus on the whole set of industries active in 
a specific country or region and on the institutions supporting them. 

The concept of Technological Systems (TS), on the contrary, is more technology 
and industry specific. Originally, it had been defined as a 'network of agents 
interacting in a specific economic/industrial area under a particular institutional 
infrastructure' (Carlsson and Stankiewicz, 1991: 111). According to such definition, 
therefore, a greater emphasis is placed on the way specific clusters of firms, 
technologies, and industries are related in the generation and diffusion of new 
technologies and on the knowledge flows that take place among them. 

In this chapter we take a somewhat different point of view. We will focus on 
Sectoral Innovation Systems (SIS). In order to understand what SIS are, think of the 
following cases. In some industries one may find few very large firms competing 
fiercely at the national and global levels, while in others one finds a large number of 
small firms (most of them new) which are scattered geographically. Some industries 
are characterized by several firms located in specific geographical areas which 
cooperate in the innovation process: competition here takes place between regions 
(within and across countries) rather than between firms. And in other industries one 
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finds a few large firms competing at the global level, but cooperating intensively at 
the local level with small specialized producers. These examples allow us to delin
eate the concept of SIS. An SIS is composed of those firms that are active in the 
innovative activities of a sector. More accurately, a Sectoral Innovation System (SIS) 
can be defined as that system (group) of firms active in developing and making a 
sector's products and in generating and utilizing a sector's technologies; such a 
system of firms is related in two different ways: through processes of interaction and 
cooperation in artefact-technology development and through processes of competi
tion and selection in innovative and market activities. 

This definition must be further qualified in order to identify the theoretical 
domain to which the concept of SIS can be applied and to compare it with other 
approaches in the literature. One should note, first of all, that the central actors of 
SIS are private firms. This is not to neglect the fundamental role played by other 
agents and organizations in affecting innovative activities and in setting rules of 
competition, as pointed out by both the NIS and TS perspectives, but simply to 
accent the fact that competition and selection processes involve firms with different 
capabilities and innovative performances. 

Second, the perspective offered by SIS is different from the TS notion. While the 
concept ofTS looks at networks of vertically as well as horizontally connected agents 
and organizations engaged in the development of specific technologies, the concept 
of SIS focuses on competitive relationships among firms by explicitly considering the 
role of selection environment. In fact, by looking at relatively homogeneous sectors, 
it includes the quite articulated and dynamic processes of competition and selection 
acting upon firms and products. The overall dynamics in the population of firms 
active in a sector is therefore a central concern of the SIS approach. 

Third, the SIS perspective comes to grip with the geographical boundaries of 
innovative activities, which are taken as given in the NIS or LIS approaches. By 
focusing on the sources of knowledge and on the role played by geographical space 
in the processes of knowledge transmission, the boundaries of SIS are endogenous: 
they emerge from the specific conditions of each sector. As a matter of fact, different 
industries may have different competitive, interactive, and organizational bound
aries which are not necessarily national. Firms in some industries may compete at the 
global level but have a local organization. In other industries firms may compete at 
the regional level, but rely on equipment and materials supplied by foreign firms, 
and so forth. 

Finally, the concept of SIS bears some relationships with taxonomies and cate
gories proposed in the technical change literature. Paying attention to differences 
among sectors in the modes of learning and in the means of innovation protection, 
the concept of SIS shares many aspects with Pavitt's well-known taxonomy (Pavitt, 
1984). In addition, by stressing the role played by sector and technology specific 
factors, it also has some antecedents in the notions of technological trajectories and 
paradigms (Dosi, 1982). 

With such qualifications in mind, this chapter will try to answer the following 
questions: 

• What are the fundamental forces that account for the dynamics of SIS? 
• What shapes the spatial boundaries of innovative activities across sectors? 
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Our basic claim is that the forces that account for the dynamics of SIS and shape their 
spatial boundaries should be found in some specific features of technologies. Such 
features define broad prescriptions and trade-offs and ultimately shape and broadly 
determine the nature and intensity of competition and selection processes, the 
geographical distribution of innovative activities, and the relevant boundaries of the 
innovative process. To summarize these forces, we use the concept of Technological 
Regime (TR). A TR is defined by the level and type of opportunity and appro
priability conditions, by the cumulativeness of technological knowledge, by the nature 
of knowledge, and the means of knowledge transmission and communication. 

Some remarks are needed in order to qualify such statements. In the first place, it 
must be noted that while the notion of TR discussed in this chapter places the 
explanatory burden of SIS upon technology-specific factors, we do not deny the major 
role of institutional factors in shaping the evolution of SIS. SIS show high degrees of 
institutional and organizational specificity as a result of historical, path-dependent 
processes in which the accumulation of idiosyncratic competencies by firms, the 
working of specific organizations and institutions rooted in a country or region, and 
the policies promoted by governments playa fundamental role (Nelson, 1993; Foray 
in this book; Smith in this book). Far from neglecting the role of institutions and non
firm organizations, however, our claim here is simply that some specific properties of 
technologies (i.e., TR) crucially affect the structure of innovative activities and the 
dynamics in the population of innovators across different sectors. 

A second and related point is that the role of organizations is to some extent 
embedded in the very notion of TR. The level of technological opportunities, for 
example, crucially depends on the fundamental research carried out by university 
departments and by national research laboratories (Nelson, 1993). Similarly, the 
degree of technological appropriability remarkably differs from one organizational 
context to another (Ordover, 1991). Finally, both conditions of appropriability and 
cumulativeness have strategic and organizational dimensions, being dependent 
upon the policies and the competencies of specific firms (Malerba and Orsenigo, 
1994). 

In the third place, it must be noted that more than one selection environment may 
well coexist within a given sector. In such circumstances, the competitive dynamics 
may differ remarkably across groups of firms, leading to the co-existence of different 
SIS. While aware of this possibility, in order to keep the analysis at a simple and 
general level the assumption of homogeneous sectors will be made throughout the 
chapter. 

Finally, it must be pointed out that SIS and TR are likely to co-evolve. In other 
words, not only SIS are affected by technology-specific factors (i.e., TR) but the way 
innovative activities are organized within a sector (i.e., SIS) is also likely to change 
some of the parameters defining the prevailing technological regime. For example, 
cumulativeness of technological knowledge is also likely to increase over time as 
sectors become more and more concentrated and established firms accumulate 
competencies and resources. However relevant it may be, the issue of co-evolution 
of SIS and TR goes beyond the scope of this chapter. 

This chapter examines the relationship between TR and SIS according to three 
dimensions. These dimensions are also measurable and empirically testable for a 
large set of industries: 
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• Schumpeterian dynamics of innovators. This dimension refers to the processes of 
competition and selection among firms. At the empirical level, this dimension 
relates to various measures of industrial dynamics within a country, such as the 
number, size, and concentration of innovators, their change over time, and the 
degree of turbulence (innovative natality and mortality). 

• Geographical distribution of innovators. This dimension refers to the geograph
icallocation of innovators and innovative activities within a country. Innovative 
activities can be either randomly dispersed across a large number of regions or 
highly concentrated within a few regions and metropolitan areas. 

• Knowledge spatial boundaries of firms' innovative process. This last dimension 
refers to the geographical location of technological and scientific knowledge 
accessed by innovative firms and to the geographical boundaries within which 
innovative firms are able to look for new knowledge. Relevant knowledge may 
reside within a local area or within national borders, or it may flow across 
countries or be available only in specific centers of excellence scattered around 
the world. 

This chapter is organized as follows. In the next section, the notion of technological 
regime is introduced and discussed. Particular attention is devoted to the basic 
mechanisms by which the specific properties of each technology can affect the 
Schumpeterian dynamics of innovators, their geographical distribution, and the 
spatial organization of innovative processes. In section three, five examples of SIS 
are delineated and discussed. Section four provides some empirical evidence of the 
relationship between TR and SIS. Finally, section five provides some concluding 
remarks and directions for future research. 

2. Technological regimes and sectoral innovation systems 

2.1. Some definitions 

The notion of Technological Regime (TR) dates back to the works of Nelson and 
Winter (1982) and Winter (1984). They have convincingly shown that the techno
logical environment described in terms of opportunity and appropriability condi
tions has major effects on the intensity of innovation, the degree of industrial 
concentration, and the rate of entry in an industry. More than firm size or demand, 
these variables appear to be the most relevant factors affecting the dynamics of 
market structure and innovation, as various authors have pointed out (Gort and 
Klepper, 1982; Cohen and Levin, 1989; among others). In recent times, this notion 
has been further developed by Malerba and Orsenigo (1990, 1993,1994). According 
to them, a technological regime can be broadly defined by the particular combina
tion of four fundamental factors: 

• opportunity conditions; 
• appropriability conditions; 
• cumulativeness of technological knowledge; 
• nature of the relevant knowledge base. 
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2.1.1. Opportunity conditions 

Opportunity conditions reflect the likelihood of innovating for any given amount of 
money invested in search. More precisely, four basic dimensions of opportunity can 
be identified: level, pervasiveness, sources, and variety. 

Level 

Generally speaking, opportunity conditions may be high or low. High opportunities 
provide powerful incentives for undertaking innovative activities and denote an 
economic environment in which potential innovators with a given amount of 
resources devoted to search may come up with technological innovations in easier 
ways. 

Variety 

In some cases, a high level of opportunity conditions is associated with a potentially 
rich variety of technological solutions, approaches, and activities. This is particularly 
so in the early stages of an industry life cycle. As Abernathy and Utterback (1975) 
and Abernathy and Clark (1985) among others have pointed out, in the pre
paradigmatic stage of technologies, when a dominant design has not yet been 
defined, firms may search in various directions and come up with different techno
logical solutions. Later on, in the paradigmatic stage, when a dominant design has 
emerged, technical change may proceed along specific trajectories so that the variety 
of radically different technological solutions is reduced. The search shifts to improv
ing the performance and reliability of existing products and to increasing the 
efficiency of the production process. 

Pervasiveness 

In case of high pervasiveness, new knowledge may be applied to several products 
and markets, while in case of low pervasiveness new knowledge applies only to a few 
(eventually one) products and markets. 

Sources 

The sources of technological opportunities markedly differ among technologies and 
industries. As Freeman (1982), Rosenberg (1982), Nelson (1986), and others have 
shown, in some industries opportunity conditions are related to major scientific 
breakthroughs in universities. In other sectors, opportunities to innovate may often 
come from advancements in R&D, equipment, and instrumentation, as well as from 
endogenous learning. In still other sectors, external sources of knowledge in terms of 
suppliers or users may playa crucial role. 
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2.1.2. Appropriability conditions 

Appropriability conditions summarize the possibilities of protecting innovations 
from imitation and of reaping profits from innovative activities. Two basic dimen
sions characterize a regime of innovative protection: level and means of appro
priability. 

Levels of appropriability 

Broadly speaking, industrial sectors can be ranked according to high or low appro
priability conditions. High appropriability conditions signify that ways exist success
fully to protect innovation from imitation. Low appropriability conditions denote 
an economic environment characterized by widespread knowledge externalities 
(spillovers) . 

Means of appropriability 

Firms utilize a variety of means to protect their innovations, ranging from patents to 
secrecy, continuous innovations, and the control of complementary assets (Levin et 
a/., 1987; Teece, 1986). The effectiveness of these means of appropriability largely 
differs from industry to industry, thus affecting the level as well as the nature of 
knowledge externalities. 

2.1.3. Cumulativeness 

Cumulativeness can be formally defined as the degree of serial correlation among 
innovations and, more broadly, innovative activities. It represents the probability of 
innovating at time t+/ conditional on innovations at time t or on innovations in 
previous periods. In more general terms, cumulativeness denotes an economic 
environment characterized by relevant continuities in innovative activities. From 
these definitions, one can identify four different levels of cumulativeness: 

Technological level 

Cumulativeness may simply refer to the specific features of technologies and to the 
cognitive nature of learning processes. 

Firm level 

Cumulativeness at the firm level arises whenever the continuity of innovative 
activities strongly depends on the competencies of specific firms. However, this kind 
of cumulativeness may also be related to an organizational dimension or to firm size. 
A large R&D laboratory or the availability of major internal financial resources may 
be a continuous source of innovative advantages to those large firms active in 
technologies characterized by major indivisibilities in R&D projects and costly 
innovation processes. It should be also noted that high cumulativeness at the firm 
level implies high appropriability of innovations. 
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Sectoral level 

Cumulativeness at the industry level may be present if low appropriability condi
tions are present and the relevant knowledge base for innovation diffuses widely 
across firms in a sector. 

Local level 

Finally, cumulativeness may take place at the local level, because it may be linked to 
the technological competencies and innovative capabilities of the firms located in a 
specific geographical area. High cumulativeness within specific locations is more 
likely to be associated with low appropriability conditions and spatially localized 
knowledge spillovers. 

2.1.4. Knowledge base 

Sectors may greatly differ also in terms of the properties of the knowledge upon 
which firms' innovative activities are based. Two major characteristics of the 
knowledge base are going to be considered in this chapter: the nature of knowledge 
and the means of knowledge transmission and communication. 

Nature of knowledge 

Technological knowledge involves various degrees of specificity, tacitness, complex
ity, and independence (Winter, 1987). In particular, one may note what follows: 

• generic vs. specific: in a sector the knowledge base may be of a generic nature or 
specific to well defined application domains; 

• degree of tacitness: in a sector the knowledge base underpinning innovative 
activities may be primarily tacit and local or codified and easily transferable 
across agents; 

• degree of complexity: similarly, the relevant knowledge base may show relatively 
high or low degrees of complexity in terms of: (a) integration of different scientific 
and engineering disciplines and technologies needed for innovative activities; (b) 
variety of competencies (such as R&D, manufacturing equipment, engineering, 
production, and marketing) needed for innovative activities; 

• degree of independence: the knowledge relevant to the innovative activities may 
be easily identifiable and isolated or rather it may be part of (and therefore 
embedded within) a larger system. 

Means of knowledge transmission 

The characterization of a technology according to each of these four dimensions 
strongly affects the ways firms can effectively get access to the relevant knowledge. 
Broadly speaking, one can argue that the more knowledge is ever-changing, tacit, 
complex, and part of a larger system, the more relevant are informal means of 
knowledge transmission, like 'face-to-face' talks, personal teaching and training, 
mobility of personnel, and even acquisition of entire groups of people. Moreover, it 
should also be stressed that such means of knowledge transmission are extremely 
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sensible to the distance among agents (Pred, 1966). On the other hand, the more that 
knowledge is standardized, codified, simplified, and independent, the more relevant 
are formal means of knowledge communication, such as publications, licenses, 
patents, and so on. In such circumstances, one can argue that geographical proximity 
does not play a crucial role in facilitating the transmission of knowledge across 
agents (Lundvall, 1988)} A fundamental implication of this argument is that the 
nature of knowledge strongly affects the way technological opportunities and 
knowledge externalities are transmitted among distant firms. However, it must be 
also noted that without specifying other conditions, we cannot discuss the choice 
between alternative organizational boundaries which may delimit local knowledge 
externalities. In fact, in a situation where, for example, the knowledge is tacit and 
complex, either a single large firm or several small firms located in an industrial 
district may both be viable organizational solutions. 

The relevant dimensions of technological regimes are reported in Table 6.1. 
Building on such definitions, in the following section we explore the basic mecha
nisms through which, by shaping innovative activities, competition, and selection 
processes, the specific properties of each technological regime affect the relevant 
features of SIS in terms of Schumpeterian dynamics of innovators, geographical 
distribution of innovators, and knowledge spatial boundaries of innovative pro
cesses. 

2.2. Some examples of the relationship between TR and SIS 

The following discussion examines first some of the relationships between TR and 
the Schumpeterian dynamics of innovative firms. It then moves to discuss the effects 
of TR on the geographical distribution of innovators. Finally, it concludes by 
analyzing the role of TR in determining the knowledge spatial boundaries of firms ' 
innovative activities. 

2.2.1. TR and the Schumpeterian dynamics o/innovators 

The role of TR in affecting the Schumpeterian dynamics of innovators has been 
thoroughly explored in recent years by Malerba and Orsenigo (1990, 1993, 1994). 
Trying to summarize the major features of the competitive process under different 
TR, one may note the following points: 

Table 6.1 Relevant dimensions oflechnological regimes (TR) 

Opportunity Appropriability Cumulativeness Knowledge base 

Level Level Technology Generic/specific 
Pervasiveness Means Firm Tacit/codified 
Variety Sector Simple/complex 
Sources Area Independent/system 

1 It must be noted that some of the features of knowledge may change during the evolution 
of a specific sector or technology: for example. the degree of codification, independence or 
complexity. 
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• Ceteris paribus, TR characterized by high levels of innovative opportunities are 
expected to exhibit Schumpeterian dynamics in which innovators experience 
remarkable turbulence in terms of entry and exit, a high instability in firms' 
hierarchies, and a tendency towards sectoral concentration (and therefore a low 
number of innovators). High technological opportunities allow for the continuous 
entry of new innovators. However, if successful, established firms may also end up 
in gaining a substantial leap in their relative competitiveness, thus leading to the 
elimination from the market of less successful innovators. Conversely, low 
opportunity conditions limit innovative entry and restrict the innovative growth 
of successful established firms. As a consequence, a less concentrated industrial 
structure may emerge in which the major innovators experience higher stabil
ity. 

• Ceteris paribus, high degrees of technological appropriability, by limiting the 
extent of knowledge spillovers and by allowing successful innovators to maintain 
their innovative advantages, are expected to result in a relatively higher level of 
industrial concentration and a lower number of innovators. Conversely, by 
discouraging investments in innovative activities and by determining a wider 
diffusion of the relevant knowledge across firms, low appropriability conditions 
are more likely to lead to a sectoral structure characterized by the presence of a 
large population of innovators. 

• Ceteris paribus, one would expect a high level of technological cumulativeness at 
the firm level to be associated with a rather high degree of stability in the 
hierarchy of the innovative firms and low rates of innovative entry. In such 
circumstances, the selection process favors established technological leaders. 
Existing innovators accumulate technological knowledge and capabilities and 
build up innovative advantages which play a relevant role in affecting their 
competitiveness and act as powerful barriers to the entry of new innovators. 

The interaction among these variables of a TR determines the specific Schumpe
terian pattern of innovative activities. In order to keep the discussion at a very 
simple and illustrative level, the role played by the nature of the knowledge base is 
not discussed explicitly. Moreover, we concentrate the attention on the extreme 
cases of sectors with a high rate of technical change (high opportunity conditions) 
and with, respectively, high cumulativeness and high appropriability, and low 
cumulativeness and low appropriability. With such remarks in mind, we will attempt 
to predict some general cases of simple Schumpeterian dynamics of innovators. 

Schumpeter Mark II (small and rather stable population of 
innovators) 

Conditions of high opportunity, appropriability, and cumulativeness (at the firm 
level) are generally associated with a high concentration of innovative activities, a 
low number of innovators,2 low rates of entry, and a remarkable stability in the 
hierarchy of innovators. 

2 By 'low' number of innovators we refer to the fact that the number of innovative firms is 
reduced compared with the total number of firms operating in the sector or with respect to the 
number of innovative firms in other sectors. 
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This pattern of innovative activities, broadly labeled Schumpeter Mark JJ (from 
Schumpeter, 1942), is characterized by a crucial role played by the technological 
capabilities accumulated in the past (Malerba and Orsenigo, 1990). Successful 
innovators can rapidly gain substantial shares of the market, keep them over time, 
and edge out less successful firms. In the long run, such a process is therefore likely 
to lead to a restricted population of innovators. But note that if technological 
cumulativeness is low, the resulting dynamics of innovators' population may show 
higher degrees of sectoral instability, by lowering the barriers to entry of new 
potential innovators. 

Schumpeter Mark I (large and highly turbulent population of 
innovators) 

Conditions of high opportunity, low appropriability, and low cumulativeness (at the 
firm level) are more likely to lead to a low concentration of innovative activities with 
a relatively large number of innovators, high rates of entry, and high instability in the 
hierarchy of innovators. 

This pattern of innovative activities, broadly labeled Schumpeter Mark I (from 
Schumpeter, 1934), is characterized by a large population of innovators (Malerba 
and Orsenigo, 1990). In such circumstances, improvements in firms' competitiveness 
as a result of search activities can actually be quite large, but innovations are neither 
kept proprietary nor lasting enough to produce dominant positions in the market. 
The limited levels of cumulativeness at the firm level soon make innovative advan
tages obsolete, thus leaving room for imitation and the entry of new innovators. 
Lower opportunity conditions just reinforce the Schumpeter Mark I pattern. 

2.2.2. TR and the geographical distribution of innovators 

Only very recently, some authors have started to recognize that the basic features 
defining a TR may also have consequences at the geographical level (Cohen, 1995). 
The effects of technology specific conditions are not uniformly distributed across 
locations. Rather, they tend to have quite different impacts on units located in 
various geographical areas. Consequently, one can then argue that the processes of 
learning, competition, and selection do not act simply on firms, but also on geo
graphical areas (and firms located in different regions). This determines different 
levels of geographical concentration of innovators (Breschi, 1995). TR have differ
ent spatial impacts not only through the levels (high or low) of opportunity, 
appropriability, and (firms') cumulativeness (as previously discussed for the Schum
peterian patterns of innovative activities), but also through: 

• the sources of innovative opportunities; 
• the nature of the relevant knowledge base and the means of knowledge trans

mission; 
• the extent of knowledge externalities and the relevant dimension of cumu

lativeness. 

The following points attempt to summarize the processes at work. 

• Ceteris paribus, conditions of high opportunity, appropriability, and (firms') 
cumulativeness are likely to result in a high geographical concentration of 
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innovators within each country. As mentioned before, such TR denotes an 
economic environment characterized by powerful selection pressures. In such 
circumstances, the geographical distribution of innovators closely follows, and is 
highly and positively correlated with, sectoral concentration. Conversely, one 
would expect conditions of low opportunity, appropriability, and (firms') cumu
lativeness to be associated with a relatively greater geographical dispersion of 
innovators. 

• The sources of innovative opportunities strongly affect where such opportunities 
are available and effectively transmitted to firms, therefore shaping the spatial 
location of innovators. More particularly, in those sectors in which the sources of 
opportunities are strongly related to R&D activities, universities, and public 
research organizations, one may expect a noticeable concentration of innovators 
within a few regions, especially metropolitan areas. The availability of qualified 
human capital, the location of universities and firms' headquarters, and more 
generally the existence of a dense network of interactions drives the spatial 
agglomeration of innovative activities (Howells, 1990). On the other hand, where 
suppliers and users represent fundamental sources of new knowledge, the spatial 
clustering of innovators may arise because geographical proximity plays a crucial 
role in facilitating the establishment of stable and durable relationships among 
agents, upon which the effective transfer of knowledge is based (Lundvall, 1993; 
von Hippel, 1988). 

• The nature of the relevant knowledge base and the related means of knowledge 
transmission crucially affects how firms can effectively get access to innovative 
opportunities and knowledge externalities, thus contributing to the determina
tion of the geographical location of innovators within a country. It may be argued 
that the more the relevant knowledge base underpinning innovative activities is 
tacit, complex, and part of a larger system, the more geographically concentrated 
the population of innovators will be. Under such circumstances, in fact, the 
available 'transport' mechanisms of knowledge are informal. Therefore the 
spatial proximity among agents may be of paramount importance in facilitating 
the transmission of knowledge, both within and across different organizations 
(Hagerstrand, 1967; Jaffe et al., 1993, Pred, 1966). On the other hand, the more 
the relevant knowledge base is codifiable, simple, and independent, the lower the 
friction associated with the geographical distance and therefore the lower the 
geographical concentration of innovators. 

• Finally, the effects of technological cumulativeness on the geographical distribu
tion of innovators may differ depending on the relevant dimension of cumulative
ness. If cumulativeness at the firm level is high (therefore indicating high degrees 
of appropriability), then one would expect quite high levels of concentration of 
innovators and consequently also a high geographical concentration of innova
tors. Selection here takes place on firms located in different regions (see section 
2.2.1.). On the other hand, if cumulativeness at the sectoral level is high (therefore 
indicating the existence of widespread knowledge externalities), the effects on the 
geographical distribution of innovators would crucially depend on the nature of 
such knowledge externalities and on the available means of knowledge commu
nication. In this regard, one could say that the more that knowledge is tacit, 
complex, and systemic, the more likely it is that geographical proximity plays a 
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relevant role in capturing the benefits of spillovers, thus pushing towards the 
spatial clustering of innovative activities. Conversely, the more that knowledge is 
standardized, relatively simple, and independent, and therefore quite easily 
transferable over long distances, the less spatial proximity is helpful or even 
necessary in accessing relevant knowledge. Finally, if cumulativeness at the local 
level is high (therefore indicating the importance of the local externalities and 
innovative capabilities accumulated by local firms and institutions), one may 
expect to record high levels of spatial concentration of innovators within a 
restricted number of areas. In this case, the selection process does not take place 
at the firm level. Rather it occurs among regions. 

Summing up the previous discussion, it is possible to identify some factors affecting 
the degree of geographical concentration of innovators: 

1. Innovators are geographically concentrated when there are conditions of high 
opportunity, high appropriability, and high firm cumulativeness (in this case 
spatial concentration overlaps with sectoral concentration), a relevant source of 
scientific and technological knowledge available in a specific location, or a 
knowledge base characterized by tacitness, complexity, and systemic features. 

2. Innovators are geographically dispersed when there is low opportunity, low 
appropriability, and low firm cumulativeness, or a knowledge base that is 
relatively simple and codified. 

2.2.3. TR and the spatial boundaries of knowledge in firms' 
innovative process {'knowledge spatial boundaries'} 

What are the relevant spatial boundaries of knowledge generated and used in firms' 
innovative processes? Broadly speaking, technical change and innovation always 
proceed through the interaction of many different actors and invariably involve 
some sort of knowledge communication and sharing, cross-fertilization of ideas, and 
technical and market information exchanges among individuals and organizations 
(Lundvall, 1993; Malerba, 1992; Nelson, 1993). In most cases, these interactions tend 
to take place within the borders of certain geographical areas. The actual extent of 
such boundaries may differ remarkably across sectors according to the specific 
technological conditions and the prevailing learning procedures. 

In the following pages, we will try to link the spatial boundaries of knowledge 
required in firms' innovative processes ('knowledge spatial boundaries') to the 
characteristics of the knowledge base underpinning the innovative activities in each 
sector. As mentioned above, the difficulties and the costs of transmitting a given 
piece of technological knowledge across agents are likely to increase with the 
distance among them (Hagerstrand, 1967; Pred, 1966). In other words, scientific and 
technical knowledge, far from flowing freely across space or conversely being only a 
private asset with a local dimension, is likely to exhibit various degrees of stickiness 
(von Hippel, 1994). 

Two remarks are needed here. In the first place, it must be noted that we are not 
discussing the boundaries of firms, but only the spatial boundaries of knowledge in 
firms' innovative process. The determinants of firms' specialization, vertical in
tegration, diversification, and informal as well as formal networks of interactions lie 
mostly outside the specific dimensions of TR discussed here. A first attempt to link 
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two of the dimensions of TR to the organization of innovative activities is done in 
Malerba and Orsenigo (1993). Still a thorough exploration of the organizational 
issue and of firms' boundaries requires more work with the inclusion of additional 
variables. 

Second, we are interested in discussing how geographical proximity can affect the 
transmission and communication of relevant knowledge among agents. This does 
not imply a conceptualization of space as an empty box or as a pure distance. Rather, 
the role of space is discussed in relation to the nature of knowledge and to the 
available means of knowledge transmission and communication, some of which 
strongly depend on institutional factors. In this chapter, therefore, the use of terms 
like 'local' and 'global' must be interpreted in the light of the two variables just 
mentioned. 

On the relationship between TR and knowledge spatial boundaries, the following 
statements can be made: 

• The spatial boundaries of knowledge required in firms' innovative processes 
cannot be geographically defined if the knowledge relevant to the innovative 
activities is relatively simple, generic, and non-systemic, and the opportunities to 
innovate are embodied in generic and standardized capital goods, materials, or 
intermediate inputs. This is the case of several traditional sectors. 

• The knowledge spatial boundaries in firms' innovative processes may be indif
ferently local, national, or global if the knowledge needed to innovate is complex, 
rapidly changing, specialized, and codified. Innovative firms may generate in
novations within their own boundaries, or through links and relationships with 
other innovators which provide them with specific knowledge. These innovators 
may be located within the country or around the world. In such circumstances, 
territorial proximity (outside a firm's boundary) is not likely to playa relevant 
role, as knowledge can be easily transferred through highly mobile and reliable 
means, ranging from licenses to technology alliances. This is the case of sectors 
such as telecommunications and pharmaceuticals. 

• Conversely, when innovation involves the integration of codified, specialized, and 
system specific pieces of knowledge, spatial proximity may be necessary in order 
to guarantee the effective coordination and the smooth transfer and integration 
of the knowledge required for innovation. In such a case, territorial proximity not 
only facilitates the transfer of tacit know-how but also permits the rapid and 
effective recombination of the different parts and components of a system. Think, 
for example, of the auto industry. 

• Geographical proximity may play a relevant role in still another case. If the 
knowledge underpinning innovative activities is tacit and complex and knowledge 
externalities are present, innovative activities may be generated within a re
stricted community of specialists, which share similar problems and create a 
common 'local' pool of expertise. This is the case of the mechanical engineering 
industry clustered in some industrial districts in Italy or in some regions in 
Germany and France or the software and microelectronics industries in Silicon 
Valley. 

From the previous discussion, we may advance the following two propositions 
regarding the knowledge spatial boundaries in firms' innovative processes: 
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1. Local knowledge boundaries in firms' innovative activities: The more the rele
vant knowledge base is tacit, complex, and part of larger systems, and the more 
the sources of new knowledge are associated with interdependent (systemic) 
suppliers and users, the more likely geographical proximity plays a relevant role 
in facilitating the transmission of knowledge across agents. Therefore the 
knowledge spatial boundaries of innovative processes tend to have a 'local' 
nature. 

2. Global knowledge boundaries in firms' innovative activities: The more the 
relevant knowledge base is codifiable, codified, simple, and independent, and 
the more the sources of new knowledge are associated with scientific advance
ments and generic (non-systemic) suppliers and users, the more likely spatial 
proximity does not playa relevant role in permitting the transfer of relevant 
knowledge. Therefore the knowledge spatial boundaries of innovative processes 
tend to have a 'national', 'international', or even 'global' nature. 

3. Five types of SIS 

The interaction of all these various dimensions of TR affects in various ways the 
features of SIS. Far from providing an exhaustive taxonomy of all possible cases, we 
will more simply attempt to sketch five major examples of SIS, based on case studies, 
empirical literature, and the recent PACE (Policy Appropriability and Competitive
ness of Europe) survey. In particular, the PACE survey has provided us with 
measures of opportunity, appropriability, and cumulativeness conditions for various 
sectors.3 We claim that these SIS defined in terms of Schumpeterian dynamics and 
geographical distribution of innovators and the knowledge spatial boundaries of 
firms' innovative processes are shaped by the particular dimensions of TR. 

The five patterns refer to five cases quite common in modern economies: tradi
tional sectors such as shoes and textiles, machinery and the industrial district, the 
auto industry and the local system of component suppliers, the computer mainframe 
industry, and software and microelectronics and Silicon Valley. 

3.1. Traditional sectors: many innovators, geographically 
dispersed with no specific knowledge spatial boundaries 

This type of SIS may be found in traditional sectors, like agriculture, textiles, shoes 
and clothes, wood and paper. The TR in these sectors is generally characterized by 
rather low degrees of opportunity, appropriability and (firms') cumulativeness. 
Furthermore, the relevant knowledge base for innovative activities is relatively 
simple, generic, and embodied in equipment and materials. Opportunities to in
novate are mainly related to the search for lower production costs, through the 
introduction of new capital goods, inputs, and materials coming from suppliers. The 
level of firms' technological competencies is generally low. The ability to innovate 
consists in the effective incorporation of new generic and codifiable knowledge into 

3 A detailed discussion of the PACE survey, and of the indicators of TR which it allows to 
build, cannot be pursued in this chapter for reasons of space. Tables and results are available 
from the authors on request. 
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existing products. The appropriation of competitive advantages normally rests upon 
the use of less conventional means, like trade marks, aesthetic design, and so on. 

Schumpeterian dynamics is quite limited and leads to several innovative firms 
(Le., innovators) of small size and therefore low degrees of sectoral concentration. 
Competition takes place on the basis of price as well as other non-price variables, 
like advertisement and post-sale assistance. In any case, even though some pro
ducers may be successful in the application and modification of new embodied 
knowledge and may enjoy supranormal profits, their competitive advantages are 
always eroded by other competitors. Given the prevailing conditions of low appro
priability and (firms') low cumulativeness in such sectors, it does not take long 
before other firms are able to imitate the improved production process or the new 
product. 

High degrees of geographical dispersion of innovators are likely to emerge. The 
relatively simple and codifiable nature of technological knowledge underlying the 
innovative process (part of which is already codified in equipment and materials) is 
such that spatial proximity does not playa relevant role in facilitating the transmis
sion of knowledge among firms. In addition, the low opportunity, appropriability, 
and (firms') cumulativeness conditions strongly limit the possibility of sectoral 
concentration.4 

Finally, the knowledge spatial boundaries of the innovative process are not clearly 
identifiable. On the one hand (as mentioned above), the relatively simple and 
codified nature of the knowledge base is such that spatial proximity may not playa 
relevant role in permitting the effective transfer of knowledge. In order to acquire 
the relevant inputs for their innovative activities, firms resort to external sources of 
knowledge across the world. On the other hand, the low level of firms' technological 
competencies may limit their ability to exploit distant sources of knowledge and may 
confine the external space of search within a 'local' area. From this perspective, it is 
therefore possible that producers may develop symbiotic relationships with local 
suppliers and public agencies. 

3.2. Mechanical industries and the industrial district: many 
innovators, geographically concentrated with local 
knowledge boundaries 

This type of SIS is prevailing in certain industries related to mechanical engineering 
and machinery. Here the TR presents a combination of medium opportunity, low 
appropriability, and high (firms') cumulativeness. The knowledge base underlying 
the innovative as well as the productive activities involves high degrees of tacitness 
and specificity, although it may be quite simple and codifiable in some of its generic 
aspects. Technological trajectories consist in the continuous improvements of prod
ucts in terms of performance and reliability and in the tailoring of products to 
specific users' needs, within specific application contexts (von Hippel, 1988). 

Schumpeterian dynamics here are affected by the medium level of opportunity 
and the low level of appropriability conditions, so that the patterns of innovation are 

4 Actually, there may be some exception to this pattern due to the specific history of industrial 
development of each country, the role played by institutions, and the specific competencies 
accumulated by firms. On this point, see the discussion in section 4. 
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characterized by a large number of innovators. Firms' innovative activities yield 
increases in market shares, but competitive advantages are neither lasting enough 
nor entirely appropriable to generate permanent dominant market positions. In 
addition, the existence of promising opportunities of innovation encourages the 
appearance of new innovators, thus reinforcing the tendency towards a turbulent 
market structure. 

Technical change in such sectors basically proceeds through the continuous 
improvement and refinement of products' design and working features. This in
volves the mastery of tacit and specific know-how and expertise, which is neither 
easily codifiable through formal education and off-the-job training nor easily em
bodied in, and eventually transferable through, general purpose equipment 
(Storper, 1992). Therefore the geographical concentration of innovative activities in 
such sectors is also affected. On-the-job learning, common codes of communication 
developed through spatial proximity, and extensive and tight relationships and 
communicative channels among suppliers and users generate knowledge external
ities and technological cumulativeness within geographically bounded areas. 

It may be argued that the selection processes in these sectors do not only operate 
on single firms but also on clusters of firms located in different geographical areas. 
More precisely, one should expect a spatial clustering of innovators to emerge in 
those geographical areas where effective codes of communication and coordination 
mechanisms among firms have been established and where firms as a collective body 
can thus acquire a significant competitive advantage over their competitors located 
in other regions. In these industrial sectors, the spatial organization in industrial and 
technology districts is therefore likely to be the norm rather than the exception. 

Given these characteristics, the knowledge spatial boundaries of firms' innovative 
activities are also local. As previously mentioned, the search for new knowledge is 
heavily dependent on a 'local' pool of know-how: specialized labor with the relevant 
expertise, other producers with tacit and application-specific knowledge who are 
facing similar or related problems, and users with idiosyncratic needs operating in 
specific application domains. In this context, the communication and transmission of 
these mainly tacit and application-specific knowledge assets can only take place 
through a set of informal mechanisms such as interpersonal contacts and talks, local 
mobility, and on-the-job training of labor. The effectiveness of these mechanisms 
sharply decreases with the distance among agents. 

3.3. The auto industry: few innovators, geographically 
concentrated with local knowledge boundaries 

IfTR are characterized by high cumulativeness at the firm level and a system type of 
knowledge base which has a tacit component, few innovators (instead of several) are 
geographically concentrated within local spatial boundaries. This type of sectoral 
system of innovation can be mainly found in large-scale assembly industries, like 
auto. In this case the TR has a peculiar combination of medium opportunity, high 
appropriability, and high cumulativeness conditions at the firm level. 

Innovative activities involve the 'systemic' coordination of various elements of 
tacit as well as codified knowledge. Firms' technological competencies are mainly 
related to the capability of designing, integrating, and operating complex systems in 
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order to produce a final output whose basic features are often rather standardized. 
As a consequence, the sources of firms' competitive advantage consist in the ability 
of combining and coordinating in a coherent way internal and external knowledge. 
The know-how that is generated within the borders of the firm by learning activities 
takes place in the production, engineering, and design departments. External 
knowledge refers to the tacit and system-specific expertise developed by the network 
of specialized suppliers which provide parts, components, and equipment specifi
cally tailored to the system's features. The technological trajectories followed by 
firms are strongly oriented towards the search for lower production costs and the 
improvements in existing products, through the rapid and effective integration of 
tacit as well as codified complementary pieces of knowledge. These specific techno
logical conditions also crucially affect the instruments of appropriability mostly used 
by firms. Besides the more conventional means of appropriation (like patents and 
secrecy), a high level of appropriability in these sectors is embedded in the techno
logical and productive system itself: namely in the ability to integrate and manage a 
complex set of tacit and highly system-specific pieces of knowledge. Finally, this 
ability to act as effective system integrators confers a highly cumulative nature to 
firms' productive and technological activities. 

It follows that the Schumpeterian dynamics of innovators leads to the market 
domination of few, large-size innovators. Aside from the effects associated with 
scale economies (which are usually present in these sectors), a high degree of 
concentration of innovative activities appears to be the most likely outcome of the 
high appropriability and (firms') cumulativeness conditions. Such conditions imply 
that firms already established in the market have accumulated a durable competitive 
advantage which can hardly be eroded by potential competitors and which operates 
as a powerful barrier to the entry of new innovators. In other terms, one could argue 
that the possession of market power deriving from past innovative activities forms 
the very basis of firms' current competitiveness and is at the heart of their future 
innovative success. 

Similarly, with respect to the spatial distribution of innovators, one can expect 
very high degrees of geographical concentration. On the one hand, the strength of 
the market selection process on firms, implied by high appropriability and (firms') 
cumulativeness conditions, is also likely to lead to the innovative 'survival' of a few 
geographical areas. In other words, one should expect in these sectors the existence 
of a strong and positive correlation between the industrial and geographical concen
tration of innovators, merely due to the intensity of the selection forces. On the other 
hand, the system's need for the effective coordination and integration of several 
pieces of tacit and specialized knowledge requires territorial proximity to the 
relevant sources of such assets. This reinforces the tendency towards the spatial 
concentration of innovative activities. 

Finally, the spatial boundaries of firms' innovative activities in these sectors are 
mainly local, that is, the search for new knowledge occurs within geographically 
bounded areas. The effective transmission of system-specific tacit knowledge in
volves a short distance among interacting agents. The relevant 'transport' mecha
nisms in this case are based upon informal means, like interpersonal contacts, which 
sharply decrease in effectiveness with the increasing distance among agents. In 
addition, the systemic dimension of knowledge also requires close proximity among 
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agents in order to guarantee the smooth and continuous interaction among the 
different parts that make up the system and permit the rapid recombination and 
integration of the various inputs. One can therefore argue that, even though firms 
can sometimes resort to 'distant' sources of generic (non-system-specific) knowl
edge, the core of their innovative linkages tends to take place within a local and 
regional area. 

3.4. The computer mainframe industry: few innovators, 
geographically concentrated with (internal) and global 
knowledge boundaries 

The SIS discussed share features with some high-technology industries such as 
mainframe computers. In this case, however, the TR is characterized by high (and 
not medium) opportunity conditions and a limited degree of potential variety. The 
existence of a dominant design is an essential factor that shapes the innovative 
strategies and the technological trajectories of firms in a way that deepens techno
logical understanding. The relevant knowledge base presents strong systemic fea
tures and high complexity. Here, however, the tacit component of knowledge is 
complemented by a relevant codified and generic part, coming from developments 
in several technologies and scientific disciplines. In order to appropriate the rents 
from innovative activities, firms may (in addition to formal means of protection like 
patents) follow strategies of vertical integration, especially for the in-house develop
ment and production of those parts and components which are considered strategic. 
In addition, the possession of essential complementary assets, like distribution 
networks and post-sale maintenance services, may playa crucial role in strengthen
ing appropriability. 

In these sectors, the Schumpeterian dynamics of innovators is therefore charac
terized by the emergence of a restricted 'core' of large oligopolistic firms. Vertical 
integration, the possibilities for cost reductions through learning curves, and the 
possession of relevant complementary assets confer a decisive competitive ad
vantage to established firms and increase the barriers of entry to new potential 
competitors. Moreover, the high appropriability and (firms') cumulativeness condi
tions accelerate the pace with which less successful firms are selected out, thus 
reinforcing the tendency towards the market domination of few innovators. 

With respect to the geographical distribution of innovators, one should similarly 
expect a high concentration of innovators within a few regions or metropolitan 
areas. The spatial concentration of innovators follows to a large extent the sectoral 
one: the selection process on firms is of first order with respect to the selection on 
geographical areas. 

Finally, with regard to the knowledge spatial boundaries of firms' innovative 
activities, a complex dual pattern may be present. On the one hand, firms' bound
aries represent the most obvious for all those innovative activities which concern the 
development of specific and strategic knowledge. As mentioned above, cumulative
ness at the firm level is very high in these industries, thus implying that technological 
capabilities accumulated by firms within their own boundaries constitute the funda
mental basis upon which present and future innovative activities take place. On the 
other hand, some of firms' activities of knowledge generation may take place over 
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long distances (for example, through strategic alliances and technology partnerships 
between firms with complementary capabilities, or through cooperation with uni
versities). This is especially so when generic and codified parts and components are 
involved. 

In sum, the spatial organization of many high technology industries could there
fore be described as a 'global system of core areas': large oligopolistic firms dominate 
a specific geographical area but have also several international interactions with 
other firms, suppliers, users, universities, and research centers. 

3.5. Software, the modern microelectronics industry and 
Silicon Valley: many innovators, geographically 
concentrated with both local and global knowledge 
boundaries 

Finally. a last example of SIS refers to other high-technology industries such as 
software, microelectronics, and biotechnology.s Here the TR is characterized by 
very high opportunity conditions and a wide variety of potential technological 
approaches and solutions. Because of the richness of opportunities, the possibilities 
of obtaining long-term rents from the development of a specific product are quite 
low. On the contrary, appropriability conditions related to the appropriation of rents 
from the continuous introduction of streams of innovations generated by firms' 
advanced idiosyncratic competencies are quite high. In this sense, appropriability 
conditions are related to high cumulativeness conditions at the firm level. The 
sources of innovative opportunities in these sectors are often related to the applica
tion of new scientific advancements or new technological paradigms. In several cases 
innovative activities relate to understanding. acquiring, and integrating new scien
tific knowledge, continuously recombining such generic knowledge with the firms' 
idiosyncratic and specialized knowledge, and developing products for new customer 
groups or new potential applications. The relevant knowledge base involves tacit as 
well as codifiable and codified aspects. The former are related to firms' idiosyncratic 
capabilities related to the production of specialized or application specific products. 
The latter refer to scientific and technological knowledge which is new, widely 
applicable, and generic, and upon which the firms' innovative activities are based. 

The Schumpeterian dynamics of innovators is characterized by a large population 
of innovators. Conditions in which there are numerous and a great variety of 
opportunities generate a great number of new firm entries. These firms can exploit 
the ferment and variety of opportunity conditions by drawing upon generic knowl
edge that can be accessed in a relatively easy way. However, successful established 
firms accumulate competencies in their application domain, thus slowing the pace of 
the selection forces and permitting the survival in the market of a large number of 
innovators. both new and established. 

S Actually, it must be pointed out that software and microelectronics are examples of co
existence of different SIS. Whereas Microsoft or Intel can be classified according to a 
Schumpeter Mark II model, other sofware or microelectronics producers of custom products 
or specific applications may be considered as operating and competing in a Schumpeter Mark 
I context. 
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A spatial clustering of innovative activities in a few areas or technological districts 
may be expected on the basis of the following argument. Innovation in these sectors 
is based upon an extensive process of knowledge communication and sharing among 
a community of specialists working on similar problems. Since the content of such 
relationships is essentially the exchange of tacit and highly specialized pieces of 
knowledge, the 'carriers' of this transfer are often of the informal type: local mobility 
of scientists and personnel, seminars, talks, and trade associations. In these circum
stances, the emergence of a spatial clustering of innovators within a specific area is 
then determined by the need for firms to find a proximate location in order to 
capture the benefits of knowledge spillovers. Because of the relevance of these 
'spatially' localized knowledge externalities, it could be said that the importance of 
selection acting upon firms is only of second order compared with the selection 
process acting upon geographical areas. This is the Silicon Valley phenomenon. 

Finally, the knowledge spatial boundaries of firms' innovative processes disclose a 
dual pattern. A 'local' pool of knowledge and expertise represents a collective asset 
which can provide new ways of experimenting and solving specific problems. 
However, the need for acquiring and mastering new scientific and technological 
knowledge leads firms to scan, identify, and absorb generic knowledge coming from 
sources scattered around the world. This can be accomplished through a number of 
formal mechanisms: licenses, technology partnerships, strategic alliances, and co
operation with external sources of scientific knowledge. What matters, however, is 
that these relationships rely less on geographical proximity and may take place over 
long distances. 

4. Empirical results on selected dimensions of SIS for six 
countries 

An empirical analysis of the five SIS previously discussed for all the advanced 
countries is clearly not possible. We have therefore decided to concentrate our 
analysis on some selected dimensions of SIS for the six largest economies in the 
world (G6). In this section, some empirical evidence is therefore provided concern
ing the relevance and the possible applications of the SIS concept. Attempts at 
measuring the relevant dimensions of TR have been carried out by several authors 
(Malerba and Orsenigo, 1990; Heimler et at., 1993). They find remarkable similar
ities across countries in the ranking of sectors according to the various measures of 
TR (particularly for opportunity and appropriability conditions) even though in 
absolute terms sectors may differ from one country to another with respect to the 
same measures. These findings thus confirm both the role of technological im
peratives and the relevance of institutional factors in affecting the organization of 
innovative activities across sectors. 

Here, the Schumpeterian dynamics of innovators and the geographical distribu
tion of innovative activities across different technological sectors is examined. 
European Patent Office (EPO) data for the period 1978 to 1991 have been used. The 
data refer to patent applications filed to EPO by firms (with the exclusion of 
individual inventors) of six countries: USA, Japan, Federal Republic of Germany, 
France, UK, and Italy. The data have been elaborated at the firm level. Economic 
data concerning the size of patenting firms in terms of employees in 1991 have been 
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gathered for firms of FRG, UK, France, and Italy. Information concerning the 
regional location of patenting firms has also been collected for companies located in 
FRG, UK, France, and Italy.6 Finally, patents have been classified into 49 techno
logical classes: in what follows the attention will focus on just some representative 
technological classes. A concordance table of the International Patent Classification 
(IPC) codes used here to aggregate the technological classes is reported in the 
Appendix. 

The indicators which have been considered here are the following: 

Schumpeterian dynamics of innovators: 

1. C4: the share of total patent applications of the four major innovating firms in 
the period 1978-91. 

2 Size: the share of total patent applications of firms with more than 500 employ
ees in the period 1978-91. 

3 Speacore: the Spearman rank correlation coefficient of firms applying for 
patents in both 1978-85 and 1986-91. 

4 Natality: the share of total patent applications by firms patenting for the first 
time in the period 1986-91. 

Geographical distribution of innovators: 

1 Her/reg: Herfindahl index of the shares of total patent applications by regions in 
the period 1978-91. 

2 Speareg: the Spearman rank correlation coefficients of regions that applied for 
patents in both 1978-85 and 1986-91. 

Table 6.2 reports the values of such indicators for the SIS in some traditional 
sectors. Generally speaking, these sectors present a peculiar combination of low 
concentration of innovative activities (therefore indicating a large number of in
novators - C4), a relevant role played by SMEs (Size), high instability in the 
hierarchy of innovators (Speacore), and high levels of innovative natality (Natality). 
From a spatial perspective, one observes at the same time a rather low degree of 
geographical concentration of innovators which are therefore scattered in many 
locations within each country (Herfreg) and a relevant instability in the hierarchy of 
innovative regions, which therefore indicates limited importance of 'local' cumu
lativeness conditions (Speareg). The pattern just delineated is thus quite coherent 
with the picture of these SIS drawn above. However, one should also note the 
existence of quite remarkable differences across countries, particularly with respect 
to the geographical distribution of innovators. This is clearly the result of the 
working of different 'national systems of innovation'. In fact, whereas FRG and UK 
can be labeled 'diffused' countries (showing very high degrees of spatial dispersion 
of innovators), Italy and France are 'concentrated' countries (showing relatively 
higher degrees of geographical concentration of innovative activities). These results 
thus confirm, once again, that the specific history of industrial development of each 
country, the role played by institutions and public agents, and the specific com
petencies accumulated by firms strongly interact with technology specific factors in 

6 Nuts level II of the Eurostat classification has been adopted in order to define regions. 
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Table 6.2 Sectoral innovation system: traditional sectors, 1978-91 

USA Japan FRO UK France Italy Average 

Furnltures 
C4 12.60 22.00 9.20 10.20 18.00 15.00 14.50 
Size 38.60 17.60 38.50 10.40 26.30 
Speacore 0.26 -0.69 0.26 0.00 0.54 0.20 0.09 
Natality 0.78 0.83 0.62 0.80 0.82 0.84 0.78 
Herfreg 0.07 0.09 0.24 0.26 0.16 
Speareg 0.77 0.42 0.46 0.55 0.55 
Agriculture 
C4 19.40 19.50 16.00 16.50 16.20 15.90 17.20 
Size 31.30 15.80 14.40 6.10 16.90 
Speacore -0.41 1.00 0.00 0.24 0.35 0.00 0.20 
Natality 0.77 0.88 0.68 0.67 0.83 0.95 0.80 
Herfreg 0.07 0.08 0.12 0.15 0.11 
Speareg 0.63 0.36 0.33 0.70 0.51 
Clothing 
C4 27.50 80.40 22.60 16.10 30.10 58.70 39.20 
Size 37.00 25.30 25.00 1.50 22.20 
Speacore 0.62 0.81 0.34 0.00 0.48 1.00 0.54 
Natality 0.50 0.27 0.62 0.86 0.48 0.43 0.53 
Herfreg 0.10 0.09 0.16 0.50 0.21 
Speareg 0.65 0.77 0.58 0.87 0.72 

Source: EPO-Cespri Database. 

affecting the organization and the evolution of innovative activities within a given 
industry. 

Table 6.3 reports the values of the above-mentioned indicators for the SIS in some 
sectors which may be comprised under the label of 'Schumpeter Mark 1'. Such 
sectors typically present a peculiar combination of low concentration of innovative 
activities (and therefore a large number of innovators - C4), a major role played by 
small innovative units (even though large firms also perform a large portion of 
sectors' innovative activity - Size), a high instability in the hierarchy of innovative 
firms (Speacore), which is also associated with high levels of innovative entry of new 
innovators (Natality). As far as the geographical distribution of innovators is 
concerned, one can observe a relatively higher degree of spatial concentration of 
innovative activities compared with the traditional sectors (Herfreg). This is also 
associated with rather high degrees of stability in the hierarchy of innovative regions 
(Speareg). Both results thus confirm that innovative activities in such sectors have a 
relevant cumulative nature which take place at the local level. Once again, one 
should also note how Italy and France are characterized by generally higher levels of 
spatial concentration of innovative activities compared with FRG and UK. 

Table 6.4, finally, provides some evidence on the main features of the SIS in some 
sectors which may be broadly labeled as 'Schumpeter Mark II'. These sectors are 
characterized by a particular combination of high concentration of innovative 
activities among few large firms (C4 and Size), a remarkable stability in the hierarchy 
of innovators (therefore indicating the relevance of cumulativeness conditions at the 
firm level - Speacore), and an almost negligible role played by the entry of new 
innovators (Natality). From a spatial perspective, remarkably high degrees of 
geographical concentration of innovative activities can be observed (Herfreg), 
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coupled with a fundamental stability in the hierarchy of innovative areas (Speareg). 
As we argued above, since cumulativeness is high at the firm level, sectoral and 
geographical concentration of innovative activities tend to overlap and competition 
and selection processes mainly operate upon firms rather than geographical areas. 

5. Conclusions 

In this chapter we have examined Sectoral Innovation Systems (SIS). A sectoral 
innovation system can be defined as that system (group) of firms active in developing 
and making a sector's products and in generating and utilizing a sector's technolo
gies; such a system of firms is related in two different ways: through processes of 
interaction and cooperation and through processes of competition in innovative and 
market activities. 

The basic claim that we have made is that Technological Regimes (TR) are a 
major structuring factor of the Schumpeterian dynamics of innovators, the geo
graphical distribution of innovators, and the knowledge spatial boundaries of 
innovative activities of SIS. 

We have stressed also that TR are not the only (and not necessarily the most 
important) factor in affecting the way SIS are organized and evolve over time. 
Historical and institutional variables, the presence of idiosyncratic competencies of 

Table 6.3 Sectoral innovation system: Schumpeter Mark I, 1978-91 

USA Japan FRG UK France Italy Average 

Mechanical and electrical technologies 
C4 19.20 21.40 12.50 15.60 20.00 24.30 18.80 
Size 49.70 31.60 42.80 29.30 38.30 
Speacore 0.50 0.57 0.50 0.27 0.61 0.27 0.45 
Natality 0.46 0.45 0.40 0.63 0.35 0.73 0.51 
Herfreg 0.10 0.15 0.66 0.16 0.27 
Speareg 0.94 0.77 0.80 0.93 0.64 
Mechanical engineering 
C4 17.10 30.30 12.90 31.50 24.50 20.60 22.80 
Size 56.30 43.40 55.50 31.90 46.80 
Speacore 0.49 0.44 0.40 0.44 0.57 0.80 0.52 
Natality 0.34 0.37 0.35 0.37 0.30 0.73 0.41 
Herfreg 007 0.10 0.59 0.25 0.25 
Speareg 0.86 0.76 0.59 0.94 0.79 
Machine tools 
C4 20.50 22.70 31.90 25.20 31.10 36.80 28.00 
Size 49.70 37.80 63.80 36.80 47.10 
Speacore 0.44 0.41 0.59 0.53 0.03 -0.50 0.25 
Natality 0.37 0.53 0.46 0.69 0.51 0.73 0.55 
Herfreg 0.14 0.19 0.75 0.18 0.32 
Speareg 0.86 0.45 0.50 0.70 0.28 
Industrial automation 
C4 18.00 60.80 17.00 21.60 17.80 19.20 25.70 
Size 53.70 36.10 42.30 15.50 36.90 
Speacore 0.51 0.67 0.52 0.58 0.51 0.34 0.52 
Natality 0.42 0.22 0.38 0.58 0.47 0.70 0.46 
Herfreg 0.10 0.10 0.49 0.21 0.22 
Speareg 0.82 0.69 0.74 0.56 0.71 

Source: EPO-Cespri database. 
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firms, the emergence of links and connections of various kinds among agents, the 
role of production features such as economies of scale, the path-dependent and co
evolutionary processes involving technologies, firms, organizations, and institutions 
are all factors that greatly affect the specific features that an SIS eventually takes in 
a country and over time. 

Four key dimensions of TR have been examined: opportunity, appropriability, 
and cumulativeness conditions and the knowledge base underpinning firms' in
novative activities. Some simple relationships between these dimensions of TR and 
SIS have been discussed in the chapter. Some examples of SIS, ranging from 
traditional sectors to machinery, auto, mainframe computers, and software, have 
been related to the relevant features of TR. In these five cases, however, attention 
has not been explicitly paid to another relevant dimension of an SIS: firms' organiza
tion. The discussion of the boundaries of firms in terms of specialization, vertical 
integration, diversification, and informal as well as formal networks has been left 
outside the scope of this chapter. 

An empirical analysis of some dimensions of SIS, based on patent data, has been 
provided for six countries. The results confirm, by and large, that both country 
specific and technology specific factors affect in essential ways the sectoral as well as 
the spatial organization of innovative activities within given industries. 

Table 6.4 Sectoral innovation system: Schumpeter Mark II, 1978-91 

USA Japan FRG UK France Italy Average 

Vehicles, motorcycles, other land vehicles 
C4 29.70 38.70 25.00 37.00 39.40 38.60 34.70 
Size 53.20 43.90 66.20 48.10 52.80 
Speacore 0.52 0.71 0.57 0.29 0.59 0.23 0.48 
Natality 0.34 0.17 0.19 0.28 0.29 0.47 0.29 
Herfreg 0.11 0.13 0.60 0.38 0.30 
Speareg 0.85 0.79 0.72 0.89 0.81 
Computers, data processing systems 
C4 47.80 40.90 54.00 22.40 34.40 63.90 43.90 
Size 75.50 43.00 54.10 27.10 49.90 
Speacore 0.60 0.69 0.75 0.58 0.23 1.00 0.64 
Natality 0.16 0.12 0.27 0.48 0.29 0.53 0.31 
Herfreg 0.23 0.28 0.84 0.47 0.46 
Speareg 0.90 0.67 0.65 1.00 0.81 
Macromolecular compounds 
C4 33.80 20.30 73.90 56.50 42.70 52.80 46.60 
Size 90.60 74.50 57.50 65.70 72.10 
Speacore 0.66 0.69 0.56 0.57 0.55 0.86 0.65 
Natality 0.10 0.15 0.06 0.18 0.24 0.34 0.18 
Herfreg 0.23 0.51 0.88 0.63 0.56 
Speareg 0.93 0.73 0.56 0.46 0.67 
Electronic components 
C4 34.70 53.20 52.40 31.60 42.90 49.00 44.00 
Size 23.40 54.40 45.30 22.30 36.40 
Speacore 0.60 0.56 0.64 0.54 0.51 0.46 0.55 
Natality 0.17 0.17 0.16 0.32 0.29 0.34 0.24 
Herfreg 0.28 0.34 0.72 0.50 0.46 
Speareg 0.92 0.78 0.92 0.58 0.80 

Source: EPO.Cespri database. 
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This chapter has been mainly exploratory. More work needs to be done in several 
directions. First, more detailed and articulated exercises regarding the relations 
between specific dimensions of TR and the features of SIS have to be carried out. 
Second, a more complete mapping between TR and SIS needs to be developed along 
the line proposed here. Third, an organizational dimension needs to be introduced 
to the discussion. Finally, a dynamic analysis of the changing features of TR during 
the evolution of an industry and a distinction between exogenous and endogenous 
changes in TR has to be fully developed. 

Appendix: concordance table of IPC codes 

Furniture (IPC A47 exc. A47J, A47L) 
Agriculture (IPC AOIG exc. AOIG7; AOlJ; AOIK exc. AOIK67; AOIL; AOIM) 
Clothing (IPC A41 exc. A41H; A42 exc. A42C; A43 exc. A43D; A44) 
Mechanical engineering (IPC F16 exc. F16S-T) 
Mechanical and electrical technologies (IPC F22, F23 exc. F23R; F24 exc. F24-B
C-F; F2S exc. F2SDll, F2SC, F2SJ3; F27, F28) 
Machine tools (IPC B23 exc. B23K26) 
Industrial automation (IPC GOSB, B2SJ) 
Vehicles, motorcycles, other land vehicles (IPC B60, B62) 
Computers, data processing systems (IPC G06 exc. G06E-M; GllBS-7-9-11) 
Macromolecular compounds (IPC C08) 
Electronic components (IPC HOIC-H-J-L; C30B; GllC; H03B-H; HOSK). 
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CHAPTER SEVEN 

National Imaginations and Systems of 
Innovation 
Mark Elam 

1. Introduction 

Ask any well-disciplined economist and they will tell you that economic actors have 
'no country'. Proceeding against the grain of received thinking, therefore, the notion 
of national systems of innovation is both provocative and challenging. The argument 
of this chapter, however, is that keeping the challenge alive requires that we rethink 
the way in which the 'nationalness' of national systems of innovation is conceived. 
Hitherto, in the course of comparative analysis, particular nation-states have been 
treated as necessary rather than contingent containers of innovative activity. While 
technologies have been successfully portrayed as fluid and always in the making, 
nation-states have been largely accepted as fixed, stable, and ready made. What has 
escaped attention is that just like technologies, nation-states are also being con
tinually envisioned, designed, launched, remodeled, renamed, disassembled, and 
scrapped.! 

By failing to take adequate account of the historical contingency of modern 
nation-states, research on national systems of innovation has been handicapped in 
its attempts to grasp contemporary phenomena such as globalization and European 
integration. Because the sovereignty of existing nation-states has not been ques
tioned we have been prevented from taking seriously enough the role of technology 
in the creation and destruction of sovereign states. In this context it is highly 
interesting to reflect upon the identification of Friedrich List, author of The National 
System of Political Economy (1841), as a vital source of inspiration for current 
research on national systems of innovation (Freeman, 1987: 98,1995; Lundvall,1992: 
21). While commending List and his ability to anticipate key elements of the so
called New Growth Theory, Christopher Freeman (1995: 5-6) describes him as a 
man whose main concern was to help Germany as an 'underdeveloped country' 
catch up with Britain. If anything, however, such a description only serves to belittle 
the relevance of the man and his work for contemporary industrial and technology 
policy discussions. Germany was not so much 'underdeveloped' when List wrote his 
famous book as non-existent. At the time 'Germany' was about as real as 'Europe' 

1 For existing research on national systems of innovation, see the two edited anthologies 
Lundvall (1992) and Nelson (1993). 
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is today.2 List wanted to help give birth to a unified Germany through the im
plementation of a particular strategy for trade and industry. However, those in power 
in Prussia, Bavaria, WUrttemberg, and elsewhere were not generally impressed and 
when German unification did finally take place twenty-five years after List's death it 
was a different Germany that unified, not the one List had envisaged. 

By acknowledging the fluid and precarious existence of both nations and technol
ogies, research on national systems of innovation would immediately assume greater 
significance in relation to contemporary discussions concerning globalization and 
European integration. It would serve to focus our attention on the extremely subtle 
interplay between quests for sovereignty and innovative activity and the many 
different ways in which the two encompass each other. In other words, we would be 
able to start taking serious account of the impurity of innovation processes and 
sovereignty impulses and how both, although remaining different, are never com
pletely divorced from each other.3 We would begin to appreciate how innovation, as 
the carrying out of new combinations, always demands that the identities of the 
subjects and objects mobilized be relatively fixed and stable; and how every sover
eign identity, be it individual or collective, is always relational, never immaculate, 
generated at the expense of other individuals or collectives imagined 'foreign to us' 
and capable of posing a serious threat to 'our' well-being. 

To elaborate further this extended agenda for research on national systems of 
innovation, the next section will make brief reference to the voluminous literature 
that has appeared during the past two decades on the general character of nations 
and nationalism. Following this we shall focus more closely on Friedrich List as an 
inspirational figure for research on national systems of innovation. We shall focus on 
him as both an early innovation economist and a nationalist and the particular way 
he combined these two vocations. Thereafter, we shall turn to the political econo
mist in opposition to whom List always sharpened his arguments: Adam Smith. 
Rereading Adam Smith it becomes clear that like List he was also part economist, 
part nationalist, but the marriage he supported between the imperatives of innova
tion and of sovereignty was different in kind to the one proposed by List. In the final 
section we shall critically discuss how contemporary changes in the global political 
economy have diminished the powers of attraction of a Smith ian style compromise 
between the demands of innovation and sovereignty and encouraged a new interest 
in an alternative Listian style compromise. This situation is claimed to demand that 
contemporary research on national systems of innovation, rather than passing over 

2 In 1840, the year before The National System of Political Economy was published, Heinrich 
Heine had the following to say about the search for German identity - note that the mocking 
tone is highly reminiscent of one we hear today on what it means to be a true European: 
'Where does the German begin? Where does it end? Maya German smoke? The majority 
says no. Maya German wear gloves? Yes, but only of buffalo hide ... But a German may 
drink beer, indeed as a true son of Germanias he should drink beer' (Heine quoted in 
Sheehan, 1981: 2). 
3 For two very different and yet complementary accounts of the impurity of economic and 

political systems see Hodgson (1988) and Shapiro (1993). At a philosophical level, notions of 
impurity connect with a break from the Cartesian and mechanistic mode of thinking. The 
elements of the world can no longer be seen as composed of determinate parts as the parts 
themselves are always multifaceted, interpenetrating, and incomplete (Hodgson, 1988: 168). 
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the issue, be dedicated to making clearer the interplay between innovative activity 
and sovereignty impulses. 

2. What is a nation? 
So much is nationalism a commonplace in the modes of thought and action of the 
civilized populations of the contemporary world that most men take nationalism for 
granted. Without serious reflection they imagine it to be the most natural thing in the 
universe and assume that it must always have existed. (Hayes, 1931: 289) 

Nations are hard to grasp. In the first instance, they appear to be spiritual, faith
based entities repeatedly claiming an antiquity they have never really possessed. 
Whether we like it or not, nations have a quasi-religious or sacred quality about 
them; they exist because people believe they exist. Thus, Hugh Seton-Watson has 
concluded that no 'scientific definition' of a nation can be advanced and that all we 
can say is that 'a nation exists when a significant number of people in a community 
consider themselves to form a nation, or behave as if they formed one' (Seton
Watson, 1977: 5). This roughly complies with, and hardly improves upon, Ernest 
Renan's much earlier definition of a nation as 'a large-scale solidarity, constituted by 
the feeling of the sacrifices that one has made in the past and of those that one is 
prepared to make in the future' (1882/1990: 19). 

Ernest Renan also attempted to capture the 'essence' of nations by emphasizing the 
role collective forgetting plays in their creation. At one point he even goes as far as to 
say that 'historical error' is a crucial factor in the making of nations (Renan, 188211990: 
11). People only come to believe they have a great deal in common after they have 
been able to forget past differences. This is a theme that has been significantly 
elaborated upon by Ernest Gellner in his writings on nationalism. According to him, 
'nationalism is not the awakening of nations to self-consciousness: it invents nations 
where they do not exist' (Gellner, 1964: 168). Elsewhere he talks of the 'principle of 
amnesia and anonymity within the body-politic' as a required feature of nations 
(Gellner, 1987: 7). This line of thinking, however, has been most successfully devel
oped by Benedict Anderson (1983: 15) in his approach to nations as 'imagined political 
communities - imagined as both inherently limited and sovereign'. 

According to Anderson nations are imagined because even the smallest ones are too 
large for most members to be able to have personal contact with each other. Instead of 
detailed face-to-face knowledge of each other, community members will carry around 
in their minds an 'image of their communion'. Anderson prefers the idea of 'imagined' 
rather than 'invented' communities because the latter tends to emphasize 'fabrication' 
and 'falsity' at the expense of 'make-believe' and 'creation'. Although certain things 
will be conveniently forgotten, it is not so much lies and false beliefs as shared dreams 
and fantasies that Anderson sees holding nations together. To stay in power national 
leaders must always keep alive that sense of shared objectives still in the process of 
coming true despite the presence of strong external pressures. 

Anderson sees nations imagined as limited because he considers the setting of 
boundaries as a task in itself of vital importance for defining the community. To know 
themselves nations must know where they begin and where they end. A strong 
national identity builds on a keen perception of who and what is 'foreign to us'. Thus, 
the corollary to the forgetting of old internal differences in the forging of nations is the 
highlighting of new external differences. Boundary work, therefore, has two sides. As 
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imagined differences between inside and outside increase, our own past differences are 
laid to rest because they have paled into insignificance. We can also conclude that the 
larger the internal divisions nationalists confront the more ominous will the external 
threats they identify need to appear if solidarity is to be secured. 

Modern nations are imagined as sovereign because they draw upon Enlight
enment ideals and individualist principles. National imaginations raise the tenets of 
modern individualism to the community level; they picture nation-states as in
dividuals of a collective nature belonging to a global society of such bodies (Dumont, 
1992: 118). As sovereign bodies, nations are imbued with internal coherence and a 
natural interest in such matters as self-sufficiency and self-determination. They are 
granted a will of their own upon which they can be expected to act. 

In a style consistent with Anderson's idea of nations as imagined political 
communities, the Czech historian Miroslav Hroch (1985: ch. 6) has proposed a three
phase periodization of national movements. To start with he identifies an 'academic' 
phase when small numbers of intellectuals engage in the first feats of imagination 
and start treating particular ethnic groupings as having much in common with regard 
to language, history, folklore, and so on. Thus, during this initial phase intellectuals 
perform the crucial task of isolating a new national category and beginning upon its 
elaboration. During the next phase, the task of developing the new national identity 
becomes a broad cultural undertaking engaging the efforts of different educators, 
journalists, authors, publishers, artists, theatre and museum directors. The third 
phase is the political stage and involves the formation of national parties and the 
holding of national elections" 

Viewed in this fashion the similarities between nation building and innovation as 
the carrying out of new combinations are easily apparent. In true Schumpeterian 
style, nationalist leaders appear as political entrepreneurs possessed of a vision, the 
future of which depends upon its successful implementation.~ As in conventional cases 
of innovation the objective is to bring coherence and unity to an original mix. While 
the conventional entrepreneur seeks reward in the form of large-scale profits, the 
nationalist leader seeks it in the form of mass loyalty.6 Both are interested in making 

• As Szporluk (1988: 158) points out, although Hroch's three stage periodization is useful it 
would be a mistake to assume that the activities associated with the first two stages are off the 
agenda after national political parties have been formed. The national imagination always has 
to be kept alive and of course the self-image of nations can change dramatically over time 
especially with the identification of new 'enemies within' or on the outside. 
5 The notion of vision is of course central to Schumpeter's work; you could almost say it is a 
ubiquitous concept within his work. In the first instance, Schum peter associates vision with the 
creation of new vocabularies for talking about reality: 'The first task is to verbalize the vision 
or to conceptualize it in such a way that its elements take their places, with names attached to 
them that facilitate recognition and manipulation, in a more or less orderly schema or picture' 
(Schumpeter, 1954/68: 42). In relation to the role of vision in the imagining of new national 
categories it is interesting to note that Esben Sloth Andersen sees Schumpeter as having 
developed the concept with reference to theories of political ~Iitism prevalent during his 
youth (Andersen, 1991). 
6 For extended discussion of the difference/similarity between entrepreneurial leadership and 
political leadership see Elam (1993a). 
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a lasting difference to their surroundings and both agree that rules must be broken in 
order for them to be able to do so. In both cases success is never guaranteed. 

If according to Anderson, nations are not to be distinguished by their falsity/ 
genuineness but by the style in which they are imagined, it seems appropriate to 
focus on contrasting styles of national imagination. Bengt-Ake Lundvall (1992: 16) 
has said that Friedrich List was the first to offer a 'systematic and theoretically based 
attempt to focus upon national systems of innovation'. Similarly, Christopher 
Freeman (1987: 98) has identified List as the first 'to articulate the main features of 
what would today be regarded as national technology policies'. As both Lundvall 
and Freeman have been so impressed by List's national imagination let us now take 
a closer look at its central components. 

3. The techno-nationalism of Friedrich List 

List saw a nation that struggled in the fetters imposed by a miserable immediate past, 
but he also sawall its economic potentialities. The national future, therefore, was the 
real object of his thought, the present was nothing but a state of transition .... He was 
a great patriot, a brilliant journalist with definite purpose, and an able economist who 
coordinated well whatever seemed useful for implementing his vision. Is this not 
enough? (Schumpeter, 1954/68: 505) 

Schumpeter is right to point to the many sides of List's personality; he was only in 
part an economist. To complete his identity we should add that at times he was also 
a director of local government finance, a professor of public administration, a coal 
prospector, a railroad promoter, and a diplomat (Notz, 1926: 251; Szporluk, 1988: ch. 
7). Furthermore, although it is accurate to describe List as having been a 'great 
patriot', he was also without a doubt a 'world citizen' (Hirst, 1909; Szporluk, 1988: 
109). He wrote The National System of Political Economy while living in Paris (the 
first draft in French) and his other major book Outlines of American Political 
Economy while resident in America. Thus, List was a great traveller and a man of 
action rather than (idle) speculation. This is strongly reflected in his idea of what sort 
of discipline economics should be. In his eyes economics should be a policy science; 
an economics of the 'real world', concerned with promoting the wealth of separate 
nations, not of all nations imagined as a 'universal republic'. As he put it, true 
economics deals with 'that policy which each separate nation has to obey in order 
to make progress in its economical conditions' (184111966: 120). True economics 
understands that 'between each individual and entire humanity stands THE 
NATION' (ibid.: 174; original emphasis). 

Although List clearly drew on many of the ideas of other German nationalist 
thinkers of his time he also introduced a new dimension into nationalist thought. 
List's vision of a new German nation was first a vision of economic unity premised on 
the rise of industrialism and informed by the political ideas and ideals of the French 
and American Revolutions (Szporluk, 1988: 99). It is important to remember that 
being a nationalist in List's day was a radical action and that List was regularly under 
threat of imprisonment. In similar fashion to Marx who saw humanity divided into 
classes, List saw nations as the basic units in human history. Although List saw 
nations as always having existed, he thought modern nations different because they 
were possessed of a new self-awareness - a new consciousness of their cultural, 
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political, and economic identities. As Szporluk notes, List's vision of the struggle for 
national liberation parallels Marx's vision of class struggle: 

The proletariat, Marx held, 'constitutes itself as a class' only as it acquires a class 
consciousness and as it organizes itself. Accordingly, to use Hegelian terms in elucidating 
List's view, a nation 'in itself, i.e., one lacking a sense of its individuality and a correspond
ing structure, was a permanent fixture of human history, but nations 'for themselves' were 
new. List strove to make Germans a nation in that latter sense - a community with cultural, 
as well as political and economic forms of collective existence. (Szporluk, 1988: 116) 

List saw his vision of nation betrayed by not only the 'cosmopolitical' economics of 
Adam Smith but also by existing mercantilist policies solely designed to increase the 
power and wealth of sovereign rulers. Thus, List saw himself in opposition to both 
the reigning theory and practice of political economy in the first half of the 
nineteenth century. Mercantile policies were at fault for List because they asserted 
the 'absolute and universal advantage and necessity of restriction'. They failed to see 
restriction as only the means, and freedom as the only legitimate end. Because 
mercantilism looks 'only at the nation, never at the individual, only at the present, 
never at the future, it is exclusively political and national in thought, and is devoid of 
philosophical outlook or cosmopolitan feeling' (List in Hirst, 1909: 292). The theory 
of political economy, on the other hand, due to the influence of Adam Smith, only 
concerned itself with the 'cosmopolitan claim of the future, indeed of the most 
distant future' (ibid.). By taking universal union and absolute freedom of inter
national trade for granted, theory paid no attention to the practical needs of the 
moment and the fact of nationality. It failed to understand 'national existence, and 
with it the principle of national independence' (ibid.). Thus, List set out the nature 
of the compromise between sovereignty and exchange his personal vision of national 
freedom entailed in the following terms: 

Alone and apart from his fellows the individual is weak and helpless. The greater the 
number of those to whom he is socially united and the more complete the union, the 
greater and more complete is the resulting moral and physical welfare of the individual 
members . .. . The highest union of individuals realized up to the present under the rule of 
law is in the state and nation. The highest imaginable is the union of all mankind. Just as in 
the state and nation the individual can attain his special end to a much higher extent than 
when he is isolated, so all nations would attain their ends to a much greater extent if they 
were united by the rule of law, perpetual peace and free intercourse. (List in Hirst, 1909: 
301) 

However, List never indicates how this global federation of nations living in peace 
and harmony is ever supposed to arise. Instead, he gives us reasons to believe that 
nations will compete with each other indefinitely. As Szporluk remarks, there is no 
equivalent to Marx's vision of a 'withering away' of class conflict (1988: 118). After 
List's nations have gained self-awareness and started acting 'for themselves' there 
appears little prospect of them ever being able to relax again and return to being 
simply nations 'in themselves'. Because List lays such a heavy emphasis on industrial 
progress in terms of the conscious development of the productive powers of nations 
he leads us to believe that there will always be leading nations and others which have 
remained, or fallen, behind. 

As Marx imagined a class war, so List imagined a war going on between nations. 
While Marx envisioned the bourgeoisie in general as the enemy of the working-class 
in general, List envisioned England in particular as the enemy of all nations 
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struggling for the right to a civilized existence in the nineteenth century.7 For List, if 
Germans had the ability to see with their own (national) eyes they would soon 
understand that what England8 defended as 'free trade' was in fact 'unfree trade'. 
They would understand that England was actively carrying out by means of industry 
and commerce what 'the Romans had once exercised by dint of martial prowess' 
(List in Hirst, 1909: 307). In this context, List pointed to the dangers involved when 
a lagging nation accepts 'presents' from a leading nation. Germans should be very 
wary about buying manufactured articles from England at give-away prices: 

If the English are enabled through new inventions to produce linen forty per cent 
cheaper than the Germans can by using the old process, and if in the use of their new 
process they merely obtain a start of a few years over the Germans, in such a case, were 
it not for productive duties, one of the most important and oldest branches of 
Germany's industry will be ruined. It will be as if a limb of the body of the German 
nation had been lost. And who would be consoled for the loss of an arm by knowing that 
he had nevertheless bought his shirts forty per cent cheaper? (List, 184111966: 146-7) 

Thus for List, England's industrial leadership also meant England's industrial domina
tion of the world and the ruin of other national economies. If Germany was to achieve 
an equivalent standing in the world and keep all its 'limbs' intact it would need to fight 
a very cunning industrial war with England. On the one hand, it was obvious to List that 
England should serve as 'an example and a pattern to all nations', but on the other hand, 
he believed it was going to be very hard for other nations to emulate England without 
falling victim to her and thereby strengthening her position still further. Therefore, in 
order for nations to advance List thOUght it was essential for them to devise ways of 
protecting themselves while learning from others. The English fully understood the dual 
importance of protection and learning and had over many years successfully trans
planted 'to their native soil the wealth, the talents, and the spirit of enterprise of the 
foreigners' (List, 184111966: 111; also quoted in Szporluk, 1988: 120). Clearly, List 
believed that economic progress was all about the spread of knowledge and significant 
human migration between nations. However, it is also clear he believed that while trying 
to learn from others (the outsiders), we (the insiders) must never lose sight of our 
national identities. If we forget our national selves we will soon be maneuvered into a 
position where we are no longer learning from others but being led by them.9 The 

7 As earlier, lowe my appreciation of the value of drawing comparisons between Marx and 
List to the excellent work of Szporluk (t 988). 
S List's identification of 'England' as the national enemy of 'Germany' is of course highly 
problematic. He must have known that, since the Act of Union of 1707 joining England, 
Scotland, and Wales, the nation in question was Great Britain. But then, the idea of 'England' 
as a model for 'Germany' was probably more important to List than the reality of Great 
Britain. Because he wanted other 'lesser' nationalities to adopt German nationality he was 
encouraged to see the Act of Union as meaning the adoption by the Scots and Welsh of 
'larger' English nationality. 
9 This tension between learning from others and being controlled by others is expressed 
particularly well in List's attitude to railroads as the ultimate modern communication systems of his 
day. On the one hand, he welcomed railroads because they greatly enhanced freedom of movement 
and the transfer of knowledge and skills between nations. On the other hand, he saw the first task 
to be to use railroads to unify and consolidate the German nation. He saw the (national) railway 
system and internal customs union as 'Siamese twins; born at the same time, physically attached to 
one another, of one mind and purpose' (List, 1981: 183; also quoted in Earle, 1986: 258). 
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individual can never afford to forget the essential truth that 'the civilization of the 
human race [is] only conceivable and possible by means of the civilization and 
development of individual nations' (List, 184111966: 175). 

Central to List's style of imagining the nation was the question of size. In his eyes, 
small was not in the least beautiful. A large population inhabiting an extensive 
territory, well-endowed with natural resources, were for him 'the essential require
ments of the normal nationality'. To List's mind, a small nation 'can never bring to 
complete perfection within its territory the various branches of production' (List, 
184111966: 176). As far as he was concerned a nation cannot call itself a nation unless 
it possesses a coast or at the very least controls the mouths of its rivers. According to 
List, during the course of history, nations have remedied territorial deficiencies in a 
number of different ways - by hereditary succession, by conquest, and by purchase. 
However, in recent times an additional strategy for enlarging nations had emerged: 
a strategy 'more in accordance with justice and with the prosperity of nations than 
conquest' (ibid.). This was the establishment of a Customs Union removing trade 
barriers between two or more neighboring states. In the German context, List had 
himself campaigned very hard for the creation of such a union and one was formed 
under Prussian leadership in 1834 - the Zollverein. This union, however, did not go 
far enough for List and the Germany it defined still remained territorially deficient 
in his eyes. He imagined Germany differently: 

By its Zollverein, the German nation first obtained one of the most important attributes 
of its nationality. But this measure cannot be considered complete so long as it does not 
extend over the whole coast, from the mouth of the Rhine to the frontier of Poland, 
including Holland and Denmark. A natural consequence of this union must be the 
admission of both these countries into the German Bund, and consequently into the 
German nationality . . .. Besides, both these nations belong, as respects their descent 
and whole character, to the German nationality. The burden of debt with which they are 
oppressed is merely a consequence of their unnatural endeavors to maintain themselves 
as independent nationalities, and it is in the nature of things that this evil should rise to 
a point when it becomes intolerable to those two nations themselves, and when 
incorporation with a larger nationality must seem desirable and necessary to them. 
(List, 184111966: 176-7; original emphasis) 

Due to his strong preoccupation with the matter of size and 'the essential require
ments of normal nationality', some scholars have considered it surprising that List 
continued to talk of 'national systems' when a normal nation for him was a 'great' or 
'multi-national' nation (see Szporluk, 1988: 129). However, that List persisted in 
talking about simple national systems is probably only a testimony to the 'rational' 
character of his national imagination. In his eyes, the Dutch and the Danes would 
eventually surrender their 'old' national identities and adopt German nationality 
because it was the only sensible thing for them to do - taking the long-run view it 
made sound industrial sense for them to become Germans. In effect, it was List's 
liberalism rather than his nationalism that told him that Holland and Denmark 
rightfully belonged to Germany. For List, individuals could only achieve freedom 
and reach their full potential in nations which were themselves large enough to 
remain independent. According to him, free individuals always live in 'free nations' 
and nowhere else. 

One of List's primary criticisms of Adam Smith's thought is that, despite the title of 
his most famous book, he focuses solely on wealth itself and never on the real causes 
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of wealth. True (national) economy is concerned with the generation and retention of 
the power to produce wealth, not the efficient management of wealth per se (List, 
184111966: 133). Although List greatly appreciates Smith's notion of division of labor, 
he still finds it lacking. According to List, Smith fails to ask the related question: what 
are the causes of labor as opposed to idleness? or, 'what induces heads, arms and 
hands to produce, and calls into activity these exertions?' (ibid.: 136). Taking it upon 
himself to provide an authoritative answer to these questions List sets out his theory 
of 'the powers of production'. For him, every division of labor to be effective must also 
be a 'union of labour: a confederation of various energies, intelligences, and powers 
on behalf of a common production' (ibid.: 150). For division of labor to work, 
different individuals must 'cooperate bodily as well as mentally' and hold 'one 
common object' in mind. Having asserted that this applies to every possible type of 
manufacturing and farming activity, he then goes on to claim that the same is true on 
the level of the national economy as a whole: 

The whole social state of a nation will be chiefly determined by the principle of the 
variety and division of occupations and the cooperation of its productive powers. What 
the pin is in the pin manufactory, that the national well-being is to the large society 
which we term 'the nation'. (List, 184111966: 159) 

At the national level, List sees the most important division of occupations as 
between 'the mental and the material ones'. Both are mutually dependent upon one 
another. If you will, the two forms of labor tend to coevolve. Mental laborers are 
those who maintain law and order, care for the sick, educate and instruct youth, and 
promote religion, science, art, music, and literature. Collectively, they serve to 
'awaken and develop' the productive powers of the nation and guarantee their union 
(ibid.: 138). Material laborers, on the other hand, deliver the goods so to speak and 
'the more goods that the material producers produce, the more will mental produc
tion be capable of being promoted' (ibid.: 159). In other words, mental laborers 
create that sense of a nation not only in itself but for itself and the material laborers 
then proceed to materialize this nation - implement the vision. 

List attacks Smith for failing to see the productive character of mental labor and 
the institutions it gives rise to. List sees in Smith's writings no comprehension of the 
sort of 'national awakening' and mobilization required for Germany to be able to 
mount a serious challenge to England's industrial domination of the world. Such 
collective mobilization hinges upon the mass production of the kind of 'public goods' 
mental laborers supply.1f) List saw Smith's 'theory of values' bearing the imprint of 
England's particular situation dealing only with the rational administration of 
wealth already won. Despite the universal pretensions of this theory, it was to be 

10 This of course is a famous theme in Alexander Gerschenkron's essay Economic 
Backwardness in Historical Perspective. In a section that includes reference to List, Ger
schenkron argues: 'In a backward country the great and sudden industrialization effort calls 
for a New Deal in emotions. Those carrying out the great transformation as well as those on 
whom it imposes burdens must feel, in the words of Matthew Arnold, that ... "Clearing a stage 
- Scattering the past about - Comes the new age'" (1966: 25). Interestingly, Gerschenkron 
appears to see rationality gradually supplanting nationality as a nation becomes more 
industrially advanced. But he gives us no clue as to how this takes place; how emotions 
become non-emotions; how 'quasi-religious fervour' becomes cold global decision-making. 
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considered largely irrelevant to the German situation - it was the wrong national 
economics for Germany. 

Three things remain to be said in order to clarify List's theory of productive powers. 
First, it portrays industrial capabilities as fragile and easily lost. Of course List was 
encouraged to conceive of them in this fashion if Germany was to be imagined as 
having a hope of challenging England. A national economics for Germany had to be 
an economics of change - of 'dynamics' not 'statics'. Second, the fact that List 
demanded that his own economics be geared to the needs of the nation implied the 
same for other areas of scientific endeavor. The national situation was to set the ceiling 
on higher thoughts. List argued the importance of balance and harmony in the nation's 
productive powers. For List 'it is possible for a nation to possess too many philoso
phers, philologers, and literati, and too few skilled artisans, merchants and seamen'. 
Those who insist on engaging in art or science for their own sake are self-indulgent 
individuals whose intellectual hedonism also poses a real threat to national well-being. 
Playing on Smith's standard example of pin manufacture, List had the following to say 
about a nation with a surplus of pin heads over pin points: 

The surplus pin heads in such a nation are: a mass of useless books, subtle theoretical 
systems, and learned controversies, through which the mind of the nation is more 
obscured than cultivated, and is withdrawn from useful occupations; consequently its 
productive powers are retarded in their progress. (List, 184111966: 160) 

Third, List portrays as a central aspect in the securing of productive power the making 
of significant personal sacrifices. The industry of the nation cannot be left at 'the 
mercy of the [unbridled] self-interest of individuals'. It is only by fulfilling their 
obligations to the nation that individuals can hope to do well on their own account. 
The nation 'must sacrifice some present advantages in order to insure to itself future 
ones' (List, 184111966: 144). Therefore, List's theory of productive powers pre-empts 
Durkheim's later work on the division of labor and in similar fashion seeks to advance 
an alternative understanding of individual freedom as the fruit of regulation and the 
'daughter of authority properly understood' (Durkheim, 1956: 89; see Elam, 1993b for 
extended discussion). However, because List only promises an end to the struggle 
between nations for industrial leadership without ever specifying how such an end 
could come about, his vision is in fact one of the need for endless personal sacrifice to 
the larger national cause. Imagining the fruits of Listian regulation we can picture only 
hard fruits never allowed to grow soft for fear they will rot before they ripen. 

4. Adam Smith: a closet nationalist? 

According to List, Adam Smith was interested in cosmopolitical economy not 
national economy. He was not concerned about the wealth of particular nations in 
the present, but the wealth of all nations and the whole human race in the 
cosmopolitan world of the future. List of course was wrong: Adam Smith was 
concerned with the protection of Britain's leading position in the world, and what is 
more, as we shall see below, he also had his own version of List's theory of the 
productive powers. However, in a sense List was also right: Smith did not see Britain 
in competition with other industrial nations in the 1770s; as far as industry was 
concerned Smith still thought, and rightly so, that Britain was the world. In Smith's 
eyes, Britain was the industrial nation and therefore a threat to Britain was a threat 
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to the future of industrial society in general. Of course, Smith was interested in the 
nature and causes of just British wealth, but for him that went without saying. So 
Adam Smith's nationalism was concerned with protecting industrial society (Le., 
Britain) against the less civilized forces in the world both at home (the enemy within) 
and abroad (the enemy without). 

It is Nathan Rosenberg who provides us with one of the best introductions to 
Adam Smith's style of imagining the first modern nation: 

A neglected theme running through virtually all of the Wealth of Nations is Smith's 
attempt to define, in very specific terms, the details of the institutional structure which 
will best harmonize the individual's pursuit of his selfish interests with the broader 
interests of society. Far from assuming a 'spontaneous' identity of interests (in the mere 
absence of government restrictions) ... Smith was obsessed with the urge to go beyond 
the ordinary market-structure definition of competition and to evaluate the effective
ness of different institutional forms in enforcing this identity. (Rosenberg, 1960: 559, 
original emphasis) 

So again in opposition to List's view, Smith can be seen as interested in the problems 
of his present and not only the universal claims of the future. In a vital sense, Smith was 
concerned with the problem of Britain's transition to market society. Smith had faith 
in the idea that one day there would be a natural harmony of interests all over the 
world such that by pursuing their own interests each individual would also contribute 
to the common good. But at present the 'invisible hand' remained a vision still in need 
of implementation. Visible hands were needed to care for a commercial society that 
could not yet care for itself. Rather than an infant industry perspective, Smith had an 
'infant industrial society' perspective. He saw that for the time being at least, free 
enterprise could not survive without nationalism: it had to 'encompass its contrary'. 

Just as List's thought has to be understood as a reaction against a conglomeration 
of theories he himself christened the 'popular school of cosmopolitical theory', so 
Smith's thought has to be understood as a reaction against a collection of economic 
ideas and policies he himself named 'the mercantile system'.11 Smith not only 
attacked the mercantile system because he believed it to be morally objectionable, 
but also because he saw it as a system built on error. In similar fashion to the way in 
which List criticized his work, so Smith criticized the mercantile system for failing 
properly to understand the nature and causes of the wealth of nations. Smith saw the 
mercantile system as wrong for considering wealth to be finite and locked in precious 
metals. In addition, the system was to be condemned for placing so many constraints 
and restrictions on the productive enterprise of individuals which for Smith consti
tuted the true source of wealth in society. Breaking away from the mercantile system 
essentially meant lifting state controls and setting individuals free to pursue their 
own selfish ends. This in turn meant carrying out some crucial boundary work and 

11 As Heilperin elucidates, 'Smith's notion of the mercantile system was at the hands of 
nineteenth century writers contracted into "mercantilism" and became a standard term in the 
economist's vocabulary. Thus, "mercantilism" is a name given after the fact, to a long period 
of economic thought and practice. Chronologically, mercantilism covers three centuries . .. 
geographically its scope includes England and the continental countries of Western Europe. 
It was a system of great complexity. Its manifestations and expressions varied not incon
siderably in time and space. It may even be questioned whether a single concept can cover so 
much territory' (Heilperin, 1960: 68). 



168 Systems of Innovation: Overview and Basic Concepts 

drawing lines between state and civil society - a new sacred divide. As Mayall (1990: 
74-5) tells us, this divide 'was not a classical liberal invention, but the major 
contribution of the liberal political economists to western political thought was to 
develop its economic implications'. Because the mercantile system had firmly 
entrenched sovereign states they could hardly be ignored and simply wished away, 
but in future their role was to be minimalized. The state was to perform only residual 
functions and to intervene as little as possible in the running of the economy. This in 
principle is the compromise Adam Smith wanted to strike between a progressive 
economic liberalism and an archaic economic nationalism. 

However, as it turns out, Smith appears to have been unable to shrug off a strong 
sense of the vulnerability and fragility of commercial society. As List's ultimate 
vision is of indefinite competition between nations for the position of industrial 
leadership, so Smith tends to envisage nationalism continuing in the service of 
liberalism. The forces of irrationality in the world are ultimately portrayed as posing 
persistent not diminishing threats, necessitating a lasting not a temporary com
promise between liberalism and nationalism. A 'minimalist' state will still have to be 
a large and powerful state so long as the threats to the 'free world' are such as to 
warrant it. 

As regards external threats it is in book five of the Wealth of Nations that Smith 
argues that the wealth resulting from improvements in a nation's agriculture and 
manufactures has always provoked invasion by envious neighbors and, therefore, 'an 
industrious nation, and upon that account a wealthy nation, is of all nations the most 
likely to be attacked' (1976: 698, emphasis added). This conviction helps explain 
Smith's earlier assertion from book two that 'defence ... is of much more importance 
than opulence'. Territorially speaking, Britain was at the end of the eighteenth 
century a 'global nation' with, as Earle (1986: 223) puts it, 'the entire superstructure of 
British industry, finance, and commerce ... founded upon overseas markets and 
overseas sources of supply'. Under these circumstances, the defense of 'Britain' 
against external threat was seen by British government as entailing nothing less than 
Britain's unchallenged control of the world's ocean highways. This was something the 
so-called Navigation Acts were designed to enforce and these were the acts of 
legislation that Smith accepted as 'the wisest of all the commercial regulations of 
England'. 

It seems as though Smith's views on the defense of the nation as the 'first duty of 
the sovereign', and on the art of war as 'certainly the noblest of all arts' (1976: 689, 
697) crystallized while he was studying at Oxford University at the time of the 
Highland Uprisings of 1745-6 (Bullock, 1916; Winch, 1979: 108). Rather than an 
external threat to the future of commercial society, these uprisings represented a 
threat from the margins culminating in the last major battle on British soil at 
Culloden, on 16 April 1746. Reflecting back on events in his Lectures on 
Jurisprudence Smith concludes that: 

In the year 1745 .. . four or five thousand naked, unarmed Highlanders took possession 
of the improved parts of this country without any opposition from the unwarlike 
inhabitants. They penetrated into England, and alarmed the whole nation, and had they 
not been opposed by a standing army, they would have seized the throne with little 
difficulty . . .. Two hundred years ago such an attempt would have roused the spirit of 
the nation. Our ancestors were brave and warlike; their minds were not enervated by 
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cultivating arts and commerce, and they were all ready with spirit and vigour to resist 
the most formidable foe. (Smith, 1978: 540-1) 

Here we find expression given to what constitutes a recurring theme in Adam 
Smith's national imagination - the relative defenselessness of advanced nations due 
to the steady decline of the martial spirit. A professional standing army made sense 
to Smith partly because he thought the division of labor 'necessary for the improve
ment of the art of war, as of every other art', but also partly because he thought the 
'natural habits' of commercial life render people 'altogether incapable of defending 
themselves' (1976: 698). In the above mentioned Lectures, Smith (1978: 540) even 
goes so far as to say that men's minds constantly employed in the service of 
commerce 'grow effeminate and dastardly'. As a result, Smith believed that when a 
civilized nation persists on relying for its defense on a part-time militia alone, 'it is at 
all times exposed to be conquered by any barbarous nation which happens to be in 
its neighbourhood' (1976: 705). 

The issue of the decline of the martial spirit in civilized nations also makes an 
appearance in Smith's treatment of potentially growing problems of internal secu
rity. When discussing reasons for public investment in the education of youth in 
book five of The Wealth of Nations, Smith makes explicit reference to some 
drawbacks accompanying the division of labor in society. In recognizing and attend
ing to these drawbacks, Smith provides his own version of List's theory of the 
productive powers. Again, although List denies it, Adam Smith did accept that in 
order to be effective every division of labor must also be a union of labor. While he 
may have argued that a standing army is necessary for the protection of a civilized 
nation from foreign invasion (i.e., reasons of external security), Smith also still saw 
the need for some military training for the great bulk of the nation's male population 
for reasons of political stability (i.e., reasons of internal security): 

Even though the martial spirit of the people were of no use towards the defence of the 
society, yet to prevent that sort of mental mutilation, deformity and wretchedness, 
which cowardice necessarily involves in it, from spreading themselves through the great 
body of the people, would still deserve the most serious attention of government . . . 
though, perhaps, no other publick good might result from such attention besides the 
prevention of so great a publick evil. (Smith, 1976: 787-8) 

Smith believed in the need for groups equivalent to List's mental laborers because 
he saw wealth and luxury breeding cowardice throughout modern society and 
progress in the division of labor breeding a dangerous kind of ignorance among 'the 
inferior ranks of people' (1976: 788). While List believed that securing the advan
tages of division of labor and catching up with England demanded a strong national 
consciousness, Smith believed that without the generation of continuing respect for 
national authority and an appreciation of the ways of national government, civilized 
society (and industrial Britain in particular) would always be in danger of destroying 
the bases of its own existence. 

5. Changing flights of the national imagination 

Having been confronted with Friedrich List's liberalism and Adam Smith's nation
alism, we begin to appreciate the possibility for significant variation in the wedding 
arrangements binding together sovereignty impulses and innovative activity. We 
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also begin to sense the impossibility of ever granting the two a final divorce. In light 
of this inseparability, an obvious task for research on national systems of innovation 
must be to help the defenders of sovereignty and free enterprise settle some of their 
differences. To help the former realize that a community like their own only comes 
to know itself through forming relations with others; and the latter to realize that the 
successful entrepreneurs are those able to rely upon the relatively fixed and stable 
identity of those they interact with. 

Today in the post-cold war era there exists no settled marriage between sover
eignty and innovation. After 1945, the spectre of the Soviet Union as a closed, 
uncommercial totalitarian state12 played into the hands of the Smithian-style na
tional imagination. The difference between communism and capitalism was taken to 
be the one that counted and against it the differences separating individual capitalist 
nations were considered to be of only minor importance. In its opposition to 
communism, capitalism was imagined as essentially one and the same throughout. 
The great external divide separating East and West came to be reflected in the 
internal constitution of major capitalist nations through the strict separation of 
military and civil sectors. Without this strict internal divide 'we' in the West would 
have been no better than 'them' in the East. Although discussion and debate 
revolved around the nature of the relationship between the two sectors, the sig
nificance or insignificance of 'spin-offs' and 'spillovers' from military projects to 
civilian enterprises, nobody wanted to question the legitimacy of the sectoral divide 
itself. The civil-military divide provided the natural frame for national security 
discussions. In line with Adam Smith's thinking, the vision was one of the relative 
defenselessness of capitalist societies against attack from barbarian forces and how 
this demands the maintenance of an expandable space within these societies for the 
continued development of martial powers. 

However, with the disappearance of communism as capitalism's taken-for
granted Other, the Smithian-style national imagination no longer makes such 
obvious good sense. Because it is now not so easy for capitalist powers to distinguish 
between themselves and the Enemy, the attractions of a strict civil-military divide 
have tended to diminish apace. It is no longer a matter of common sense to divide 
advanced nations into a military sector where practically all innovation is geared to 
the defense of sovereignty and a civil sector where practically any new combination 
is allowed. New compromises between sovereignty and innovation have started to 
appear possible and necessary and the Listian style national imagination has 
emerged as one of the alternatives capable of disciplining ambiguity and giving us a 
clear idea of who we are, where we stand, and exactly who we are up against. 

The Listian national imagination refuses to recognize a civil-military divide. In 
List's eyes, if Germany was to catch up with England the struggles for prosperity and 
sovereignty would have to be permitted thoroughly to permeate each other. He 
believed that 'war is nothing but a duel between nations, and restrictions of free 

12 Which style of national imagination ruled in the former Soviet Union? This is an issue we 
lack space to engage with in this chapter. However, if you are looking for an appropriate 
author of nationalist doctrine then Johann Gottlieb Fichte (1762-1814), author of The Closed 
Commercial Slale, appears to fit the bill rather well. For relevant discussion see Dumont 
(1992), Heilperin (1960: ch. 5), and Mayall (1990: 79-84). 
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trade are nothing but a war between the powers of industry of different nations' (List 
in Hirst, 1909: 154). Thus, military actions were for List a fully integrated, and 
unexceptional, part of his general national strategy of learning from others while 
remaining protected against them. Whether 'protection' happened to mean the 
setting of tariffs or displays of military strength was to be dictated entirely by 
circumstance and not according to some supposedly sacred divide. Free enterprise in 
the unbridled Smithian sense was for List a luxury Germany could ill afford. German 
entrepreneurs could never be allowed to forget their ties of allegiance to their nation 
if their contacts with foreigners were to continue to bear fruit. Therefore, unlike the 
Smithian national imagination the Listian imagination encourages us to envisage 
major differences within capitalism and different capitalist societies as each other's 
enemies. These enemies are engaged in a non-conventional industrial war where the 
major objective is to learn how to emulate your opponents so as to avoid falling 
under their domination. In other words, the Listian national imagination encourages 
closer contact between different capitalist societies at the same time as it breeds 
greater hostility between them (cf. Nelson, 1992: 371). 

As is the case with List, recent research on national systems of innovation 
emphasizes the existence of differences that set capitalist societies apart as well as 
the ability of interactive learning to ameliorate or even reverse these differences. 
Again, as with List, difference between nations is construed on the basis of a 
hierarchy: there are leaders, laggards, and non-starters. However, that which is not 
declared in recent research on national systems of innovation is the existence of a 
state of industrial warfare reigning between capitalist nations. Instead, the emphasis 
is overwhelmingly on knowledge as the most fundamental resource available to 
modern economies and, following from this, learning as the most important process 
we need to study (Lundvall, 1992: 1). 

This choice to draw on the 'good' sides of List's national imagination while 
ignoring the 'bad' is easy to sympathize with, but hard fully to condone. It prevents 
research on national systems of innovation from dedicating itself to the detailed 
investigation of how different ways of imagining the nation impact on the design of 
learning processes. In the last instance, List was arguing for learning processes based 
on fear: the fear that England threatened the very existence of Germany. If the 
ability to learn from others depends on a heightened consciousness of identity and 
difference and even the acknowledgment of limited superiority, how is it possible to 
prevent this new consciousness from degenerating into a fear of domination? If, as 
List shows us, an interest in learning from others is perfectly compatible with a 
strong desire to exclude these same others and free ourselves from their influence, 
how can contemporary research on national systems of innovation promote more 
inclusive patterns of learning? In order to address issues such as these the complex 
interplay between sovereignty impulses and innovative activity must be brought into 
focus . Innovation must be acknowledged and discussed as a force capable of 
dissolving sovereign states but without the wilful exaggeration of this capability and 
an indulgence in industrial war-mongering. The first step in a more responsible 
direction would be to make a point of stressing the opportunity innovation presents 
for experimenting with new identities and how the relaxation of sovereign impulses 
may just as easily result in the experience of new pleasures as of new pains. 
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Part II 

Innovation Systems: 
Evolutionary Perspectives 
INTRODUCTION 

Esben Sloth Andersen 

The recent debate on innovation systems takes place at the crossroads between two 
types of research. The first is the descriptive analysis of innovation systems, which 
relates both to growth accounting and to the do-it-yourself economics of govern
ment agencies and international organizations. This type of research tries to explain 
rate and direction of innovation across countries and thereby partly answer the 
question of why growth rates differ. By including some of the results of modern 
innovation theory, this research has become increasingly ambitious; presently it is 
looking for a systematic framework that can promote its further development (see 
part 5 in Dosi et al., 1988). More and more evolutionary economic concepts are 
introduced in the study of innovation systems and in policy documents - like the 
Green Paper on Innovation by the Commission of the European Union. 

The second type of research is the much more abstract search for an evolutionary 
theory of economic change. In its modern form this search was pioneered by Nelson 
and Winter (1982) who tried to create a realistic microfoundation for both growth 
theory and industrial dynamics. This led initially to models with Schumpeterian 
firms competing in a single market by means of the innovative and imitative results 
of R&D. Here the complex division of labor within an innovation system is only 
reflected in a few parameters. This is obviously only a beginning of a realistic 
approach to economic change. As researchers have become more confident in the 
functioning of their simplistic models, there has been increasing interest in studying 
the coevolution of technology and institutions as the way growth is promoted 
(Nelson 1994). 

Thus, the two types of research tend to cross. Many researchers engaged in 
initially descriptive studies of innovation systems have come to a point of acute need 
for a theoretical framework, and the evolutionary approach appears to be a good 
choice. Evolutionary economic research has started to extend its area to the 
innovative evolution of complex systems, which appears to suggest many interesting 
theoretical tasks. This crossing of the roads of two very different types of research is 
not at all arbitrary but is founded in a deep affinity between innovation systems 
research and evolutionary theorizing. The chapters in Part II of the book try to 
explain this strong link and use it to promote innovation systems research. 

It is not at all easy to cross formal evolutionary models with system-oriented 
analysis. This is clearly demonstrated by biological research where modeling of 
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gene-based evolution was for a long time completely separated from analysis of 
ecosystems. However, the emergence of evolutionary ecology suggested how the 
ecological web of interconnections created the conditions for microevolution while 
it was itself evolving over time. This understanding has solved many problems and 
suggested areas for further research. The marriage between innovation systems 
research and evolutionary economic analysis has the same kind of advantages. But 
there is a further reason for affinity: while the creation of variety and diversity in 
biology is random in a totally exogenous way, it is within economic systems partly 
the result of a division of labor between different firms and other organizations. This 
creates interesting coordination problems in resource allocation and in finding ways 
to filter an organization's innovative ideas so that those not being applied in one 
organization may be transferred to others. 

The basic approach of evolutionary economics can be characterized by the well
known trilogy of concepts: reproduction, variety, and selection. With these or similar 
words we tell the following story: firms and other organizations tend to behave 
according to routines that are reproduced through time. However, organizations 
have the possibility of finding or drifting into new routines; this means that they can 
have different variants of routines. Selection sorts out the situation so that some 
variants disappear while others grow in importance. This basic story may be well
suited for the study of competition among firms in a given market. But when 
evolutionary analysis turns to innovation systems this story is not sufficient. There is 
a need for inventing and applying a fairly large set of new concepts that can cope 
with the analysis of evolution within and of complex systems. If this activity is 
successful, evolutionary analysis of innovation systems may enrich the framework in 
a way that makes it fitter for other analytical purposes. 

One problem is that within innovation systems there is microevolution, meso
evolution, and macroevolution. If the macroscopic set-up of an innovation system is 
a given (as it mainly will be until Part III), there are two types of 'variety' left. The 
microscopic variety (e.g., random variation of quality or minor variants of products) 
might be called 'variety' in the narrow sense, while we at the mesoevolutionary level 
(major new products, new industries) find the emergence of 'diversity'. Even though 
'variety' is often used as a synonym for diversity, we reserve it for less fundamental 
heterogeneity. It should be noticed that although the concept of diversity has 
sometimes been given positive normative connotations (especially in the USA), we 
use it in a purely descriptive sense in which some types and degrees of diversity are 
bad from an economic (and social) viewpoint. 

Another problem that becomes obvious when dealing with innovation systems is 
that they may encompass many different types of selection mechanisms. In such 
systems a single innovation may have to pass a whole series of filters or selection 
mechanisms before it might obtain long-term success as a relatively stable part of the 
system of products and economic behaviors. First, an innovative idea (perhaps in the 
form of an invention) must survive the selection environments in a research oriented 
organization and in the decision-making process of the potential innovator (pre
innovation selection). Then it is launched at the product market or within the firm as 
a process innovation; here new market-based or intrafirm selection pressures deter
mine whether it will spread or not; finally, the financial system influences the long
term destiny of the firms. Obviously, there is no single selection environment and no 
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single selection mechanism. Innovation systems are not least characterized by the 
way they are able to combine the different types of selection. One reason for 
Schumpeter's famous 'circular flow' could be a (temporary) system in which prem
ature hyper-selection removed innovative opportunities. 

A final problem for evolutionary analysis should be mentioned: innovation 
systems are so complex that it is obvious that their 'optimality' and 'efficiency' 
cannot be determined in any strict sense. Although this conclusion is endemic to all 
evolutionary analysis, it is sometimes pushed into the background because the 
theory concerns populations of adapting economic agents that try to better their 
individual situation. In simple situations one might hope to find evolutionary stable 
strategies that bring individual agents as well as the system as a whole close to the 
best situation. In complex innovation systems the best situation is normally totally 
incomputable. However, this conclusion does not mean that there is no policy 
relevance to evolutionary theorizing about innovation systems. On the contrary, 
most of the chapters of Part II deal with this issue. They help to create a language for 
policy-makers who have many difficulties in dealing with diversity and the positive 
side of apparent failures - not least by some of the more ambiguous terms of the 
language and some of the more difficult problems of policy-making. The chapters 
might even point to more specific solutions to long-term problems of economic 
growth. 

Saviotti (Chapter 8) emphasizes the positive contributions of evolutionary theory 
to the study of innovation systems; especially, he points to the possibility of clarifying 
the notions of diversity. The starting-point of the chapter is a survey of relevant 
evolutionary theories. Although the pioneering contribution by Nelson and Winter 
was crucial in catalyzing the emergence of modern evolutionary economic analysis, 
it is emphasized that evolutionary theories are now the result of a convergence 
between several disciplines and research traditions. They include self-organizing 
systems based in thermodynamics, biological population dynamics, evolutionary 
organization theory, and economic analysis in the traditions of Marshall, Schump
eter, Veblen, and Hayek. Together these approaches help to study the open-ended 
and experimental nature of evolution in terms of heterogeneous agents in a system 
with qualitative change and path dependency. 

When used in the study of innovation systems the emerging evolutionary synthesis 
emphasizes several important issues. Saviotti puts special emphasis on the need for 
analyzing the different kinds of diversity and variety that drives the evolutionary 
process. The most immediate task is to develop concepts and measurements of 
diversity. Then comes the development of basic hypotheses about the (positive) 
relationships between growing diversity and growing productivity as well as between 
growth in diversity and long-run economic growth. Finally comes the relationship 
between product/process diversity and then institutional diversity of innovation 
systems. 

Hypotheses about the role of diversity are not the only contribution evolutionary 
analysis makes to innovation systems research. Its conceptualization of knowledge 
and of networks also brings important contributions to explaining persistent differ
ences between innovation systems and their performance. The level of assistance 
that evolutionary analysis can make to understanding the consequences of global
ization for national innovation systems is a major test of its value. 
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McKelvey (Chapter 9) presents other positive aspects that evolutionary theory 
contributes to the study of innovation systems. Although she gives a full account of 
the evolutionary mechanisms in innovation systems, the main emphasis is on the 
generation and intrafirm preselection of diverse technological opportunities. The 
chapter starts with the mechanisms of retention and transmission in innovation 
systems. Technological paradigms upheld by communities of practitioners are 
considered important, but the focus is at a more concrete level - the level of firms. 

The way the system of retention and transmission is organized has direct implica
tions for the generation of diversity. If it is dominant, there is little room for novelty 
creation. But the novelty that reaches the market is also influenced by different kinds 
of intra firm selection that avoid the often costly market testing of innovations. 
McKelvey considers the testing and preselection procedures as important aspects of 
innovation systems. These procedures are not only defined by individual firms but by 
related agents like providers of inputs, customers, government agencies, and uni
versities. These parties help define the 'maps' for the search activities of firms. 

While these conceptions of the retention and generation of diversity suggest that 
a good deal of selection is present in all evolutionary mechanisms, the ultimate 
selection mechanism is, of course, the market. But the most important characteristic 
of an innovation system is how it balances the different selection activities. Given the 
hierarchical character of the selection mechanisms (system level, market level, firm 
level), the question is how the balance is between the individual and more collective 
levels of decision-making. 

Cohendet and Llerena (Chapter 10) deal with both the difficulties and the 
possibilities of exploiting, or 'valorizing', diversity. The positive effects of diversity 
are obvious from the basic structure of evolutionary theory (variety and diversity as 
fuel to the selection process). But the authors also emphasize that diversity serves to 
increase the breadth of the learning process in the economy. In this respect 'learning' 
should not be considered too narrowly but rather as encompassing 'experimenta
tion' and 'discovery'. 

Diversity also has its costs and problems. Much diversity can be obtained if 
technologies are not allowed to mature, while the advantages of standardization 
often presuppose a process of evolutionary competition that decreases the level of 
diversity. In such a mature state the costs of upholding diversity become very 
significant since they are up against the market mechanism. To understand this 
problem, Cohendet and Llerena relate to the recent economics of standardization 
which does not necessarily point to one surviving QWERTY-like standard but, with 
reasonable variations of the game, can lead to multiple standards. This result is 
obtained by local interaction among agents and has inspired much interest within 
innovation systems research. The problem is not only one of day-to-day network 
externalities. It is even more one of coordinating a system in which diverse com
petencies have to be located in a network to promote innovation processes. Such 
latent externalities may form the core of innovation systems. However, the costs of 
upholding diversity suggests that the timing is crucial so that it concerns premature 
rather than mature technologies. Furthermore, the question of the organization of 
firms and networks of firms becomes crucial. In some cases vertical and centralized 
organizations are important while in other cases horizontal and decentralized 
organizations are crucial. 
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Andersen and Lundvall (Chapter 11) try to demonstrate that there is not only an 
overall relationship between innovation systems research and evolutionary theory 
(as was also demonstrated in chapters 8 to 10), but that it is possible to make specific 
evolutionary models that clarify important issues. In general their chapter explores 
the vertical approach to innovation systems while their specialized model depicts the 
emergence of a differentiated 'development block' (or technological system). The 
model is deliberately held as closely as possible to the Nelson and Winter model of 
Schumpeterian competition. The major difference is that Andersen and Lundvall 
introduce intrafirm heterogeneity in the form of different tasks that have to be 
performed in order to produce the firm's output. Given that innovations relate to 
individual tasks rather than to the overall productivity of the firm, the result is that 
unspecialized firms have to concentrate the employees in tasks where they have 
subnormal performance. One way out of this counter-productive situation is to 
imitate other firms, but a much more powerful mechanism is vertical specialization. 
Firms with supernormal productivity in a certain task tend to specialize around this 
task while those with subnormal productivity tend to buy an intermediate input that 
emphasizes the task. In this way markets for intermediate goods are created. In the 
long run very complex industrial structures may emerge. 

According to Andersen and Lundvall, it is such a complex system that forms the 
starting-point for introducing issues in relation to innovation systems. First, the task 
that a specific firm is good at might be R&D. However, specialization in R&D is 
difficult because of the non-steady output. Therefore, state support may be neces
sary. Second, the R&D productivity of a firm may depend on the existence of 
innovative linkages to sophisticated customers or suppliers. Third, standardization 
may be a necessary condition for large-scale sales in a novel intermediate market. 
This standardization suggests a necessary coordination mechanism in complex 
economic systems. 

Carlsson and Jacobsson (Chapter 12) have a crucial role in Part II because they 
give a major example of the use of appreciative theorizing, which is a central way of 
developing the evolutionary analysis of innovation systems. At the same time they 
give the most developed policy discussion which is also crucial to any viable 
evolutionary economics. Their definition of technological systems is given on the 
back of a brief review of studies of the nature of the innovation process, which 
emphasizes cumulativeness, tacitness, networking, and localization. 

The Carlsson-J acobsson definition of a technological system includes bounded 
economic competence, network requirements, and adapted institutions at the firm 
level as well as supportive and general organizations. This definition is used for 
organizing an account of the emergence of new technological systems for electronics 
and genetic engineering in the USA and Sweden. System emergence is described in 
terms of phases (embryo, infant, adolescent), functions (experimental, entrepre
neurial, financial, and interorganizational bridging), alternative methods and organi
zations of performing the necessary functions, and long-term competence building. 
This matrix is used to map the wide variety of patterns involved in the establishment 
of technological systems. 

On the basis of this structure, an analysis is made of the role of public policy in 
establishing new technological systems. To make the discussion concrete, special 
emphasis is put on countries (like Sweden) that for an extended period have had a 
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strong selection mechanism that has favored existing technological systems. But in 
general it is obvious that the set of policies needed varies over the life cycle of the 
technological system. In the early phases policy cannot constrain itself to economic 
incentives but must also confront the supply of awareness and information, the 
institutional foundations of the system, and concrete network creation - including 
relations to universities. These proactive activities are, however, of little use without 
business activities of entrepreneurs and venture capital, often supported by public 
procurement policy. The most important conclusion is that policy has to be focused 
on the establishment, functioning, and transformation of the whole technological 
system. 
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CHAPTER EIGHT 

Innovation Systems and Evolutionary 
Theories 
Pier Paolo Saviotti 

1. Introduction 

The concept of innovation system conveys the idea that innovations do not originate 
as isolated, discrete phenomena, but are generated by means of the interaction of a 
number of entities or actors/agents. The set of actors and interactions has some 
specific features that are conserved over time, and it behaves as a whole in a large 
number of circumstances. These characteristics are shared by national (Lundvall, 
1988, 1992; Freeman, 1987; Nelson, 1988, 1990, 1992; Niosi et at., 1993), regional, 
sectoral (Breschi and Malerba, this book; Guerrieri and Tylecoate, this book) or 
technological (Carlsson and Stankiewicz, 1991; Carlsson, 1994) innovation systems. 
They can all be represented as sets of institutional actors and interactions, having as 
their ultimate goal the generation and adoption of innovations at some level of 
aggregation (country, region, industrial sector, technology, etc.). The important 
theoretical and policy problem posed by these systems is that innovations are 
generated not only by individuals, organizations, and institutions, but by their, often 
complex, patterns of interactions. It follows that institutional and organizational 
configurations are important determinants of economic development and growth. 
This conclusion represents an important challenge at the theoretical and policy 
levels, because traditional theories of growth have been largely a-institutional. The 
historical specificity and the institutional nature of national systems of innovation 
(NSIs) cannot be predicted or explained by traditional economic theories. In this 
chapter an attempt will be made to justify the existence and to explain some of the 
main features of NSls on the basis of evolutionary theories. However, a number of 
the conclusions are also applicable to other systems of innovation. 

Countries in the world economic system have a different output structure. This 
can be described as a pattern of national specialization or of output asymmetry. Such 
output asymmetry cannot be explained solely by differences in natural endowments, 
but is largely related to constructed national advantages. Such output asymmetry, or 
heterogeneity, persists in the presence of forces tending to reduce it. For example, 
Patel and Pavitt (1994) find that the technological strengths and weaknesses of 
OECD countries between the 1960s and 1980s show a high degree of stability. 
Competition at the international level leads to the elimination of 'inferior' products 
and services, and defines thresholds for acceptability that are common to all 
potential producers. The persistence of output asymmetry is accompanied by a 
possibly even greater institutional and organizational asymmetry. NSls can produce 
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the same or a similar output structure using different institutional and organizational 
configurations. Even a narrow range of examples (USA, Japan, Germany, France, 
UK, etc.) would prove the point (see Nelson, 1992). Furthermore, the institutional 
and organizational asymmetries are largely the result of historical inheritance. New 
institutional structures emerge, but they are grafted onto and partly determined by 
pre-existing ones. In other words, NSIs show local and historical specificity, that is, 
path dependence. A very clear distinction between institutions and organizations 
has been drawn by Edquist and Johnson in this book. However, most of the 
reasoning and of the conclusions in this chapter apply to both institutions and 
organizations. An explicit distinction will be introduced only when necessary. 

With the introduction of the concept of NSI, a number of scholars started studying 
the phenomenon of globalization. Although interest in both areas developed almost 
simultaneously, the concepts of NSI and globalization imply opposite, and possibly 
contradictory, tendencies. The spreading of globalization could undermine the very 
essence of the NSI. The tendency towards convergence is opposed to the formation 
of heterogeneity and divergence. 

2. The theoretical justification of the NSI 

As we have seen in the previous section, the concept of NSI owes its origin to the 
strong historical and institutional specificity displayed by different countries, proper
ties that in more abstract terms can be interpreted as path dependence, irrever
sibility, and multistability. Evolutionary theories predict the existence of all these 
properties and can be very useful in explaining the nature of the NSI. 

2.1. Evolutionary theories 

The year 1982 can be considered a possible date for the official birth of evolutionary 
theories, due to the publication of Nelson and Winter's An Evolutionary Theory of 
Economic Change. Several authors before them had evolutionary ideas, and, during 
the 1960s and 1970s, a large number of innovation studies challenged the validity of 
the main assumptions of neoclassical economics, at least for what concerns the 
dynamics of technological change. However, all these intuitions remained frag
mented; Nelson and Winter's book represented the catalyst for the creation of a 
new, general approach. Considerable progress has been made in the intervening 
period, although at the moment we cannot yet say that there is an evolutionary 
economics in the same sense in which there is a neoclassical economics. Evolu
tionary theories of economic and technological change are still at an early phase of 
their life cycle, and they have not achieved a degree of articulation corresponding to 
that of neoclassical economics. They have been developed from a series of perceived 
shortcomings of neoclassical economics, especially for what concerns technological 
change. In this section the main concepts of evolutionary theories will be discussed 
in order to apply them to the NSI. Although the Schumpeterian heritage is very 
important in the community of evolutionary economists, evolutionary theories are 
now emerging from the convergence of a number of disciplines and research 
traditions (Saviotti and Metcalfe, 1991; Saviotti, 1996). This convergence is taking 
place because the concepts and techniques that are required to develop both 
Schumpeterian intuitions and explanations of new phenomena have emerged only 
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recently and in different disciplines/research traditions. Such convergence is not 
planned rationally or carried out in the most coherent way, but it is giving rise to new 
concepts and theories that distinguish evolutionary theories from neoclassical 
economics. 

The five disciplines/research traditions presented here are not simply juxtaposed 
but are in a relationship of mutual complementarity. Some of them are providing 
theoretical justification for the main concepts and theories of the others. The order 
in which the disciplines/research traditions are presented reflects this relationship. A 
more detailed analysis of this problem can be found in Saviotti (1996). 

2.1.1. Systems theOlY and non-equilibrium thermodynamics 

From these two disciplines/research traditions we derive the fundamental distinction 
between closed and open systems (Nicolis and Prigogine, 1989; Prigogine and 
Stengers, 1984; von Bertalannfy, 1950). A closed system cannot exchange anything 
with its environment while an open system can exchange matter, energy, and 
information. The two types of systems have very different properties. Closed 
systems achieve an equilibrium corresponding to the highest possible degree of 
disorder and randomness. On the other hand, open systems move away from 
equilibrium as the rate of exchanges with their environment increases. Their out of 
equilibrium processes are irreversible and can give rise to discontinuous transitions 
to states characterized by a greater degree of order and complexity than those that 
precede them. In other words, open systems can give rise to structure formation, to 
qualitative and structural change. In the vicinity of transitions the systems are 
subject to high indeterminacy: fluctuations can lead the system to any of the states 
that are possible after the transition (Nicolis and Prigogine, 1989; Prigogine and 
Stengers, 1984). The number of such states may grow after the transition (multi
stability). Furthermore, fluctuations can lead the system to a different final state 
each time the transition takes place. Historical events can influence fluctuations and 
lead to path dependence. An application of this principle to the adoption of 
technology has been given by Arthur (1988, 1989). The properties of open systems 
imply a limited determinism and, therefore, a limitation to our capacity to predict 
the outcome of processes. In summary, systems theory and non-equilibrium thermo
dynamics predict structure formation, qualitative change, indeterminacy, irrev
ersibility, path dependence, and multistability, properties that are commonly 
displayed by NSIs. 

2.1.2. Biology 

The general properties predicted by systems theory and by non-equilibrium thermo
dynamics are displayed by biological, economic, and social systems. Systems theory 
and non-equilibrium thermodynamics provide a theoretical justification for all these 
disciplines/research traditions. In this sense we can say that systems theory and non
equilibrium thermodynamics are in a hierarchically more fundamental position than 
the other disciplines/research traditions. However, this does not imply that we can 
deductively infer the properties of biological or economic systems from systems 
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theory and non-equilibrium thermodynamics. Historically the theoreticallegitima
tion comes ex post and each discipline/research tradition develops concepts appro
priate to its observation space. 

An evolutionary approach has been developed mainly in biology. This discipline 
has given rise to a number of important concepts that can be applied to the analysis 
of economic evolution. Variation is the process that gives rise to new species, some 
of which will survive the process of selection. The net number of species surviving 
selection determines the diversity of the system. In order to survive species have to 
adapt to their environment. While it was previously believed that only the fittest 
would survive, modern opinions imply that the tolerably fit can survive (Hodgson, 
1993). In economic systems R&D, or more in general search activities, contribute to 
variation, while regulation and competition are the main forces responsible for 
selection. The use of a population approach, as opposed to the typological approach 
used in economics, is common in biology (Saviotti and Metcalfe, 1991). All these 
concepts and processes currently used in biology constitute a very good basis for the 
analysis of qualitative change and of the heterogeneity of agents, problems that are 
central to an evolutionary approach in economics. In other words, economics and 
biology have a considerable degree of similarity, both in structure and overall 
knowledge goals. 

The main properties of socio-economic and of biological systems are thus predicted 
by systems theory and non-equilibrium thermodynamics. Biology has provided a 
number of concepts that are in principle applicable to economics. However, no 
mechanical transfer of concepts and models between different disciplines/research 
traditions is possible. Adaptation of general concepts is required in the specific 
context of each discipline/research tradition. Thus variation is blind or random in 
biological systems, corresponding to Darwinian evolution, while it acquires a Lam
arckian character in economic systems, due to the intentionality and purposeful 
character of the latter (Dosi and Nelson, 1994; Hodgson, 1993; Nelson, 1995; Saviotti 
and Metcalfe, 1991). Biology can be a very powerful source of inspiration for 
evolutionary economics, but in the sense of allowing us to formulate new questions 
and problems and not in providing biological answers to economic problems. 

2.1.3. Organization theories 

The term organization theory refers here to a number of heterodox theories of the 
firm and to theories and concepts that have emerged in management science and in 
business history. These theories have two aspects in common: first, they differ from 
neoclassical theories because they do not assume optimizing behavior; second, they 
open up the black box of the firm, or of other organizations, by introducing explicitly 
organizational structure and internal conflicts. Satisfying behavior and internal 
conflicts are emphasized by behavioral theories of the firm (Cyert and March, 1963; 
Simon 1947, 1957). The distinction between strategy and structure and the emer
gence of qualitatively different forms of organizational structure (U and M form) 
have been studied by Chandler (1962, 1977). Competences have been stressed, for 
example, by Penrose (1959), McKelvey (1982), Teece (1986), and Tushman and 
Anderson (1986). Satisfying behavior, routines, and selection rules have been 
introduced into their evolutionary scheme by Nelson and Winter (1982). The 
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growing role played by knowledge creation and utilization in the performance of 
firms, a topic that has become very important in evolutionary theories of the firm, 
has been perceived and developed mostly within this research tradition. 

2.1.4. Economic antecedents of evolutionary theories 

In the past a number of economists have had intuitions that represent true ante
cedents of modern evolutionary theories. For example, Marshall is very often 
quoted as having said that 'the Mecca of the economist lies in economic biology 
rather than in economic dynamics' (Marshall, 1949). Marshall clearly recognized 
that 'economics, like biology, deals with a matter, of which the inner nature and 
constitution, as well as the outer form, are constantly changing' (1949: 637), a 
relatively clear reference to qualitative and structural change in economics. How
ever, in spite of recognizing the value of a biological metaphor, Marshall did not use 
it and relied more on economic statics than on economic dynamics. 

Herbert Spencer was among the first to develop an evolutionary approach to 
social development. While some of his ideas can be interpreted in a pro-aristocratic, 
racist, and sexist way, others are quite relevant for modern evolutionary develop
ments. Spencer (1892: 10) defined evolution as 'a change from an indefinite, 
incoherent, homogeneity, to a definite, coherent heterogeneity through differ
entiations'. Spencer thought that evolution necessarily involves progress, and that 
complexity is generally associated with fitter and more adaptable forms. These 
considerations anticipate the formation of structure and diversity growth. 

Veblen made a very explicit use of a biological metaphor (Hodgson, 1993). For 
Veblen 'idle curiosity' was the source of diversity or mutation in the evolutionary 
process. The institution became the unit of selection but also in the mean time the 
replica tor. Institutions were characterized by relative stability and continuity 
through time. They could thus transmit diversity from one period to the next 
ensuring that selection had relatively stable units on which to operate. Variation, 
selection, and inheritance were thus present in Veblen's analysis. 

Schumpeter defined economic development as the carrying out of new combina
tions of productive means by entrepreneurs (Schumpeter, 1934: 66). For him these 
new combinations are new products, new processes, new markets, new sources of 
raw materials and new organizational forms. All these new combinations give rise to 
products, processes, etc., which are qualitatively different from those that preceded 
them. In more modern terms one would say that Schumpeter attached a great 
importance to radical innovations as ingredients of economic development. Thus in 
his view qualitative change and the generation of economic diversity are central to 
long-term economic development. Furthermore, Schumpeter stressed the non
equilibrium aspects of capitalist development. The creative destruction that 'in
cessantly revolutionizes the economic structure from within, incessantly destroying 
the old one, incessantly creating a new one' is one of the fundamental mechanisms of 
capitalist economic development (Schumpeter, 1942). Curiously, Schumpeter re
jected the use of a biological metaphor in economics. 

Hayek attached a great importance to the role of rules. He spoke of the 'genetic 
primacy of rules of conduct' (1982, vol. 3: 199; cited in Hodgson, 1993: 164). A rule 
is defined by Hayek as a regularity of conduct of individuals. The durability of rules 
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is due to replication through imitation. This mechanism accounts for the much faster 
rate of cultural evolution compared to the sluggish biotic process of genetic change 
and selection (Hodgson, 1993: 165). The selection procedure for rules, however, is 
quite interesting. Rules are selected on the basis of their human survival value, that 
is, they are indirectly selected through association with a particular group. Also, the 
idea of spontaneous order, which he compared to the concepts of autopoiesis, 
cybernetics, homeostasis. self-organization, and synergetics (Hayek, 1988: 9; in 
Hodgson, 1993), was central for Hayek. In support of spontaneous order he quoted 
Prigogine and his school (Hayek, 1982, vol. 3: 200; cited in Hodgson, 1993). 

The ideas of all these economists are compatible with evolutionary developments, 
and sometimes they also anticipated further expansions. 

As was previously pointed out, evolutionary theories are still at an initial stage and 
have not achieved the articulation of neoclassical economics. Their comparative 
advantage, which could justify the effort of further articulation, lies in the explana
tion of situations characterized by qualitative change, radical uncertainty, and the 
heterogeneity of agents and techniques. Qualitative change will be one of the main 
topics addressed in this chapter. Thus diversity will be analyzed as a concept that 
allows us to treat qualitative change analytically. On the other hand, qualitative 
change can only occur by means of the creation and utilization of new forms of 
knowledge. Such phenomena are fundamental for the performance of NSIs. 

While evolutionary theories can give some advantages in the analysis of qual
itative change, radical uncertainty, and heterogeneous agents, they do not neces
sarily escape some of the tensions inherent in economics and in the social sciences in 
general. Thus in neoclassical theory the economic system is determined to go 
towards equilibrium and to stay there, except for temporary displacements, leaving 
agents only the freedom to optimize (Hodgson, 1988). Even in evolutionary theories 
path dependence may be considered to compel agents to stay within a path that they 
have not chosen. However, such determinism is never complete in evolutionary 
theories. First, even after having chosen a given path or trajectory, agents still have 
a considerable amount of residual freedom, which influences their performance. 
Such freedom does not allow them to redesign radically the technological or 
conceptual system on which they base their competitive capabilities, but it can 
manifest itself in terms of incremental innovation. Second, in the vicinity of transi
tions leading to qualitative change, fluctuations lead to very high uncertainty, 
destroy previously accumulated competences (Tushman and Anderson. 1986), and 
temporarily disrupt path dependence. In these conditions agents' freedom is con
siderable. Of course, agents are not necessarily aware of being in a transition phase. 
In these conditions uncertainty usually means greater risk and greater opportunities 
than in a mature, stable market. Transition phases represent conditions more 
favorable to entrepreneurial than to routine behavior (Winter, 1984). Thus. if 
anything, evolutionary theories leave greater room for uncertainty, intentionality, 
and individual freedom than neoclassical ones. 

We can now summarize the main features that differentiate neoclassical from 
evolutionary theories. 

1. Qualitative change, or change in the composition of the system, resulting from 
the balance of variation, the creation of new 'species', and selection. which is 



186 Innovation Systems: Evolutionary Perspectives 

based on differential adaptation. Inheritance too affects the rate and type of 
qualitative change. 

2. Uncertainty, path dependency, and multistability, all features arising from the 
out-of-equilibrium nature of systems and processes. 

3. Heterogeneity of agents, requiring a population approach, emphasizing not only 
representative agents and mean values of properties, but also their distribution 
within a population. 

Such differences can both provide a more realistic analysis of innovation systems 
and justify some of their main properties, such as historical specificity and the 
multiplicity of institutional configurations, which are impossible to justify in terms of 
neoclassical theory. In what follows the implications of these general concepts for 
innovation systems will be discussed in greater detail. 

3. Implications of evolutionary theories for the NSI 

3.1. Diversity 

As we have previously seen, one of the main aims of evolutionary theories is to help 
us to understand and to predict, at least in part, qualitative change. Schumpeterian 
intuitions about the role of innovations, of entrepreneurs, and of discontinuities in 
economic development constitute a fundamental point of departure, but we need to 
develop an analytical framework for them. There are at least two important 
problems that need to be faced in order to achieve this goal: first, what variable(s) to 
use in order to describe the system we are studying, and second, what role qualitative 
change plays in economic development. 

Qualitative change modifies the composition of the system. New entities, qual
itatively different from the old ones, appear and the old ones disappear. Diversity 
measures the net number of these entities. If we adopt a simplified representation of 
the economic process as a set of actors (individuals and institutions) performing 
transformation activities (transforming inputs into outputs) thus generating new 
types of output, we can define diversity as the number of actors, activities, and 
objects necessary to describe the system (Saviotti, 1991, 1994). A further important 
aspect of the same problem is the diversity per unit of population. When a new type 
of output is introduced the net diversity of the system increases, but it does not 
change as the new type of output is reproduced in large quantities. During this 
process of replication, the average diversity (per unit of population) of the system 
falls. In other words, diversity is an important variable to represent analytically 
qualitative change. 

Several aspects of diversity need to be distinguished. For example, we can define 
output diversity (Vq) as the number of distinguishable types of output, process 
diversity (V p) as the number of distinguishable types of processes used to produce 
Vq, institutional and organizational diversity (Vi) as the number of distinguishable 
types of institutions and organizations, etc. The overall diversity of the economic 
system, as defined in the previous paragraph, is the combination of all these types of 
diversity. Another relevant distinction is that between national (VN) and world (Vw) 

diversity. These distinctions need to be introduced because the types of diversity 
behave differently in the course of economic development. For example, process 
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diversity can fall at certain times by means of standardization or modularization, 
while in the meantime output diversity is increasing. Here it needs to be stressed that 
an important component of process diversity comes from the competences used in 
firms to produce the required output. This type of diversity is discussed much more 
explicitly in Chapter 10 by Cohendet and Llerena. Furthermore, diversity presents a 
number of measurement problems which will not be discussed here (about this see 
Saviotti, 1994a; Weitzmann, 1992). 

3.1 .1. Diversity and economic development 

Diversity can allow us to represent qualitative change. It would be very difficult to 
deny the existence of qualitative change as a result of economic development. 
However, the problem is not so much to register the presence of qualitative change, 
but to decide whether it was an accidental outcome or whether it contributed to the 
process of economic development. Most theories of growth, while not denying the 
presence of qualitative change, cannot take it into account. Most of them are 
macroeconomic, and the composition of the system is not one of the variables which 
they consider. Schumpeter's theories, pointing to the fundamental role played by 
radical innovations, imply a very close relationship between qualitative change and 
economic development. Of course, economic development can be conceived as 
comprising a large number of aspects, such as demand, competition, trade, etc. 
Diversity is in principle related to each of these aspects of economic behavior. 
However, in this chapter the discussion will concentrate on a limited number of 
aspects. For a more extended discussion the reader is referred to Saviotti (1994a, 
1996). Here we start the discussion with two hypotheses about the role of diversity in 
long-term economic development. 

HYP(1): The growth in diversity is a necessary requirement for long-term economic 
development. 
HYP(2): Growing diversity (new sectors) and growing productivity (in older sectors) 
are complementary, and not independent aspects of economic development. 

It is to be pointed out that these two hypotheses can be valid only in the long run and 
at a sufficiently high level of aggregation. The second hypothesis can be reformu
lated as the complementarity between routines, which lead to greater efficiency, and 
search activities, leading to the generation of new types of outputs and processes, 
and, therefore, to higher diversity. Equivalently, one can reformulate it as the 
complementarity between the circular flow and innovations in Schumpeter's theory 
of economic development. The previous hypotheses about diversity imply a partic
ular interpretation of the Schumpeterian process of creative destruction, in which 
old species disappear and new ones emerge. Creative destruction leads to qualitative 
change, but not necessarily to diversity growth. On the other hand, diversity growth 
can take place without creative destruction, just by adding new species to old ones. 
Here it must be observed that it is the net diversity, the one surviving the process of 
selection, which appears in hypotheses (1) and (2). These hypotheses imply that the 
rate of creation of new species is greater than the rate of extinction of pre-existing 
ones, not that such rate of extinction is zero. Diversity growth and the actual nature 
of creative destruction can be more accurately represented by means of elementary 
processes in technological evolution. These are processes such as substitution (of 
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one technology for another), specialization, and the emergence of completely new 
products. In principle we can reconstruct any complex process of technological 
evolution as a combination of elementary processes. Each elementary process has 
different implications for diversity: for example, substitution does not change 
diversity at all (an old product disappears and a new one takes its place), while the 
emergence of completely new products gives the maximum possible contribution to 
diversity growth. Overall diversity can then only increase if diversity creating 
elementary processes (e.g., new products) predominate over diversity conserving 
(e.g., substitution) processes (Saviotti, 1988, 1991, 1994a, 1996). Hence, creative 
destruction exists, but it creates more than it destroys. In other words, it has to be 
pointed out again that the diversity discussed in the hypotheses (1) and (2) is net 
diversity, the outcome of the combined processes of variation and selection. In 
economic systems variation is essentially created by search activities, all those 
activities that scan the environment searching for alternatives to existing routines. 
Variation creates a large number of potential species/technologies, accompanied by 
new routines, only some of which are sufficiently adapted to the environment. The 
less adapted ones are eliminated by selection. Selection is the result of a series of 
processes, like competition and several forms of regulation. 

There are several types of empirical evidence that diversity has been increasing in 
the course of economic development (family trees of technologies, classes of patents 
and of international trade, etc.). For a more detailed discussion of this problem the 
reader is referred to Saviotti (1994a). Furthermore, the two hypotheses can be 
justified, for example, on the basis of Pasinetti's (1981, 1993) model of economic 
development. Let us begin with an economy constituted by a constant set of 
economic activities in which technical change leads to constant productivity growth, 
and in which demand for existing goods and services tends to saturate. In such an 
economy an imbalance would arise in the long run because it would be possible to 
produce all the demanded output using only a part of the existing resources, 
including labor. This imbalance, which would constitute a barrier to long-term 
economic development, could be imputed to technological change. However, tech
nological change plays a second role, that of creating completely new types of 
outputs and activities. If this happened, that is, if net diversity increased, the new 
activities could utilize the resources made redundant by the imbalance between 
productivity growth and demand growth in old activities. On the other hand, 
diversity can only grow if productivity growth in older activities allows the accumu
lated resources to be invested in search activities, which in turn will lead to new 
varieties. 

This treatment has been focused exclusively on the structural conditions leading 
to diversity growth and development. Of course, even if the new goods and services 
and the sectors created by them could be correctly identified ex ante, which is quite 
unlikely in general because uncertainty is at a maximum near transitions, the 
adaptation of the economic system to the new structure/composition could not be 
taken for granted. New human resources need to be created to produce the new 
goods/services leading to diversity growth. The creation of these resources requires 
in addition to investment, institutional and organizational adaptation. While the 
required investment can come from the increased efficiency of pre-existing sectors 
and from the supranormal profits of the temporary monopolists in the new goods/ 
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services, the required patterns of institutional and organizational adaptation are 
more difficult to predict. The analysis in this chapter can only allow us to state that 
a set of development paths leading to diversity growth has a higher economic 
development potential than another set in which diversity is conserved. The study of 
the institutional and organizational conditions required for diversity growth then 
becomes a subject for further research. 

3.1.2. Diversity and the level of aggregation 

It must be observed that in a number of cases diversity does not grow. For example, 
the emergence of dominant designs (Abernathy and Utterback, 1975, 1978), of 
technological regimes (Nelson and Winter, 1977) and paradigms (Dosi, 1982), and of 
standardization reduce the diversity within a given technology. While the act of 
creation of a new technology increases the diversity of the system, the commonality 
of concepts, routines, and tools implied by the previous concepts leads the (not any 
more new) technology along a path of increasing efficiency, thus contributing to the 
complementarity between growing efficiency and growing diversity. Again, we have 
to say that the two previous hypotheses are valid only at a very high level of 
aggregation: while diversity may fall within a given technology, the growing effi
ciency afforded by this trend contributes to the accumulation of resources required 
for the generation of new species, thus leading to diversity growth at the highest level 
of aggregation in the system. The situation here bears a strong similarity to the role 
of productivity growth in agriculture, which allowed the accumulation of resources 
to be invested in the nascent process of industrialization (Kuznets, 1965). While the 
two previous hypotheses have not been definitively proved there is very strong and 
more than suggestive evidence in their favor. In what follows several implications of 
the two hypotheses for industrial/technology policies will be explored. Before 
passing to these, however, we need to make two observations. First, the considera
tions developed so far allow us to say that an economic system in which diversity and 
productivity in pre-existing sectors grow is likely to have greater economic develop
ment potential than another economic system with a constant composition and 
without productivity growth in pre-existing sectors. However, for the moment we 
cannot make any predictions about the 'right' amount of diversity, at least in the 
sense in which the term has been used in this chapter. Second, it is clear that, at least 
in principle, there can be limits to diversity growth. Scale economies have consti
tuted a traditional barrier in this sense, although their importance is likely to fall due 
to the emergence of flexible technologies. Another barrier can come from the 
resources required to use a greater diversity, such as time, information, knowledge, 
etc. However, in an expanding market the collective diversity used by a whole 
society is likely to grow faster than that used by any individual, since each individual 
will specialize in the consumption of a limited range of diversity (see Saviotti, 1995). 
Finally, although not certainly, the environmental impact might place a limit to 
diversity growth. 

3.1.3. Diversity and the international competitiveness of countries 

In order to be internationally competitive a country has to keep an at least constant 
share of world output. If world diversity V w grows this implies a need to increase 
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national diversity V N in parallel with it, at least in the long run. Of course national 
diversity is always lower than world diversity. All countries, even the largest ones, 
are specialized. In fact, the pattern of specialization is related to VNNw: the lower 
this ratio the higher the degree of specialization of the country. We can expect this 
tendency to specialization to continue, but a country cannot keep specializing in the 
same set of goods/services forever. New goods/services have to be added in order to 
keep a constant share of world output. This result is demonstrated in a simplified 
way in Equation 1: 

(1) 

j=1 

where SN.Q is the country's share of world output, and qi, pi, qj, pj are the quantities 
and prices of the output produced in the national and world economies, re
spectively. 

SN.O can remain constant or increase when V NN w falls only if the value of the 
output produced at a national level grows enough relative to the value of world 
output to compensate for the fall of V NNw. Such compensating variation is very 
unlikely in the long run if the country concentrates on the production of the same 
(old) set of goods/services. It is newer goods just introduced that are more likely to 
guarantee entrepreneurs a temporary monopoly and higher prices. However small 
their initial V NN w ratio, in order to specialize successfully countries will have to 
keep adding new goods/services to their production set. As previously pointed out, 
these considerations are valid only in the long run. In the short run it is quite possible 
for a country to keep its competitive position by increasing its efficiency in a constant 
(old) set of activities. In the long run it is quite likely that the ratio VNNw has to 
remain approximately constant in order for a country to keep its international 
competitiveness. In a larger sense this conclusion implies that a country cannot 
remain competitive over the long run by exploiting only a fixed (given) set of natural 
endowments, or, alternatively, that the composition of its economic system cannot 
remain constant in the course of time when those of other countries change 
qualitatively. 

The required national participation in world diversity can be obtained by investing 
in relevant search activities. By referring to hypothesis 2 about the complementarity 
between growing efficiency and growing productivity, we can identify several possible 
development paths, not all virtuous. If resources generated by growing productivity in 
old activities are invested in successful search activities leading to diversity growth, a 
virtuous circle is established. In a subsequent period the new activities created by 
search become themselves routines and follow the path of increasing productivity, 
thereby generating other new varieties. In this process it is expected that old activities 
become gradually less labor intensive, at least in physical terms. 

However, it is possible for non-virtuous circles to be followed, for example, if as 
a result of a poor performance in older activities a decision is made to stabilize 
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employment in these by providing government subsidies. In this case productivity in 
older sectors would remain below the best practice of the time and the accumulation 
of resources that could be invested in search activities to generate new goods/services 
would soon slow down. In turn, fewer new goods/services would be created, leading to 
a slow down in economic activities relative to the countries implementing better the 
virtuous circle. Although we cannot point to an approach that would 'maximize' 
diversity and development, we can still compare different diversity growth paths and 
indicate in what directions they could be improved. Thus, a range of alternative paths 
can be compared to the previous approach, which consisted in concentrating re
sources in older goods/services in order to stabilize employment there. For example, 
if the difficulties encountered in the old sector were faced by reducing employment 
there and by concentrating resources in search activities or in new, emerging sectors, 
the virtuous circle would not be broken. We have to realize, however, that the 
distribution of resources between old and new goods/services and between routines 
and search activities represents only a necessary condition for the establishment of a 
virtuous circle leading to diversity growth and to economic development. 

The displacement of resources from old to new goods/services is by no means 
automatic or costless. The well-known phenomenon of structural unemployment 
could be given an enhanced importance in a type of economic development that 
requires diversity growth and that is subject to path dependence. In these conditions 
the absence of human capital of the right type to be employed in the production of the 
new goods/services or in search activities could not only slow down economic develop
ment but lock it into a no growth or slow growth path. The allocation of resources to 
the production of different goods/services or to search activities is then closely 
intertwined with the quality and adaptability of the human capital existing in a country. 
As we can expect for a learning society, institutions and organizations that provide 
education and training are a fundamental component of long-term economic develop
ment. Only if these institutions and organizations provide rapidly the appropriate 
types of human capital, can resources be allocated in such a way as to lead to diversity 
growth. In summary, the creation of diversity has very important implications for 
employment, because newer activities are likely to have a different (possibly greater) 
labor intensity than older ones, even if the kind of labor employed is different. 

A growth in the output and in the process diversity of the system is likely to be 
accompanied by a greater institutional and organizational diversity, even if the same 
type of institution and organization can produce a multiplicity of output types. The 
production of new goods/services is likely to require new competences, based on 
new types of knowledge, which will have to be provided by new types of institutions 
and organizations. Moreover, new goods/services can give rise to unprecedented 
legal and regulatory problems. Examples of these are given by information restric
tions created through developments in computers and by intellectual property rights 
created through developments in biotechnology. That is, the production of any type 
of output will require the existence of a number of 'complementary' institutions and 
organizations. Such institutions and organizations can, for example, create human 
resources, general knowledge, materials, components, and energy, set standards, 
provide representation for the various groups involved in production, take care of 
sales, distribution, after sales assistance, etc. Of course, not all new goods/services 
create new institutions and organizations. It is possible for the same firm to produce 
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many goods/services, including new ones, and for an educational organization to 
teach many disciplines. While it is possible that all these different functions are not 
independent and that some are performed within the same organization, it is 
unlikely that all new activities involve functions that can be performed by old 
organizations. In other words, it is likely that growing specialization and output 
diversity will only be partly compensated by different patterns of inter-institutional 
integration. The number of distinguishable institutions and organizations is likely to 
grow, even if possibly at a lower pace than output diversity. 

A contribution to organizational diversity is made also by the internal structure of 
firms and of other organizations. For example, the evolution of the U and M form of 
organizations (Chandler, 1962, 1977) as a result of the growth of market size and of 
market differentiation has greatly increased the internal diversity of firms. Organiza
tional diversity can even be amplified by output diversity due to multistability, that 
is, to the possibility that different organizational configurations can produce the 
same output. In summary, if we take into account both the internal and the external 
diversity of organizations, institutional and organizational diversity will increase 
together with output diversity, though not necessarily at the same pace. The 
meaning of this section can be summarized by saying that the diversity of an 
economic system is an important determinant of its performance in terms of 
competitiveness, employment, and growth. One of the fundamental tasks of an NSI 
is thus to provide the correct balance between routines and search activities, or 
between emerging and old sectors. 

3.2. Knowledge 

Innovation systems are very knowledge intensive. The knowledge that is used is not 
necessarily only scientific knowledge. Quite often it is knowledge that can be called 
applied, technological, or organizational. These different types of knowledge are often 
created and transmitted by different types of institutions, but they have to be 
combined into the production of final outputs. In order to study these flows of 
knowledge a number of generalizations which are applicable to the different types of 
knowledge have emerged. For example, knowledge and theories are correlational 
structures (Saviotti, 1994b, 1996). They establish correlations between variables. 
However, the number and type of variables and the range of their values over which 
correlations can be established is limited, and differs for different types of knowledge. 
The extent of a correlation can be measured by the span of the particular theory or 
piece of knowledge. This amounts to saying that knowledge has a local character: the 
smaller the span, the more local, or specific, knowledge is. In contrast, more general 
pieces of knowledge will have a greater span. The concept of local knowledge has been 
introduced in a more limited way by Nelson and Winter (1982). Firms are better able 
and more inclined to do things 'similar' to what they have done in the past. 

Knowledge is also a retrieval or interpretive structure (Saviotti, 1994b, 1995). As 
opposed to knowledge, information is of a factual nature. However, information can 
only be retrieved or interpreted by those actors possessing the right conceptual 
categories. Information corresponding to a new paradigm cannot be interpreted by 
actors knowing only the old paradigm. Given the local character of knowledge, the 
retrieval ability of a particular institution is proportional to the similarity between the 
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external knowledge to be acquired and the present internal knowledge of the institu
tion. The correlationaVretrieval/interpretive nature of knowledge implies that it is also 
cumulative. The better known a particular field is, the easier it is to retrieve and 
assimilate a piece of knowledge within it and to make progress. However, this also 
implies an inducement to remain within certain margins and a barrier towards moving 
into different fields. Cohen and Levinthal's (1989, 1990) idea that R&D contributes to 
the absorptive capacity of a firm corresponds to this function of knowledge, as does 
that of competence destroying technological change (Tushman and Anderson, 
1986). 

Knowledge can also be tacit or codified. Knowledge generation is a collective 
enterprise requiring communication between individuals and groups. Communica
tion is easier and less costly for codified knowledge. However, there are costs 
involved in codifying knowledge and in acquiring the code once it has been 
established. Actors who establish the code are the first to know it and are in a 
position of temporary monopoly. Furthermore, codifica tion occurs gradually during 
the development of a discipline. 

New knowledge is generated by means of search activities. These are the activities 
that firms and other organizations use to scan the environment to search for 
alternatives to their present routines and for new activities. They are a general 
analogue of R&D and they can be considered a form of learning by not doing. From 
another point of view all activities can be classified as either search activities or 
routines. It is possible to represent all types of search activities (basic, applied, 
development) by means of two variables, range of search and probability of finding 
the required outcome (Saviotti, 1994c). Basic search would have a wide range and a 
low probability, while development would be much more narrowly focused and have 
a considerably higher probability of success. We can expect that knowledge fields 
would have a life cycle, in which they begin by scanning a wide range. As they 
achieve some successes they tend to focus on the neighborhood of those and become 
subsequently much more focused, local, and specific. 

These attributes of knowledge can lead to barriers to entry if, on the one hand, 
only the last unit of knowledge is useful to achieve some productive purposes, but, 
on the other hand, an entrant must also learn the pieces of knowledge previously 
created. Such a barrier is even greater if the rates of knowledge accumulation are 
higher the more similar the external knowledge is to the existing firm knowledge 
base. In other words, these features of knowledge imply cumulativity, irreversibility, 
and path dependence. The same features that can be predicted in general for socio
economic systems on the basis of evolutionary theories are obtained by means of 
considerations on knowledge. 

3.3. Networks 

As was previously pointed out, the formation of structure, qualitative change, path 
dependence and multistability are properties displayed by open systems and corre
spond to the observed behavior of innovation systems. The concept of network 
allows us to give a specific meaning to the concept of NSI. This was defined as a set 
of institutional and organizational actors and of their interactions, having as their 
ultimate goal the generation and adoption of innovations. Institutions, which are 
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central components of the concept of NSI, shape the patterns of inter-individual 
interactions. Networks, constituted by a set of actors and by the links connecting 
them, are an analytical category that allows us to study more systematically such 
patterns of inter-individual interactions. In this sense networks represent the struc
ture of a social system. Their existence and the qualitative transitions between 
different networks can be justified on the basis of evolutionary theories, although 
they have been developed outside these theories (see Barley and Freeman, 1991; 
CalIon, 1992, 1993; de Bresson and Amesse, 1991; Powell, 1990). Also, networks can 
be a very useful tool for the development of these theories and for their application 
to the study of NSIs. In spite of their appeal networks have been given different 
meanings by the authors cited and we are still missing a unified definition and 
treatment of this subject. Here we use the term networks to indicate a combination 
of actors and links. In this general sense networks have a very widespread existence 
in socio-economic systems. Any reasonably stable and repeated pattern of inter
action can be represented as a network. If actors can be either individuals or 
institutions, networks constitute the structure of a socio-economic system. Although 
networks have been introduced independently of evolutionary theories, their exist
ence can be justified on the basis of previous considerations on open systems out of 
equilibrium. A network corresponds to a given structure and a discontinuous/ 
qualitative change to the formation of a completely different network. 

Also, networks are related to the previous discussion because learning and 
knowledge creation are collective phenomena and involve the creation of some 
network. Relationships among actors in these processes are not impersonal and 
display both persistence and structure formation. 

Two important aspects of networks are their stability and their efficacy. Efficacy 
here implies the achievement of the goal(s) of networks, and it must be clearly 
distinguished from the concept of efficiency. Stability may result from continued 
efficacy or from phenomena of hysteresis. A network that is stabilized and no longer 
performs its function is a policy problem. In this sense network dynamics, for 
example, in terms of the barriers stabilizing existing networks or hindering the 
formation of new ones, is a very important problem. 

If networks are an important ingredient of a country's good economic perform
ance, then their creation and maintenance are an industrial policy concern. But, if 
networks are created out of equilibrium, this implies a radical change in the basic 
philosophy of industrial policy. In this case the overall policy goal would not be to 
eliminate market imperfections and to lead the system back to equilibrium, but to 
move the system deliberately away from equilibrium (Carlsson, 1992, 1994). The 
problem would then become how to create the right networks, a problem amplified 
by the existence of multistability. Due to this property more than one institutional 
configuration can lead to an equivalent outcome. The properties of a good network 
will then be given by some form of synergism or autocatalysis. The meaning of such 
synergism could come, for example, if each actor produced a generalized output, 
which could be a more or less appropriate input for another actor. For example, 
financial institutions can produce the appropriate type of financial input, knowledge 
institutions the right kind of knowledge input, etc. Obviously these are only 
preliminary considerations. The roles, nature, and dynamics of networks need to be 
studied in much greater depth. The purpose of these notes is to place networks in the 
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context of evolutionary theories, and in the meantime to point towards their policy 
implications in situations of high knowledge intensity. 

3.4. Convergence and divergence 

An important question about the NSI is whether ongoing globalization will lead to 
a complete homogenization of the world economic system, thus making the concept 
of NSI redundant. The problem here can be reformulated as one of balancing 
convergence and divergence or homogeneity and heterogeneity. Based on the 
previous discussion of evolutionary theories the problem can be approached in a 
number of ways. 

First, according to Prigogine and Stengers (1984) the phenomena taking place in 
a system can be classified as either forces or fluxes. Forces would be, for example, 
chemical reactions, giving rise to local heterogeneity constituted by a gradient in the 
concentration of the new product. This creates a potential for diffusion, a type of 
flux, which tends to homogenize the concentration of the new product. In terms of 
socio-economic systems, innovations are forces that lead to an uneven distribution 
of the capacity to create and use the same innovations. International trade, technol
ogy transfer, and diffusion are instead fluxes, which tend to distribute uniformly 
innovations over the world economic system. A complete convergence would be 
obtained only if forces/innovations ceased completely and only fluxes remained. 
What is implied by the term globalization is only an acceleration of the fluxes present 
in the system and not the disappearance of innovation. Certainly the degree of 
convergence could increase if fluxes increased more than forces. 

Second, if we represent NSIs as networks of institutional actors and their links, 
complete convergence implies that all existing links are destroyed and new links are 
formed. In view of the considerable historical continuity of institutions, the probabil
ity of this happening is not very high. We can expect that new institutional actors will 
emerge, that new links will be formed, and that some of the old ones will disappear, 
but a complete disappearance seems unlikely. 

Third, if world diversity, Vw, increases, the number of specialization strategies/ 
output asymmetries possible for each NSI increases. If we take into account the 
previous discussion on institutional diversity and the possibility of multistability we 
have to conclude that a further divergence of NSIs is possible. 

In summary, due to the dynamic balance of forces and fluxes and to the network 
character of NSIs in presence of growing diversity and multistability we cannot 
necessarily expect a complete convergence of NSIs. Such features may even lead to 
their divergence. 

4. Summary and conclusions 

The main goals of this chapter have been, first, to show that the existence and the 
main features of the NSI (and of other innovation systems) can be better explained 
by evolutionary than by neoclassical theory, and, second, to derive from evolu
tionary theories the main implications for the behavior of actors and agents in the 
NSI, and thus for technology and industrial policies. General features of the NSI, 
such as its persistent asymmetry, its historical specificity, and the multiplicity of 
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institutional configurations that can be displayed by countries producing compar
able outcomes, find a justification in properties such as path dependence and 
multistability predicted by evolutionary theories for open systems out of equilib
rium. Such properties cannot find an easy justification in the equilibrium, path 
independent, reversible, and a-institutional world view of neoclassical economics. 

In order to demonstrate their greater capability to explain the behavior of NSIs, the 
present status of evolutionary theories has been discussed. Such theories have been 
described as emerging from the convergence of a number of disciplines/research 
traditions. Such disciplines/research traditions are in a relationship of hierarchical 
complementarity, in the sense that some (systems theory and non-equilibrium thermo
dynamics) predict the fundamental properties and concepts of others. Biology pro
vides an important inspiration for evolutionary theories of economic and technological 
change due to its similar structural and knowledge goals. Organization theory has 
supplied evolutionary economics with a number of very important concepts. 

The ability of evolutionary theories to explain the existence and the properties of 
the NSI stem from the Schumpeterian emphasis on the role of innovations. Innova
tions, leading to qualitative change, are not only an epiphenomenon of economic 
development but are one of its most important determinants. In other words, there 
is a relationship between the composition of the economic system and its capacity to 
develop. In this chapter it is argued that the composition of the economic system, 
which can be represented analytically by diversity, is an important policy concern for 
the NSI, and a number of implications for the balance between old and new activities 
and for that between routines and search activities are discussed. 

The institutional and organizational dimensions of the NSI are very relevant. 
Evolutionary theories can make a very important contribution to the analysis of this 
problem, although they have not yet bridged the gap between empirical and 
theoretical analysis of institutions. Networks can be a very useful tool to bridge this 
gap. Although introduced independently, networks can be justified in terms of 
evolutionary theories. Networks represent the interactions of individual and organi
zational economic agents, and they are the structure of socio-economic systems. 
Developments in network dynamics should allow us to make progress in the 
theoretical analysis of organizations and institutions. 

Globalization is an ongoing trend which could have very important implications 
for the NSI, up to the point of making the concept irrelevant. In this chapter such 
implications are discussed from the viewpoint of evolutionary theories. It is argued 
that globalization only implies a faster rate of diffusion of practices, but that it does 
not eliminate the local heterogeneity created by innovations. It is the balance 
between the rate of innovation and the rate of diffusion that determines the degree 
of convergence of economic systems, and thus the relevance of the NSI concept. It is 
concluded that, although globalization can change substantially the nature of the 
NSI, for example, by adding new international links and by making the systems more 
interactive, it is unlikely to eliminate completely national or local specificities. 
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CHAPTER NINE 

Using Evolutionary Theory to Define 
Systems of Innovation 
Maureen McKelvey 

1. Introduction 

This chapter uses and further develops evolutionary theories of technical and 
economic change in order to characterize the constitutive elements of an abstract, or 
ideal. System of Innovation (SI). Drawing from modern evolutionary economics. the 
concept of 'evolution' is used in the sense of a pattern, or principles of change 
(Saviotti and Metcalfe, 1991). Evolution, however, has to be specifically modified to 
discuss human behavior, here in relation to innovation processes. One reason for 
this approach is that the concept 'system of innovation' has too often been used as 
encompassing all aspects that might possibly influence innovation and economic 
growth; an explicit definition of elements of an SI in evolutionary terms thus leads to 
some needed clarification. This chapter therefore develops a conceptual and theor
etical framework giving a general definition of an SI as well as prompts discussion 
about the implications of an evolutionary approach for additional theoretical and 
empirical work. 

The following two points help situate the evolutionary perspective developed 
here. For the first. the current conceptualization of evolutionary change involves 
explicit principles of change. specifically generation of novelty. selection among 
diversity. as well as retention and transmission of information (Nelson. 1987). 
Evolution thus has a meaning similar to that in biology rather than simply meaning 
path dependency or incremental change. The particular discussion developed here 
combines ideas developed in the economics of technical change. evolutionary 
epistemology. and history of technology. 

Second, instead of focusing on the general evolution of industrial sectors and of 
economies as done in much evolutionary economics (Andersen, 1994). this chapter 
focuses on how an evolutionary view helps us identify the characteristics of those 
agents and institutions that drive innovation processes. an engine of economic 
growth. Economists. even evolutionary economists, sometimes just assume that 
innovations occur relatively randomly and are thereafter a source of novelty and 
productivity growth in the economy. This chapter instead follows Nathan Rosen
berg's (1982) example of opening the black box of technical change. here in order to 
better understand the co-evolution of technology, firms. and institutions.' 

I See Nelson (1994a) about co-evolution. 
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The perspective developed here is that systems of innovation are constituted by 
innovative activities. Innovations are seen as having two dimensions, namely techni
cal novelty and market selection.2 Innovative activities are therefore here defined as 
knowledge-seeking activities to develop novelty of economic value. The SI approach 
developed in this chapter argues that interactions among agents, institutions, and 
environmental conditions define technical and economic opportunities, which taken 
together define innovation opportunities. Firms have to identify and act upon these 
technical and economic opportunities in order to innovate (Dosi et al., 1990).3 It is 
further assumed that innovative activities in SIs involve different types of agents 
making decisions and acting in ways that are based on their perceptions of oppor
tunities. 

SIs are here defined as a network involving individual and collective processes of 
searching, learning, and selection among different innovation opportunities, includ
ing technical and economic dimensions. Seeing innovation as a collective learning 
and selection process means it is necessary to move beyond an analysis of each 
specific individual innovation and instead examine collective learning and aggregate 
patterns of innovative activities, both processes and outcomes. 

2. Evolution and systems of innovation 

It is argued here that the individual and collective innovative activities in an SI give 
rise to an evolutionary pattern of technical change. Richard Nelson (1995) has 
argued that evolutionary theories have three characteristics: 

1. explanation is of change over time; 
2. discussions include the renewal of variety and the systematic selection pro-

cesses; 
3. there are some elements of continuity, or historical inertia. 

These characteristics are more commonly redefined as three principles and one 
assumption, drawn from biological evolution but adapted to socio-economic 
evolution:4 

1. retention and transmission of information; 
2. generation of novelty leading to diversity; 

2 The current classic distinction is between innovation and invention. Technical novelties 
which remain hidden in their inventors' garages or in R&D departments or which are 
mentioned in patents but never used, produced, nor sold are technical inventions. Technical 
novelties include a combination of knowledge, techniques (ways of doing things), and 
technologies (things). However, inventions only become innovations when they are sold or 
used to make marketable products. As conceptualized here, an innovation must have some 
degree of technical novelty and some exposure to market selection. 
3 As an initial understanding, economic opportunities can be thought of as 'market pull', and 
technical and scientific opportunities can be thought of as 'technology push'. See the classic 
article about market pull and technology push by Mowery and Rosenberg (1982). 

4 These principles cannot be taken directly from biological evolutionary theory but must 
instead be adapted to the particularities of socio-economic processes. McKelvey (1996a: 
Chapters 2 and 9) develops a comparison and discussion of particularly important differences 
between biological evolution and socio-economic evolution. 
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3. selection among alternatives. 

The three principles should not be seen as three different phases but instead as 
continuing processes which interact. In some definitions as here, selection is further 
assumed to occur in relation to an environment, leading to the proposition of local 
rather than universal optimality (Nelson, 1987). 

The three principles and one assumption define an evolutionary pattern of 
technical change, done so in order to define the elements of an SI. The remainder of 
this section identifies assumptions underlying the current evolutionary approach 
whereas subsequent sections use the evolutionary principles to delineate ideal 
characteristics of SIs. 

First, it is assumed that human actions and volition cause the pattern so identified. 
There are no inherent properties in technology itself that cause the pattern to 
appear, nor should we assume only random serendipity causing novelty. Instead, 
explanations about why an evolutionary pattern of change occurs must be identified 
in the decisions and actions of various agents in relation to institutions and organiza
tions (Hodgson, 1991). Agents are here conceptualized as individuals and/or orga
nizations. 

It is further assumed that agents engage in an ongoing process of trial and error to 
propose and select among alternatives and to learn more about changing innovation 
opportunities and environmental conditions (Dosi et at., 1990).5 It is assumed, 
moreover, that the decisions and actions of various agents are enabled as well as 
limited by what other agents in their SI do and know (Lundvall, 1992). There is thus 
a collective, or social, dimension to learning, to creation of novelty, and to selection 
of alternatives, in addition to the individual dimension. 

As this chapter addresses theoretical and conceptual issues of evolutionary SIs, it 
helps identify criteria and concepts to compare different types of SIs, their relative 
successes, etc. For example, it is assumed that the evolutionary pattern of technical 
change is reproduced in various SIs, implying that the current approach can be used 
to study SIs at different levels, such as national, regional, and sectoral, depending on 
the research question. The concepts and factors so elaborated should help develop 
analyses of how and why innovative activities are enabled, or hindered, by agents 
and institutions in different social contexts. 

Thus, defining elements of an ideal SI does not imply any assumption that all SIs 
work efficiently to produce innovations and economic growth. Instead it gives a list 
of functions that ought to be reproduced in an SI. Contrary to assuming efficiency, 
the current evolutionary approach can be used to compare, for example, how 
efficiently different institutional configurations and combinations of agents' com
petences and information sharing point innovative activities in an SI in directions 
favorable for economic growth.6 For example, comparisons of communication 
patterns between user firms and supplier firms should indicate under which condi
tions relevant and valid information about environmental conditions and innovation 
opportunities are transferred (see Lundvall, 1992). By the same token, the relative 
innovativeness, alternatively conservativeness, of different sectoral SIs within a 

5 In fact, diversity at this micro level of agents is necessary to bring about macro evolutionary 
patterns. 
6 See, for example, the study of different national systems of innovation in Nelson (1993). 
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nation can be analyzed and explained. In fact, this question of whether and under 
what circumstances SIs function to generate innovations adapted to environmental 
conditions is an important potential contribution of this approach. 

In summary, the three principles and one assumption of evolutionary technical 
change are thus here taken as the starting point to define an abstract or ideal SI. They 
can be thought of as different functions which should be performed within any SI, 
but which will work more or less well to encourage innovation in practice, in relation 
to environmental conditions, etc. Each principle is discussed conceptually and 
theoretically in turn as a way to define the constitutive elements of an SI. In addition, 
the question is addressed, to what extent are information and behavior unique to 
individual agents and/or shared in the SI? This question is important to the extent 
that it helps clarify what is social and what is individual about innovation, hence 
when and why innovation processes should be analyzed at the level of SIs rather than 
as individual, discrete events. 

3. Retention and transmission of information 

The first principle is some mechanism to transfer and retain information. Retention 
and transmission of information - that is, some element of continuity - has not 
received as much attention as novelty and selection in recent evolutionary theorizing 
about economic change. 

The reason retention and transmission is here given the same status as the other 
two principles has to do with the basic insight that 'all evolution is concerned with 
the growth of knowledge' (Langlois and Everett, 1994: 11). In order to avoid 
confusion, we can distinguish between 'information' which exists independent of 
receiver/transmitter and 'knowledge', that is, information which has been translated 
so that humans understand it. By so doing, we can rephrase that 'all evolution is 
concerned with the growth of information': 

Information must be somehow retained and transmitted within the population in order 
to be useful. ... Some information has a historical flavour in that it deals with past 
successes, failures, and survival rates. The information shows which combinations have 
been selected for in the past, and hence which have been successful in that environment. 
The environment also changes, however, indicating the need for novelty, which gen
erates new information about which combinations and strategies are currently proving 
successful and might be so in the future. The generation of information involves 
adaptive and anticipatory changes in relation to changes in the environment. (McKel
vey, 1996a:21) 

The basic reason why continuity is important is that evolution is concerned with 
information about the survival rates of different strategies, or combinations, in a 
changing environment. 

In order to utilize and to benefit from information within an SI, it must be possible 
to transfer information between different types of agents and for one agent to retain 
(and forget) information over time (Johnson, 1992). In Nelson and Winter's (1982) 
seminal contribution to evolutionary economics, this principle of continuity is 
explained through firms' routines. Firms organize and store information as put into 
practice through routines, where routines would correspond to genes in biological 
evolution. 
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The firm level is, however, too narrow to explain the interorganizational nature of 
innovation discussed here as characteristic of SIs. The reason is that the broader 
network of relations in an SI help define the economic and technical opportunities 
for each individual firm. This broader perspective has, in fact, a parallel in evolu
tionary biology. Although genes are seen as the 'blueprints' of information, some are 
only expressed under certain environmental conditions. In the same way, it is here 
assumed that while innovation opportunities 'exist', firms in an SI will only identify 
and take advantage of them under certain circumstances, such as incentives built 
into the institutions of an SI. 

The mechanism of retention and transmission of information in SIs is here seen to 
include characteristics of information transfer and institutions. Information mainly 
refers to techno-scientific and economic (or market) information. Technical and 
scientific knowledge is shared among a community of innovators whereas economic 
information is shared among a population of firms. The term 'institutions' refers to 
the regulation and repeatability of interactions among different agents. Hodgson 
(1993) argues that institutions as repeated patterns of behavior enable the continuity 
and transfer of information in the group studied. 

3.1. Characteristics of information 

The first factor underlying retention and transmission involves the characteristics of 
information, here discussed as: 
• technical and scientific knowledge shared among communities of engineers, 

whatever their organizational affiliation; 
• a combination of technical and economic information accumulated in specific 

firms and industries. 
Historians of technology and some economists of technical change - in particular 
Constant (1980), Vincenti (1990), and Dosi (1984) - have discussed the idea that 
communities of engineers share knowledge and the consequences of communities 
for technical development. The concept of 'paradigms', based on Kuhn's work on 
scientific paradigms, is the starting point for the basic idea that engineers and 
scientists working on similar technologies are seen to share some theoretical 
knowledge as well as an understanding of relevant challenges and problem-solving 
approaches (Kuhn, 1970). It is a community in the sense of sharing knowledge and 
ways of doing things. 

Such engineering communities are argued to exist across organizational bound
aries, so that engineers in competing firms can all come up with relatively similar 
technical solutions, and engineers in different types of organizations can contribute 
to development of the same technology. Engineers' shared and accumulated knowl
edge thus collectively affect technology because the community tends to make 
similar changes and improvements along paths, or technological trajectories (Dosi, 
1984). 

Defining who shares a technological paradigm and how this is expressed in 
technology has, however, proved somewhat difficult. In that technologies are at
tempts to translate knowledge into practice and objects, knowledge paradigms must 
be inferred from artefacts (Le., from material objects). For example, a paradigm 
might be inferred from the fact that most aerospace engineers tended to choose one 
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design for landing gear over another during a certain period, although alternatives 
existed (Vincenti, 1994). Within the history of technology tradition, paradigms are 
thus defined relatively narrowly in relation to a material object, and the community 
consists of similarly educated engineers. 

We need, however, another description of community in order to be able to 
include the importance of economic information in SIs. The economic dimension is 
related to a population of firms, usually those concentrated in an industry. Because 
innovations extend beyond technical knowledge to include economic judgments and 
because anyone innovation generally requires many different types of technical 
knowledge, the concept 'paradigms' is sometimes used to discuss general bodies of 
knowledge relevant for an industrial sector. The post-World War II pharmaceutical 
industry. for example, has been analyzed as working under the paradigm of chemical 
synthesis (Sharp, 1994). There is, however, still a difficult question about how to 
define a sufficiently broad and yet meaningful paradigm. In the pharmaceutical 
industry example, in addition to chemical synthesis, the firms have needed purifica
tion, analytical methods, more recently molecular biology, and so forth, and it is not 
clear that all these complementary technologies fall under the same technological 
paradigm.' 

Economic information is gathered by firms but at least parts are commonly known 
in the industry. It is here assumed that firms are of key importance in SIs due to their 
coordinative role in organizing search and innovation processes. In a classic defini
tion, Penrose (1959: 20) defines an industrial firm 'with reference to its admin
istrative framework, within which industrial activities are co-ordinated'. Pavitt 
(1991a) argues that firms playa particularly important role in organizing and 
directing innovative activities. Firms have access to, and can develop, that combina
tion of technical novelty and market selection which is innovation. What is stressed 
here is that firms play a coordinative role among various search and learning 
activities in order to innovate. 

The search and innovation processes as organized by firms is here assumed to 
involve multiple and complex bodies of technological and economic knowledge. 
Some of this will be shared by others who develop technology(ies) or who are in the 
same product market(s). A collection of individual firms is a population when they 
share common characteristics relevant for innovative activities. For example, a 
population can be identified by their industrial (production) and knowledge special
ization (see Breschi and Malerba, this volume) or by their knowledge about a 
specific technology (see Carlsson and Jacobsson, this volume).8 

While we can talk about populations of innovating firms sharing common charac
teristics, each firm will be unique to some degree. One reason is that individual firms 
accumulate tacit knowledge through the experience of firms and employees working 
with a technology (Cantwell, 1994). Firms will have different ways of translating 
knowledge into marketable products through routines and practices. Thus, in 
addition to that information which is shared, some will be unique to each firm. This 

7 See McKelvey (1996b) for a discussion of the difficulties of defining an industry from one 
core technology. 
8 Indicators for analyzing populations can, for example, include product groups, educational 
backgrounds of engineers and scientists, bibliometric and patent studies, and so forth. 
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implies that both technical and economic information have some aspects unique to 
individual agents and others which are collectively defined and shared in the 
community, or population. In summary, two types of collective information are 
discussed here, namely more technological and scientific information known among 
engineers and scientists as well as more economic information known among firms in 
an industry. 

3.2. Institutions 

The second factor underlying retention and transmission is institutions. Institutions 
help structure both information transfer and behavior in SIs and thereby retain and 
transmit characteristics and information. In Edquist and Johnson (this volume), 
institutions have been defined as 'sets of common habits, routines, established 
practices, rules, or laws that regulate the relations between individuals and groups' 
and are distinguished from organizations. It is here assumed that the way in which 
institutions are designed - and their relative ability to co-evolve with technology -
will influence how well different systems perform to generate and select innova
tions. 

An institutional approach presumes that individuals in society act according to 
identifiable patterns and norms of social interaction which influence the decisions of 
individuals (see Hodgson, 1988). On the one hand, institutions provide some 
stability in the patterns of social interaction, thereby reducing uncertainty for 
individual decision-makers. Each expects the others to follow certain rules and 
incentives and hence that slhe will be rewarded for certain kinds of behavior and 
punished for others. On the other hand, institutions are flexible and will be recreated 
through continuing and new social interactions. They will change, more or less in 
tune with changes in technology (Freeman, 1987; Perez, 1983). 

Within an SI, it is thus assumed that institutions help transmit and store informa
tion about what others do and about what types of behavior (routines) are con
sidered acceptable.9 Institutions will influence the parameters of behavior that 
innovating agents perceive as acceptable and possible, such as which directions of 
search activities are likely to lead to results. The institutional structure in an SI 
consists of social relations which give incentives, and disincentives, to innovate in 
various technologies. In SIs, what is interesting are those institutions that give 
incentives and disincentives to innovate as well as those that influence the directions 
of search and learning activities.10 

9 This type of analysis can be used to describe historical events leading to a certain (known) 
outcome or to analyze how the current socio-organization is likely to affect the future 
innovativeness of a population. 
10 There also exist, of course, other institutions in society which do not affect innovations and 
which are therefore not part of an SI. It is important to point out that although existing 
institutions influence cognition and learning, institutions do not mechanically determine 
human behavior. Institutions instead indicate how others in a popUlation, or others in the 
environment, are likely to behave. Nevertheless, individuals have some freedom of action and 
so institutions do not automatically determine that individuals will follow a given pattern of 
behavior. 
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Thus, we can say that institutions create some social structure, or collective 
dimension to behavior. For example, a number of researchers sympathetic to 
heterodox economics have argued that there is a variety of ways of organizing socio
economic behavior that supports capitalist competitionY Different ways of organiz
ing relationships are seen as important in explaining differences in economic 
performance. For example, empirical research has identified the importance of the 
research and development (R&D) system, the education system, the financial 
system, the legal system granting ownership over novelty, and sometimes, govern
ment policies in areas of science, technology, economics, and labor markets, among 
others (Lundvall,1992; Nelson, 1993). By incorporating institutional differences into 
an explanation of innovative and economic performance, the SI approach helps 
identify how and why such differences among market economies matter. 

In order to determine which institutions should be included in an analysis of an SI, 
it is possible to use the criteria that Dosi et al. (1990) have proposed to compare the 
relative size of technical and economic opportunities in different sectors. In their 
analysis of differing sectoral opportunities, economic opportunities are seen to 
relate to market structure, production specialization; and regimes of appropriability. 
The corresponding institutions in Sis would involve those which influence how 
different types of markets (including government purchasing) work; those which 
influence the production specialization and whether they encourage narrow or 
broad specialization; as well as how and whether the legal system and other means of 
maintaining property rights enable innovators to reap benefits from their invest
ments in innovative activities. Technical opportunities are related to specialization 
in science and technical fields and to the rate and ease of technology transfer. 
Translated in terms of institutions, analysis should therefore include those influenc
ing the development of new and existing fields of search in private and public 
organizations as well as patterns of communication in and between different 
communities of specialists. 

Because institutions change and are more or less well adapted to current and 
future environments and opportunities, we cannot assume that those in existence are 
the most rational or play any optimal role in transmitting and storing information 
about innovation opportunities in the SI. Therefore, whether institutions enable or 
constrain future innovations in an SI must be examined empirically rather than 
postulated ex ante. Institutions, their role and functioning, have to be analyzed in 
relation to the historical and context dependent process of innovation. Criteria 
should, however, be developed to compare different institutional configurations in 
Sis, including the ones discussed here - how well information reflects opportunities 
and environmental conditions, whether information is developed and transferred 
individually or collectively, etc. 

3.3. Conclusions 

This section has argued that two main factors underlie retention and transmission in 
Sis, namely: (1) characteristics of information transfer, and (2) institutions. Both 

11 See, for example, Sjostrand (1993). The idea that the institutional set-up of an economy 
influences economic behavior contrasts to an individual-based, rational action theory, where 
each individual is assumed to act independently and rationally. See Hodgson (1989). 
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information transfer and institutions are to some extent attributes of individuals, or 
acted out by individuals, but are also to some extent attributes of collective 
interaction and learning. This tension between the individual and collective leads us 
to a discussion about the consequences of different ways of organizing information 
transfer and use as well as the effects of different institutional configurations for 
innovative and economic performance. 

The first point to draw from the discussion is that when knowledge and institutions 
are shared in an SI, the range of diversity generated will likely be limited in scope 
rather than randomly distributed. In other words, when agents in one SI start from 
similar information and institutions, the alternatives they generate should tend to 
fall within a narrower range than would be expected if all possible technical choices 
had been considered or if search activities were randomly distributed. At the same 
time, it is probable that sharing information induces a greater total number of 
innovations in the SI than if each firm were isolated. This occurs because sharing 
increases the pool of core and complementary knowledge accessible to each firm, 
thereby making a larger number of new combinations visible and possible. The 
problem is how to balance individual incentives to innovate against collective 
benefits. The correct balance depends on the answers to two questions: under what 
circumstances do individual firms decide to stop innovating and instead imitate? 
And what are their incentives to continue learning and search activities even when 
they have the possibility of imitating? 

A second and related point is that when technical novelties rely on new combinations 
of the old, then agents already possessing relevant knowledge and techniques will more 
likely carry out and succeed with innovative activities. Such an agent will have an 
advantage over an agent lacking them, although the obverse seems true for some 
radically new technologies, where new entrants can replace the old (Tushman and 
Anderson, 1986). In research about the economics of technical change, innovating 
agents are seen to tend to innovate close to what they already do and know. Based on 
empirical studies, it has been argued that both fIrms (Teece, 1988) and countries 
(Archibugi and Pianta, 1992; Dosi et aI., 1990) search for, and tend to fmd, innovations 
close to their existing bases of competences. The next question is whether this inherent 
conservatism is a weakness or a strength for the economic performance of an SI. 
Edquist and McKelvey (forthcoming) have argued that it is a weakness if the popula
tion is specialized in lower productive goods as in Sweden, but a strength if special
ization is in higher productivity, higher growth goods. The degree of conservatism in an 
SI thus has to be related to its innovative and economic performance. 

Similarly, the principle of retention and transmission highlights a paradox 
between the need for stability and the need for flexibility in an Sl. Some stability is 
necessary as a base of creativity for new combinations of the old, but innovations will 
also replace or make obsolete some existing knowledge, technologies, institutions, 
and firms, thus making flexibility a necessity. Important questions to consider are 
therefore if, why, and how interactions in an SI encourage or discourage firms to 
break with existing practice by introducing novelty. This requires research on how 
different systems of innovation give (different) incentives to destroy and/or maintain 
existing relationships, institutions, and knowledge. 

Finally, there are a number of questions about the consequences of this principle 
for innovative activities and for the relative economic success of SIs. Some questions 
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addressed by Cohendet and Llerena (this volume) can be restated. Does a larger 
range of technical competences in an SI enab!e a wider range of techno-economic 
innovations? Or can a narrow but 'virtuous' range of technical and economic 
competences enable better utilization of resources and thereby generate a more 
limited, but better adapted, set of innovations? In the latter case, the competences 
and outcomes have to be well attuned to technical and economic environmental 
conditions. Thus, the consequences of different ways of organizing and distributing 
information and institutions have to be addressed in relation to questions about why 
some individuals, and/or SIs, better succeed at developing innovations adapted to an 
environment. 

4. Generation of novelty leading to diversity 

The second evolutionary principle is generation of novelty leading to diversity. 
Novelty increases the range of alternatives available in the system, thereby resulting 
in diversity. When agents engage in search and innovative activities, it has been 
argued that each searches within a limited range of all possible alternatives.12 

Moreover, relatively homogeneous populations in an SI will tend to search within a 
similar space. This section addresses agents' search for novelty and discusses their 
incentives to create novelty. 

It is here proposed that agents' search activities can be conceptualized as explor
ing a 'search space' and developing a map of that space. A search space is thought of 
in topographical terms, where existing economic and technical opportunities form 
the contours. Moreover, the maps must be kept up to date with changes such as, in 
biological terms, when the topography changes, species expand or contract in 
number, plant balance changes, etc. The environments that the maps are supposed 
to be representing are thus changing, and through search activities, the firms are 
trying to develop reasonable representations of existing and new features. 

Agents' abilities to search for and identify opportunities will largely depend on 
their perceptions of opportunities, their competences, and their information rela
tionships with others (Dosi et aI., 1990). Because firms will differ in terms of 
capabilities, knowledge, and so forth, each will have its own 'map' of potential areas 
for search. Firms' maps of the search space will be more or less detailed, more or less 
accurate, more or less useful for identifying changes, etc. For example, we can think 
of one firm which generates a radical novelty as having discovered a new mountain, 
or as having identified an increase in another species (consumers). Based on its map, 
a second firm may invest millions in one type of innovative activity, only to find that 
what it thought was a way to cross a major river ahead of competitors turned out to 
be a route filled with quicksand. It sunk millions without coming further. 

In addition to differences among individual firms, it is proposed that maps contain 
some information that is more public in the sense of known and/or shared among 
well-informed players and some that is individual such as privately owned, held 

12 Unlike neoclassical theory, innovating actors in an evolutionary economics perspective 
cannot choose among all possible options, nor get access to all information. Instead, agents 
know only some technical opportunities and some market opportunities close to what they 
already know and do (Andersen, 1994). 
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secret, etc. It is further proposed that there will be differences among SIs due to the 
relative mix of information which we can classify as globally public, system-wide 
public, or private. Globally public information refers to that which is open to all in all 
SIs, whereas system-wide public refers to information public within an SI. Thus 
some information is public in the sense of being open to all, while other information 
is only public or shared within the SI. However, even that information which is 
globally public must be interpreted as relevant in order to be useful in innovation 
processes, and it is proposed that different SIs will have different abilities to translate 
and diffuse such information. For example, the American system has been argued to 
emphasize basic research while the Japanese system emphasizes innovations for 
markets (Nelson, 1993). Such differences are expected to help explain differences in 
SIs. 

When thinking about innovations in terms of search spaces and innovation 
opportunities, it is important to remember that different types of technologies and 
sectors offer different possibilities to generate novelties and to benefit economically. 
For example, the search space for mature, widely developed and used technologies 
may be quite well understood. The maps used by firms should be quite complete and 
accurate, partly because many alternatives have already been tried, tested, and 
examined, and much of this is public, often globally. New technical and economic 
opportunities should then be limited, in that it is difficult to come up with profitable 
innovations or expand the size of the market. Even maps of well-known technologies 
turn out, however, to be inaccurate or are found to portray an environment that has 
since changed. This is why agents working on mature technologies can produce new 
opportunities such as finding that changes in software development are com
plementary and necessary to developing high speed trains. 

Compared to mature technologies, the maps for radically new ones are more 
vague and less accurate, but information can be either more or less public, depend
ing on the source of information. During the initial development of a university
based technology like biotechnology, for example, much information will be in the 
public domain, but the search space for economic innovations is ill-defined. In such 
situations, information about mistakes, dead ends, and so forth is quite valuable to 
each firm generating information through search activities, and also to firms wishing 
to imitate. Even when the information does not fill in new details on the map, it can 
help narrow the range of search activities. As an early explorer might say, 'Approach 
X failed, but at least we know that there doesn't appear to be monsters in the ocean 
and therefore it may be safe to try to cross the ocean.' Early information gives a head 
start over competitors, who have to 'waste' resources looking for something that 
someone else has established probably does not exist or does not work. 13 

Similarly, at the individual organization level, firms wishing to move into an 
existing technology, but with no previous competence in it, will initially have 
difficulties in seeing the contours of the search space. Their maps will be less detailed 
than those of firms already using and experienced with that technology and its design 
and production. How difficult it will be for newcomers to define the contours of the 
search space will depend on how 'public' the technology is, and how well it can be 

13 Due to uncertainty and the changing environment, it may also be that an apparent dead end 
turns out to be a viable approach. 
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understood from existing codified knowledge. The more that information is avail
able, the more quickly they can engage in learning and search activities. However, 
newcomers can also develop innovation opportunities by looking in unexpected 
directions. It is thus argued that agents' search activities are defined by individual, by 
SI-wide, and by globally public information. 

4.1 . Relating search to incentives and opportunities 

Based on evolutionary theory, it is assumed that innovating agents generate multiple 
alternatives by engaging in search and learning activities (Nelson, 1994b). Moreover, 
it has been argued that their ability to generate novelty is partly dependent on 
technical and economic competences and knowledge and partly on their inter
pretation of environmental conditions. One way to evaluate and compare SIs is thus 
by asking how innovators develop and use sources of technical and economic 
information. What aspects are individual or collective within an SI? What features of 
SIs encourage or discourage innovative activities? 

The art of profit-making through innovations is usually explained in terms of 
Schumpeterian competition, where novelties will enable entrepreneurs to capture 
temporary monopoly profits. These profits derive from the fact that innovations 
often compete on their uniqueness, on special features, or other increases in 
economic value rather than on lowest price. Few if any others may sell a similar 
product. This means that during an initial period, the innovator can act like a 
monopolist (or oligopolist) by setting the price, usually higher than would otherwise 
be the case. The higher price allows higher profits, which are temporary rewards for 
taking the risk of developing novelty. Another incentive to innovate is the disin
centive of being left behind, which occurs if competitors successfully innovate but a 
firm does not. 

To understand incentives to innovate, it is important to remember that a basic 
assumption in evolutionary economic theory is that innovating firms must actively 
search to generate novelty and diversity. Searches for novelty include monitoring 
the environment, observing what actions of others merit imitation, analyzing direc
tions and configurations of information flows, etc. In the models of Nelson and 
Winter (1982), firms search for novelty in response to environmental changes, e.g., 
they change when the old routine no longer works. However, this assumption is 
expanded here to assume that firms also actively search for novelty in response to 
anticipated changes and in response to perceived opportunities in a techno
economic environment.14 In short, firms do not just passively react to environmental 
changes, they also act in anticipation and try to shape the environment. The 
generation of novelty and diversity can thereby change the survival conditions for 
both innovating and non-innovating firms. 

In explaining why generation of novelty occurs in SIs, a first question has been 
what advantages agents expect to gain. One incentive which is assumed to be 

14 These concepts are used by the historian of technology Constant (1980) to discuss technical 
change; he argued that perceptions of failure and of alternatives could be as important as 
actual failures. Here, they are applied to innovations, which combine technical and economic 
aspects. 
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generally valid in market economies is the possibility of making profits. After all, just 
because a population has the capacity to innovate does not explain why agents would 
be willing to take the risk of investing in the generation of novelty. When the 
environment is stable, agents can continue doing whatever they did in the past, and 
they apparently have no incentives to innovate. However, if the environment is 
changing or if an agent can introduce novelty which changes the environment in a 
way to increase the chance of survival, then slhe has incentives to innovate. 
Although seen as generally valid, whether each individual firm will actually recog
nize and act on such opportunities is less clear. In fact, business literature indicates 
that the actions and strategies of firms are quite diverse in response to the same 
environment and stimuli.ls 

4.2. Other agents help define firms' opportunities 

If, as argued, innovative activities contain both collective and individual aspects, 
then we must consider how and why other agents and institutions in an SI help define 
the technical and economic opportunities identified by innovating firms. Underlying 
this question is the argument that what an individual firm can do is, to some extent, 
limited by the quality and type of information that it can gather as well as 
institutional configurations in an SI. 

While we assumed above that innovators develop technical novelty to capture 
profits, other agents in an SI may have similar, or different, incentives. For example, 
users of capital machinery may give information about desired technical improve
ments to producers of that equipment. By doing so, users hope the producers will 
improve the machinery, thereby benefiting both parties. For the producing (innovat
ing) agent, such information is important because it helps them to 'see' that 
opportunity. 

Other agents in an SI can be divided into two broad categories, firms and non
firms. Firms include, for example, user firms, suppliers, competing firms, etc. De
pending on the type of firm, incentives for sharing information can range from 
relations based on trust and reciprocity to the belief that the innovation will benefit 
them directly or indirectly (Lundvall, 1992). Directly would be, for example, selling 
an R&D contract or patent to an innovating agent whereas indirectly could be using 
the resulting new equipment to make better and less costly products. Relevant 
criteria to compare SIs thus include agents' ability and willingness to share informa
tion as well as the quality of that information, in general terms and in relation to its 
contexts of use. 

The non-firm agents, such as government bureaucracy and university researchers, 
are not primarily concerned with the direct creation of economic value, although 
they may sometimes be involved in selling, for example, public services or R&D 
contracts. Often, however, their contribution to defining innovation opportunities in 
SIs consists of other dimensions, such as regulating market interactions, setting 
technical standards, or developing generalizable knowledge and techniques. These 
others nevertheless playa quite important role in defining innovation opportunities 

IS See Nelson (1994b) for an analysis of meeting points between business studies and 
evolutionary economics, particularly in this assumption of the diversity of firms . 
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for firms (Nelson, 1993). When governments set a standard for a new product when 
no dominant design exists, for example, firms can concentrate on improvements 
within that technological trajectory rather than on multiple technologies, thereby 
concentrating search and learning. For example, the Nordic governments agreed on 
a common cellular phone system early on, helping the telecommunication firms 
Ericsson and Nokia in the process. Although a standard can help consolidate 
learning and economic benefits during a period, government policy should be careful 
not to become too restrictive and thus lock the firms into what under later conditions 
may turn out to be an unviable technology. 

The relevance of non-firm agents in SIs implies that innovations in firms often rely 
on activities and institutions that are not strictly economic, but are instead legal or 
regulatory in nature or dependent on more diverse bodies of knowledge. This brings 
us back to the importance of institutional configurations of SIs. When, for example, 
industrial R&D draws inspiration from basic science, the social organization of 
university science - such as the structure of rewards and punishments which 
influence the creation and diffusion of novelty in the scientific community (Dasgup
tha and David, 1994) - also helps determine technical opportunities for industrial 
innovation. However, particularly when discussing relationships between firms and 
universities, we should keep in mind that technical changes relevant to a firm are 
often quite different from generalizable scientific knowledge and techniques.16 Firms 
try to solve local and specific technical problems relevant to their own products and 
production processes. They have existing technology, competences, and markets 
and want improvements to fit within their framework of action.!' Those firms and 
industries that are more directly dependent upon contemporary university science as 
a source of inspiration are dealing with information and potential products that are 
usually much further from the market, requiring extensive resources and invest
ment, as the development of biotechnology testifies (see McKelvey, 1996a). Thus, 
when analyzing the role and importance of other agents in defining innovation 
opportunities in an SI, both the technical and the economic dimensions of informa
tion during identification and realization of innovation opportunities must be 
included. 

16 This notion of separating university scientists and industrial innovating populations does not 
deny that industry can do basic science or vice versa. Nor does it deny that some technical 
changes are novel for both an industrial innovative population and for a scientific population. 
In general, however, university science and industrial innovation specialize in different types 
of knowledge seeking activities. See Faulkner (1994). 
17 In solving such challenges, firms often rely on systematic scientific knowledge and methods 
to address their very specific problems. Most draw from a common pool of codified, existing, 
scientific and technical knowledge to solve firm specific problems (Kline and Rosenberg, 
1986). Moreover, in order to communicate with university scientists and to keep up to date, 
firms may need to do some more generalizable research themselves (Pavitt. 1991 b; Rosen
berg,1990). 
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4.3. Conclusions 

This section draws some conclusions about how to analyze agents' incentives and 
abilities to engage in innovative activities, in relation to individual and collective SI 
aspects. 

For the first, agents' incentives to innovate are here assumed to be dependent 
upon technical and economic opportunities. The basic question is, how great are the 
expected returns from innovation within a technical or market area, that is, how 
great are the incentives to innovate? We expect that opportunities are partly related 
to the existing specialization of production due to the non-randomness of novelty 
generation. Incentives to innovate are thus dependent on the fertility of the areas in 
which firms search as well as how well they can identify and act upon these 
opportuni ties. 

Because of the purposive behavior of humans and their ability to learn, the 
generation of novelty is linked to selection in socio-economic processes, whereas in 
biological processes they are separate. Some of the differences between the two 
types of socio-economic and biological evolution are therefore discussed here in 
relation to understanding the generation of novelty in SIs. 

One very important difference is the extent to which the generation of novelty is 
random, or not. Biological change is considered to be random in that combinations 
of genes likely to fit the environment are as probable as combinations which are not 
likely to fit (Luria et al., 1981). In many discussions in the economics of technical 
change, it is argued that some change must be seen as random (Nelson, 1995). 
However, I have elsewhere argued that socio-economic evolution cannot be con
sidered random, although it does involve uncertainty.lslt is not random because in 
relation to innovation, human beings have the ability to perceive and interpret 
technical and economic opportunities and selection criteria of their environment. 
Due to perceptions, humans try to generate novelty likely to fit environmental 
conditions, and they do so when they expect to benefit from the innovation resulting 
from their risk-taking. Innovating agents thus decide which types and what range of 
innovative activities they engage in, and hence they directly influence the types of 
technical novelty they are likely to generate. For example, R&D on gas turbines is 
unlikely to lead to improvements in medical dialysis. 

Although not random, human behavior and its consequences cannot be fully 
predicted in advance, and thus there are elements of true uncertainty. Agents 
generate novelty blindly, or in blind directions, in the sense developed by the 
philosopher of knowledge Donald Campbell (1987). Blind generation means that 
agents cannot know in advance which alternative(s) will turn out to be well adapted 
to an environment. Agents will generate novelty 'in the dark', so to speak, because 
they have only an approximate understanding of the environment and of selection 
criteria. 

Thus, an important difference between socio-economic and biological evolution is 
that in human learning processes, generation of novelty leading to diversity is not 

18 A more thorough treatment of this and related points found in this section can be found in 
McKelvey (1996a). It should be noted that innovations will involve different degrees of 
novelty, such that those closest to existing practice involve less uncertainty than those which 
are further away. 
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random in the sense that all combinations are equally likely, although outcomes are 
uncertain. This means that innovating agents are involved in selection while generat
ing novelty; they try to select those search activities and novelties likely to fit 
environmental conditions. This is a clear and important difference between biolog
ical and socio-economic evolution. 

Moreover, it is assumed that selection criteria can change due to environmental 
changes. This means that it is difficult if not impossible to know which innovations 
will be selected in the future. This uncertainty helps explain why a population as well 
as different SIs are likely to generate diverse alternatives. Agents will have different 
perceptions of which novelty is likely to win in future selection processes. They may 
have different perceptions of which technology is more likely to function, or which 
innovation will likely sell or give the highest rate of return (profits).19 In other words, 
they can emphasize the importance of different selection criteria while innovating. 
Partly based on individual competences and abilities, each firm will thus decide 
where to search, and therefore, different perceptions of technical and economic 
opportunities, compounded by uncertainty, will stimulate diversity. Here again, the 
extent to which these interpretations of environmental conditions are individual or 
collective in the SIs remains to be analyzed, but it has been here proposed that 
conditions in an SI shape individual perceptions. 

Another difference between biological and socio-economic evolution is that in 
biology, each individual organism can only test one alternative set of genes at a time, 
although the population as a whole exhibits a diverse set, within a certain range. In 
human learning processes involving innovation, the parallel is when there are 
multiple agents and each generates one alternative. However, socio-economic 
evolution can and often does involve multiple alternatives launched by each 
agent. 

Generally in innovation processes, each agent can and does generate a number of 
different alternatives, both during R&D and through introduction on a market. 
While searching and learning about innovation opportunities and environmental 
conditions, innovating agents must solve the various, often unexpected, challenges 
of technical and economic change. Problem-solving encountered in specific search 
activities gives information about both mistakes and successes. By accumulating 
information, firms learn what is likely to be possible and what is likely to be 
impossible. Over time, firms' trial and error method of technical development helps 
identify which technical alternatives are likely to be most viable for sale as innova
tions. 

Firms will usually introduce an even narrower range of innovations into markets 
than have been tested because testing in-house is relatively cheap compared to the 
costs of market introduction. Testing is therefore an important way to narrow down 
the choices, thus playing a key role as a selection mechanism within firms. The 
efficacy of agents' testing routines relative to the criteria to winnow out alternatives 

19 This assumption thus rules out the possibility that agents can calculate 'optimal outcomes' 
or are able to 'absolutely maximize'. They muddle along as best they can in an uncertain and 
changing environment! Note the difference with Friedman (1953), who argued that it was 
possible to assume maximizing behavior because selection criteria could be determined in 
advance. 
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adapted to current and future environmental conditions is thus crucial. An inter
esting question is again whether these testing procedures differ significantly in 
individual cases or in different SIs. 

In short, at any given period, a wider range of alternatives has been generated in 
an SI than those that reach the market. Agents themselves make a first selection 
among technical alternatives through testing, search, and learning. They make 
choices sometimes alone and sometimes through interaction with others in an SI. Of 
course, it is not certain that the alternative(s) that an agent decides to develop will be 
better adapted to the environment than those that are rejected. It depends on how 
well the agent can interpret the environmental conditions and on the rate and 
direction of change. Generation of novelty is, therefore, clearly linked to selection in 
innovative activities. 

Finally, we must ask, does, and how does, an SI affect the organization and 
direction of firms' search activities in relation to the degree of novelty and the range 
of diversity that each SI generates? For example, SIs can be compared in terms of 
their relative emphasis on the use and development of private or of public knowl
edge. If knowledge is shared and the common base quickly expands, then advantage 
goes to the innovating population as a whole in an SI relative to other SIs. If, on the 
other hand, knowledge is mostly private and perhaps kept secret individually, it 
gives advantages to the most innovative agents relative to others within the popula
tion or in other SIs. There is thus a trade-off between sharing information in an SI 
and individual incentives to innovate where, for example, an open and sharing 
system seems to work well for fast moving technologies like microelectronics, 
consisting of multiple technologies and products (Saxenian, 1994). More research is 
needed on how different ways of organizing access to shared and unique knowledge 
and institutions will affect the generation of novelty of different SIs in relation to 
innovative and economic performance. 

5. Selection among alternatives 

The third principle is selection among a range of diversity. It has been argued that a 
diversity of alternatives coexist and compete at any given time, rather than the 
selection of one 'optimal' survivor. It is proposed that SIs will differ in the type and 
range of diversity generated and in which selection criteria are considered im
portant, thereby influencing direction of search activities. 

Selection is sometimes summarized as 'the best survive', but this is a tautology 
which tells us nothing about what and why something can be considered 'best' in an 
environment. Moreover, modern biology has shown that a range of alternatives and 
features that are 'mistakes' from an evolutionary perspective can exist at anyone 
time, indicating that no one best alternative 'automatically' wins. Indeed, adequately 
specifying the selection mechanisms for innovations is one of the more difficult tasks 
facing us (Nelson, 1987). Relevant questions in relation to selection mechanisms in 
SIs include how to conceptualize, theorize, and model aspects of selection that do 
not directly involve markets? How much of selection criteria are internalized within 
individual firms or in an SI, and how much are general aspects of market competi
tion? It is proposed here that SIs internalize different selection criteria, leading their 
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respective populations of innovating agents to develop somewhat different maps of 
what they consider to be promising search space. 

As with the previous argument that temporary monopoly profits are a general 
incentive for innovation, market selection is here assumed to be a general mecha
nism of selection in capitalist economies, thereby also in SIs. The importance of 
markets is defined into the very definition of innovations as technical novelties of 
economic value. However, in contrast to the neoclassical ideal market situation, it is 
here assumed that at any given period, a variety of products differing in price, 
function, technology, quality, and so forth compete. Innovating means introducing 
differentiation, not standardized commodities. 

The ultimate selection mechanism for innovations thus involves buying and 
selling, encompassing transactions involving economic exchange. Nelson and Winter 
(1982) argue that selection takes place at the level of firms through the mechanism of 
profitability. The relative rate of profit over time determines each firm's possibility 
to survive, adapt, and reproduce successful strategies, technologies, and products. 
Over time, some firms will disappear because they had inefficient routines and did 
not change them in time whereas others will expand. The concept of markets as seen 
in evolutionary economics thus gives us a starting-point to discuss selection, but 
more nuanced discussions are necessary in relation to SIs. 

Moreover, the time needed for selection to take place should be considered more 
systematically. Instead of an immediate winnowing out, selection is here thought 
usually to involve a more or less long-term process, where a number of alternatives 
exist side by side, allowing different firms, routines, and technologies to exist and 
compete (Andersen, 1994). Selection thus winnows diversity but does not abolish it, 
partly because market selection is relatively slow and partly because novelty 
continues to be introduced (Hodgson, 1993). This time dimension gives some hints 
about how to develop criteria to evaluate and compare SIs. If, for example, one SI 
transfers information about market preferences and selection criteria faster or more 
accurately than another, then agents in the first will have an advantage over the 
second when identifying and acting upon innovation opportunities. 

As previously argued, selection in SIs is intimately linked to generation of novelty. 
Agents face uncertainty in that technological innovation processes are costly and 
time-consuming and in that innovating agents cannot be certain that their alternative 
will be selected in a (future) market. Agents' trial and error of designing, testing, and 
interpreting opportunities and environmental conditions while generating novelty 
are thus important aspects of selection. These are explicit differences which can be 
compared in different SIs. 

As with generation of novelty, selection processes involve both individual and 
collective aspects. Following this line of argument, competing SIs will differ in 
organizational capability and in institutions, and these differences will matter for 
innovative and economic performance. Thus, when a firm is trying to decide upon a 
new direction of search activities or ways of improving an existing product, it 
communicates with other agents. The flows of communication in different SIs will 
differ in terms of access to, quality of, and reliability of information. If innovating 
agents in one system have more access, or better information, about users' prefer
ences, then they have a better chance of using that information to obtain economic 
benefits. For example, users in one system may give more accurate information 
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about desired technical features or about desired trade-offs between price and 
quality of a product. Another example is that politicians and public opinion can 
indicate which alternatives are likely to be considered acceptable, particularly for 
controversial technologies. Within an SI collectively, learning about innovation 
opportunities will thus be faster or slower, and will provide information which is 
more or less correct relative to the selection conditions. Differences will depend on 
differences in characteristics of information transfer and in institutions. 

Because environmental conditions are not fixed but are instead changing and 
recreated, it is difficult to say in advance which innovation(s) will be selected for 
being well adapted to an environment. Selection criteria will change, in markets as 
well as in other social contexts. In that different SIs are argued to contain somewhat 
different incentives to innovate and share information, selection is expected to 
depend to some extent on characteristics specific to an S1. For example, one SI may 
champion more obviously radical innovations because venture capital is the main 
financing source, whereas in another one, conservative management and the financ
ing system may generate more incremental changes to fit into current product lines 
(see Guerrieri and Tylecote, this volume). Selection criteria are thus argued here to 
be to some extent determined by the specific characteristics of an S1. 

5.1. Conclusions 

Selection processes in SIs involve market selection as well as SI level dimensions. 
Selection acts ex post on alternatives but is argued here also to influence the range of 
diversity generated. In that selection and the influence of selection criteria on 
novelty occurs to some extent within SIs, differences among SIs in terms of 
environmental conditions, selection criteria, range of alternatives proposed, knowl
edge and competences of the population, and so on are here argued directly to 
influence the performance, or innovative outcomes of the SI as a whole. This is so 
even though markets are seen ultimately to choose among alternatives and firms as 
the ones identifying and acting upon innovation opportunities. 

An important question deserving additional research is therefore how an SI 
collectively learns. As technologies and market conditions change, how and why are 
some SIs more able to change the institutional configuration and information flows 
to encourage the generation of novelty likely to be selected? This learning and 
changing should not be seen as a top-down process, where one strong leader changes 
the system. It has instead here been portrayed as a collective, often difficult process, 
where different alternatives are tried. However, some SIs encourage flexibility and 
adaptation through learning whereas others encourage more conservative behavior. 
Why? How to change them? There is a crucial question here about what degrees of 
flexibility and rigidity can be related to the various innovative and economic 
performances of SIs. 

In the current evolutionary discussions, survival only has meaning in relation to a 
changing, environmental context (context dependency). Strategies and survival are 
local rather than global, specific rather than universal. Even when markets choose 
similar innovations as successful, the way novelty is generated relative to selection 
criteria has been argued to differ, so that different SIs prioritize different types of 
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novelty. For example, one SI may generate a small total number but large per
centage of innovations that turn out to be well adapted to selection criteria, whereas 
another system may generate a larger number of innovations but fewer that are well 
adapted. Relative to the latter SI, the former system is expected to have an 
advantage in that it expends less resources to make innovations that are selected. 
There is less 'waste'. An SI approach can be used to analyze why the second works 
less well; for example, it may identify difficulties with transferring information, with 
interpreting environmental conditions, or related problems. The development of 
this type of criteria indicates how the SI approach can help policy-makers in both 
firms and governments to develop information about how to encourage an accept
able and affordable range and level of diversity. 

In short, selection within an SI partly depends on the quality and extent of 
technical and economic information that innovating agents can exchange with other 
agents and partly on the institutional configuration. Comparisons of different SIs 
include questions such as how and why is one population better able to interpret 
environmental conditions? How do different ways of organizing socio-economic 
interactions affect the direction of firms' search and innovative activities? To what 
extent can government policy, users' preferences, and/or technical testing represent 
a substitute for market selection? Or, if not a substitute, to what extent can they 
direct technical development along a path likely later to be selected by the market? 
Can these or other factors be used to narrow the range of alternatives to a virtuous 
set, thereby reducing excessive diversity? How selection mechanisms work and the 
influence of different selection criteria on generation of novelty are important 
questions to develop further in order to compare SIs. 

6. Concluding remarks 

This chapter starts from a modified theory of evolutionary technical and economic 
change, identifying three crucial principles of change: 

• retention and transmission of information; 
• generation of novelty leading to diversity; 
• selection among alternatives. 

These three together and the assumption of local optimum define an evolutionary 
pattern of technical change. They are here argued to be three functions that should 
exist in an SI but they will function differently, depending on the specific SI. 

Characterizing SIs as evolutionary systems, as done here, has implications for 
policy-making, in both firms and governments. For the first, government policy to 
support innovative activities must find a balance between the individual and the 
collective. In general terms, policy-making for innovation should not be seen as a 
matter of picking an individual winner, although strong innovators are important. 
Policy is instead a question of supporting interactions in a system, especially those 
that help identify existing, and create new, technical and economic opportunities. 
This implies that certain types of interactions, or certain types of technologies and 
sectors, should be supported rather than others when the first offers greater 
innovation opportunities. Due to the importance of past and existing competences 
and experiences for development of the new, however, the feasibility of alternative 
directions has to be evaluated. 
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In other words, policy should not be done 'blindly', such that all alternatives are 
indiscriminately supported.2° Nonetheless, even when examining alternatives, selec
tion criteria must be developed and utilized while engaging in the generation of 
novelty. Making these criteria explicit in terms of the economic and technical 
dimensions of innovation opportunities is a start towards informed decisions and 
policy-making. 

Moreover, in making policy, there must be an acceptable balance between the 
range of diversity and the definition of selection criteria. Supporting too great a 
diversity can lead to expense and delays in selection. In contrast, too little diversity 
due to too harsh, too specified, or incorrectly specified selection criteria leads to too 
few alternatives, which could in turn lead to stagnation in the system. For example, 
if incentives in an SI prioritize certain selection criteria for innovations with 
characteristics different from those selected in a market, then this leads to diversity 
which may be useful for other purposes but which is not useful for economic 
performance. One of the more important balances that needs to be kept in firm and 
government policy alike is thus the balance between keeping open options for the 
future relative to staying afloat today. 

From government's perspective, policy-makers have to find tools to encourage 
firms to develop enough novelty and diversity to adapt to environmental changes. 
Some SIs seem more successful at this than others. Policies should be therefore 
evaluated for their relative flexibility or conservatism, whether changes enable SI 
agents to learn from previous events, and the advantages and disadvantages of 
collective learning and searching relative to individual activities. Before making 
decisions, policy-makers should, therefore, examine existing institutional incentives 
and knowledge competences that affect retention and transmission and the genera
tion of novelty, as well as pay close attention to selection criteria. 
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CHAPTER TEN 

Learning, Technical Change, and 
Public Policy: How to Create and 
Exploit Diversity 
Patrick Cohendet and Patrick Uerena 

1. Introduction 

Recent developments in economic theory, and in particular the evolutionary ap
proach, lend weight to investigations suggesting that diversity offers positive eco
nomical consequences (Dosi et at., 1988; Metcalfe, 1992; Saviotti, 1988). These 
consequences have been investigated for conditions in which national systems of 
innovation are concerned (Cohendet et at., 1991, 1992). It has been suggested that 
Europe especially could benefit from exploiting the potential economic value of 
diversity. However unambiguous, results about the effective impact of diversity and 
about the nature of the policy required to 'valorizel! it are extremely difficult to 
obtain. In fact several problems are intertwined and contribute to the complexity of 
the investigation: to determine an appropriate policy in terms of diversity, one 
should clearly define what diversity is, how diversity is generated, and how selection 
mechanisms operate. 

The first problem is thus defining the meaning of diversity. In an economic system, 
there are many types of diversities that can be considered. There is first the diversity 
of factor endowments leading to (given) comparative advantages which are the 
starting point of the whole theoretical construct of the classical exchange economy. 
There is then the diversity of products and services available to consumers. There is 
also the diversity of behaviors which is the basis for understanding the evolution of 
firm performance. There is finally technological diversity which is related to diverse 
competences and learning processes and which leads to the description of techno
logical change as a process of evolutionary change. We shall focus in this chapter on 
the latter form of diversity. We put forward as a working hypothesis that it is the 
interaction between technological diversity and the related competences and learn
ing processes which is at stake when theorists or practitioners argue about valorizing 
diversity. However, it is clear that all the above forms of diversity strongly interact. 
To be more precise, the coherence between these different forms of diversity is a 
crucial variable. Any given system, especially of different systems of innovation, 
cannot extend freely the different forms of diversity. In their mutual interactions 
these forms of diversity exhibit limitations: the necessity to reduce one form of 

1 The term to 'valorize' is used in the sense of 'to exploit the positive economic value of 
diversity' . 
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diversity in order to allow the extension of another, the tendency to produce 
irreversibilities in order to allow some further evolution, etc. 

The second problem is understanding the mechanisms that generate diversity, in 
particular the complex relationship between diversity and learning. As Malerba 
(1992) pointed out, different kinds of learning activities generate different kinds of 
technological changes so that firms with different learning structures will generate 
different patterns of innovation. This diversity in sources of innovation experiments 
is central to the evolutionary approach to technical change. Successful innovation 
requires learning about markets and user needs as well as learning about technolo
gies. The production and diffusion of diversity is thus shaped by the learning 
capacities of economic agents. In this respect, we shall emphasize the influence of the 
routines as well as the influence of the localized nature of the learning process that 
drives the directions, the strength, and the intensity of technological diversity. 
Understanding the relationship between elementary learning processes (routines) 
and diversity is key to assessing the interplay between institutions and diversity. The 
question is to identify what types of institutions could in a given context favor the 
emergence of diversity, or maintain to a certain extent diversity, or stimulate the 
diffusion of diversity. In this regard specific attention is focused on the relationship 
between diversity and the notion of nationaillocal systems of innovation. 

The third problem is that any theoretical approach cannot be disconnected from 
our understanding of the mechanisms that select viable forms of diversity. Under
lying this statement is the assumption that diversity is not a free good that can 
expand (or be maintained) without costs or limitations. In economic terms there 
should be models explaining how the diversity under consideration is exposed to the 
related selection mechanisms. Among these models, the market mechanism explains 
in a static context how the best products and technologies are selected from the 
divergent range of products and technologies competing in the economy. In a 
dynamic evolutionary context, different models, often inspired by biology, explain 
how diversity is created by some mechanisms, for instance mutations or innovations, 
and exposed to selection mechanisms, for instance economic competition. Depend
ing on the models, the mutations mayor may not be independent of the selection 
process. We shall focus in this chapter on evolutionary models, and because we 
consider that innovation is not random, but an integrated part of economic activity, 
we shall assume a dependence between the mutation and selection mechanisms. In 
this respect, we shall presume that economic diversity has more to do with the 
Lamarkian approach in biology than with the Darwinian one. When examining the 
tension between the generation and diffusion of diversity and the selection processes 
that operate, specific attention is focused upon the question of whether the evolution 
of competing technologies towards a common standard is preferable to the main
tenance of the diversity of technologies. 

Once these issues have been investigated, it will be possible to define and assess 
for relevancy the type of policies needed to cope with diversity. Certain questions 
should first be asked. For example, under which conditions should diversity be 
'valorized'? And what are the appropriate public policy tools for supporting di
versity? Answers to these questions suppose in one way or another that one can 
demonstrate that an increasing diversity in economic activity may lead to an 
increasing efficiency of the economic system. In order to do so, we should go beyond 
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the classical trade-off between diversity and efficiency, and find evidence that in 
certain contexts the advantages of increasing diversity exceed the related costs. We 
shall see that this may be demonstrated in a dynamic approach when the main value 
of diversity lies in an enlargement of the knowledge base sustained by viable 
learning mechanisms. It is in this context that the policy tools appropriated for 
enhancing diversity will be presented in the final part of the chapter. 

2. The different meanings of diversity 

The concept of diversity reveals different meanings, depending upon the theoretical 
backgrounds we consider. Diversity plays a rather minor role in mainstream econ
omics but is central to other constructs like evolutionary economics. The following 
provides a brief overview of the significance of diversity in economic theory and 
more precisely in the economics of technological change. 

2.1. The diversity of factor endowments 

In neoclassical economics, the agents (firms and households) are representative. 
They have been equipped with simplified and stylized attributes, common to the 
whole class, in order to draw logical deductions from their possible behavior. 
Differences between types of firms and households are not important. This is a 
natural result of the neoclassical preoccupation with problems of equilibrium and 
with the mechanisms that make the economy ordered and coherent. Diversity 
becomes important when the focus is on how the equilibrium is disturbed and how 
the economy changes over time, rather than on how the economy holds together. 

This does not mean that diversity plays no role at all in neoclassical theory. 
Differences in opportunity costs between people, regions, and countries, leading to 
comparative advantages, is the main reason for (and explanation of) the division of 
labor and trade and, thus, in a way, is the starting point for the whole theoretical 
construct of the neoclassical exchange economy. But this is a rather limited and well
behaved sort of diversity. In neoclassical trade theory, diversity is the starting point 
of, and the reason for, an equilibrating process of trade, but it plays no role as a long
term mover of the system. 

The local contexts altogether define a given diversity: the diversity of situations 
that is the source of comparative advantages (such as natural resources and the 
endowment of other factors of production including the nature of institutions). 
These endowments give rise to a diversity among local entities based upon their 
different levels of growth and differences in terms of time lags in the (passive) 
diffusion of the 'best technology'. The result of this diversity might be some 
inequalities between 'rich' and 'poor'local entities that could induce governments or 
public authorities to 'reduce the inequalities' by modifying (ex post) the allocation of 
resources that are the basis for the comparative advantages. 

2.2. The diversity of products and processes 

The growing diversity of products and services that we use in our everyday life and 
in productive processes is, as Saviotti (1991) pointed out, one of the most important 
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aspects of economic development. Simultaneous to an increase in variety of prod
ucts and services, some existing products and processes disappear. The balance 
between the emergence of new and different products and services and the dis
appearance of existing ones determines at a given point in time the net static variety 
of the economic system. Neoclassical economics does not focus on the process 
through which this increased variety is produced (and usually the process is assumed 
to be exogeneous to the economic system), but rather examines the way through 
which market mechanisms select new technologies and eliminate those that have 
become obsolete. 

According to neoclassical theory, diversity in products and production processes 
means, on the production side, the loss of possible economies of scale, which for a 
wide spectrum of products is still important and will continue to be so even if 
information technologies and new organizational forms have reduced their im
portance in many areas. In such a context, diversity from an economic viewpoint can 
be justified only under very severe conditions. 

In that context, the presence of risk may serve to justify the importance of 
diversity. By risky situations, we mean static situations where the environmental 
variability is perfectly perceived by a probability distribution. In a static environ
ment characterized by homogeneous products with long economic cycles, stable 
industrial organizations, foreseeable rates of growth, etc., diversity (as in the 
management of a firm with a portfolio of products or processes) may prove to 
generate an additional cost for the firm (the classic dilemma between flexibility and 
productivity). On the whole, however, the choice to diversify can be justified as a 
way to adapt to foreseeable environmental changes. Under these very strict condi
tions, diversity offers production some economic advantages. However, it appears 
that diversity in the neoclassical context is always costly and can be generally 
justified only in a passive adaptive strategy. 

2.3. The diversity of behaviors 

Recent developments have emphasized other sources of diversity. In fact, many 
theoretical and empirical works reveal the limits of a concept of diversity linked to 
the variety of products or to given endowments. In particular, diversity also arises 
from differences in behaviors. The strategies of firms and the preferences of 
consumers differ from one individual or firm to another, from one place to another. 
This type of diversity is at the centre of the literature in industrial economics of the 
1950s and the 1960s. Authors like Bain (1956) and Mason (1957) conceived of 
building an analytical framework able to include such diversities in behaviors. The 
behaviorists of the 1950s, in particular March and Simon (1958), tried to map the 
diversity of objective functions of firms and understand the evolution of the 
performances. 

Here again, the coherence of an economic system arises through the confrontation 
of economic agents in a market. The survival and economic performance of these 
agents will be determined by the selection mechanisms at work. More recently, 
developments in evolutionary game theory consist of attempts to formalize the 
effects of such diversity on market outcomes. In a different way, evolutionary 
models of competition (Metcalfe, 1992) show the importance of variety at the core of 
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the competitive process. In fact, the existence of differences in expectations and/or 
information processes might lead to the existence of stable diversity (Kirman, 1992) 
through market mechanisms. 

2.4. Technological diversity, related competences, and learning 
processes 

In evolutionary theory, the economics of technical change tends to look at techno
logical development as an evolutionary process: as an open-ended sequence of 
events. It is a basic proposition of evolutionary theory that a system's diversity 
affects its development. Diversity is created by some mechanisms, for example, 
mutations in biological systems and technical innovations in economic systems, and 
a selection mechanism, for example, natural selection and economic competition, 
which changes the relative importance over time of the surviving diversity. The 
mutations are independent of the selection process (Gibbons and Metcalfe, 1986). In 
an economic system this need not be the case. Innovation is not random, but an 
integrated part of economic activity. 

From the perspective of evolutionary theory (in contrast to the typological 
perspective of 'mainstream' economics), variations within a species become im
portant. The diversity in, for example, production structure and institutional set-up 
in the European economy may be just noise from a neoclassical point of view, but 
from an evolutionary point of view it is information. Diversity drives evolution, and 
evolution generates diversity. The concept of diversity can then be used in repre
sentations of the qualitative aspects of change, which are central to economic 
development (Silverberg et al., 1988). 

It is thus possible to describe technical change as a process of evolutionary change 
that builds on diversity, the generation of diversity, and competitive selection. In an 
economy there is not only diversity in products, production processes, organiza
tional forms, and customer characteristics, which play their parts in an overall 
process of technical change. There are also several local processes of technical 
change going on at the same time. There is a diversity of innovation, more precisely, 
the diversity between different parallel processes of technical innovation. This 
dynamic approach of diversity strongly contrasts with the other contexts that have 
been cited above, in which diversity was a given attribute (we should rather speak in 
these cases of 'variety' instead of 'diversity'). 

Before dealing with policy issues about the ways to valorize diversity, we shall 
discuss the properties of the dynamic endogenous forms of diversity: how it is 
generated and selected, what its relationships are with the learning processes at 
stake in the economy, and how it is influenced by institutions. 

3. Generation of diversity, learning, and institutions 

When considering diversity as endogenous to the economic system, we focus 
implicitly on the economic processes that generate diversity. According to evolu
tionary theory, these processes rely on the functioning of learning mechanisms 
within organizations that participate in the process of innovation, and more pre
cisely, on routines that are the elementary units of analysis. In this part of the 
chapter, we shall investigate the consequences of this fundamental interplay 
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between learning mechanisms and the generation of diversity, by examining first the 
direction of the mutations that leads to an increasing diversity, then by analyzing the 
influence of institutions in the generation of diversity. 

3.1. The generation of diversity: the role of learning processes 

To understand the direction taken by the generation of diversity, we have to 
remember that any firm participating in the process of innovation is exhibiting two 
types of learning mechanisms: exploitation of existing routines, and exploration 
which presupposes a potential for experiencing new routines. In this context, any 
increase of diversity will result from a successful exploration mechanism plus the 
setting up of new routines that efficiently sustain the process of diversification. In 
other words, diversity has to be made viable through the implementation of new 
active routines. The emergence of mutations in the economic system is thus shaped 
by the properties of the learning process. Among these properties, special emphasis 
should be addressed to the localized nature of the learning process. Indeed, techno
logical innovation takes place within a particular structure, a specific context of 
industrial products and production processes. Any new piece of knowledge will 
generally stand in the vicinity of a former 'cluster' of accumulated knowledge. This 
does not exclude mutations that occur far from existing lines of research or 
mutations that result from the combinations of distinct routes of research, but these 
are not the general rule. The result of these statements is thus the following: if we 
consider diversity as an enlargement of the base of knowledge, it has to be made 
clear that this base of knowledge is far from being homogeneous. It shows dense 
'clusters' - the existing lines of research - that become more and more important as 
new pieces of localized knowledge accumulate around them. 

The specific form of knowledge accumulation may be along the existing lines of 
research and the main existing routines, but may nevertheless lead to the formation 
of mutations. This is particularly the case when secondary routines that operate in 
connection with the main routines which sustain existing lines of research 'agglom
erate' to a point where a threshold will be observed, with formation of a new line of 
research derived from an existing one. In that sense, we can speak in terms of 
localized generation of diversity. Of course, as mentioned above, there is also room 
for some radical mutations, in the Schumpeterian context for instance, leading to 
radical generation of diversity. To a lesser extent mutations may also be due to 
combining different bodies of knowledge which may give rise to new knowledge 
clusters. 

Beyond the fundamental learning mechanisms of firms, we can assess the func
tioning of economic competences. As Carlsson and Jacobsson point out (this 
volume) 'economic competence - the ability to identify, expand, and exploit busi
ness opportunities - is unevenly distributed among firms' . The use of the notion of 
competences is more specific than the notion of learning when considering actual 
behaviors of economic agents vis-a-vis diversity. It introduces a strategic perspective 
in the learning processes, as we will see further on. 

Naturally, diversity will in turn influence learning in the interactive context that 
we are considering. As emphasized by David and Foray (1994), we are in the 
presence of two main sources of learning. 
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The first kind is extensive learning or 'learning from diversity', which involves experi
mentation with a variety of options, and through the (negative) results of experimenta
tion, leads to the elimination of certain avenues of development. The second type of 
learning can be called intensive learning or 'learning from standardization', in which 
attention is concentrated on one technological variant, making it easier to identify 
empirical irregularities and problem areas deserving further investigation, correction, 
and elaboration. (David and Foray, 1994: 14) 

3.2. Diversity and institutional learning 
Having seen how the process of learning shapes the direction in which diversity is 
generated we can now analyze the ways in which the institutional context influences 
the generation and intensity of diversity. It is clear that in science and technology, 
learning takes the form of different institutionalized methods of search and improve
ment processes to enhance the functioning of the two main types of routines. On the 
one hand, we can observe how the process of deliberately controlled experimenta
tion is monitored through the development of prototypes and demonstrators, while 
on the other hand there is also an institutionalized way to organize experiential 
learning that stimulates learning-by-doing and learning-by-using procedures (David 
and Foray, 1994; Lundvall, 1988). 

To go a step further, theoretical investigations on the relationships between 
institutionalized contexts leading to different avenues to generate diversity can be 
envisaged (Foray, 1994). The first one is a context dominated by 'negative ex
ternalities' in circumstances defined by an 'innovation race'. In this context, the 
institutions will likely include some strong intellectual property rights impeding the 
rapid disclosure of information, high reliance on mechanisms of appropriability like 
trade secrecy which do not imply any disclosure constraint, low incentives to codify 
knowledge, and some modes of cooperative arrangements designed as forms of 
minimum yields assurance. In such a context the generation of diversity is focused 
upon a rather precise target - winning the innovation race - but the intensity and 
scope of diversity is constrained by institutional adaptations. For instance, strong 
property rights will reduce the possibilities of self-reinforcing expansion of knowl
edge based on technical progress. 

A second type of context is the one dominated by 'positive externalities', where it 
is proactive to reduce the obstacles to information dissemination due to intellectual 
property rights and appropriation by secrecy, replacing them with devices for 
coordinating the actions of innovative agents. This context is thus characterized by 
norms of openness, disclosure, and mutual consolidation of individual research 
efforts, which generate at each moment opportunities for increasing diversity. It is in 
this context that we can analyze the role of networks as a key institution in the 
generation of diversity. 

The acceleration in the constitution of industrial networks basically responds to 
the need for coping with the diversity of competences, and to expand at the same 
time the diversity of technologies. However, the efficient functioning of networks to 
allow a creative diversity through maintaining a coherence of competences should 
be clearly understood. Intensive search for property combinations to serve increas
ing variety also calls for multiple specialization. The increasing number of special
ities must be permanently cross-fertilized to generate the solutions that are needed. 
As Teubal and Zuscovitch (1992) emphasized, 
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Increasing variety and complexity of the relevant specialization cannot be developed 
alone. Any serious product differentiation for industry applications or even end users 
requires constant cooperation and frequent information flows. This general process of 
information growth in diversity (Willinger and Zuscovitch, 1988) brings more un
certainty since product life cycles become shorter too. Again, the only way the modern 
firms can possibly hope to cope with the diversity of bodies of knowledge and 
specialization is through partnership agreements and the constitution of networks. Only 
under such arrangements, can the firm itself, although losing a part of its independence, 
specialize further and hope to compete. (Teubal and Zuscovitch, 1992: 381) 

Among the key network properties relevant for understanding the generation of 
diversity, we can emphasize the following: 
• The differentiated competences in the networks have to be located at the right 

place and available at the right moment in the innovation process. All com
petences are not simultaneously necessary in the process. In part, that is one of 
the reasons why latent (virtual) connections in the network might be at least as 
important as the active ones. 

• In terms of learning, the net benefits of the interactions of competences depend 
on the degree and the distance between them. Excessively large differences could 
imply large learning costs. The argument may be illustrated by Figure 10.1 
(Johnson and Lundvall, 1992: 118). 

• The distribution of the diversity of competence in a network also allows the 
different members of the network to develop a degree of specialization. Each 
component of a network does not have to be adequately qualified to perform all 
competences of the network, but has to be able to locate and activate (or use) the 
relevant competences it needs. 

• There are some specific advantages to belonging to a heterogeneous network in 
terms of competences. The members of such a network benefit from a kind of 

Potential learning 
benefits 

o Q* 

Figure 10.1 Interaction of competences 



Learning, Technical Change, and Public Policy 231 

'credit of trust' which allows for significant reductions in transaction costs inside 
the network. The efficiency of such an organizational arrangement is directly 
linked to the efficiency of this 'credit system'. To enter the network, the new firms 
or institutions have to show the credibility of their commitment. 

• The learning processes in a network are never homogeneous, by the mere fact 
that there is from the beginning a certain degree of variety. Each component 
(firms, institutions, etc.) will develop its own learning trajectories, which render 
the process of networking rather unstable. The coordination mechanisms should 
be reviewed frequently to take into account the fundamental divergences in 
learning processes. 

3.3. Diversity and local system of innovation 

The relationships between institutions and diversity that have been described and 
the localized nature of the process of increasing knowledge shed new light on the 
influence of the local system of innovation on the generation mechanisms of 
diversity. In particular, there is room for fully recognizing that local contexts 
interfere with the process of technical change. We can assume that there are some 
local determinants in the process of creation and diffusion of technologies, which 
imply some degree of dependence of the innovation process on its specific local 
context and external environment. (This is not to say, however, that the process of 
innovation is completely local: there is also some degree of independence from the 
local context, especially when one speaks of stable patterns of innovation like 
'product life cycles' or 'technological trajectories'.) 

To make explicit the mode of interference between the process of technological 
change and the local context, we have to emphasize the main difference between this 
approach and others like neoclassical economics. While neoclassical theory reduces 
the impact of technology on the local context to a simple (quantitative) difference in 
the speed of diffusion of technology, what matters in evolutionary theory is the 
complex interaction between technology and local contexts, which means that a 
local context is an entity playing a role in the process of creation and diffusion of 
technologies through specific learning mechanisms that mostly rely on the specific 
institutional framework of the local entity considered. Therefore, different local 
contexts due to different institutional frameworks will exhibit qualitatively different 
processes of innovation. (Conversely, the same types of technology will have a 
different qualitative impact on different local contexts.) 

Another consequence that results from the evolutionary conception of techno
logical progress is the fact that a local entity can be considered a strategic unit, one 
of the basic elements of economic competition. This is because, in the evolutionary 
conception, the local entity is no longer considered a passive source of competitive 
advantages, but an active element of the overall competition process that can create 
and select technologies in a specific manner. Instead of passive competitive advan
tages we should rather speak in terms of creative advantages attached to a local 
entity, in order to stress the potential of creative activity that is related to a local unit. 
This conception does not rule out the interest of comparative advantages, but shows 
clearly the difference between a static vision of the comparative (given) advantages 
and a dynamic conception of creative advantages that confers some power on the 
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creation of technology to local entities and gives them a chance to improve their 
former comparative advantages from one period to the other. In this respect, we can 
say that different local systems of innovation will shape technological diversity, and 
that efforts to exploit diversity will lead to the constitution of the cumulative 
creation of local advantages. 

4. Diversity, selection, and standardization 

The fact that diversity cannot expand freely at a given moment but that there is a cost 
to produce, maintain, and diffuse diversity, has been continuously put forward by 
economic theory. This view is completely consistent with what we can learn from 
biology, where the continuous interaction between the generation of diversity and 
the selection mechanisms is the essence of evolution. In economic terms, the 
selection mechanisms that potentially erode technological diversity to make it viable 
are numerous. However each of them operates in a specific context that should be 
clearly understood. We shall distinguish three main contexts of selection mecha
nisms: selection through markets, selection of routines, and selection through 
diffusion. Many others could be considered (imitative for instance), but the descrip
tion of these three main ones is sufficient to understand the complexity of the 
relationship between the generation and selection of diversity. 

4.1. Selection through the market mechanism 

The market mechanism is the main selection mechanism to be studied. It operates 
under specific conditions of perfect information in a static context, and when several 
(given) products or technologies are competing, the market functioning leads 
generally to the selection of the 'best' species and the elimination of the others. As 
we have seen before, under very particular conditions, like uncertainty, the main
tenance of a degree of diversity is tolerated and its range in these cases respects the 
classical trade-off between diversity and efficiency. In this context Ashby's law on 
required variety can be applied. According to this law, the variety of a given system 
in a static environment should be of the same order of magnitude as the variety of 
the environment. 

Beyond traditional selection mechanisms related to cost of products or processes, 
there are also selection mechanisms that can operate in relation to transaction costs. 
A system with more diversity also requires more information to be described and 
this leads to costs for both producers and consumers. So to afford a greater diversity 
one can expect economic agents to reduce the rate of transaction costs. From this 
perspective, the importance of information technologies appears clear. One would 
expect information technologies to be developed and to be used in order to reduce 
the costs of storing, processing, carrying, and handling information. 

Up to now, the selection mechanisms considered were operating in a static 
environment, where diversity is a given or could be exogenously increased if certain 
conditions were realized. The main result of this section suggests that it is not 
possible to increase variety at a given part of a system without reducing variety in 
another part. This is implicitly a law of conservation of diversity, to meet cost 
constraints. 
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4.2. Selection of routines 

In dynamic environments where learning processes are operating, new forms of 
selection mechanisms can be observed in precise connection with different patterns 
of learning. The selection process is principally a selection of routines. First there is 
a selection of routines that operate continuously among existing ones. Those 
routines that have proven their efficiency in the past will have more chance of being 
maintained. It must be stressed that to be viable an existing routine should actually 
be in use. If an existing routine becomes non-viable, either because of the emergence 
of new knowledge or because there is no need for it, it will disappear. 

The routines that sustain the different parts of knowledge must be viable. A new 
emerging knowledge that could not be supported by the formation of new viable 
routines would not develop. So, in an economic context, the selection that shapes 
diversity is principally a selection of routines. Thus, organizations exhibiting large 
diversity are organizations that have the capability to use, maintain, or access at a 
given point in time a large range of routines. In this respect, it is clear that the 
capacity to rely on a large range of effective routines increases in turn the potential 
to develop further an even wider diversity, possibly through combining routines to 
which one has access. 

The act of creative combination requires a minimum level of standardization in 
the way information is exchanged between routines. To put it more precisely, 
routines constitute the tacit part of knowledge, but great diversity resulting from the 
combination of routines requires that the exchange of knowledge between routines 
be in the form of codified knowledge and as standardized as possible. Seen from this 
perspective, clearly all recent developments in the ways to process, transmit, store, 
and memorize codified knowledge (David and Foray, 1994) playa key role for the 
development of diversity. 

So far we have analyzed the interaction between diversity and selection mecha
nisms from the point of view of a given organization. But the process of generation 
and selection of diversity naturally goes beyond the frontiers of the firm. It requires 
continuous interactions between economic agents, particularly during the critical 
phase of diffusion. Here, another type of tension between diversity and selection is 
at stake: this is due to the process of competition between technologies in a context 
of diffusion. In this process the selecting role is played by the economic agents that 
decide or not to adopt a specific technology from among others in competition. And 
the issue is whether an emerging standard (de facto) or the maintenance of diversity 
(of technologies that are generally close substitutes in this context) will result from 
the survival of different 'species'. 

4.3. Selection through diffusion ('de facto') 

Recent developments in the theory of the adoption of technologies (Arthur, 1988, 
1989; David, 1992) have shown that the simple idea of an economy progressing 
steadily from one technology to a superior one is wrong in general. The coexistence 
of several technologies can persist and the relative shares of the variety of technolo
gies in total production can vary over time. Related theoretical models rely on agents 
exhibiting a variety of behaviors, among them complex, spatially dependent inter
actions in which they repeatedly choose among several technologies. A particular 
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feature of these models of interaction is that they have a tendency to be self
reinforcing: as a technology is adopted by more users, there is a tendency for others 
to follow. As a consequence, these models explain under which conditions the 
interaction between a given variety of technologies and a given variety of behaviors 
can lead to irreversible mechanisms reducing the variety of technologies to 'de facto' 
standards. Yet the opposite is just as true: the models also identify the conditions 
under which the diversity of technologies can be maintained. If we admit that the 
focus is on the formation of irreversibilities related to the emergence of a single 
standard, and that irreversibility emerges through a dynamic, decentralized 
diffusion-like process under conditions of increasing returns of adoption, we can 
distinguish two broad classes of models: those related to a finite population (percola
tion models, Markov random fields theory, etc.) and those related to a growing 
population (Polya urn scheme, or Arthur's recent extensions). 

The models based on Arthur's interpretation of the Poly a urn scheme appear 
extreme, since sooner or later a given technology will die. To take into account the 
possibility of preserving diversity, it may be useful to be able to account for those 
situations that are characterized by changes in the proportion of firms adopting 
technologies, and not to limit oneself to situations in which, at the end, one 
technology necessarily dominates. Kirman (1992: 73) suggests that 'variety may 
persist either in a constantly evolving modification of proportions, or through a path 
which fluctuates and then settles down to fixed proportions the latter being either 
robust or vulnerable to the introduction of a "mutant technology" '. 

5. How to exploit diversity: the role of public policy 

Having reviewed the nature of diversity and its processes of generation and selec
tion, it is now possible to discuss the need for public policy to exploit the potential of 
diversity, especially in a dynamic approach. 

5.1. Why should diversity be valorized? 

Clearly, in a dynamic approach, where not only the costs of diversity are considered 
but also advantages resulting from a learning process and from new knowledge, the 
different types of diversity have to be regarded in a very specific way. In fact, the 
different forms of diversity (in particular of technologies and competences) give a 
broader knowledge base and a spectrum of learning activities, which in principle 
should make more rapid economic growth possible. This progressive enlargement of 
the knowledge base confers to the economic system a better ability quickly to react 
to and keep pace with changing environmental parameters. It also allows a max
imum number of options to be kept available (and applicable). In such an environ
ment (fundamentally unstable and characterized, for instance, by heterogeneous 
products with reduced economic cycles. unforeseeable economic variables, competi
tion oriented on delays, etc.), the key characteristic for being able to survive is the 
capacity to learn. The value of diversity as an enlargement of the base of knowledge 
depends on how the processes of learning are functioning (i.e., on the efficiency of 
existing institutions). It is clear, for instance, that without any learning capacity 
maintaining options is of no value. 
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As already mentioned, however, a system with more diversity also requires more 
information to be described and this leads to additional costs. Economic agents will 
try to reduce them. One would expect information technologies to be developed and 
used. One would also expect new ways of organizing production and sales to emerge 
in order to reduce the need for information handling (Cohendet and Llerena, 1987, 
1990). Obviously, this has happened in many cases. Producers increase their use of 
information - and telecommunication technologies. They also change organiza
tional structures in order to reduce the quantity of information necessary to handle. 
Flatter organizational structures with more horizontal information flows (Aoki, 
1986,1988,1990) can be looked upon in this way. Consumers also increasingly rely 
on information and communication technologies to reduce their transaction costs 
when choosing goods and services, ordering, paying, and so on. Furthermore, trade 
marks, brand names, and other consumer habit-forming devices are developed in 
order to reduce information requirements (Saviotti, 1988). 

Thus the valorization of diversity does not mean that all differences are a 'good 
thing', or that they must be maintained, or that any option must be preserved at any 
cost. The selection of technological options through market mechanisms always 
operates, and contributes to the elimination of non-viable options. However, market 
mechanisms generally do not select only one (the 'best one') species of technology. 
Many viable forms may coexist at the same time through different local systems of 
innovation. This diversity may have many positive aspects which can be valorized in 
the following sense: 
• Thanks to many different forms of local experiments, a given category of 

technology has more chances of directing attention to the type of 'environment' 
suited to its development. For instance, in the case of fast trains, different 
European countries have realized that the French mode of developing the 
technology (by implementing new tracks instead of using the old ones as in the 
UK or Germany) revealed a key feature for developing the technology which will 
be adopted on a broader scale . 

• Through comparing many different modes of usage of a given technology, there 
are more chances of finding fundamental 'characteristics' of the technology that 
may contribute to increasing its potential and perhaps to opening new routes in its 
usage. For example, in the case of automated production technologies, a result of 
fruitful exchanges in Italian industry revealed the potential development of 
'customized solutions' (Le., expertise in customized, client tailored solutions and 
a supply mix including machinery of various complexity) which can be considered 
one of the fundamental directions of the technology (Amendola et aI., 1990). 

5.2. How should diversity be valorized? (Public policies and the 
management of diversity) 

The task of dealing with the policy implications of diversity in a homogeneous way 
is admittedly absurd. We can ask, however, whether the diversity of the economic 
system demands a corresponding multilevel and differentiated set of policies. Our 
purpose here is to draw out the main differentiation areas that call for policy 
differentiation in terms of the maturity of the technologies, and the diversity in 
behaviors or competences involved. 



236 Innovation Systems: Evolutionary Perspectives 

5.2.1. Diversity and maturity of technologies 

One of the major characteristics of diversity is that the nature of costs and advan
tages is strongly dependent on the nature of technology, and more specifically on the 
degree of maturity of the technology. 

When considering a technology at the start-up, 'pre-paradigmatic' stage, during 
which by definition it is impossible to conceive any best use of the technology, 
diversity has a specific value: different local experiments with the new technology 
involving multiple trials and errors could rapidly inform others about the technol
ogy's possible developments and practices, or at least about which misuses or wrong 
conceptions to avoid. This crucial mechanism progressively reveals the character
istics of a new technology, and offers a diversified economic system enormous 
benefits in terms of competitive ability by making it easier rapidly to master the 
technology's knowledge base. However, it can only operate under very strict 
conditions. Thus, the value of this mechanism is strongly dependent on the ability of 
each local unit composing the community to transform some generic principles into 
specific knowledge, and then to transmit its own experience in terms of learning and 
creation to its environment and more precisely to the other units. So, the mechanism 
relies on: 

• interactive learning between the different local systems of innovation; 
• an incentive to exchange information which supposes a collective sharing of the 

mode of appropriation of the new technology; 
• the ability to rapidly codify the new emerging knowledge in such a way that 

communication becomes possible. 

So the main costs of diversity at this early stage result from information diffusion: 
each local unit needs to be able to communicate information to other units through 
interactive learning, and to abstain from purely 'private' (at the global level) modes 
of appropriation. It must be observed that at this early stage of the development of 
technology the opportunity costs of diversity are extremely difficult to evaluate. To 
benefit from economies of scale, the concentration of efforts to promote a single 
model for using and diffusing the technology has in the past failed so often that there 
is absolutely no evidence that this method can be economically justified. 

As we leave this early stage of a given technology, the nature of our interest in 
diversity changes. In each local unit, as we have seen earlier, many mechanisms can 
introduce a path dependency in the use and creation of new technology (lock-in 
effects, for example). These mechanisms will increase the costs of interacting if some 
features of common organization are not present to reduce the global operating cost 
of developing the technology. This is the crucial period when local units have to emit 
proposals for norms and standards, which introduces organized competition among 
them. The effectiveness of this organized competition depends not only on the 
ability to reach a common language to exploit the potential of the new technology 
but also on the local units' expectations that the risk of incompatibility between 
different local experimentations with the technology will diminish. If this risk 
appears to be too important, gateways technologies can reduce it. Gateways technol
ogies are technological solutions of compatibility used when irreversible processes 
of adopting different technologies have made the interactive learning mechanism 
inefficient for allowing natural compatibility. Setting up norms within the network of 
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different local systems of innovation during the stage in which the technology is 
being created seems to be the key to the diffusion process. Norms can be considered 
as a category of public goods: the more producers and consumers respect a given 
norm, the more one takes advantage of the utilization of this norm by the others. The 
resulting benefits are gains in comparability and interchangeability. 

When technologies enter a more mature phase, the possible costs of diversity 
appear clearer. There is, indeed, the risk of duplication of mature processes of 
production and therefore of a lack of economies of scale, which could prevent the 
economic system as a whole from being competitive. However, the benefits of some 
aspects of diversity should not be underestimated. There is the possibility that 
parallel local processes which only partially differ from each other may confer some 
'thickness' to the technology life cycle, thus making it more stable and at the same 
time more able to match changes in market prices that are due to unexpected 
modifications in the environment. Also, by permitting the conservation of certain 
'species' belonging to a given technology, this kind of diversity allows a priori the 
chance for the mature technology to undergo a 'renewal'. The value of diversity at 
this phase results from the fact that when a technology is adopted on a broad scale, 
a certain number of 'sub-technologies' and products are developed as components of 
the mature technology. 

To sum up, it appears that valorizing diversity implies the use of some 'organiza
tional' devices such as: norms, gateways technologies, modes of appropriation, 
'organizational' gateways like international agencies (ESA, etc.), even 'institutional' 
gateways, and interfirm agreements, etc. Very few of these devices arise from pure 
market and/or selection mechanisms. Thus, there is room for public policies. 

5.2.2. Diversity of technologies and diversity of behaviors 

The models of diffusion and adaptive technologies that have been presented above 
(see section 4.3.) clearly show the type of irreversible mechanisms at work when 
there is competition between technologies with a given variety of behaviors. The 
mechanisms that lead to the formation of a unique standard emerge through 
dynamic, decentralized, diffusion like processes which exhibit the properties of path 
dependency, the importance of critical mass, the formation of critical clusters, or the 
influence of the speed and acceleration of the standardization process. If we suppose 
that there are relevant reasons to justify the preservation of diversity among 
different technologies, the following insights may be gleaned from an analysis of 
interactions between a diversity of technologies and behaviors. 

• If agents refer to a majority or to a global rule, there is a strong tendency, however 
diverse the behaviors are, to converge towards a unique standard, which pre
supposes that all other competing technologies are going to die. In cases like 
these, as Cowan (1991, 1992) points out, even a benevolent government can do 
little to avoid locked in situations. However, whether we refer to a finite 
population model (percolation) or to a growing population model (Polya urn 
scheme), the ability to preserve diversity is not the same through time. At the 
vicinity of the threshold levels (corresponding to the percolation level) preserving 
diversity is much more difficult than at the beginning of the process of adoption. 
Thus, if preserving diversity is desirable, the implementation of public policy 
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should be appropriately timed: it is easier to intervene at the beginning of the 
process. In this perspective, the speed and the strength of the lock-in effects are 
very relevant parameters. In particular it is in this context that David (1987, 1992) 
and Cowan (1992) refer to the 'Narrow Policy Window Paradox'. As David 
succinctly put it: 

Increasing returns in system scale and positive feedback in adoption processes 
makes available 'windows' for effective public policy intervention at modest re
source costs ... the dilemma posed by the fact that public agencies are likely to be at 
their most powerful in exercising influence upon the future trajectory of a network 
technology just when they know least about what should be done .... One strategy 
worth considering, however is that of 'counter-action'. A suitable objective for an 
inadequately informed public agent might be to prevent the 'policy window' from 
slamming shut before the policy-makers are better able to perceive the shape of their 
relevant future options. (David. 1992: 26-7) 

• When local interactions are at stake, models (random Markov fields, evolutionary 
games, etc.) suggest that under certain conditions the preservation of diversity is 
much more possible. The key variable favoring the preservation of diversity is the 
nature of the regroupments of agents. Regroupments of agents in terms of similar 
behaviors lead to more stable configurations which give challenged technologies 
more chances to survive (regroupments could be geographical, sectoral, etc.). In 
practical terms these conclusions justify, in some cases, local or national (or 
sectoral) policies to protect a given technology. Besides a strategic regroupment 
of users policy there are other means that can stabilize the diversity of technology. 
Blume (1991) envisages situations in which some users could receive pay-offs to 
adopt a desirable technology. 

5.2.3. Diversity of competences and policy implications 

An important aspect has to be considered for the design of relevant policy inter
vention: the distribution and the interdependence of knowledge and learning 
capacities in the innovation system. Coordination in the innovation and learning 
processes and the structural coherence of the innovation system is crucial. In 
particular, the policy should develop relevant tools and institutions that will allow an 
adequate level of coordinated diversity in competences inside firms, research institu
tions, and financial institutions. The diversity of viable competences should be 
available to economic agents so as to be activated when needed. This can be 
expected to increase the diversity of products and processes, and to create new 
research areas, especially by combining existing areas. 

For example, Foray and Llerena (1996) restate Aoki's (1986) model in their 
comparison of the design and implementation of technology policy in two organiza
tions. The organizations differ in terms of firm characteristics (rates of learning, 
initial ability to identify needs, efficiency of horizontal coordination, etc.), and in 
terms of the policy-maker's (or institution's) perception of the organization's needs. 
In the two types of organizations compared, one is a vertical/centralized organiza
tion and the other horizontal/decentralized. 

In the case of the vertical/centralized organization, there is a central policy-maker 
who has perfect a priori knowledge of the local specificities of the different firms or 
organizations that he/she wants to influence. In other words, the policy-maker can 
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determine the optimal technological needs of the firms or organizations. However, 
the rationality of the policy-maker is limited in two respects: he/she can only 
imprecisely detect the emergent needs of new technics, and implementation of the 
optimal solution takes place only after a certain delay - during which time the needs 
may have changed. 

The horizontal/decentralized organization is mainly characterized by a horizontal 
coordination of decision-making among different firms and organizations concerned 
with the policy. But, as in the vertical case, there are certain limits in the capacity to 
coordinate. The ability of the different firms to identify each other's needs is initially 
limited. But the firms' knowledge improves over time through a learning process. 
Moreover, the horizontal coordination of the firms and other organizations is 
imperfect because each lacks information about the whole, having only information 
about the firms or organizations with which they are directly related. In this kind of 
system learning is the key variable. Another element is the ability of the firm rapidly 
to implement the appropriate solution. In fact, if the firm is able to recognize a given 
need for new technology, then it can implement the optimal solution, conditional on 
its information about the system as a whole; if not, it is the 'no ex post information' 
solution that is used. 

The main result of the analysis is to show the necessity for coherence between the 
objective of the technology policies and the modes of coordination between the 
policy-maker, the firms, and other organizations affected by the technology policy. 

The suitable mode of coordination (vertical or horizontal) is deduced from the 
characteristics of the information structure and the knowledge and learning distribu
tion in the system. In this context, diversity of competences is managed through an 
appropriate information system and mode of coordination. But what about diversity 
of technologies? 

If we suppose that the information structure and the coordination mode of a given 
innovation system is relatively stable and difficult to change, then it should be 
misleading to switch too rapidly towards another type of policy. 

As an example, take the case of a mission oriented policy (using the typology of 
Ergas (1987)) with vertical coordination. To cope with a diversity of technologies, a 
specific organizational design is needed: 

It is thus necessary to build organizational systems, involving a coordinated set of 
decentralized experimental projects, mechanisms and procedures for exchanging and 
distributing information produced in the course of these projects, and a centralized 
procedure of assessment to decide the timing for switch [to the standardization phase]. 
(Foray and Llerena, 1996: 157) 

In the case of Germany's Transrapid Program2 it appears the program and im
plementation were initiated by industrialists, in spite of their many setbacks. Here 
we have a case of a mission-oriented program with horizontal coordination. As a 
matter of fact, the history of the project shows that originally several technological 
solutions had been envisaged (Llerena et al., 1989). Each of them was supported by 
clearly identifiable firms: the 'mechanics' (Krauss, MaffeY, Krupp, and Thyssen), the 
'aircraft firms' (MBB), the 'electricians' (AEG), etc. After a long convergence 

2 The Transrapid is a guided means of transportation using the principle of magnetic 
sustentation. 
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process, the competitors progressively started a federation in 1970, with strong 
support from the federal government. We have in this case an organizational device 
which permits, somehow, the selection of a common trajectory. One necessary 
condition of this type of policy is the appropriability regime of the new information 
or knowledge generated by the different experiments. If it is shared, then 'experi
ence of one agent reduces the uncertainties of the other agents, and plays a part in 
cross-fertilization' (Foray and Llerena, 1996). 

In general, public authorities should allow for an adequate capacity to generate 
viable options by maintaining the delicate balance between diversity of competences 
and diversity of technologies. The policy-maker has a role to play by creating 
diversity in research lines (launching new research programs), by allowing for 
diversity through new combinations of existing competences or technologies (in
centives for networking and developing tools to codify knowledge), by developing 
experimental diversity (lead user), by protecting some 'weak species', and by 
activating selection mechanisms to reduce 'useless' diversity. 
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CHAPTER ELEVEN 

National Innovation Systems and the 
Dynamics of the Division of Labor 
Esben Sloth Andersen and Bengt-Ake Lundvall 

1. Introduction 

This chapter proposes a new approach to the analysis of national innovation systems 
(and other types of systems) which reflects our interest in the innovative importance 
of vertical relationships between firms. 

Although innovations are to a large extent motivated by the horizontal struggle 
between competitors, vertical relationships are also of great importance for the 
creation and exploitation of innovations. Examples of important vertical relation
ships are: 

• linkages between sellers and buyers that influence product innovation; 
• specialization and the creation of intermediate markets that help to exploit 

process innovations; 
• the emergence of standards in intermediate markets that support the full ex-

ploitation of innovations. 

These vertical relationships are acknowledged by innovation theory - both in 
general and in relation to innovation systems. It has even been argued that they are 
of core importance for the understanding of national systems of innovation (Lund
vall, 1992c; Nelson, 1993). 

The vertical relationships have not been systematically dealt with in the discussion 
of national innovation systems because there is a lack of an adequate theoretical 
approach. This chapter develops a simple model that can support the development 
of such an approach. The main characteristics of the model are: 

• A focus on the dynamics of the vertical division of labor within a sector (or a 
'development block'). The production process is regarded as split into a number 
of specific tasks and the process studied is one where firms integrate, di~integrate, 
and specialize in relation to such tasks. 

• Firms are mainly defined as repositories of knowledge. This knowledge has a 
large degree of appropriability: although it can be used freely within the firm, it 
cannot be directly imitated. Knowledge is improved as the outcome of innovative 
search (a byproduct of production and/or R&D). 

• The specialization/reorganization of firms is simple because they produce by 
means of knowledge, labor, and freely available natural resources. 

• Initially the focus is on process innovation. It is assumed that the major outcome 
of an innovation is a step-wise increase in productivity in pursuing a specific task, 
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and that such discontinuous increases in productivity trigger changes in the 
vertical division of labor - normally with a tendency to extend the vertical division 
of labor between firms in order to exploit more fully the benefits of the innova
tion. 

• It is recognized that vertical disintegration creates problems of coordination. 
When tasks are dispersed among firms, the need to ensure compatibility in the 
narrow technical sense as well as in terms of timing and planning will be 
growing. 

• Standardization of an intermediate good presupposes costly modifications of the 
production process of users but it allows a fuller exploitation of the innovations of 
producers. 

• Product innovation is introduced in intermediate goods. In order to be able to 
progress in terms of incremental product innovation, firms tend to establish 
innovative linkages upstream and downstream. 

• The structure of production as reflected in the division of labor between and 
within firms is at the very core of the innovation systems since it constitutes a 
materialized context for interactive learning. 

• The national context will affect the starting-point as well as the dynamics and the 
outcome of the overall process. National specificities in terms of institutions and 
social embeddedness will affect the relative strength of the forces affecting the 
processes of vertical disintegration, standardization, and formation of innovative 
linkages. 

The analysis is presented in two steps. In the main text the argument is developed in 
a more open-ended fashion and with the use of primitive graph techniques. In an 
appendix we present some of the elements of a simulation model. 

2. From horizontal to vertical Schumpeterian dynamics 

The starting-point is Nelson and Winter's pioneering evolutionary model with its 
focus on horizontal/competitive relationships (Nelson and Winter, 1982: chs. 12-14; 
Andersen, 1994: ch. 4 and appendix). This model is designed to allow computer 
simulations of the process of Schumpeterian competition within an industry. The 
firms of the industry follow routines of production and decision-making, but they are 
also engaged in finding new and more competitive routines by means of innovation 
and imitation. The outcome of simulating the evolutionary process of such an 
industry is not only changes in capital stock and productivity but also changes in the 
concentration ratio of the industry. 

In the Nelson and Winter model a firm is characterized by a variable capital stock, 
an evolving productivity, and different behavioral parameters. The SHORTRUN proce
dure uses the present state (capital stocks and productivities) to define a short-term 
economic process in the industry whereby market shares, prices, and profits of firms 
are found. The REVCAPITAL procedure defines how firms expand or contract their 
capital stocks in relation to their profitability - partly with the help of banks. The 
INNOVATION, IMITATION, and TECHNOCHOICE procedures define how the productivity 
of each firm is changed through a (re)search process. The outcome of search that is 
determined in a probabilistic way by the resources devoted to search and by the 
'landscapes of search'. 
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A reconstruction of the Nelson and Winter modeP takes the form of a series of 
revisions and additions which bring out the main characteristics of the vertically 
oriented model (see Figure 11.1). First and foremost, the state of the firm is defined 
as including its (potential) productivity with respect to each of a number of different 
tasks of production rather than just an overall productivity. This task-oriented 
theory of the firm implies a reinterpretation of the notion of capital stock. It does not 
mean physical capital but organizational capital which determines the firm's overall 
capacity of employment. The state description also includes the specialization of the 
firm with respect to output (either the final good or one of a number of intermediate 
goods) and the linkages established to other firms. The SHORTRUN procedure defines 
how prices and quantities are found in the final goods market and in each of the 
intermediate goods markets. The REVCAPITAL procedure has not been changed. The 
reason is that organizational capital is assumed to expand or contract in the same 
way as physical capital. The INNOVATION, IMITATION, and TECHNOCHOICE procedures 
have been revised to take into account that they deal with individual tasks of 
production rather than with an overall production process. 

The vertical model also introduces two new procedures. The new SPECIALIZATION 

procedure has a double function. First, new innovators decide whether or not to 
specialize in pursuing the innovated tasks and thus to become specialized in an 
intermediate good. Second, other firms decide whether or not to buy the different 
intermediate goods and thus whether to delimit the set of tasks performed in-house. 
The SPECIALIZATION procedure implies that each firm is engaged in a variable set of 
productive tasks and has a variable type of output. The new linkage procedure helps 
to exploit the potential spill-over effects between the vertically related firms. It 
defines how innovative linkages can be established between firms. These linkages 
increase the probability of successful innovation. 

3. Innovation-driven evolution of complex industrial systems 

The model of vertical Schumpeterian dynamics can be used to simulate the evolu
tion of complex production and innovation systems. This can most easily be 
demonstrated by relating to the classical discussion among economists of the 
division of labor. The most well-known starting-point is Adam Smith's (1976: 14ff.) 
vivid example of the division of labor in pin manufacturing. At first sight this 

1 The basic model of Schumpeterian dynamics delineates a research program that has been 
unfolding through a series of modifications (e.g., Chiaromonte and Dosi, 1993; K wasnicki, 
1992; Silverberg et at., 1988; Silverberg and Verspagen, 1994). But Nelson and Winter's 
emphasis on horizontal rather than vertical relationships has been difficult to overcome. The 
problem is that even the basic model of Schumpeterian competition operates with a fairly 
large number of parameters which determine the evolutionary dynamics. To introduce 
vertical relationships between two or more evolving industries, there is a need to multiply the 
number of more or less arbitrary parameters. This is, in our opinion, one reason why the early 
attempt of Gerybadze (1982) to extend the approach to cope with producer-user dynamics 
has remained isolated, and why the attempt of Chiaromonte and Dosi (1993) to move towards 
a two-sector growth model is not suggesting a fuller analysis of vertical relationships. We 
propose a more thoroughgoing reconstruction of the Nelson and Winter model to deal with 
both intrafirm and interfirm division of labor. 
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example refers only to how the division of labor is developed as an intra firm 
phenomenon. But a closer look at Smith's arguments demonstrates that he saw the 
'very trifling' pin-making example as a starting-point for an overall treatment of the 
division of labor, including its interorganizational dimensions. The vertical model 
helps to explore this possibility, although the extension has more relevance to other 
examples than pin making (e.g., the evolution of the textile industry). However, it is 
convenient to use Smith's example - not as a realistic account of pin making but as 
a flexible story or fable. 

The first thing to notice is that the present task-oriented theory of the firm easily 
relates to the analysis of the division of labor. The production of a product 
presupposes the execution of different tasks which can either be performed by one 
or more workers or by one or more firms. To the productive tasks are added 

STATE time t: Capital stock and 
task-specific productivities of each firm 
+ linkages and specialization pattern 

/ ~ 
SHORTRUN: Find output INNOVATION: Task- IMITATION: Task-
and prices of the final and oriented outcome of the oriented outcome of the 
intermediate products firm's innovative search firm's imitative search 

TECHNOCHOICE: 
Simulate the choice of 
the new technology 

~ 
REVCAPITAL: SPECIALIZATION: LINKAGE: 
Modify the capital Decide whether or Decide whether 
stock by depreciation not to specialize in or not to propose 
and investment certain tasks a linkage to a firm 

STATE time t + 1: Capital stock and 
task-specific productivities of each firm 
+ linkages and specialization pattern 

1 
Figure 11.1 The Nelson and Winter model (non-italic) and the chapter's vertically oriented model 
(both italic and non-italic elements) 
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innovative tasks which concern the improvement of the production techniques. As a 
first approximation we shall deal with the evolution of the production techniques of 
an industry producing a homogeneous P-product (pins) through a sequence of 
distinct tasks. 

Figure 11.2 depicts a partially ordered sequence of tasks related to the production 
of a manufactured good (a P-product). The figure can best be read from right to left: 
We start with the task (1) of making a product (e.g., a pin). This task can be 
performed by combining the results of two subtasks: the task (2) of making a pin 
head and the task (3) of making a pin body. The task of pin-head making can be 
decomposed into task 4 of making a pin-head tool and task 5 of preparing the 
materials for pin-head making. Similarly, the task of making a pin body can be 
decomposed into two tasks (6 and 7). The task (8) of making an innovation with 
respect to one or more of tasks 1-7 is different in kind. It can, for example, be 
decomposed into two tasks: finding and applying external knowledge for the 
innovation (task 9), and finding and applying internal experiences and new experi
ments for the innovation (task 10). 

The labor costs of performing a specific task may change for a variety of reasons. 
Smith emphasizes the advantages of worker specialization because of learning by 
doing and the avoidance of time waste in shifting between tasks. For simplicity we 
shall ignore these reasons for productivity enhancement and concentrate on Smith's 
third reason: the introduction of improved techniques. In the vertical model this is 
not an automatic consequence of an increased division of labor. Actually, we 
emphasize the opposite: that an increased division of labor is a means of exploiting 
an innovation with respect to a particular task of production. This can be seen by the 
combined functioning of the INNOVATION and the SPECIALIZATION procedures. 

The INNOVATION and TECHNOCHOICE procedures specify how P-firms find and 
select new production techniques as the result of stochastic outcomes of a costly 
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Figure 11.2 Interconnections between ten tasks of production and innovation 
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(re)search for new, task-specific production routines. If successful, the result of the 
search is an improved labor coefficient with respect to one of the tasks. For instance, 
one of the pin firms may find a new and more productive way of producing pin heads. 
For an innovator, the SPECIALIZATION procedure defines whether or not a special
ization is made in order to concentrate production on the innovated task. For 
instance, an innovative firm can decide to specialize in order to sell pin heads to pin 
makers instead of applying the innovation in its own production of pins. For a non
innovative firm, the SPECIALIZATION procedure defines whether or not to apply the 
intermediate goods offered by other firms. For instance, a firm can decide to give up 
its own production of pin heads and instead buy them from another firm. The 
specialization decision depends on several circumstances including transaction costs, 
production costs, and the potential for further innovations.2 

Figure 11.3. depicts a simple industrial system which is the result of repeated 
applications of the specialization procedure. In this case we had initially six pinmak
ing firms with identical task structures (see Figure 11.2). One of the firms (1) has kept 
all the original tasks within its own boundaries. Another firm (5) has specialized 
because of its innovation in pin-head production, while two pin-making firms (2 and 
3) have reorganized their production in order to buy pin heads. Yet another firm (6) 
has specialized because of increased productivity in manufacturing tools for pin
head production; two firms (5 and 4) have decided to adopt its product. The outcome 
of the whole process is one where three different 'industries' are constituted: the P
industry including firms 1-4 each with its own combination of tasks, the S,-industry 
(5), and the SSI-industry (6). 

If we apply the present Smithian-Schumpeterian approach to macro-level issues, 
it seems clear that the SPECIALIZATION procedure serves as a mechanism for the 
diffusion of the results of productivity enhancing innovation from one firm to other 
firms. In this respect it has the same function as the IMITATION procedure - but 
specialization is normally a more powerful mechanism than imitation. In this 
connection we may (by paraphrasing Smith) formulate the thesis that the spread of 
innovation is limited by the extent of the vertical division of labor (see Appendix). In 
other words, a national system where the further development of the vertical 
division of labor is hindered by institutional factors (such as high degrees of 
opportunism and lack of trust) will have difficulties in harvesting the fruits of 
upstream innovations. 

However, an increase in interfirm specialization leads to coordination problems 
(partly comparable to the intracorporation coordination problems modeled by 
Marengo, 1992). The most obvious is the simple coordination problem that arises 
when the user firm has to order and buy intermediate products in the period before 
they are used, but is only able to organize all the steps of the intrafirm production 
process for a single period. The existence of such time lags makes higher levels of 
specialization unstable. There are, however, many other coordination problems. 

2 In sections 6 and 7 we shall discuss how these circumstances differ between sectors and 
across national innovation systems, and how, as a result, the governance pattern will evolve in 
different directions in different systems. 
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4. Innovative linkages 

Important coordination problems emerge because firms obtain innovative results 
that they cannot exploit fully in-house or through specialization. The solution is not 
simple market arrangements since innovative results are in themselves not suffi
ciently codifiable. Instead the coordination problems are partly resolved through 
relatively complex arrangements. One of these is innovative linkages or stable 
patterns of interactive learning in connection with product innovation (Lundvall, 
1985, 1988). Two stylized facts underlie the idea of innovative linkages. First, the 
interfirm division of labor has been developed to a point where two or more 
relatively independent parties often have to interact in order to produce a successful 
innovation. Second, an innovation is not a unique event but rather a cumulative 
process where progress at a certain stage can sometimes (but not always) be made by 
means of the same pattern of interaction as in the previous one. This gives a 
motivation for investments in promising patterns of interrelated activities. 

The discussion of innovative linkages will start from Figure 11.4, which seems to 
be just a simplified version of Figure 11.3, with two firms specializing in supplying pin 
heads to four pin-making firms. There are, however, two modifications. First, we 
include innovative activities (tasks 8-10 in Figure 11.2) which create innovations by 
combining intrafirm experiences with extrafirm knowledge. Second, an innovative 
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Figure 11.3 lntrafirm and interfirm division of seven tasks at a certain stage of evolution 
SQurce Andersen (1996) 
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linkage between two firms (2 and 5) is included. This is depicted by a flow of 
information from the customer (2) to its supplier (5); this flow is based on the 
internal experiences of the customer (e.g., about the problems of applying the pin 
heads in the process of production). This obviously changes the conditions for 
innovative work of this supplier (5) relative to the innovative activities in the pin
head supplier (6) with no innovative linkages. Similarly, its situation is different from 
that of the unspecialized firm (1). Apparently, two pin-making firms (3 and 4) are in 
the same situation. However, since one of them (3) is supplied by a firm (5) with an 
innovative linkage, it is likely to obtain the most sophisticated pin heads. 

It is obvious that information-rich relationships between firms3 with complemen
tary specialties play an important role in the process of innovation. Some of these 

S-industry P-industry U-sector 

U-firms or 
-households 

Processes 
are not 

specified 

Figure 11.4 Specialization with and without an innovative linkage in a vertically integrated (sub)sector 
Source Andersen (1996) 

3 For simplicity, most of this chapter refers only to intrafirm and interfirm relationships. To 
understand the constitution of the innovation system as a whole the evolving relationships 
between firms and organizations specialized in research and knowledge distribution (uni
versities, public and semipublic technical institutes, etc.) are of crucial importance. Figure 11.3 
(to be compared with Figure t t .4) illustrates a division of labor in innovation including a firm 
and an institute. This more realistic understanding of the innovation system is only discussed 
in the Appendix (section A7), but some of the analysis in the earlier sections could with 
certain modifications be applied to this broader set of actors. 
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relationships may be called weak innovative linkages which emerge and disappear 
easily since little investment in human capital is made in relation to them. Such more 
or less random linkages are not discussed in the present chapter. The starting-point 
for the analysis is instead strong, vertical innovative linkages which determine the 
rate and direction of a stream of related innovations. To study this phenomenon, we 
take two vertically related industries, the user industry, P, and the supplier industry, 
S. The reason for establishing and maintaining such linkages is that a pin-making P
firm may not be able to implement its own innovative ideas because they have to be 
embodied in new inputs from a P-firm. A pin-head supplier with an innovative 
linkage to such a P-firm will have a higher probability of succeeding in the innovative 
activities than S-firms without such access. 

If a P-firm has found a productivity-enhancing routine that is not feasible because 
of constraints of the existing S-goods, then the problem can be solved in three ways. 
First, the P-firm may itself produce the S-good by introducing an intra-P-firm S
competence. Second, the P-firm can wait until some S-firm by chance happens to 
produce an appropriate intermediate good. Third, the P-firm can give information 
about its problem to an S-firm. However, the search results of the P-firm have been 
costly and the firm is likely to demand not only a favorable price but also some 
degree of privileged access to the new S-good. For instance, the delivery of a new S
good to other P-firms may be delayed for a couple of periods. In this way the P-firm 
tries to avoid competitive disadvantage vis-a-vis freeriding P-firms that do not 
perform search activities. 

The third means of introducing an input-constrained new routine may be modeled 
as a possibility for innovative P-firms to create a list of routines that are not feasible 
in the present period. The existence of such lists radically changes the search 
conditions of the S-firms (and thus the INNOVATION procedure). Suppliers with 
privileged access to such lists will have a higher probability of succeeding in the 
innovative activities than S-firms without such access. But the lists of different P
firms are not equally relevant to an S-firm. If the S-firm has privileged access to the 
problem list of a P-firm which is behind the productivity frontier of industry P, then 
some of the items on the list may represent trivial problems whose solution would 
not contribute much to the competitive position of the S-firm. Lead users are much 
more interesting collaboration partners for an innovation oriented S-firm (von 
Hippel, 1988; Lundvall, 1985, 1988). 

The task of the LINKAGE procedure is to define the conditions for the establishment 
and maintenance of an innovation oriented relationship between an S-firm and a P
firm. The LINKAGE procedure should reflect the following points. First, the idea of 
innovative linkages may not appear to be favorable seen from the viewpoint of 
established S-firms with a large market share. For them, the development of a 
particularly close relationship with a certain P-firm may create counteractions from 
other P-firms that may ask why their access to the new input product is delayed. It 
may especially be smaller S-firms that build innovative linkages to P-firms. Second, 
the probability that an innovative linkage is established between a P-firm and an S
firm depends on the proximity between them. The reason is that many kinds of 
adverse selection and moral hazards are related to this kind of relationship. A large 
overlapping network of contacts may be the best way of overcoming these problems. 
The overall outcome of the evolutionary process appears to depend upon the 
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probabilities of forming and breaking (intraregional and interregional) relations 
between S- and P-firms which in turn depend on institutional factors. 

5. Standardization in complex economic systems 

The SPECIALIZATION procedure can be augmented in order to put the focus on the 
qualitative characteristics of intermediate goods and on the need for standardiza
tion. As long as pin heads, for example, are made as one of many production tasks 
within vertically integrated P-firms, there is no need for an economy-wide standard 
for how to perform the task of pin-head making. Thus a certain degree of heteroge
neity with respect to the specification of pin heads and to the cost of producing them 
is allowed to exist between the firms. The SPECIALIZATION procedure that leads to a 
separate Sl-industry (Figure 11.3) will disclose much of this heterogeneity and 
trigger market processes that promote the emergence of standards and quality 
specifications (of Sl-products), as well as performance norms in terms of costs (in the 
Sl-industry and parts of the P-industry that uphold its pin-he ad-making activities). 

Standardization is an evolutionary process that includes a period with alternative 
proposals and incremental adaptations before the emergence of a standardized 
solution; later this solution may be challenged by a major product innovation. The 
basic characteristics of such a process can be outlined in relation to the pin-making 
parable. Before interfirm specialization of labor has taken place, each firm is free to 
choose its own way of fitting the results of the different tasks (of Figure 11.1) 
together. For instance, the necessary restriction for a feasible production process is 
mainly that pin heads and pin bodies fit together rather than have specified sizes. 
Thus each P-firm may have its own specification of pin heads. This does not create 
difficulties as long as an innovating firm only supplies one single user. The pin-head 
making producer in Figure 11.4 (firm 5) will probably apply the specifications of pin 
heads previously used by the first purchaser (firm 2). But as soon as the pin-head 
producing firm starts to deliver to the next customer (firm 3), a problem emerges. 
Assuming that the pin-head specifications of firm 2 and 3 differ, the pin-head 
producer has to decide whether to produce pin heads in two batches or to persuade 
firm 3 to accept and adapt itself to the 'standardized' specifications of pin heads. If 
the pin-head maker has economies of scale with respect to the different batches, then 
there will be an incentive to promote standardization. If there are costs in changing 
the production specifications of firms 2 and 3, at least one of them will try to resist 
standardization. The vertical model of Schumpeterian dynamics helps to study the 
resulting process of standardization. 

IfweassumethattheP-industryconsistsofalargenumberoffirmswhichissuppliedby 
many different industries each consisting of several firms, it is likely that there will be 
a tendency to standardize. There are at least two major explanations for 
this propensity to standardize the interfaces between industries in complex econ
omic systems. The first explanation is economies of scale, and follows more or less 
directly from the classical approach to economic evolution. Marshall (1919) espe
cially studied the tendency to standardize as a core theme both in his comparisons of 
the industrial histories of the major industrial countries (UK, France, USA, Ger
many) and in his description of major problem areas with respect to industrial 
organization and technical change. His explanation emphasizes: 
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• internal economies of scale obtained by a firm standardizing its output rather than 
delivering tailor-made products (and shifting from order production to inventory 
production); 

• external economies of scale obtained at the industry level through the intensified 
evolution of suppliers to an industry which, because of an industrial standard, has 
a large output as well as a common set of problems. 

The second explanation of standardization (broadly conceived) is based on an 
assumption of bounded rationality and routinized economic behavior. The approach 
has its background in the Austrian and Schumpeterian treatment of the difficulties 
of economic decision-making and it has been further developed by modern beha
vioral, cognitive, and informational economics. Standardization, considered as a 
process of ordering and simplifying reality, reduces the transactional problems 
emanating from information impactedness and uncertainty. By freezing and simpli
fying the interfaces between firms, industries, and sectors of the economic system, 
transaction costs and the costs involved in making a decision are reduced. This way 
of coping with complexity may ex post appear as an application of the 'principle of 
commodity abstraction', but the standardized interfaces are seldom fully designed 
but rather the outcome of an evolutionary process. 

Whether we choose the Marshallian or the more or less Schumpeterian approach 
to standardization, it is not difficult to see that there will be limits to the number of 
different specifications of the output from a certain production task which can 
coexist. If the S.-industry succeeds in reducing the number of standards, then the 
consequence is (1) an increase in the extent of the market and the related internal 
and external economies of scale; and (2) a decrease in the requirements for the 
individual P-firm with respect to information and coordination with S)-firms. 
Through the decrease in production costs of the S.-firms as well as in transaction 
costs of the P-firms, the quality standard(s) defines the more or less final form of the 
SI-product - and allows its spread throughout the economic system. Standardization 
is thus an immanent tendency strongly linked to specialization.4 

Standardization in the sense of making more homogeneous and freezing certain 
characteristics of intermediate goods is a process of commodification that makes it 
possible to use something close to pure markets as the institutional framework for 
transactions. At the same time this kind of standardization (as opposed to, for 
instance, standards in terms of performance) puts narrow limits on the producers 
regarding their adjustment to new user needs as well as to absorb new technological 

4 In the modern literature on the economics of standardization a standard is defined as 'a set 
of technical specifications that may be adhered to by a producer either tacitly or as a result of 
a formal agreement', and it is pointed out that standardization might take different forms such 
as reducing variety, specifying minimum quality requirements, and ensuring compatibility 
(David, 1995: 16). In our simple pin-making case we refer mainly to a reduction of variety in 
the characteristics of intermediate goods but in principle the other two kinds of standardiza
tion may be relevant depending on the character of the industries involved. 
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opportunities in the incremental development of their products. In this sense there 
is a trade-off between standardization and product innovation.s 

An important theme in the recent literature on management strategies is a trend 
toward flexible specialization which makes flexible product strategies more attrac
tive than before. This does not seem to exclude increasing specialization and a 
further deepening of the vertical division of labor; as a matter of fact, it seems to go 
hand in hand with such processes. An explanation for this apparent paradox is that 
firms tend to develop information rich interfaces with some suppliers and users. This 
need emanates also from the increasing importance of technical innovation and 
especially product innovation as the basis for competitiveness. Standardization and 
the freezing of certain interfaces with users will often be coupled with attempts to 
establish innovative linkages, especially to lead users. 

6. Applying the model to the analysis of the industrial 
structure of different sectors 

The model presented in section 2 and the Appendix is universal and few distinctions 
have been made regarding sectoral specificity and local context. Here we shall 
briefly indicate two possible applications of the model to the analysis of the 
evolution of industrial structure. The first application relates to intersectoral com
parisons (this section) and the second to the analysis of national innovation systems 
(section 7). 

In the Nelson and Winter analysis one major application is the classical issue in 
industrial economics about industrial concentration and market structure. Our 
model opens up new perspectives in this respect. In the Nelson and Winter model all 
firms cover the same set of activities and end up with the same product. In our model 
the size of firms will reflect not only differences in scale of one activity but also a 
firm's decision to specialize in specific tasks and outsource others. In this sense, our 
concept of what constitutes a sector is much closer to statistical and empirical 
categories than the traditional one where the sector is constituted by more or less 
identical firms. This implies that the indicators usually applied to the description of 
industrial structure, such as Herfindahl indexes, should be supplemented by in
dicators reflecting the degree of vertical integration in the sector (for instance, the 
ratio between the value of final and intermediate products). 

In the context of studying national innovation systems, it is especially relevant to 
analyze the dynamics of the industrial structure in connection with sectors that play 
different roles in the overall innovation system. The Pavitt (1984) taxonomy offers a 
promising starting-point in this respect. The taxonomy makes distinctions between 
sectors according to their place as users or producers of innovation (supplier
dominated, science-based, scale-intensive, and specialized suppliers are the four 
main categories). The way the various sector categories differ in terms of their 
industrial structure and structural evolution can be analyzed by the model presented 

S As pointed out by Andersen (t 991: section 5) and David (1995: 21ff.), there is no general 
contradiction between standardization and innovation in the production system as a whole. In 
order to be able to focus efforts on change it is actually necessary to freeze some interfaces 
with other organizations. 
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in the Appendix (especially if it is supplemented with specific assumptions regarding 
the presence of static and dynamic economies of scale). The 'specialized suppliers' 
sectors are dominated by small and medium-sized firms (reflecting the importance of 
innovation linkages) while the 'scale-intensive' sectors are dominated by large firms. 
In the science-based sectors the size distribution of firms will vary across sectors and 
reflect the degree of turbulence in technological opportunities (in the model this will 
be reflected in the rate of change in the search space and in the probability of finding 
more efficient techniques). At the early stage of a technology's life cycle, small firms 
may be dominating, while later on, a small number of large firms will remain after a 
period of intense competition. These observed size distributions of firms within the 
sector will, of course, reflect both the degree of 'horizontal' and 'vertical' integration 
of firms. Static economies of scale may be more easy to reap in some sectors than in 
others and here specialization and standardization will be especially attractive. In 
other sectors, where technologies are systemic and rapidly changing, the coordina
tion problems will be serious and high degrees of vertical integration will be 
preferred by the firms. 

The incentives to build forward and backward innovative linkages will also reflect 
sectoral characteristics. The supplier-dominated sectors will be dependent on back
ward linkages when searching for new process technologies while specialized suppli
ers will be characterized by a multitude of both forward and backward linkages. The 
firms belonging to the scale-intensive sectors will have a tendency to keep some of 
their core technologies in-house while the science-based sectors will have strategic 
innovative linkages with each other but also with institutions specialized in search 
and research activities. 

7. National innovation systems 

The concept of a national system of innovation is based upon the fundamental 
assumption that what is going on in terms of innovation differs between nations. This 
means both that countries are specialized in terms of technological fields and that the 
mode of innovation has national specificities. Since innovation is rooted in processes 
of learning by doing, learning by using, and learning by interacting, the specialization 
of the production system is crucial in characterizing a national system of innovation 
in terms of technological fields. The mode of innovation will reflect, among other 
factors, the predominating patterns of governance. For instance, the mode of 
innovation will differ between an economy with highly integrated firms and an 
economy with smaller units interconnected in industrial networks. In this sense 
modeling the industrial structure and its evolution is a necessary element in under
standing the anatomy of national innovation systems. 

To a certain degree the industrial structure at the national level, including the 
degree of vertical and horizontal division of labor as well as the intensity and 
frequency of innovative linkages between firms, will reflect product and technology 
specialization. The fact that national economies are specialized will in itself explain 
why the industrial structure evolves differently in different national systems. In this 
sense the simulation experiments discussed in section 6 are relevant for under
standing the construction and evolution of specific national innovation systems. 
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The opposite perspective, where the pattern of specialization reflects national 
characteristics, is also relevant for the analysis of national innovation systems. In a 
certain sense, this perspective is similar to the classical and neoclassical approach to 
international trade where factor proportions are assumed to determine international 
specialization. But in the context of national innovation systems, the crucial produc
tion factors are knowledge related and evolving in processes of learning and 
searching, and, therefore, the most relevant national characteristics are those that 
condition processes of learning. These characteristics could be defined as culture; as 
social capital rooted outside the economic sphere (see Fukuyama, 1995), as econ
omic competence which can be learnt through historical experience (Carlsson and 
Eliasson, 1991), or as institutions created in the process of economic interaction as 
'rational' responses to transaction and coordination problems (North, 1990). 

A related but more modest claim would be that such nation specific factors are 
reflected in the fact that the same industry evolves differently in different national 
systems in terms of its structure. In recent empirically based studies it has been 
recognized that the same industry is organized quite differently in different countries 
in terms of vertical integration, pure markets, and relational contracting (see 
OECD, 1992a, 1992b; Ito, 1994; Sako, 1989). In our own work on user-producer 
relationships we have emphasized such differences as fundamental to the constitu
tion of national systems (Andersen, 1991, 1992; Lundvall, 1988, 1992a). 

The model presented in the Appendix could be helpful in analyzing these issues. 
How prone are firms to give up in-house production, outsource part of the produc
tion, and specialize in certain stages of the process will reflect the transaction costs 
emanating from using the market (Lundvall, 1992a). Trust and the frequency of 
opportunistic behavior are key factors affecting transaction costs. Since trust and 
opportunistic behavior are socially embedded phenomena, it is reasonable to 
assume that they will differ between national and regional systems. Formal institu
tions such as intellectual property rights and standardization procedures aimed at 
reducing transaction costs are often initiated at the national level by governments. 
There are therefore strong reasons to assume that parametric values will differ 
between national systems and, therefore, that the structural dynamics and the 
structures will also differ. 

In certain sectors, transaction costs may be less decisive for vertical integration 
and specialization than the impact on the capability to innovate and this has to do 
with the proneness to build innovative linkages between firms (Lundvall, 1992a). 
Here, the presence of trust and common interpretative frameworks are even more 
important because the process of innovation involves fundamental uncertainty. 
Without a minimum of shared beliefs and trust, innovative linkages will not be able 
to support the processes of interactive learning between users and producers in the 
context of product innovations. So when it comes to the construction of innovative 
linkages, there are good reasons to assume that parametric values will differ between 
national systems within the same sector. 

Another dimension that may differ between national systems and that affects the 
parameters of the model has to do with the character of economic competence 
(compare the specification of organizational capital in the model as outlined in the 
Appendix, section A2). The capability to manage large and complex hierarchies may 
be strong in one national system, while a second system may have developed a strong 
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competence in mastering network relationships, a third shows special competence in 
trading commodities (goods with stable and foreseeable characteristics). Formal 
institutions may reinforce such specific national competencies. 

The comparison between Sweden and Denmark is interesting in this respect. 
While the two economies are extremely close in terms of geography and culture, 
their industrial structure is dramatically different and this fact explains most differ
ences in their areas of specialization and modes of innovation (Edquist and Lund
vall, 1993). In Sweden rates of industrial concentration in relation to production and 
exports are extremely high, and Sweden has more multinational capital per capita 
than any other country. In Denmark there are no large firms at all according to 
standard international definitions. Sweden has a strong position in scale-intensive 
products such as automobiles while Denmark has no production in such areas. The 
dramatic differences in size distribution of firms, however, cannot be fully explained 
by differences in sectoral composition of the systems. 

Different hypotheses could be put forward to explain these differences. It might 
be a question of individual economic competence. Swedish businessmen may be 
more competent when it comes to managing large and complex organizations, while 
Danish ones may be more entrepreneurial and competent when it comes to creating 
new enterprises. But the fact that the two economies are culturally and geo
graphically very close indicates that the competence is rooted in the system rather 
than in individuals. It should be rather simple for Swedish managers to move to 
Denmark and vice versa in order to exploit these niches but this has not happened -
at least not to such a degree that the differences have been reduced. These kinds of 
systemic differences would be reflected in the model assumptions about the effec
tiveness of investments in organizational capital. 

An alternative explanation to the differences in structure would focus on the 
degree of vertical integration and the relative efficiency of innovative linkages in the 
two economies. This would call for a demonstration of the cultural/institutional 
reasons why it is easier to establish large associations in Sweden and industrial 
networking in Denmark. This would imply that vertical integration is more attrac
tive in Sweden while the formation of innovative linkages appeals more in Denmark. 
Transaction costs and innovative capabilities would become important elements in 
explaining the size distribution of firms. In this case it is obvious that a more 
analytically complex model than one distinguishing between high and low trust 
economies (Fukuyama, 1995) is called for. 

It is thus clear that there are many reasons why the procedures of vertical 
disintegration/specialization and linkage creation will be shaped differently depend
ing on the systemic context. Two economies starting from the same structure will 
move in different directions reflecting differences in the cultural setting, the institu
tional framework and the patterns of economic competence. We might therefore 
expect the same sector to be organized differently in different countries in terms of 
the size distribution of firms, the degree of vertical integration, and the frequency of 
innovative linkages. One of the purposes of the model is to simulate different 
trajectories in these dimensions by specifying parameters that vary across countries. 
A significant result of such an exercise would be to demonstrate that no single 
economic structure is optimal independent of the socio-economic context. This 
might serve to modify simple-minded international competition policy schemes. 
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In order to pursue meaningful simulation experiments, the model should be 
further extended in certain dimensions and some of the fundamental concepts must 
be more precisely defined and empirically based. First, there is a need explicitly to 
link the parameters of the model to differences in transaction and coordination costs 
as well as to differences in the capability to innovate. Second, there is a need to 
establish empirically based generalizations regarding how economic competence 
and trust affect transaction and coordination costs as well as the capability to 
innovate under different forms of corporate governance. Finally, in order to do so 
there is a need to develop broadly accepted operational definitions and indicators 
for the two basic variables, competence and trust, and to establish how they vary 
between countries. 

8. Conclusions and perspectives 

These few remarks on the emergence and maintenance of innovation systems 
suggest the possibility of developing a constructive definition of such systems. Such 
a definition must specify the 'mechanisms' that create, maintain, and destroy 
innovation systems, especially by demonstrating how individual 'building blocks' are 
made. Evolutionary economic modeling supplies a rough framework for such a 
definition. However, neither evolutionary models nor standard economic models 
have yet provided the specific system-creating mechanisms that are needed. In this 
chapter we have suggested two such mechanisms: a mechanism for creating 
innovation-enhancing linkages and a mechanism that emphasizes the role of innova
tion in the specialization process. 

In our Nelson-and-Winter-like model, specialization and innovation are closely 
connected. At the micro level, vertical specialization is a way in which a previously 
unspecialized firm can increase its returns from innovation. At a more aggregate 
level specialization is a way of increasing the diffusion of an innovation. But the most 
interesting result of the (repeated) process of specialization is the emergence of a 
complex interindustrial system which may serve as a starting-point for discussing 
many problems of coordination, especially why industrial dynamics and organiza
tion differ between sectors according to their role in the overall innovation system 
and why the same sector tends to become organized differently in different national 
innovation systems. 

Appendix - The division and coordination of labor: a model 

A 1. Main characteristics and core issues 

This appendix describes the main characteristics of a Division and Coordination of 
Labor (DCL) model underlying this chapter's analysis.6 

The DCL model describes the dynamics of the interfirm division of labor in a 
vertically differentiated sector which as a whole produces one single final output. 
The changes in the interfirm division of labor are driven by innovations which relate 
to individual tasks rather than to the whole production of firms. In this context, one 

6 Elements of the model were developed by Andersen (1996). A somewhat related model is 
developed in 0stergaard (forthcoming). 
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effect of specialization is to increase the speed of exploitation of the benefits of 
innovations. However, an increased interfirm division of labor creates coordination 
problems. Some of these problems are due to simple time lags in the decision
making about intermediate goods, to monopoly pricing, etc. But we shall especially 
emphasize the problems of exploiting the scale economies in the application of 
innovations and the problems of product quality. The ultimate purpose of the model 
is to explore how the institutional set-up of two different countries deals with 
these problems. However, this two-country model will not be developed in this 
appendix. 

Although the model is influenced by Dahmen's 'development blocks' (1991), 
Carlsson's 'technological systems' (Carlsson and Stankiewicz, 1991). Lundvall's 
(1985, 1988) innovative user-producer relationships, and - more indirectly - Pasi
netti's (1981, 1993) 'vertically integrated sectors', the most direct influence on the 
model comes from Nelson and Winter's pioneering model of Schumpeterian com
petition (see section 2 of this chapter). The model is designed as a Markov chain 
where the (partially probabilistic) computations for period t make use of the state 
variables calculated in period t - 1. In a relatively simple version of the DCL model, 
the state variables are (1) the organizational capacities of all firms; (2) the potential 
labor coefficients of all firms with respect to all tasks; (3) the output specialization of 
each of the firms; (4) the inventories of different intermediate goods; and (5) the 
debts of each firm. 

Based on these state variables as well as on a fairly large number of parameters, 
the activities during each period are calculated. The calculations include: 

• short-term output and demand; 
• investments in organizational capacity; 
• innovative activities; 
• output specialization; 
• establishment of linkages. 
This appendix will emphasize the computational elements that are most directly 
related to innovation and specialization. 

A2. The differentiated process of production 

The DCL model studies a vertically differentiated sector with m firms (1, ... , i, ... , 
m ... ). Each firm produces either homogeneous final output or one intermediate 
product which directly or indirectly serves the production of final output. Taken 
together the firms of the sector produce the final output by means of primary goods, 
labor, organizational capital, and firm-specific knowledge. The sector is assumed to 
be small in relation to the overall economy so that an increase or decrease in its use 
of labor will not influence wages, while primary goods are considered to be freely 
available. 

The sector dealt with in the DCL model is vertically differentiated in the sense 
that its final output is produced through a division of labor between n different 
subtasks (1, .. . , j, ... , n, ... ). The process of production is described backwards. 
starting with the finishing of the final output. The intermediate products applied 
in this finalization come from a second set of tasks which in turn use the output from 
a third set of tasks. and so on. In the end we come to a set of tasks that can be 
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Figure 1l.Al A simple production graph with sequential and parallel tasks 

performed by primary goods, labor, and organizational capital. These inputs are not 
depicted in the graph of Figure Al. Instead the graph depicts the tasks performed by 
means of the basic factors of production (e.g., T7) or by these factors in combination 
with intermediate inputs (e.g., T4)' The structure of the graph reflects which tasks can 
be performed in parallel and which tasks can only be performed sequentially. The 
graph has no loops, i.e., an output of a specific task will not, directly or indirectly, be 
used as an input to the same task. 

Each firm of the sector is able to perform all the different tasks. In each period 
each firm has for each task a specific labor coefficient, B jjh i.e., the amount of labor 
needed for the task when one unit of final output is to be produced. This labor 
coefficient is independent on scale (in the simplest version of the model). Labor can 
without costs be moved between the different tasks of production. The labor 
coefficients are determined by the firm's state of knowledge which is upheld without 
costs (new knowledge is discussed in section A3). The firm's organizational capital, 
Kjh determines its maximum capacity to employ labor but does not imply any 
constraints on the specialization of the firm. The organizational capital is gradually 
depreciated and can only be upheld or expanded by means of investments. 

A3. Process innovation 

Each firm and task specific labor coefficient, B jjh can diminish because of the 
successful outcome of the firm's innovative activities. Such a success is modeled as a 
four-step process. First, it is determined whether the firm obtains an innovative 
'draw'. Second, it is determined which of its tasks will be changed. Third, the new 
labor coefficient is determined, Bq,l + I. Fourth, it is checked whether or not Bjj,l + 1 is 
significantly smaller than B jjl• 

The probability that a firm obtains a process innovation in a given period is 
influenced by the number of labor hours spent on formal R&D and by the total 
number of labor hours (because of 'innovating by producing'). The R&D effort 
depends on the decision-making rule that R&D labor should be added to the 
ordinary labor of a firm in a certain proportion. The probability that the firm will 
obtain a process innovation in this way is determined by mUltiplying the amount of 
labor employed in R&D by the R&D labour coefficient A jl• The probability of 
obtaining a process innovation through 'innovating by producing' is the amount of 
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labor employed by firm i multiplied by the parameter 1...7 
The outcome of an innovative 'draw' concerns one of the productive tasks of the 

sector. The outcome may concern a task which, because of specialization, is not 
performed by the firm. The reason is that the task which is innovated is determined 
probabilistically according to the relative importance of each task not only for the 
firm but sometimes also for the sector. The lack of firm specificity is characteristic of 
formal R&D rather than of 'innovating by producing'. 

When an innovative 'draw' is made we have to determine the actual outcome of 
the innovation. Here a type of 'cumulative technology' is assumed where the 
probability distribution centers around the existing production method. This labor 
coefficient, BOldijh is equal to the distribution's mean value while the standard 
deviation of the distribution is assumed to remain constant. 

Then comes the firm's decision whether or not to adopt the innovative possibility. 
The new technique will only be chosen if ~Bncwijt < BOldijt. Here ~ reflects resistance to 
change. If the new technique concerns a task that is not performed by the firm, there 
is no resistance to change. Such a production technique is simply added to pro
ductive knowledge of the firm.8 It may also be transferred to another firm to which 
it is related through an 'innovative linkage' (see section A6). 

A4. Specialization of firms 

The product specialization of firm i determines which intermediate or final product 
it will supply. Production specialization determines which intermediate goods will be 
bought. Together these specialization decisions determine which parts of the pro
duction graph are expected to be excluded from the firm's production in the next 
period. 

The use-or-sell decision of an innovator with respect to task j depends on several 
factors including: 

1. the organizational capacity of the firm compared to the size of the market it 
wants to specialize in; 

2. the difference between Bnewijh BaYetagejh and Bminjt; 

3. the risk that other firms will make the same or a better innovation; 
4. the risk that other firms will make an imitation. 

We assume that BaY·rag•jt is known, and that the judgment of (3-4) follows a simple 
decision-making routine.Y 

The make-or-buy decision of the non-innovative firm depends on: 

1. the difference between the cost price of the firm and the market price for the 
intermediate product; 

2. a judgment on the risk of holding inventories of intermediate goods; 

7 The A. parameter (which may differ across countries) reflects the degree to which the firms 
use their factories as laboratories. 
H In this respect we differ from Nelson and Winter who presuppose that only knowledge that 

is used is remembered by the firm. 
9 The parameter reflects the ease of diffusion of different kinds of information in different 

countries. 
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3. quality problems (see section AS). 

Firm i will only abandon a specific task j if 
aPjt < B jjt W, 

where a is a parameter that is specific to the particular country, Pjt is the price 
demanded by the innovative firm, B jjt is the labor coefficient of the non-innovative 
firm, and W is the wage rate.lO 

The market for an intermediate good needs further specification. Especially 
important is that the intermediate goods ordered at the end of one period are first 
delivered at the end of the next period. If they do not cover the needs of the ordering 
firms, supplements can be produced in-house. If too many goods are delivered, the 
firms hold inventories of the intermediate good. 

A5. Product innovation 

The full analysis of the problems of interfirm division of labor presupposes the 
introduction of product quality. To do so we start by defining a unit of an inter
mediate product as equal to the amount of the product necessary for the production 
of a unit of final output. The quality of a unit of an intermediate good is measured in 
terms of its influence on the labor coefficient of the task for which it is used. 

Consider the situation where firm i delivers the intermediate product j to a firm 1 
which uses it for the task k. Seen from the viewpoint of firm 1 (and other users), the 
product quality coefficient of the intermediate input from firm i, C"/j" is measured in 
terms of its influence on the labor coefficient for task k. The original labor coefficient 
of firm I (Bpot1kt) is multiplied by the product quality of the output of firm i to obtain 
the ultimate labor coefficient of firm I: 

Blkt = C\t Bpo1lkt 

A product innovation of firm i is a non-incremental change in the quality of an 
intermediate product judged by its buyers (e.g., firm /)Y The consequence of a 
product innovation is that the buying of the intermediate product will not only 
substitute for the labor previously engaged in the task(s) taken over by the inter
mediate producer but also for some of the labor engaged in the task which uses the 
intermediate product. 

A supplier of an intermediate product who is engaged in R&D can obtain an 
improvement in product quality in largely the same way as obtaining a process 
innovation (see section A3)Y The difference is that now the supplier has to split its 
efforts between process and product innovation according to some rule of thumb. 

10 a may reflect the degree of opportunism characterizing business relationships between 
domestic firms. 
11 The definition of product quality implies that several changes may underlie a product 
innovation: the innovation may lead to an intermediate product which requires less labor to fit 
it into the product produced by the user; the intermediate product innovation may imply less 
quality control and repair by the user; the innovation may facilitate the given operations of the 
user (as in the case of a new material that is easier to form). 
12 So that Cji,t + 1 > C jit - from the viewpoint of the buyer. 
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A6. Innovative linkages and standardization 

The productivity of the product-oriented R&D of a supplier can be increased if there 
exists an innovative linkage with one of the using firms. The creation of innovative 
linkages is modeled in the following way: a linkage is created between the supplier 
and the supplier's first customer. If the customer becomes much smaller and/or less 
innovative than other customers, the supplier tries to establish a link with a more 
important (and more innovative) customer; however, the establishment of a non
initial linkage is costly. 

An innovative linkage can be considered an informal but long-term 'contract' 
between a customer and at most one supplier for each intermediate good. The 
'contract' implies that the customer gives the linked supplier access to the results of 
efforts to increase the productivity of the application of the intermediate good. The 
linkage increases the probability of the supplier's innovative success with respect to 
product quality. In exchange the supplier gives privileged access to and/or favorable 
prices for product innovations. One method is for the linked customer to receive, for 
a limited time, a product innovation at the old price or to obtain exclusive rights. 

Standardization is another effect of the emergence of markets for intermediary 
goods. In the situation prior to the emergence of such a market, all firms deal with 
this task for themselves. They are free to make individual solutions to the coordina
tion game about how to fit the output of the task into the processes of the using task. 
For instance, the technical specifications of an intrafirm intermediate product have 
to fit the technical specifications of the next process of production (the hole in the pin 
head has to fit the size of the pin body). There are a great many solutions to this kind 
of local coordination game. However, as soon as an intermediate product is mar
keted, individual solutions to the coordination game may become challenged. 

The quality of a given intermediary good will be judged differently by users with 
varying technical specifications. This is modeled in the following way. For the user, 
the quality of an intermediate good is determined by the match between the 
specifications of the product delivered from the supplier and the specifications of its 
own process of production. Initially, all firms are given varying specifications of their 
intermediate products. For each firm the fit is assumed to be 1. Firm l's judgment of 
the quality coefficient of an intermediate product, C'kjjh increases (Le., the product 
quality decreases) as the distance between its specification and the specification of 
the original product increases. 

There would be no tendency to standardize if there were no economies of scale in 
production and exchange. And there would be no problem of applying a standard if 
there were no costs of transforming the user's specifications of processes and 
products. However, an extended version of the model assumes that standardization 
is both a potentially profitable and difficult process by including economies of scale 
and investments in product specification. 

A7. Interfirm division of innovative labor 

The R&D task of firm i in period t is performed with a certain productivity, Ail, which 
describes the probability that a labor hour spent on the R&D task will lead to an 
innovative 'draw' (see section A3). Normally, the result of such a 'draw' is a new 
labor coefficient for one of the production tasks of the sector. However, the result 



National Innovation Systems and the Dynamics of the Division of Labor 263 

obtained by R&D labor may occasionally concern the R&D task itself. In other 
words, the outcome of R&D may be Ainew >At'd• Such an innovation can be exploited 
in much the same ways as an ordinary process innovation. However, this means that 
the R&D intensity of a firm, '/It is subject to decision-making. 

If an increase in R&D productivity is obtained by a firm, it may exploit this 
competitive advantage. The strategy to expand organizational capacity is slow. The 
strategy to reallocate labor is much faster. However, at the same time there is an 
increasing chance that R&D results concern tasks that are not performed by the 
firm. Therefore, the reallocation strategy will normally be supplemented with a 
specialization strategy that in the end may transform firms with high R&D pro
ductivity to R&D firms. Such firms make contracts with other firms that imply the 
R&D firm will deliver all its results concerning a certain task (or set of tasks) to a 
particular customer. This means that an R&D firm at a maximum can have as many 
customers as there are production tasks. 

The existence of a contract between an R&D firm and an ordinary firm represents 
a linkage that may be exploited through feedback of innovation relevant informa
tion from the customer to the R&D firm. This feedback influences two things: (1) the 
overall productivity of the R&D task, Ailt so that the formal R&D of customers 
influences the outcome of the R&D firm; and (2) the direction of R&D outcomes so 
that customers with strong learning-by-producing tendencies in a particular task will 
influence the chance that the R&D firm produces innovations relating to that task. 

In the simulation experiments the R&D firms may be stabilized by introducing 
state subsidies (either as support to a minimal labor force and/or in relation to 
ordinary contracts). In a two-country setting, a distinction may emerge between 
R&D firms with primarily domestic customers and more internationalized R&D 
firms. 
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CHAPTER TWELVE 

Diversity Creation and Technological 
Systems: A Technology Policy 
Perspective 
Bo Carlsson and Staff an Jacobsson 

1. Introductionl 

The debate over the appropriate extent, nature, and timing of government policies 
to foster economic growth has a long history. John Stuart Mill's well-known infant 
industry argument emphasized the advantage of an early start in a new venture, the 
problems of differential social and private risk taking, as well as the temporary 
nature of intervention. More recently, the classical infant industry argument has 
been reinvented in the form of 'strategic trade policies' (Krugman, 1983) which 
extends the role of government policy in a developed economy to trade policy as 
well. Policy is seen as an instrument to improve competitiveness in specific product 
areas (e.g., integrated circuits) by creating and drawing the benefits from first mover 
advantages. 

Others have emphasized the localized and path-dependent nature of learning, the 
close connection between national institutions and innovations, and the role of 
government in enhancing the learning capability of the national economy (Carlsson 
and Jacobsson, 1994b; Dalum et aI., 1992; Dosi et aI., 1990). In general, in this 
approach it is argued that 'government intervention should be oriented primarily at 
shaping the overall structure of production and the institutional set-up so that these 
promote self-organized learning and thereby reduce the need for fine-tuning and 
detailed intervention in the economy' (Dalum et aI., 1992: 315). 

What matters here is that the economy has a production structure, technology 
base, and institutional set-up which permit the realization of existing technological 
opportunities. As importantly, the economy should be flexible enough to ensure that 
it can benefit from shifting technological opportunities. The purpose of this chapter 
is to begin to explore this flexibility by analyzing the conditions favoring successful 
formation of new technological systems in an economy. 

The chapter is organized as follows. In section 2 we will briefly review some of the 
literature dealing with the nature of the innovation process. Section 3 begins with a 

I Financial support from the Swedish National Board for Industrial and Technical Develop· 
ment and the Swedish Council for Planning and Coordination of Research is gratefully 
acknowledged. We are grateful to Stefano Breschi, Charles Edquist, Bengt.Ake Lundvall, 
Maureen McKelvey, Morris Teubal, and Franco Malerba for helpful and extensive comments 
on an earlier draft. 
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definition and brief discussion of the concept of technological system. We continue 
by identifying a set of policy issues and concerns with respect to the process of 
creating diversity in an economy. The discussion is structured around three central 
components in a technological system: economic competence, clusters/networks, 
and institutions. Section 4 explores how the technological systems for electronics 
and genetic engineering were formed in the USA and in Sweden. In section 5 we 
draw out some key features, from these and other case studies, of the processes by 
which new systems are formed and discuss the role of policy related to these 
processes. Section 6 contains a summary of our main findings. 

2. The nature of the innovation process 

The way in which the process of innovation is conceptualized, implicitly or explicitly, 
is of fundamental importance to our analysis. Some salient features of the innovation 
process will therefore be reviewed, based on recent works in the economics of 
innovation. 

Technological change can be seen as a learning process which is gradual and 
cumulative in character (Lundvall, 1992a). A relatively ordered pattern of innova
tions can be observed along what Dosi (1988b) labels technological trajectories. 

Learning and technological change are also cumulative at the level of the firm. 
Firms build upon their existing knowledge base and other assets when they search 
for new opportunities (Dosi, 1988a, 1988b; Teece, 1988). Learning and technological 
change are therefore rooted in the present economic structure; they are local in 
nature and include strong elements of path dependency (David, 1988; Dosi et at., 
1991).2 

Technological knowledge is to a varying degree tacit (person embodied) in nature. 
In each technology, there are elements which cannot be written down in blueprint 
form or are difficult to verbalize and can therefore not be diffused easily (Dosi, 
1988b; Landes, 1991; Metcalfe, 1992). As this tacit component in the knowledge base 
increases, technological accumulation is more experience based, and communica
tion as well as technology transfer take place primarily via interpersonal contacts 
(Metcalfe, 1992). 

Consequently, formal or informal networks are important routes for the transfer 
of tacit knowledge (Metcalfe, 1992). Moreover, networks can partly compensate for 
limitations in the firm's search space on account of both bounded rationality and 
bounded vision (Fransman, 1990). These networks (e.g., user-supplier relations and 
bridging institutions) are therefore central to the innovation process. Thus, as 
emphasized by Lundvall (1992a) and Johnson (1992), learning is an interactive 
process strongly affected by the institutional set-up. Such interaction may, and does, 
occur across national borders and over large geographical distances, but there are 
good reasons for suggesting that interaction of firms belonging to the same nation, or 

2 Still, there is a great deal of serendipity and non-determinism in the innovation process, and 
more generally, in an experimental economy (Eliasson, 1991). The search and innovation 
process can lead to a widening set of options for a firm; new entrants may intensify 
competition, perhaps by leading a technological discontinuity; incumbents may change their 
strategies; all in ways which are difficult to foresee. 
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region within a nation, might be less costly. The chapter by Breschi and Malerba in 
this volume suggests another dimension, namely the sector or industry, as the 
context for interaction. 

These networks, institutions, and actors form through their investment decisions 
highly specific national, regional, or sectoral innovation contexts, or systems (Carls
son and Stankiewicz, 1991; Freeman, 1987; Patel and Pavitt, 1994). These give rise to, 
and rest upon, significant externalities (Carlsson and Jacobsson, 1994a; Dosi et al., 
1990) which lie at the heart of the innovation process. As increasing returns apply to 
the process of innovation, an initial specialization tends to be reproduced and 
strengthened, resulting in different, uneven, and divergent technological develop
ment amongst countries (Patel and Pavitt, 1993). 

These features of the innovation process suggest that the spatial context (nation, 
region) is not only still relevant, in spite of trends towards internationalization, but 
strongly influences the rate and direction of the search activities which lead to 
innovations and their subsequent evolution and diffusion (Porter, 1990). 

Evidence of this is found in our case studies (factory automation, electronics, 
materials technology, and pharmaceuticals) of Sweden (Carlsson, 1994; Carlsson et 
aI., 1992). More generalized findings are found in Patel (1993) who analyzed the 
geographic location of patenting activities (in the USA) for 569 large firms and 
found no systematic evidence of widespread globalization of technological activities 
during the 1980s. Instead, he found that for an overwhelming majority of firms, 
technology production remains close to the home base.3 

3. Diversity and technological systems 

3.1. Technological systems 

Obviously, the national context of innovation matters for firm performance. Conse
quently, it is useful to discuss the factors that shape the local innovation contexts. 
Our approach to studying the innovation context is summarized in the concept of 
technological systems. 

We define technological systems as a network or networks of agents interacting in 
a specific technology area under a particular institutional infrastructure to generate, 
diffuse, and utilize technology. Technological systems are defined in terms of 
knowledge or competence flows rather than flows of ordinary goods and services. 
They consist of dynamic knowledge and competence networks (Carlsson and 
Stankiewicz, 1991: 111). 

As discussed above, the networks may be international in character, but there are 
good reasons for believing that under some conditions, they will have a strong 
regional or local dimension (see Breschi and Malerba's contribution to this volume). 
To continue with the definition of technological system, this regional dimension is 
captured in what follows (Carlsson and Stankiewicz, 1991: 111): 'In the presence of 
an entrepreneur and sufficient critical mass, such networks can be transformed into 
development blocs, i.e., synergistic clusters of firms and technologies within an 
industry or group of industries.' 

3 What matters for the larger firms, presumably matters even more for the smaller firms. 
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Technological systems constitute our prime unit of analysis when discussing 
policy. It is useful to pursue such discussion in terms of the three constituent 
elements of a technological system: economic competence, networks, and institu
tions. In the following sections, we will elaborate on these three concepts and for 
each of them introduce policy issues relating to the process of creating diversity. 

3.2. Economic competence 

Economic competence - the ability to identify, expand, and exploit business oppor
tunities - is unevenly distributed among firms (Carlsson and Eliasson, 1994). Firms 
are specialized in terms of having different knowledge bases, and they operate under 
different assumptions concerning present, but most importantly, future (missing) 
markets. The variations in the knowledge guiding management in their investment 
decisions, including their strategic choices, could, as argued above, be seen as arising 
from long historical processes, central to which are learning processes that are local 
and cumulative as well as path dependent. Rationality. on these assumptions, could 
well be argued to be not only limited but quite different among firms. 

When new generic technologies become available, providing expanded and differ
ent technological opportunities, the bounded (and different) visions (Fransman, 
1990) of managers imply that firms may differ greatly in their perception of these 
opportunities. 

'Bounded vision' is, however, not limited to the restricted vision of the individual 
firms. As argued above, firms are located within highly specific regional (or national) 
parts of global technological systems. While these local parts of the systems operate 
under increasing returns and in virtuous circles (positive feedback) in expansionary 
periods, there is a considerable risk that: 

• Firms, institutions and networks become 'locked in' to the 'old' technologies. 
Thus, the cumulativeness and path dependency of innovation lead to a risk of 
these being locked into technological and institutional cul-de-sacs. This may well 
be the case in Sweden for mechanical engineering (Jacobsson, 1993b). 

• If a search is undertaken outside traditional areas, it is done in a highly localized 
fashion. Thus, the particular features of firms' (and other actors') absorptive 
capacity (Cohen and Levinthal, 1990) shape their search processes. The cases of 
factory automation (Carlsson and Jacobsson, 1994b) and powder technology 
(Granberg, 1993) are illustrative. In the former, there was a highly localized 
search from mechanical engineering to 'mechatronics' and in the latter case, it 
was from iron and steel metallurgy to certain niches in the powder metallurgy 
field, particularly cemented carbides and other hard materials. 

• They manage actually to hinder the process of diversity creation in the local 
economy.4 Electronics and computer technology in Sweden (Jacobsson, 1993b) is 
probably a case in point where a virtuous circle in mechanical engineering may 

4 Metcalfe (1992) points to the role of networks in limiting the decision horizon of firms, 
locking them into conventional technological attitudes which become self-reinforcing. See 
also articles in Lundvall (1992b). 
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well have prevented the emergence of a strong technological system in electron
ics. In other words, there may be feedback mechanisms whereby 'a selection 
process may consume variety' (Metcalfe, 1992: 103). 

The risks associated with a mild or strong form of 'locking in' and inertia open up the 
most central policy issue, namely to what extent intervention should aim at improv
ing the functioning of existing technological systems and to what extent it should aim 
at building new systems?S More specifically, and for illustrative purposes only, how 
should policy balance interventions aiming at fostering innovation and diffusion of 
new metalworking technology in Swedish engineering industry against measures to 
improve the functioning of the (local) technological system in, say, genetic engi
neering?6 

In the former case, technology policy follows and enhances industry's current 
specialization pattern. This may be exemplified by the creation of bridging institu
tions and other technology policy activities in the factory automation case which 
improved the functioning of an already strong technological system. As the econ
omic benefits of new technology are found chiefly in rapid and extensive diffusion, 
such intervention may have a high leverage in spite of focusing on already achieved 
points of strength. 

In the latter case, there is a need for policy to stimulate the processes whereby 
diversity is created; to build options in the sense of stimulating and protecting 
technological and institutional diversity and by enhancing industry's awareness of 
new technology. 

3.3. Networks 

The character of the networks to which the firm belongs has a bearing on the type of 
information and knowledge to which the systems give the firm access. Moreover, the 
connectivity of the constituent parts of the system matters, i.e., the amounts of 
information and knowledge dispersed may vary between networks. Buyer-seller 
relationships as well as various types of bridging institutions (academia vs. industry, 
institutes vs. industry, industry vs. industry) constitute important network link
ages. 

This role of networks means that a well-functioning technological system rests on 
strongly positive and reciprocal external economies (both pecuniary and non
pecuniary) which tie together users, suppliers, and competitors.7 Indeed, the im
portance of networks suggests that technological systems, and therefore the process 
of generating and diffusing new technology, rests heavily on the reduction of 
transaction costs via internalization of transactions within networks. 

5 See also Dalum (1992) on this point. It would be useful to analyze what factors determine 
the relative costs and benefits of fostering new systems as opposed to improving the 
performance of existing systems. One factor could be the malleability of the institutional set
up of a region/country. 
6 This issue goes much beyond the basic research policy problem of allocating government 

funds to research in various disciplines (e.g., fusion technology versus genetic engineering). It 
involves activities that can be aimed at any or all elements in a technological system. 
7 Porter (1990) makes a similar observation. 
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In a properly functioning technological system it would be a mistake to view 
external economies as 'failures'. Instead, they form an integral part of an economic 
organization which tends to correct for these 'failures' more or less automatically
the economic organization is in these instances superior to the market. For example, 
in a technological system, the reciprocal flow of information may well result in a 
blending of visions (technological expectations) of the future among various actors. 
Sharing the same vision may then lead to a reduction of perceived risk and a quasi 
coordination of investments between formally independent actors. For instance, 
interaction between technologically leading firms (in terms of factory automation) 
and the local supplier industry may result in a blending of visions of the future 
production technology. The whole network may then invest in technological capabil
ities and design developments which are interchanged within the network (Carlsson 
and Jacobsson, 1994b). 

In this way, innovation and diffusion turn into a collective activity, in addition to 
being an individual one (Saxenian, 1994), for which the network greatly improves 
the resource base and the degrees of freedom of the individual firm (HAkansson, 
1987,1989). 

On the other hand, a well-functioning network of this kind is likely to contain a lot 
of inertia and path dependency, suggesting that there may occur slow exploitation of 
technologies which are not shared by members of the network. The emergence of a 
new technological system (i.e., the enhancement of diversity in an economy) may 
therefore require that new networks are created.8 

As Saxenian (1994: 167) underlines, the starting-point of a (regional) policy is 
'fostering collective identities and trust to support the formation and elaboration of 
local networks'. Just as in the case of economic competence, private actors may well 
develop the kind of networks conducive to a dynamic behavior. However, problems 
associated with lock-in effects and increasing returns may warrant intervention 
where the role of the state is more of a 'broker' than investor or procurer. That is, 
government policy may have the function of 'matching' firms that, so far, have had 
little or no contact with each other (AHinge and Jacobsson, 1994). Policy may also 
involve matching university researchers with firms, as was done by Stanford Uni
versity (Saxenian, 1994). 

3.4. Institutions 

Technical change depends not only on the behavior of individual firms; institutions 
matter, too. One of the most important institutions is the educational system. 
Universities playa critical role in fostering diversity in terms of pursuing high-risk 
research activities as well as through educating engineers and scientists in new 
technologies. However, just as firms differ in their behavior with respect to new 
technology, so do universities. 

Other critical institutions are those performing a 'bridging' role in terms of acting 
as information exchanges within the technological system. Examples in the factory 

R It is probable that the degree to which new network links are required varies. For instance, 
the Swedish system for factory automation appears to have involved much the same actors as 
were involved with capital goods production and use prior to the electronics era. 
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automation case are the Institute for Production Engineering Research (IVF), the 
Swedish National Board for Industrial and Technical Development (STUINUTEK), 
and the Engineering Industry Association (Mekanforbundet). Some bridging in
stitutions may well need initial support to get started, but once functioning they can 
be financed by those who discover the usefulness of their 'bridging' work. 

Other institutions that playa role in patterning behavior within the technological 
system are the financial system (especially the supply of venture capital and other 
long-term finance for new types of business ventures and the rules under which such 
funds are allocated), the existence and nature of business groups and their ability to 
allocate financial, technical, and managerial resources, and the degree to which 
business activity is internationally oriented (particularly via multinational firms). 

These institutions can either enhance or diminish the ability of the technological 
system to generate and exploit new ideas; to create diversity. Therefore, institutions 
cannot be seen as neutral with respect to the emergence of new technological 
systems. They are neither given once and for all, nor are they formed or reshaped 
endogenously or automatically. Instead, they are often malleable and can be 
influenced by many types of actors, including firms and governments. 

4. The emergence of new technological systems 

The process of increasing diversity in the form of building new technological 
systems9 is not well understood. We shall therefore pursue an inductive approach 
whereby we try to extract building blocks for an eventual theory from case material. 
In presenting the case studies, we have, of course, some way of organizing the data, 
ideas which may be helpful in the eventual development of a theory. These elements 
are as follows. 

First, the process takes time and it may be useful to divide it into phases. We 
define the embryo stage as the stage before the first commercial application of the 
new technology. This is followed by an infant stage which consists of the first 
commercial applications while the adolescent stage is where the new technology 
finds a multitude of applications. 

Second, along this time axis, several functions need to be performed. Initiatives 
must be taken to foster experiments with the new technology; these must give rise to 
entrepreneurial activity by either new or existing entities; economic and technol
ogical competence must be built and diffused among suppliers and users; capital 
must be supplied; and bridging functions must be developed - institutions and 
networks need to be built and knowledge must be transferred. 

Third, a whole set of mechanisms can be used to fulfill these functions. For 
example, venture capital can be channeled into the new technology by many means 
such as research grants, procurement, direct investment loans, acquisition of shares, 
etc. 

Fourth, at the same time, many different types of actors can be involved. Take 
venture capital again, which can be supplied by venture capital firms, private 
individuals, customers, universities, the state, etc. 

9 Diversity can also be enhanced within existing systems. 
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Fifth, at some point, the emerging system is large and complete enough (in terms 
of competence, networks, and institutions) to generate sufficient increasing returns 
to develop in a self-reinforcing way. For instance, competent capital can only 
develop after some time since it is composed of people (with access to funds) with 
strong capabilities in the particular technology/industries concerned. These in
dividuals need to go through a learning period prior to forming the particular part of 
the capital market which is labeled competent capital. 

In this section we give a brief account of the emergence of the technological 
systems for electronics and genetic engineering in the USA and Sweden (the US 
electronics cases are summarized in Tables 12.1 and 12.2). The two countries differ 
with respect to these two most important generic technologies developed in the post
World War II period in that the USA was the location of their first emergence and 
Sweden in both cases was a follower. After reviewing the case studies, we discuss the 
salient characteristics of the process whereby new systems are formed, and the role 
which policy plays in that process. Note that we are in no way suggesting that these 
cases are 'typical' in any sense or that we can safely generalize from them. We are 
merely using these examples to learn more of the processes whereby new technol
ogical systems are formed. 

4.1. The case of electronics in the USA 10 

4.1.1. Mainframe and minicomputers 

The early (embryo) development (mid-1940s to early 1950s) of the electronic 
computer was almost entirely in the hands of university research laboratories under 
contracts with government agencies. 11 Military agencies dominated, but the needs of 
the Census Bureau also influenced this early period of experimentation. 

This development had much of its roots in the massive R&D activities conducted 
during World War II. For instance, MIT received huge funds from the military for 
electronics R&D. Some of this research was pursued by the Rand Laboratories 
which had more than 1,000 engineers and scientists by the end of the war. A large 
pool of labor, firms, and organizations existed in the northeast of the US at the end 
of the war. 

The first commercial computer (Univac) was developed by Eckert and Mauchley 
who left the University of Pennsylvania where they had been developing the first 
fully electronic computer for the Ballistic Research Laboratories. After a trouble
some period, where capital was acquired from a range of sources, their firm was sold 
to an office equipment manufacturer, Remington Rand Corporation. The first 
Univac was delivered to the US Bureau of the Census in 1951; the infant stage had 
started. About the same time, a second company was formed by an investment 
banker and two engineers for the purpose of developing a computer for the navy. 
The firm, ERA, developed a unique relationship with the National Security Agency 

10 This account is based on two excellent books: Dorfman (1987) and Saxenian (1994). These, 
and the biotechnology cases that follow, deal with the emergence of a national (or regional) 
part of global technological systems. 
11 The main exception was IBM's support of Harvard's efforts to develop the Mark 
computer, but that was an electromechanical and not an electronic computer. 
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and became a dominant supplier to defense agencies. The firm lacked assets to 
develop the commercial market, however, and was subsequently acquired by Re
mington Rand. 

These first commercial efforts were not successful- the Univac division of Rand 
was not profitable for ten years. The technology was still highly experimental, and no 
'mainstream' technology, or dominant design, had emerged. Still, the government 
was virtually the sole source of financial support. 

Using an innovation that allowed the building of relatively inexpensive computers 
(the magnetic drum storage system), several new firms l2 entered the industry in the 
early 1950s. These firms had the low end of the market until the IBM 650 came along 
in 1954. IBM had experimented for some time with computers but it took the 
delivery of the Univac to the Bureau of the Census for IBM properly to wake up. In 
response to the Korean War, IBM began to work on a Defense Calculator. From 
this, IBM developed a range of computers and created a dominant position in the 
market. 

No new enterprises succeeded in entering the mainframe computer market 
thereafter. But three firms circumvented the entry barriers by providing a product 
which was eventually labeled the minicomputer. 

Control Data Corporation was founded by a former employee of Remington 
Rand who had prior experience in designing transistorized military computers at 
Univac. The new company received government funding for R&D and production. 
In 1960 it delivered its first computer. Subsequent customers included the Atomic 
Energy Commission. 

Scientific Data Systems was founded by a former employee of some lesser known 
computer firms. The enterprise was backed up by a venture capital firm and its first 
machines were financed by the government. The Apollo space program was a 
prominent customer. 

Digital Equipment Corporation was founded in 1957 by a former employee of 
MIT where he had worked on earlier generations of computers. A venture capital 
firm provided the financial backing, and DEC was later to deliver the machine that 
launched the minicomputer boom, starting in 1965 (the adolescent stage). 

It appears that only then did applications other than those from the military or 
other government agencies become important. From then on, the formation of 
computer ventures in Massachusetts accelerated. Twenty-five new companies were 
started during the 1960s and another twenty-three were founded in the 1970s. Many 
of the new firms were spin-offs from established firms. 

In the 1960s, technology start-ups were the most important new source of 
industrial activity in the Boston region. MIT's engineering department, for instance, 
spun off 175 new firms in the 1960s and Raytheon, a large electronics firm, spun off 
another 150 start-ups. These start-ups were heavily supported by military and 
aerospace contracts and, in the region as a whole, federal government purchases 
accounted for half of the sales. Venture capital was important to this process of firm 
formationY The first venture capital firm was started in 1946 in that region, a firm 

12 The Ballistic Research ~boratories figured among the customers of these firms, too. 
13 Saxenian (1994) notes though that the venture capital market in the Boston area was much 
more conservative and the firms were less competent than in Silicon Valley. 
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that was later to finance DEC, among others. Other venture capitalists followed and 
new sources of capital began to supplement the military in the Boston area. 

4.1.2. Semiconductors 

The work leading up to the invention of the transistor benefited a great deal from 
research, undertaken in government, university, and industrial laboratories, which 
the US government had financed during and after World War II (the embryo stage). 
Although the work of AT&T did not receive any specific financial assistance, Bell 
Laboratories invented the transistor in 1947 and first produced it commercially in 
1951 (the infant stage). By 1953, fourteen firms had begun to produce transistors,14 
including Texas Instruments and Motorola. 

The most important firms for the development of the industry's growth were a set 
of firms which, with the exception of Texas Instruments, had not participated in any 
branch of electronics before. The most prominent of these was Fairchild, established 
in 1957. The move of William Shockley from AT&T to the West Coast eventually 
led to the formation of Fairchild by eight of Shockley's former employees, backed by 
venture capital. Fairchild's growth was fuelled by military contracts. Parallel to its 
growth, Fairchild spun off a large number of firms. Indeed, of the thirty-one 
semiconductor firms that started in Silicon Valley during the 1960s, the majority 
traced their lineage to Fairchild. 

Between 1966 and 1972, there was a surge of new entrants, moving the system into 
an adolescent stage. More than thirty new merchant firms entered the industry, 
almost all in Silicon Valley. All but six were spin-offs from other semiconductor 
firms. Indeed, the technological leadership of new entrants turned out to be critical 
for each stage in the evolution of the industry. 

Institutional change was central to this development, chiefly taking place in 
Silicon Valley. First, favorable tax treatment for investment in small firms in 1958 
improved access to capital for smaller firms, and by 1974, there were more than 150 
venture capitalists in Silicon Valley. Second, Stanford University pursued a technol
ogy policy that involved several elements of which the active promotion of new 
enterprises (for instance via financing ventures) and forums for cooperation with 
local industry were two important elements. Stanford established the Stanford 
Research Institute to conduct defense-related research; it developed the Honors 
Cooperative Program to strengthen the ties between firms and the university; and 
the Stanford Industrial Park was promoted which helped to reinforce an emerging 
pattern of cooperation between the university and electronics firms in the region. ls 

Third, there were other educational units which were central to Silicon Valley's 
burgeoning technical infrastructure. The University of California at Berkeley ex
panded its masters' and doctoral programs in electrical engineering rapidly in the 
1960s and early 1970s. Moreover, the California state university and community 

14 Eight of these were vacuum tube producers, which performed poorly in the new field. 
U Another institutional change was the formation of an Electronics Manufacturers' Asso
ciation. 
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college systems began to educate large numbers of engineers and scientists and were 
innovative in developing new specialized programs for the electronics industry.16 

4.2. The case of electronics in Sweden17 

The build-up of capability in electronics in Sweden, similar to that in biotechnology 
described below, refers to the creation of a local (national) part of a global 
technological system. These cases, therefore, deal with how a new technology is 
introduced in a follower country and how a system is built up around it. This means 
that we need to be aware of the conditions prevailing in the country in the sense of 
technological specialization and institutional set-up. The 'initial conditions' prevail
ing in Sweden can broadly be characterized by: 
• a traditional strength in mechanical engineering; 
• a fairly strong position in parts of the electrical and electro-mechanical field 

(primarily in power generation and transmission as well as in telecommunica
tions); 

• very close user-supplier relations in precisely the areas of strength in electrical 
and electro-mechanical engineering; 

• a strong tradition of military research and substantial, as well as competent, 
procurement by the Swedish military from the Swedish military industry (includ
ing both aircraft and artillery, and later missiles). 

The locus and strength of competence that emerged with the introduction of 
electronics was strongly focused on three main and pre-existing clusters of actors: in 
radio and telecommunications, military electronics, and power generation and 
distribution. The clusters consisted, and consist, of users (e.g., the Swedish Tele
communications Agency, the Swedish Power Board, the Defense Procurement 
Agency (FMV) , industrial suppliers (Asea, Ericsson, Saab, Bofors, etc.), con
sultancy firms in the service sector, as well as parts of academia. Two lesser clusters 
focused on factory automation and medical electronics, where advanced research 
intensive users provided a stimulating environment for suppliers of medical elec
tronics (e.g., Siemens-Elema). 

The dominance of the three larger clusters is clearly revealed by figures on the 
distribution of electronics engineers in 1987. Excluding electronics engineers at the 
universities involved in the clusters, there were about 2,000 in radio and tele
communications, 1,300 in military electronics, and 950 in power generation and 
distribution, together covering about half of all electronics engineers in Sweden at 
that time. 

In forming and developing these clusters, actors in the public sector played an 
important role in raising awareness and providing finance. These acted as competent 
buyers of electronics products with applications in the military, power, and commu
nication sectors as well as in the medical field. Public sector actors also played a 
major part in shaping the institutional setting for the emergence of electronics-based 

16 Also other institutional features of Silicon Valley contributed to its success. See Saxenian 
(1994) for an analysis of the differences between Silicon Valley and Rou te 128 with respect to 
culture and organizational features. 
17 This text is largely based on arguments developed in Jacobsson (1993b). 



Diversity Creation and Technological Systems 279 

products, e.g., the decision to create a common standard for mobile telephony in the 
Nordic countries aided Ericsson's successful mobile telephony venture. 

These clusters were not specific to the era of electronics but, as mentioned above, 
predated it. Over a long period of time, intense networking evolved in all these 
areas, including factory automation. Of course, new forms for collective efforts and 
for extending the networks were needed with the changes in technology. Thus, five 
collective research institutes were operating within the field of electronics and 
computer technology. IVF was mentioned above. Three electronics research in
stitutes (1M, SISU and SICS) with an approximate combined total of 150 researchers 
(Datateknik, 1991: 13) were founded in 1968, 1984, and 1985, respectively, where the 
latter were founded as a result of a continuing dialogue between industry, academia, 
and STU (Swedish Board for Technical Development - presently NUTEK). 

These institutions, each with their own specialty, were designed as bridges 
between the universities and industry and have been largely financed by NUTEK. A 
general question has been raised regarding this bridging role, since the institutes 
have had a very limited range of customers (mainly the firms mentioned in the 
clusters above). The exception appears to be a fifth institute working in the optical 
field where there is a larger number of firms involved (Ragnarsson, 1992). 

In terms of the institutional features of this technological system, we have already 
underlined the central importance of strong user-supplier relationships as well as 
competent buyers. In addition, the role of the major Swedish business group 
(Wallenberg), with its own internal capital market, may have been large in that the 
clusters include Ericsson, Asea, and Saab. The prime mechanisms for renewal have 
been diversification of these, and other, firms into electronics-based products in 
areas where the firms earlier supplied products with another technology base. 

The role of academia has been multifaceted. On the one hand, a set of strong 
points in academic R&D has proved to be helpful to industry (e.g., in power 
electronics and in radio technology). On the other hand, the response of the 
technical universities has been slow overall in terms of increasing the supply of 
engineers in this field. Indeed, the 'output' of electronics and computer science 
specialists per capita was more than three times higher in the USA than in Sweden 
in the mid-1980s. 

Perhaps the most important system feature is the large degree of connectivity 
among the (albeit) few actors within this system. Obviously, awareness of the 
opportunities of new technology has been high in the system as a whole, although 
more so in some parts than in others. The low number of actors may, however, create 
a problem where diversity is concerned, although the main expansion of the system 
has been due to a diversification of Ericsson into a new field (i.e., diversity was 
created by the leading actor). This paucity of actors is caused by both a strong 
selection environment with the consequent exit of many firms in areas outside the 
clusters mentioned, and by a lack of diversification on the part of large and strongly 
path-dependent mechanical engineering firms. A hopeful sign, though, is an increase 
in the number of smaller electronics and computer science based firms, which may 
lead to a process where the path dependency of the larger firms is balanced and 
diversity is increased, although we have yet not seen much from the new technology
based firms in terms of their being sources of expansion in the electronics industry. 

In the process of shaping the technological system, the role of public policy 
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continues to be one where neglect and failure coexist with concern and success. 
Procurement policies by state-owned bodies have had a strong positive effect on the 
system in that they have induced and helped firms to switch to new technologies and 
products. A vast program in the 1980s in the field of micro-electronics and system 
design is a second aspect of policy which was beneficial to the development of the 
technological system. On the other hand, those programs could have been im
plemented earlier and the procurement programs could have been coordinated with 
educational and research policy. Finally, policies (primarily tax related) influencing 
the supply of risk capital to new technology based firms, although not specific to 
electronics, were not of a kind conducive to growth of new firms in electronics and 
computer science. 

4.3. The case of genetic engineering 

4.3.1 . USA 

The early 1970s (the embryo stage) saw the opening up of the possibility to 
manipulate DNA by 'genetic engineering'. Pioneering work on recombinant DNA 
techniques was undertaken in three universities in California, all within a fifty-mile 
radius, near San Francisco. The first commercial genetic engineering firm was spun 
off from one of these universities, (the University of California at San Francisco) 
thereby paving the way for the infant stage. One of the leading scientists, Boyer, 
together with an entrepreneur and a venture capital firm, formed Genentech in 1976. 
Genentech collaborated from its inception with researchers in several universities, 
including a large medical research hospital in southern California (McKelvey, 
1994). 

The example set by Boyer was later followed by other leading US scientists, in 
California as well as in the northeast. They all developed significant ties with 
industry, and many of them started their own small biotech firms. From about 50 at 
the end of the 1970s, the population of dedicated biotechnology firms grew to about 
700 a decade later (Sharp et at., 1993). Few of these grew beyond research firms
thereby bridging academia and industry (Sharp et at., 1993) - and their expansion 
was based on the demand from existing large pharmaceutical and chemical firms of 
the USA and Europe. 

The evolution of the venture capital market mattered a great deal for this process. 
As Teitelman argues: 

All the molecular biologists eager to rush into commerce would hardly have mattered 
if the money to start companies was not available. Wall Street ... had to alter its modus 
operandi to accommodate new forces . .. and to do so meant funding companies far 
earlier in their life cycles than public markets had ever done before on such a scale. 
(Teitelman. 1991: 10-11) 

Significant to this process was that Congress allowed pension. insurance. and 
endowment funds to invest up to 10 per cent of their large caches of capital in 
venture deals (Florida and Kenney, 1990). Partly due to this legislative change. the 
US$1OO million to 300 million per year flowing into venture funds during the 1960s 
and 1970s increased to billions (Kunze. 1990). Between 1980 and 1989. the volume of 
venture capital increased nearly tenfold. from $3.5 billion to $33 billion as some 300 
new funds entered the market. Scrambling for higher returns, venture investors 
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reached for riskier, less mature opportunities, blurring the line between venture 
investments and equity offerings. One of the results of this mentality was a new 
financial product, junk bonds, which to a disproportionate extent came to benefit 
emerging biotechnology (and computer) firms. Another result was what might be 
called a public venture capital market as over-the-counter brokerage houses created 
a large number of new funds or 'concepts' (Ono, 1991). 

Thus, venture capital in a variety of forms, tied to an advanced academic 
environment which was creative and risk-taking and supported by large-scale 
federal funding (OTA, 1991) and an efficient commercialization of that technology 
through supporting venture capital markets, gave the USA a leadership position in 
commercial biotechnology (Ono, 1991). This is being maintained as the system 
moves from its infant stage, with a very limited number of commercial applications, 
to an adolescent stage. 

4.3.2. Sweden 18 

Genetic engineering work was initiated in Swedish universities in the mid-1970s, but 
only a few researchers mastered the area. An expansion (in the embryonic stage) 
was started in 1979 when the Swedish Board for Technical Development (STU) 
initiated a program for fostering genetic engineering capability at Swedish uni
versities. This program appears to have been of central importance to the develop
ment of genetic engineering research in Sweden. The number of man years of R&D 
increased from about 80 in 1980 to about 270 in 1985, and the number of staff 
competent enough to pursue independent research increased from about 10 in 1978 
to at least 100 in 1985 (La age-Hellman and Axelsson, 1986). 

In this technology, industry demands people with research degrees. An increase in 
their supply is therefore a function of a prior expansion in academic research. The 
expansion that did take place was clearly not sufficient to satisfy the demand from 
industry; in the mid-1980s there was a large shortage of such competence in Sweden. 
Moreover, Swedish performance, as measured by bibliometric analysis, was not 
impressive in the period up to 1985; it was even less than expected in relation to GNP 
(Stankiewicz, 1986) and much less than would have been expected given Sweden's 
strong position in related areas, such as biomedical research. 

The first commercial exploitation of genetic engineering techniques was done by 
the state-owned Kabj,19 Neither Kabi nor any other Swedish firm had any expertise 
in genetic engineering in the mid-1970s. Kabi was, however, informed about the 
development in California at a very early stage (soon after Genentech's first 
experiments) through its participation in a committee which had a regulatory as well 
as a research council function for research in biotechnology. In contrast to the US 
case where this committee was composed of scientists only, the Swedish committee 
included a range of interested parties, including industry and union representatives, 
thus realizing a wide dissemination of information about what was happening in the 
USA. 

18 If not otherwise indicated, this section is based on McKelvey (1994) and Laage-Hellman and 
Axelsson (1986). 
19 This and the subsequent paragraphs are based on McKelvey (1994). 
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Induced by a perceived shortage of raw material for its human growth hormone, 
Kabi contracted Genentech (the first firm to do this) to develop a genetically 
engineered growth hormone in 1978, thus starting the infant stage. It was not 
possible to use Swedish researchers at that stage, since the few working with genetic 
engineering did not work on the specific application in which Kabi was interested. 

To develop an in-house competence in genetic engineering, Kabi started a biotech 
company named KabiGen in 1978. This was a way for Kabi to develop an option for 
exploiting the technology in case the contract with Genentech turned out to be 
successful. KabiGen was the first Scandinavian genetic engineering firm. It was a 
joint venture between Kabi and a state-owned conglomerate (which included Kabi 
as one of its firms). Government finance was secured. This financing was vital for the 
speed at which Kabi moved into genetic engineering, as the company did not have 
enough internal resources, nor were there any venture capital firms available to take 
the risk. The state funding was not restricted to setting up the new company but 
financed, at least partly, the research contract with Genentech. Some of the money 
was supplied by a government venture capital fund (Industrifonden). 

The same speed was not characteristic of other pharmaceutical firms. In 1983, 
Astra realized that they needed to build up capabilities in genetic engineering. They 
assumed that a laboratory required 40 to 50 staff to function well. In the early 1980s, 
people with the right qualifications, in the right numbers, were simply not available 
unless Astra emptied the universities of their best personnel. Astra then decided to 
build a research unit in Bangalore, India, home of the Indian Institute of Science 
(Sind, 1991: 5). Other firms established foreign genetic engineering firms, bought 
foreign firms with genetic engineering capabilities (although not always only to 
acquire these skills), acquired minority shares in such firms, or signed collaborative 
agreements with them (La age-Hellman and Axelsson, 1986). Of the larger firms, 
only Kabi (later merged with Pharmacia) built up a significant genetic engineering 
capability in Sweden. It is therefore not surprising that Swedish patenting in genetic 
engineering was much less than expected relative to GNP in the early to mid-1980s 
(Stankiewicz, 1986). Thus, because of insufficient domestic capabilities in the aca
demic system, Swedish companies had to go where the competence was, namely the 
USA. This is therefore a case of plugging into the global system; the part of the 
technological system that supports genetic engineering applications in Swedish firms 
is only partially located there; most of it is located abroad.20 

The shortage of competent staff also affected the academic units, thus perpetuat
ing the problem of lack of genetic engineering competence. As two contemporary 
observers put it (La age-Hellman and Axelsson, 1986: 92), 'The basic problem is that 
the Swedish universities generate too few researchers. Even if we were to strip all 
university research we would barely have enough to build a single research firm of 
the type that there are hundreds of in the U.S.' 

One way to use this scarce competence in the universities to a greater extent is 
through academic spin-offs. In the 1980s there was a significant number (about 80) of 
new firms created within the broader area of biotechnology (Sind, 1991: 5).21 Many 

20 Sweden is not unique in Europe in this respect, as Sharp et al. (1993) make clear. 
21 According to Sind (t 991: 5), only Britain and Sweden in Western Europe had so many start
ups in biotechnology. 
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of these were academic spin-offs (La age-Hellman and Axelsson, 1986) which were 
financed by the infant Swedish venture capital market in the early 1980s, as well as 
by the government bodies STU and Industrifonden. A few of the spin-offs had 
genetic engineering capabilities, and some of the biotechnology firms acted as a 
bridge between academic research and industry. 

4.4. Key features in the formation of the technological system 
for electronics and genetic engineering 

The time frames involved span over several decades. The whole process of forma
tion of the technological system for electronics (computers and semiconductors) in 
the USA seems to have lasted until around 1970. A self-sustaining process appears 
to have come into being by the early 1970s when, for instance, venture capital 
replaced the military as the leading source of funding for Silicon Valley start-ups. 
The length of the 'learning period' for this technological system appears therefore to 
have been in the order of two decades.22 

In the case of genetic engineering, it is more difficult to pinpoint the learning 
period. The few commercial applications of genetic engineering would suggest that 
the system has just begun to move into its adolescent stage. In that case, we are also 
speaking of a learning period of a couple of decades, although it could be argued that 
a self-sustaining process has been in place for some time. 

In the course of building these technological systems, there was a diversity of 
mechanisms and actors involved, (see Tables 12.1 and 12.2 for illustrations). In the 
US computer field, the main actor in the embryonic phase was the military which 
took the initiative to experiment with the new technology and used a whole range of 
mechanisms: procurement, research grants, etc., to build competence, networks, and 
institutions.23 In the infant stage, the military was supplemented by academia, other 
government bodies, and a few firms. The mechanisms used were also more varied, 
and included spin-offs, direct investment as well as procurement and research grants. 
The government was not only important for the established firms but also en
couraged the growth of new entrants. Entry by new firms was also facilitated by the 
decision to make the transistor, developed by AT&T, available to a large number of 
licensees. 

In the adolescent stage, private firms became the main actors, and the mechanisms 
used were more closely linked to firms. Still, government played an important role. 
Indeed, its influence on the computer field went beyond that of fostering the 
mainframe computer industry's development. It was also important for two of the 
new entrants in the 1960s (Control Data Corporation and Scientific Data Systems) 
which, with DEC, began the search for what was to become the minicomputer. 

22 For a discussion of the length of the learning period in a developing country context, see 
Jacobsson (1993a). 
23 The government was the main provider of R&D support for computer development until 
the early 1950s. Government agencies were the leading customers in the formative years of 
the industry; indeed, half of IBM's sales in the 1950s were to the federal government. The 
government provided not only R&D funds and a market but also specific performance 
characteristics of the computers to be delivered. Government procurement also involved a 
great deal of technology spill-overs to the suppliers of computers. 
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In the field of semiconductors, the embryonic phase was dominated by two actors, 
the government and AT&T which had some features of a state-owned company. 
Although the government did not contribute directly to the development of the first 
transistor, by AT&T, or to other major inventions, it had a very considerable 
influence on the evolution of the industry in its formative years. Its procurement of 
embryonic devices encouraged innovations and effectively financed firms' invest
ment in competence building.24 This was, of course, especially important to new 
firms that were large suppliers of devices to the government; in 1959, 69 per cent of 
the Defense Department's contracts went to new firms. Moreover, government 
contracts legitimated new devices in the eyes of other potential users, thus paving the 
way for their general acceptance and opening opportunities for new firms to produce 
such devices. In the infant and adolescent stages, private firms and universities 
supplemented the government and used a set of mechanisms including network 
creation, direct investment, and spin-offs. 

In the Swedish case, the evolution of the technological system for electronics was 
influenced by prevailing conditions in industry, in particular very strong user
supplier relationships which were central to several strong clusters in the electrical 
and electro-mechanical field. Advanced customers pursuing procurement practices 
that involved shifting the technological frontier in these pre-existing clusters appear 
to have been a vital element in the formation of the system. In limited areas, 
academia supplied backing in terms of R&D and training but the overall impression 
is that academia adjusted late, at least in terms of expanding undergraduate 
education. 

In genetic engineering, the embryonic stage in the USA was dominated by 
academia, financed largely by federal money. The initiative to experiment commer
cially with the new technology was taken by an academic, together with an entrepre
neur and a venture capital firm. In the infant and the emerging adolescent stages, the 
marriage between venture capital and academic spin-offs provided the prime 
movers. In the Swedish case, the embryonic stage was dominated by academia 
(albeit relatively weak) but the key initiative was taken by a state-owned firm aided 
by a bridging institution and public sector venture capital. In the subsequent stage, 
several established firms diversified into genetic engineering by various investment 
strategies, but mainly abroad, and a few academic spin-offs emerged. 

5. The role of policy in the formation of a new technological 
system 

Even though limited in number, these case studies provide ample evidence that the 
mechanisms involved in building competence, networks, and institutions are mani
fold. No single pattern is identifiable (at least not on the basis of the few observations 
yet available). Moreover, there is a whole set of actors involved in the formation of 
a new technological system, and each of these can influence the outcome. Policy is 
therefore not only a domain of government; firms, universities, industry associations, 
etc., can all pursue policies which have an effect at the level of the system. In what 

24 Policy intervention fostered competition among established firms; nobody felt safe because 
they had the military as a market. 
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follows, therefore, policy should not be construed as government policy only;25 
government policies are sometimes substitutes for and sometimes complementary to 
those pursued by other entities. 

The essence of the formation of a new technological system is a process of 
increasing diversity in a situation characterized by path-dependent development and 
associated supporting networks and institutions.26 The inertia to be expected under 
such conditions would lead us to suspect that a new technological system may not 
evolve from the prevailing ones without substantial intervention, although not 
necessarily by the government, or the government only. 

The precise set of polices needed for a technological system to be built and to 
function well seem to vary over its life cycle - a technology policy cycle may well be 
worth exploring. In the early stages of such a cycle, it is plain that policy may need to 
be concerned with much more than economic incentives. It needs to concern itself 
with identification of options for firms to be incorporated in their choice set, with the 
institutional underpinning of economic activities, and with the types of networks 
linking firms and other actors. Moreover, it needs to do so in a reasonably coordi
nated fashion, whereby all the elements of the new technological system are 
developed. In the more mature stages of its development, policy may change to 
become more of a fine-tuning exercise where, perhaps, the conventional market 
failure approach may be appropriate. In what follows, we will concern ourselves only 
with the earlier stages (embryo, infant, and adolescent) in which the creation of 
diversity is the prime policy objective. As was clear in section 4, there can be many 
actors and mechanisms involved. In what follows, therefore, we do not have the 
ambition of identifying the complete range of actors and mechanisms that could be 
employed to build a technological system; our examples are merely for illustrative 
purposes. 

A fundamental task of policy is to identify new technological opportunities at an 
early stage and to contribute to raising the awareness of these opportunities as 
broadly as possible in industry, academia, and elsewhere. Given the localized search 
procedures for new technology, path dependency and the existence of self
reinforcing patterns of specialization of regional/national technological capabilities, 
one should not take this task lightly. Indeed, one of the main tasks of policy is 
precisely this?' In the image processing case (in Sweden) this was done by the 
military, which was also a major actor in the US case (Lundgren, 1991). In the 
genetic engineering case in Sweden, a committee consisting of many different types 
of actors functioned as an information exchange about advances in science taking 
place abroad; it was a bridging institution. 

25 We will not discuss the division of labor between the various actors, simply because there is 
no space for it. 
26 There is of course a limit to the extent that it is viable to foster diversity, in particular in 
smaller nations. This applies to diversity in all areas of systems. For instance, how would a 
research policy balance nuclear physics with genetic engineering in its allocation of funds? 
27 In order to diagnose the involvement of local firms in a new technology, technology policy
makers presumably would find it useful to develop databases with technology and other 
indicators. In the Swedish case, we have seen precious little of such efforts so far. 
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Related to early identification of technological opportunities, and discussed more 
below, is the undertaking of the associated investments to make sure that the natural 
processes of specialization do not reduce diversity to the extent that long-term 
economic growth is sacrificed. There are several aspects to this. 

First, awareness may lead to action only if entrepreneurship and venture capital 
are available. There must be someone with the vision and daring to take action and 
bring all the other necessary ingredients together. The entrepreneur can arise either 
out of existing firms or from elsewhere. But without that visionary spark, nothing 
happens. In the US electronics system, the military initially performed much of this 
function while in the Swedish case, several advanced customers, including the 
military, did the same. In the US case of genetic engineering, it was a cooperative 
effort between academia, an entrepreneur, and venture capital, whereas in Sweden 
the first effort was undertaken by a state-owned firm, partly financed by a 
government-run venture capital fund. 

As far as capital is concerned, it has to be venture capital, not just funding. 
Venture capital serves the dual function of supplying the necessary funds (along with 
absorbing financial risks) and making sure that the necessary business competence is 
in place. Few entrepreneurs have all the required skills, including industry-specific 
knowledge, and this becomes a major obstacle for the business to take off. The skill 
requirements change as the business grows, and the competence possessed by the 
original entrepreneur may no longer suffice. The identification of competence 
requirements and help in filling these needs via training and recruitment are 
important functions of venture capital. 

Second, an important function in supporting the emergence of a new technology 
is to give it legitimacy. As Lundgren (1991) argues in the case of image processing 
technology in Sweden, the early support of the state gave legitimacy to the technol
ogy in the eyes of the capital market. A similar process was noted in the US 
electronics industry, for instance, in the case of the Apollo project. 

Third, the academic sector influences diversity in several ways: though identifying 
new emerging technologies, shaping an awareness of their potential, spinning off 
firms exploiting that technology, and increasing society's absorptive capacity by 
accelerating research and education in new technologies when they are judged to be 
on the verge of becoming economically interesting. 

The crucial role played by US universities in both electronics and genetic engi
neering illustrates well the central role of the academic sector in the formation of a 
new technological system. The Swedish experience in both these technologies 
illustrates the same phenomenon. Unfortunately, in the Swedish case, the uni
versities lacked the proactive behavior of some of the US universities and, hence, 
failed to support the growth of strong technological systems not only in genetic 
engineering but also in electronics (Jacobsson, 1993b). Indeed, in both cases, an 
external actor to the universities, the Swedish Board for Technical Development, 
had to intervene and take on a role as an educational policy-maker. 

Clearly, these examples suggest that the universities need to be proactive and 
flexible: proactive in order to be able to supply industry with specialized skills and 
new knowledge in emerging technological fields in time; flexible in order to adjust 
the orientation of education from old technologies (e.g., shipbuilding technologies) 
to new (e.g., microelectronics). 
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The lead time from the point when a new technology shows good economic 
potential to a 'volume production' of engineers and PhDs with an orientation 
towards the new technology is very long if the universities have to start from scratch. 
It is therefore of utmost importance that they move into new technologies early and 
with great force, increasing diversity and creating a better response capacity. This 
does not always happen. For example, as was mentioned above, in the case of 
electronics and computer technology in Sweden, the expansion of training of 
engineers in electronics and computer science was about ten years behind that in the 
USA and lagging fifteen years behind the key inventions in electronics (Jacobsson, 
1993b). 

Of course, some new technologies never become economically interesting, and 
resources will then need to leave the field. But in order for society to have a good 
response capacity, resources need to be allocated to many of those technologies that 
have a potential of becoming economically interesting. 

In those technologies that prove to be economically viable, society then has a 
competence base to rely on as demand for specialized personnel accelerates in that 
area. The lead time is therefore reduced significantly, albeit at a price of an 
'overinvestment' at any given point in time. But in an evolutionary world, this is the 
normal state of affairs; 'waste' is always present: as Metcalfe (1992) argues, if 
economic systems are to develop and evolve, some static inefficiency is necessary. 

A proactive, or anticipatory (see Galli and Teubal's contribution to this volume), 
policy of the educational units is therefore essential and central to any technology 
policy in countries where universities are either state run or funded by the state.28 

Increased diversity in the business sector can be achieved both by diversification 
of existing firms into products based on new technology, as was the case of IBM and 
other office machinery firms in the USA when they moved into mainframe com
puters, and by start-up of new technology-based firms. 

Government policy may stimulate diversity within industry by enhancing its 
awareness of the opportunities of new technology. Fransman argues that this was the 
case in the Japanese collaborative research program: 

A number of very senior company research managers ... pointed to the importance of 
the blending of bounded visions brought about by the Japanese System ... . These 
managers were convinced of the important contribution that has been made to long
term economic performance by MITI officials and ETL researchers as a result of their 
ability to compensate for the shortsightedness and blind spots of the companies. 
(Fransman, 1990: 286) 

The role of MITF9 could thus, in part, be seen as helping firms to expand their 
perceived opportunity set, in particular in periods of rapidly increasing technological 
opportunities. Such a role is, of course, not restricted to MITI.30 A similar case is the 
Swedish powder technology program which aims at establishing links between 
centers of excellence and prospective users, thereby raising the awareness of the 

2R To the extent that emerging technologies are multidisciplinary, the conventional peer 
review system for allocating research funds may not be adequate. 
29 See also Fransman (1990: 286) on this point. 
30 In the literature on Korea's phenomenal industrial development, a key role of the state has 
been to enlarge the perceived opportunity set by 'field manipulation' (Jones and Sakong, 
1980). 
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latter to the opportunities of powder technology (Granberg, 1993). Fostering 
diversity by compensating for inadequate economic competence can, thus, con
stitute a major policy objective. 

Government policy may take many forms, but advanced procurement policies 
have been shown to be a useful instrument for this purpose, as the electronics case in 
the USA suggested.31 A technologically competent buyer can specify not only the 
price and performance of a new product but can also contribute to its design. 
Moreover, by paying for the seller's R&D it reduces the risks of venturing into new 
technologies. By buying the product to be developed, it may give the seller a first 
mover advantage. Indeed, as was indicated above, in the electronics field in Sweden 
(Jacobsson, 1993b), the really successful cases rested on strong user-supplier link
ages with competent state buyers. The strength of the Swedish factory automation 
industry rested, similarly, on close interaction with a few technologically advanced 
users (Carlsson and Jacobsson, 1994b). Within the pharmaceutical field, a decisive 
factor behind the success of Swedish firms has been hospitals with a significant 
international standing in research (Carlsson et at., 1992).32 

As was argued above, in the case of the US electronics industry competently 
handled procurement policy could also have a major influence on the growth of 
small technology-based firms. Together with technology and product diversification 
by the larger firms, this growth, or the absence of it, will shape the transformation 
process of industry. Indeed, it may well be argued that the leverage (in terms of 
inducing new behavior) of any public resources spent on procurement may be much 
higher if they are focused on smaller firms since these are more apt to change 
strategy in response to a smaller sized 'carrot'. A procurement policy that is limited 
to smaller firms may have the additional benefit of intensifying competition for the 
larger firms, thereby providing a 'stick' for them to change their behavior. Thus, 
procurement can be a policy instrument that focuses on improving the economic 
competence of both large and small firmsY 

Institutions can be influenced by policy. Above, we pointed out a whole set of 
institutions that is central to the functioning of technological systems: educational 
systems, 'bridging organizations', capital market, the structure of ownership and 
control, etc. There are two fundamental issues with respect to institutions. First, are 
the characteristics of institutions specific for each technological system? Although 
we need some more elaboration on that subject, we think that the answer is yes. In 
order for institutions to pattern behavior, they need to be adapted to the require
ments of each technological system, and possibly, to different phases in the evolution 
of the systems. For instance, the open architecture of the personal computer and its 

31 Of course, advanced procurement policies require highly competent users. A wise technol
ogy policy would aim at fostering such user competence as well as utilizing it to enhance the 
economic competence of suppliers. 
32 These user-supplier links were not only beneficial to incremental innovations but also in 
leading firms in technological discontinuities, although in those cases, academia was also part 
of the picture. 
33 As discussed in Allinge and Jacobsson (1994), other ways exist to improve the economic 
competence of smaller firms. 
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manifold applications requires a different system from that supporting the main
frame (or even the mini) computer's development. 

Second, do the institutions evolve spontaneously to meet the requirements of each 
system? We think that the answer is no. Institutions are sometimes malleable, 
however, and can be shaped by the interested parties, be they firms, governments, or 
other actors. We argued, for instance, that to a degree, the educational organizations 
need to be proactive in relation to industry's demand for new skills and that some 
'waste' in the form of short-term inefficiencies is part of the price of achieving a high 
adjustment capacity and medium/long-term flexibility. The experiences of Sweden 
and the USA with respect to education in electronics and software illustrate clearly 
that institutions do not spontaneously adapt themselves. 

Nor does the capital market necessarily develop 'spontaneously' in response to 
the need of a technological system in formation. The US electronics and genetic 
engineering cases demonstrate the importance of a well-functioning venture capital 
market for allowing small technology-based firms to become a strong force in the 
technological renewal of industry. But legislative change was apparently instru
mental to the maturation of that market. The paucity of venture capital in the 
Swedish case is probably an important factor behind Sweden's poor performance in 
the 'high tech' industries, in particular the electronics industry. Lack of such capital 
means, of course, also that the leverage of academic R&D is affected. Spin-offs from 
the academic sector are an important mechanism by which academia can influence 
society. Without venture capital, this mechanism will remain underexploited. The 
attention of policy-makers should therefore be directed towards improving the 
functioning of the capital market, possibly by changing the tax legislation which 
hinders the growth of a venture capital market. 34 

Policy, by the state or by firms or other actors, may also aim at creating entirely 
new institutions. A case in point of institution building is the decision to fund a 
Center for Electronics Research in Goteborg. At first glance, the idea might seem to 
be a non-starter, since there are only a couple of electronics firms in the region, 
which is heavily dominated by mechanical engineering. However, Chalmers Uni
versity of Technology constitutes a source of highly specialized capabilities and 
currently supplies a good number of electronics engineers each year. It is hoped that 
by creating such a center other firms may be induced to locate in the region, drawing 
on the capabilities of the specialized organization and on externalities from the 
existing firms (which are, in turn, highly dependent on government procurement). In 
other words, investing in a center may contribute to creating, or at least speeding up, 
a virtuous circle in electronics in the region. The general point is that policy may 
have a role to play in creating and improving institutions that provide capital, 
research, managerial and technical education, etc. 

34 The absence of a well-functioning capital market was probably not an important obstacle to 
industrial growth based on mechanical engineering. Sweden has many large firms excelling in 
that field and the Wallenberg group has developed an internal capital market to finance new 
ventures. 
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6. Conclusions 

The performance of a technological system (existing or in creation) depends on both 
the functioning of the constituent parts and how well these are connected. The aim 
of policy, private as well as public, is therefore to ensure that the entire system, as 
opposed to a single element of it, functions well. By making a well-functioning 
system the objective of policy, we can leave the old and sterile debate over the ability 
of the state to 'pick winners' in the form of individual firms. As Stewart and Ghani 
(1991) rightly point out, the systems view of the innovation process makes us focus 
instead on the conditions and processes whereby winners are created. 

This means that policy in a relatively new but economically promising field may 
have to be comprehensive in that it should focus on the functioning and build up of 
the whole technological system. This has not always been the case with respect to 
Swedish technology policy.3s For instance, in the case of electronics and computer 
technology the Swedish programs were aimed only at the supplier of military aircraft 
(Jacobsson, 1993b).36 In contrast, the US experience combined advanced procure
ment with fostering high-level academic research, 'volume' production of PhDs and 
engineers, changes in the tax legislation for the purpose of improving the capital 
market, and a promotion of a liberal licensing policy. Hence, consciously or not, 
policy influenced many points in the system and allowed for each constituent 
component to strengthen the functioning of the other components. 

A policy may also have to be non-marginal in character37 in that, if it is deemed 
necessary, it will have as its aim to influence the investment decisions of private 
actors. Such influence should, of course, be only temporary in nature,38 but large 
enough to make sure that a self-reinforcing process gets under way. 

Given the existence of increasing returns, the timing of policy becomes essential. 
Policy has to have a strong anticipatory element, and the government and other 
policy actors must have an appropriate system for early identification of potential or 
actual policy problems.39 It also needs to have a long-term view since it is obvious 
that the length of the learning period is substantial with the risk that policy may be 
myopic. 

As emphasized above, many actors can be involved in building a new technol
ogical system using a variety of mechanisms. These actors include public ones, 
national and local, but also a whole set of private ones. Public sector actors are 
presumably involved chiefly in the earlier phases of the emergence of the new 

3S AHinge and Jacobsson (1994) review the Swedish textile industry policy with respect to the 
extent that it had a systems perspective. 
36 Moreover, a procurement program may have to be coordinated with policies aimed at the 
functioning of the capital market to allow for new entrants and the growth of small firms, or 
at building other institutions. 
37 Edquist (1993) makes this point for partly different reasons. He adds that given the 
excessively large subsidies to the shipbuilding, steel, and automobile industries, the policy 
fostering new areas needs to also counteract such misguided efforts. 
38 The length of the 'learning period' would be useful to know. For a discussion of this in a 
developing country setting, see Jacobsson (1993a). 
39 See Jacobsson (1995) for a discussion of the need for such a system. 
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systems focusing on anticipatory institutional change and network formation as well 
as awareness-raising activities. 
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Part III 

Systems Transformation: 
Technological and Institutional 
Change 

INTRODUCTION 

Staffan Jacobsson 

This third section deals with the transformation of systems of innovation and, thus, 
with a set of dynamic aspects of technologies and institutions. Although systems of 
innovations appear to have a great deal of stability, or inertia, for instance reflected 
in a long-term stability in sectoral specialization, they are also subject to a set of 
forces which shapes an evolutionary process of system change. 

The chapter by Frieder Meyer-Krahmer is, perhaps, the one that strikes at the 
most fundamental source of change - alterations in the process of knowledge
building itself. Meyer-Krahmer, drawing on other excellent work at the Fraunhofer 
Institute for Systems and Innovation Research, points to the growing importance of 
scientific development in the process of innovation - technical change is increasingly 
subject to 'scientification'. As significant is the growing economic value of scientific 
development. Given the significant and increasing role of interdisciplinary basic 
research, these developments lead to a set of 'interface' problems: e.g., between 
academia and industry (where the latter is more prone to pursue interdisciplinary 
research), between academia and firms that do not have any activities in basic 
research, between divisions within firms that need to share their technology base, 
etc. The adjustment of systems of innovation to this change in the character of 
knowledge generation has, therefore, implications for both firms and government. 

The chapter by Ellinor Ehrnberg and Staffan Jacobsson discusses an analytical 
framework for studying how an individual incumbent firm fares through a techno
logical discontinuity. Thus, this chapter deals with an innovation system seen from 
the perspective of an individual firm. Here, the force of change is not the process of 
knowledge creation but the specific technology base of an industry which alters in a 
discontinuous, or radical, way. It is argued that a full analysis requires the incorpora
tion and integration of four units, or levels, of analysis; the technology, the firm, the 
industry, and the (regional) technological system(s) of which the firm is a part. The 
authors, hence, suggest that it is not sufficient to study a firm in an innovation system, 
but that industry variables and the precise characteristics of technical change also 
matter as determinants of a firm's performance. 

Riccardo Galli and Morris Teubal identify a set of constituent components of a 
system of innovation and outline how these are influenced by some global trends, 
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e.g., a widening set of technological options (leading to discontinuities in a whole 
range of sectors). They point to a growing need for new infrastructural components, 
especially those performing catalytic, interface, and policy roles. In particular, they 
suggest that there must be a strong anticipatory element in the policy framework 
associated with a successful transformation of a system of innovation. 

Slavo Radosevic also dwells on the issue of transforming an entire system of 
innovation: from a socialist to a post-socialist one. He outlines an analytical frame
work based on the assumption that the transformation process is to a great extent 
determined by the erosion, transformation, and creation of techno-economic net
works. Radosevic identifies three central transformation processes: 'enterprization' 
(which is the process of building complete enterprises instead of production units), 
the restructuring or erosion of the knowledge base, and the opening up of the 
previously quasi-closed economy to foreign investment and trade. The outcome of 
these three processes, all of which are influenced by policy, is extremely uncertain 
and the perspective is a far cry from one which sees 'transition' from an essentially 
macroeconomic perspective. 

The final chapter, by Paraskevas Caracostas and Luc Soete, analyzes the emer
gence of some aspects of a European system of innovation, in particular research 
institutions. Clearly there has been a gradual, and sometimes discontinuous, building 
of a European institutional infrastructure, but the process has taken a great deal of 
time and may be characterized by 'muddling through' in pursuit of ad hoc arrange
ments where compatibility with national rules and routines is a constant problem. 
The gradual building of a European innovation system raises a whole set of issues 
such as the extent to which national research institutions may weaken their local 
linkages in becoming more oriented toward the European 'market'. 

There is a number of shared themes in these chapters. At a general level, they all 
attempt to characterize, conceptualize, and model systems of innovation and their 
transformation. The origin of the 'transformation problem' varies, however. The 
forces prompting an adjustment in the competence and behavior of firms, in the 
institutional set-up, and in the networks are of a different nature and may include 
changes in the process of knowledge-building, the emergence of new technologies, 
and fundamental political change such as that seen in the former Soviet Union or in 
the European Union. Of course, these forces all operate simultaneously. 

In the process of transformation, there is a great deal of interaction among 'levels' 
or subsystems. In Ehrnberg and Jacobsson's chapter, for instance, it is argued that 
the nature of the technological system to which a firm belongs both enlarges its 
resources and, more interestingly, also restricts its action. Actions taken in one part 
of the system can have a significant effect on the system as a whole. This is obviously 
so when parts of weaker national systems of innovation adjust to EC priorities at the 
expense of national ones, as pointed out by Caracostas and Soete. However, there 
can also be systems effects from actions taken within a subsystem or by an individual 
actor, a firm, a university, or a new type of actor. As Radosevic argues, for example, 
academic spin-offs in the former socialist countries can act as a 'bridge' between 
university and industry. thus improving the connectivity of the innovation system. 
An improved connectivity, in turn, enlarges the opportunity set of the system's 
constituent firms. 
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The transformation process is characterized as an uncertain, complex, and path
dependent 'muddling through' process that cannot be looked upon as a neat and 
planned transition from one point to another. The transformation can be led by both 
market and policy and, of course, each specific transformation phase can be 
influenced by both markets and policy. In this highly uncertain process, there is 
considerable scope and need for pro-active, or anticipatory actions. At the firm level 
(see Ehrnberg and Jacobsson), this refers to designing and implementing strategies 
that exploit early mover advantages and influence industry structure. It also refers to 
actions taken to strengthen the firm's supportive technological system, as well as its 
own competence and routines. At the national and supranational levels, a pro-active 
action involves market building, articulation of latent demand, and institutional 
change (Galli and Teubal, Caracostas and Soete). At the level of the EC, for 
instance, it is interesting that Community funding is so important for environmental 
and information technologies (see Caracostas and Soete). This could, very spec
ulatively, be interpreted as reflecting an inertia in the funding systems at the national 
levels. Community funding may therefore have a strong renewal effect. 

Much of the anticipatory action refers to altering the nature and types of interface 
units and the linkages between the constituent parts of the innovation system. This 
refers to the interaction between science and technology, which partly overlaps with the 
need for new interfaces between university and industry, and between a firm, its 
customers, and its suppliers. But the anticipatory action also refers to changing the 
character of the networks in general. 

Yet, while there are opportunities for anticipatory action, there are also limits to 
what strategy and policy can achieve. Neither a firm nor a national innovation system 
is fully malleable to decisions taken by management or policy-makers, even in the 
medium term. Both firms and national innovation systems can, thus, be charac
terized as being less than highly responsive to managerial choice. Moreover, as 
Radosevic argues, government failures are abundant in post-socialist systems of 
innovation, further limiting the influence of policy. Finally, there may also be limits 
to what is desirable for the state to do. Take the case of a 'harmonization' of the 
European infrastructure for innovation. This may well have a detrimental effect in 
that it may reduce the local support for nation-specific specialization patterns in 
Europe and, thus, reduce the variety in approaches, technical competence, etc., at 
the European level. 

In conclusion, these chapters reflect a growing interest in the dynamics of 
innovation systems, and they explore some aspects of that issue from a set of 
different angles. 



CHAPTER THIRTEEN 

Science-based Technologies and 
Interdisciplinarity: Challenges for 
Firms and Policy 
Frieder Meyer-Krahmer 

1. Introduction 

It may be concluded on the basis of recent studies of emerging technologies in the 
USA, Japan, and Germany that the characteristics of technology at the beginning of 
the twenty-first century show a series of changes: drastically increasing costs of 
innovation, the growing significance of interdisciplinarity and the dynamism of 
overlapping technology areas, an increasingly close relationship between basic 
research and industrial application, and a tighter meshing of research and demand. 
This chapter emphasizes two of these changes: the increasing role of science-based 
technology, following Pavitt's (1984) terminology of science-based technologies, and 
the growing importance of multi- and interdisciplinarity which is a reflection of the 
fact that a separation of technologies becomes more and more difficult and the 
overlapping areas are often highly dynamic. These phenomena have several con
sequences for systems of innovation. While they are not totally 'new', insofar as they 
are indications of a long-term process of structural change in knowledge production 
and diffusion, they may be new paradigms. 

The empirical evidence of this chapter is primarily based on recent studies carried 
out through the Fraunhofer Institute for Systems and Innovation Research (lSI) on 
the characteristics of new technologies projected for the beginning of the next 
century, science-based technologies, and interdisciplinary research. Especially it 
refers to the excellent studies of Grupp (1993), Grupp and Schmoch (1992) and 
Schmoch et al. (1993, 1994). 

The purpose of this chapter is to describe and explain these paradigms and to draw 
main consequences for firms as well as for science and technology policy. It is 
structured to provide first an introduction to measurement concepts of science
based technological change with empirical evidence to support this paradigm. Then 
it describes mechanisms and barriers of interdisciplinarity and presents empirical 
evidence of the second new paradigm. In the third section a conceptual framework 
is developed to describe and explain these paradigms analytically. The final part of 
the chapter draws conclusions on appropriate organizational structures and publica
tion patterns at the firm level. Within the field of science and technology policy, the 
conclusions deal with necessary changes of the traditional promotion of university
industry relationships, consequences for organization, communication, interaction, 
motivation, and incentives within the public research world. 
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2. Measuring the science base of technical change: conceptual 
and empirical evidence 

According to Schmoch et al. (1993), since the 1960s there has been a growing number 
of retrospective studies that try to evaluate the dependence of past innovations on 
scientific work. The first of these large-scale studies was the so-called 'Project 
Hindsight', carried out by the US Department of Defense (DoD). The study 
assessed the relative contributions of science and technology to the development of 
twenty weapon systems. A resume of the results shows that basic research seems to 
be relatively unimportant, whereas applied research and experimental development 
have the highest payback (Sherwin and Isenson, 1966). As a reaction to the negative 
findings of the Project Hindsight studies, the National Science Foundation launched 
a second study under the acronym TRACES. The findings provided evidence to 
support the science-push model of innovations. However, the results are mostly 
dependent on the selection of five radical innovations for the case studies (magnetic 
ferrites, video recorder, oral contraceptive pill, electron microscope, and matrix 
isolation). 

Mansfield (1991) tried to measure the contribution of science to technology in a 
survey of 76 large US companies. He found out that, on average, 11 per cent of the 
product innovations and 9 per cent of the process innovations could not have been 
developed on time without academic research. The time-lag between the publication 
of the scientific results and product introduction to the market was seven years. 
(Further similar studies on the impact of science on technology are reviewed and 
discussed in Irvine and Martin (1984).) 

None of the above discussed studies, however, gives clear estimates on the 
(monetary) value of scientific research for technology, but only qualitative indica
tions. David et al. (1993: 217) show that 'basic research results rarely lead directly to 
new processes or products without substantial modifications'. In view of this, the 
authors suggest an information-theory approach. Within this analytical framework, 
basic research generates general 'orientation knowledge' which helps to identify 
promising areas for applied research and, also important, less prosperous areas. 
Basic research can make at least three key contributions to technological innovation 
(Mowery, 1994 and the literature cited by the author). First, by enhancing the 
economic returns from applied research, the informational results of basic research 
contribute to economic growth. A second important contribution of many basic 
research programs is their training of scientists and engineers. Basic research makes 
a third contribution to the innovation process through the development of new 
instruments and techniques for use in basic research programs and laboratories. 

Discussions about the importance of national innovation systems in view of the 
internationalization of research and development and the globalization of markets 
and corporate associations have also enlivened the debate on the characteristics of 
an efficient innovation system and a broad range of knowledge flows. Particular 
attention has been drawn in the literature to the vertical interdependencies between 
suppliers, manufacturers, and customers (Porter, 1990; von Hippel, 1988), the 
interdependencies between technologies (Kline and Rosenberg's 1986 'chain-linked 
technologies'), and network externalities in the application of technology (see 
Arthur, 1988; David, 1987). In addition, emphasis has been placed on the necessity 
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of close links between basic, applied, and industrial R&D (Lundvall, 1992; Mowery, 
1992; Nelson, 1993). From this viewpoint, one of the fundamental characteristics of 
modern innovation systems are the intersections of knowledge flows and the 
significance of spill-over effects (see Amable and Boyer, 1992 and the references 
cited there). Spill-over effects as (public) information are frequently referred to in 
the 'new growth theory' as a major source of endogenous growth. The following 
kinds of knowledge flows can be distinguished: 
• Technological interdependencies via flow of goods and services (interlinking via 

purchased materials, services, and capital goods); in Germany empirical studies 
were carried out using input/output analyses (technology flow matrix) by DIW 
(Meyer-Krahmer and Wessels, 1989) and IFO (1989) within the framework of the 
so-called 'Meta' study. All formal transactions of knowledge can be subsumed 
here. 

• Intra- and intersectoral flows of information (overviews can be found in Harhoff, 
1991; Harhoff and Konig, 1993). All informal transactions can be subsumed 
here. 

Research on company networks has undergone a marked increase in interest (see, 
e.g., Fritsch, 1992; GemUnden and Heydebreck, 1993; Hagedoorn and Schakenraad, 
1991). Knowledge flows between the science sector and companies (in the form of 
private or public goods) have played a minor role. From an organizational viewpoint 
these knowledge flows have long been a subject for innovation research in which the 
special role of technology transfer organizations and other catalyzing forms are 
emphasized. Freeman (1982) points out that the extent of the science base depends 
on the type and interests of the bridging organizations and that an academic 
organization, in particular, is subject to other incentives and career patterns than is 
the case with basic research in a large industrial laboratory. 

Based on extensive British industrial innovation statistics, Pavitt (1984) divides 
manufacturing industry into four categories, which, apart from conventional in
dustrial sectors (supply-orientated sectors, specialized suppliers, scale-intensive 
sectors), also include a so-called 'science-based' sector for the first time. In this 
sector innovations are directly linked to technological advances made possible by 
basic scientific and engineering research. The innovative products from these 
science-based industrial sectors often contribute generative knowledge to other 
industries (see Dosi, 1988). This institutional approach emphasizes the mutual 
dependence of the protagonists of science and companies via R&D contracts, formal 
or informal contacts, transfer of personnel, and institutional arrangements. In 
addition, there is the possibility of capturing the functional correlation between 
basic research and industrial R&D. This may be grounded on 'science base' 
indicators, an approach lSI has been developing over the last few years (the 
following description is closely based on the study of Grupp and Schmoch, 1992). 

Within the framework of Pavitt's typology of industrial sectors, which is mainly 
based on British data, he classifies the following as science-based sectors: 
• the electronics industry; 
• large parts of the organic chemistry industry; 
• the pharmaceutical and biotechnology industries; 
• air and space travel; 
• military technology industry. 
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However, according to Grupp and Schmoch (1992), it cannot be assumed that 
Pavitt's five sectors are orthogonally related, i.e., that the affiliation of a certain 
industrial branch to one sector excludes all other characteristics. Scherer (1982) 
empirically revealed the complex, interrelated dependencies between industrial 
sectors and technological aspects for the USA; he showed that the R&D activity of 
industry is highly product oriented and that therefore technological change is 
product oriented rather than represented by its relation to an industrial sector. For 
this reason, a sectoral technological model is used at lSI (Grupp and Schmoch, 
1992). 

The applied approach makes use of the fact that the previous state of technology 
has to be researched when patent applications are examined by the experts from the 
patent offices. As well as the references made to patent literature, there are also 
references to scientific papers. If the frequency of such 'non-patent literature' (NPL) 
references in patent documents is taken as an indicator of the link with science, then 
this indicator can be used to measure the science base. The approach presented here 
is based on these considerations and builds on the works of Carpenter et al. (1980), 
Coward and Franklin (1989), as well as van Vi an en et al. (1990). 

In accordance with these considerations, the measurement concept can be defined 
as follows (Grupp and Schmoch, 1992): 
Pij(t): The number of patent documents in year t from country i and techno

logical area j 
NPL (Pjj, t): The number of NPL citations in year t in the patent documents from 

country i in technological area j (NPL: 'non-patent literature' so far 
identifiable as scientific literature). 

The average NPL indicator is then defined in accordance with Equation (1) as: 
NPLMjj(t) = NPL (Pjj , t)/Pjj (t) (1) 

The NPLM indicator gives the median of science references in the patent documents 
for a certain year, country, and technological area. Equation (2) gives the relative 
NPL indicator RNPL. The RNPL index gives the deviation of countries and 
individual technologies from the overall world average, the international compar
ative value always corresponds to zero. A stronger science base results in a positive 
RNPL value, while a base weaker than the world average results in a negative RNPL 
value. The indicator is tied to ± 100 (tangens hyperbolicus) and is symmetrical with 
reference to the neutral value O. 

RNPLjj = 100 tanh In [NPLMij Lj Pj/Lj NPL (Pij)] (2) 

The study relates to a statistical total evaluation of all published patent applications 
at the European Patent Office (EPO) from the priority years 1979 to 1988. The 
priority year is the year of the first application to any patent office in the world in 
order to safeguard priority claims as given on the EPO document; it does not 
necessarily denote the year of actual application at the EPO. The priority year 
therefore represents that year in which the invention materialized and was codified 
and will henceforth be termed (without patent law detail) the year of invention. 

The whole measurement concept, the data on which it is based, as well as the 
extensive data processing involved are all described in Grupp and Schmoch (1992). 
A classification of modern technology using 28 areas was developed by technological 
specialists from the Fraunhofer-Gesellschaft. In the following, several selected 
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results from the study of Grupp and Schmoch (1992) show the fundamental 
characteristics of the links with science, outline the international developments, and 
illuminate the division of labor within the German research system. 

As part of this investigation, a new technology classification has been developed 
based on the International Patent Classification (IPC). Drawing on the technological 
know-how of specialists from Fraunhofer-Gesellschaft, the largest German research 
society for applied research, individual patent symbols on subclass level were 
arranged in 28 broad technological sectors representative and homogeneous in 
terms of modern technology. 

Figure 13.1 is a cartographic representation of the relationship between these 
technological sectors. It represents technology with a mechanical or machinery cluster 
in the 'north' of the map. Going counter-clockwise, machinery is connected to 
chemistry by process engineering and textiles. Chemistry is more remote from me
chanics in its organic or biological (genetics) part. On the bridge between chemistry 
and electrical machinery are coating, printing, and optics. Applications of micro
electronics (like data processing or telecommunications) are more remote both from 
mechanics and chemistry than from electrical machinery. Between the electrical 
cluster and mechanics are the instruments (other than sensors) and electricity. 

Figure 13.1 shows that the science relationship is concentrated in the larger area of 
microelectronic-assisted information technology, in organic chemistry and its most 
recent impacts in genetic engineering, and also in food technology. From the cluster 
around more traditional chemistry, inorganic chemistry is an outsider, owing essen
tially to developments in modern materials including high-temperature, super
conductive materials. The large area of mechanical engineering with its many 
offshoots can be classified as barely dependent on advances in science. A further 
analysis shows that the science connection strongly differentiates between technol
ogical sectors but to a lesser extent between countries. It seems to be an internal 
feature of technology. 

According to Figure 13.1 and its four pragmatic classes, the science connection is 
at its most pronounced in genetic engineering/pharmaceuticals and laser technology. 
These are followed - at a considerable distance - by a series of technological areas 
belonging more or less to the broad area of microelectronics. These are tele
communications, electronic components, information storage, data processing, 
image transmission, and sensor technology. Other above-average, science-based 
technological sectors include optics, surface technology (coating), organic and 
inorganic chemistry, and food technology (nutrition). 

Classified as having a slightly below average science base are eight sectors, namely 
polymer chemistry, resins, instrument building, printing technology, electrical engi
neering, electricity and nuclear engineering, machine tools, and process technology. 
Seven remaining sectors, among them engines and turbines, transport and traffic, 
and handling, are weakly based on science. 

Internationally, high patent growth rates are taking place in the science-intensive 
technology areas. The closer the correlation between a technologically developing 
area and scientific discoveries, the greater its growth in the 1980s. Internationally, 
the technological subsectors with the greatest dynamic development in the 1980s 
have also been more dependent on science than the others (see Figure 13.2). In all 
probability this trend will continue to a growing extent in the 1990s. 
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The functional relationships between basic research and inventions can also be 
distinguished according to which research protagonists of a country are active in the 
respective areas. As Grupp and Schmoch (1992) show, in the case of Germany, in the 
areas closely related to medicine (genetic engineering and pharmacy), as well as in 
medicine and organic chemistry, university research activities are above the ex
pected number based on the science bond. In contrast, they are below average in the 
area of microelectronics and information technology (electronics, telecommunica
tions, information storage, data processing, and phototelegraphy). Research in
volvement in the areas of laser technology, measurement technology, surface and 
food technology is average. 

Clearly German universities take an active role in scientific technology, although 
the link between science and technology is much stronger in chemistry and medicine 
than in electrical engineering and information technology. The 'microelectronics 
deficit' which has been much discussed recently in Germany also extends to its 
universities. 

Engines 

(Laser medicine) - -

Machine 
tools 

Nutrition 

Organic 
Chemistry 

Pharmacy 

• Strongly based on science 

o Above average science base 

o Below average science base 

o Not based on science 

Traffic 

Mechanical 
Machinery 

Handling 
Instruments 

(Nuclear) Electricity 

Lasers 

Information Storage 

Figure 13.1 Cartographical depiction of the structure of technology in 28 sectors and their science 
relationship 
Note: The distances between technology sectors are calculated by multidimensional scaling of the 
frequency of co-classification of patent applications 1987-88 by IPC symbols by the EPO; thick and 
thin lines are introduced for cases of frequent bilateral co-classification which is difficult to visualize in 
this two-dimensional figure by a proper distance; dotted lines label the case studies' patent samples; 
the size of the circles represents the volume of patent numbers 
Source: lSI (Grupp and Schmoch, 1992: 67) 
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Figure 13.2 Worldwide increase in invention activity as a function of science involvement 
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Note: Mean annual increases 1979-88 measured as a percentage of the 1987-88 patent applications 
Source: lSI (Grupp and Schmoch, 1992: 65) 

Several case studies of laser, polymer, and fuel cell technologies demonstrate the 
dynamics of science-based technologies and the feedback (not the linearity) 
between basic research and industrial R&D (see Grupp, 1994). Figure 13.3 shows 
the case of laser beam sources. It includes data on publications (as output indicator 
of basic research), patents (as output indicator of applied research), and sales (as 
output indicator of innovation). According to Grupp (1994), after World War II, few 
publications dealt with laser beam generation. An increase in the number of 
publications is observed a few years before the first patents were applied for. The 
growth rates for papers and for patents are not much different in the early 19605. 
Grupp states: 

14 
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Figure 13.3 Laser beam sources: long-term dynamics 
Note: Long-term activity trends of papers and patent applications related to laser beam sources and 
estimated OECD production of laser systems; the activity indexes are normalized such that the areas 
under the respective curves are equal 
Source: lSI (Grupp, 1994) 
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The first invention was registered with priority in 1961, the year which followed the first 
practical realization of a ruby laser. Until the end of the sixties a steady increase can be 
observed which is followed by a decline until the middle of the seventies .. .. The first 
wave of patents can be related to the phase of technical realization and basic appropria
tion of this new technology .. . . The second take-off is induced by a growing number of 
realistic, marketable products which required special modifications of the beam sour
ces. New basic properties were made exploitable by scientific efforts. Thus, the recovery 
of patents since the middle of the seventies is simultaneously due to a demand pull from 
product requirements as well as to a technology push. (Grupp, 1994: 243-4) 

This case illustrates impressively the dynamics of research and technology: a first 
science-push cycle is followed by a demand-pull cycle; basic research (measured by 
publications) is an important activity during the whole period, basic research and 
applied R&D (measured by patents) are running in parallel, the innovation process 
is non-linear and requires efficient feedbacks and interactions. 

3. The need for interdisciplinary research and its lack in 
academia1 

Different Japanese ministries and agencies have carried out studies concerning the 
identification of technologies with future economic potentials. One example illus
trating this is the periodically renewed Delphi inquiry, Future Technology in Japan, 
carried out by the Science and Technology Agency (ST A) in order to estimate the 
time of introduction of new technologies into the market. Other studies realized 
during the last two years are, for instance, the White Paper on Science and 
Technology, also issued by the STA, and the Report of the Year 2010 Committee, 
issued by the Economic Planning Agency (EPA). Similar efforts are being under
taken by the respective US departments or public research institutions concerning 
different objectives. These studies are either oriented towards special fields of 
industry, such as the report Micro Tech 2000, issued by the National Advisory 
Committee on Semiconductors, or towards the goal of maintaining or improving the 
competitiveness of the economy as a whole, such as the report Emerging Technolo
gies, issued by the Department of Commerce (DoC). 

From the early 1990s, the German government has been increasingly engaged in 
similar activities. The report Technology at the Threshold of the 21st Century 
(Grupp, 1993) and a Delphi inquiry comparable to that carried out in Japan were 
done by the lSI (the Delphi inquiry in close cooperation with NISTEPffokyo. See 
BMFT, 1993; Cuhls et at., 1994). The study edited by Grupp is of special interest 
because of its applied methods. In this study, all defined technology areas were 
evaluated according to a set of criteria that took into account scientific, economic, 
and social possibilities, as well as the technologies' requirements and threats. Among 
others, the strength of the national R&D infrastructure, the extent of public funding, 
and the interest of the industry in the respective technology area were assessed. In 
this way, the identification of promising future technologies is made to support 
political decision-making about where research should be pursued. In this context, 
the criteria on infrastructure can show whether the existing institutional landscape in 

1 This section summarizes a recent lSI study on interdisciplinary cooperation of research 
teams in science-intensive areas of technology (Schmoch et al., 1994). 
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the selected areas is appropriate, has to be modified, or whether new capacities have 
to be created. 

The results show that technology at the beginning q,f the next century cannot be 
separated according to conventional disciplines. Regardless of how differently the 
paths of technology emerge, they are all linked together in the end. As in science, 
knowledge production is characterized by increasing interdisciplinarity. A further 
important finding of the TRACES study is the clear recognition that important 
innovations often stem from the interaction of several previously unconnected 
streams of scientific and technological activity. For example, the research paths of 
the video recorder reveal that this particular innovation was a result of the merging 
of several streams of scientific and technological activity, including control theory, 
magnetic and recording materials, magnetic theory, magnetic recording, electronics, 
and frequency modulation. Against this background, the authors of TRACES 
conclude that organizations that support and guide research have to improve 
communications among disciplines and between non-mission and mission-oriented 
research as well as to continue involvement with a variety of institutions that 
promote research diversity. 

The mentioned degree of intertwining between science and technology on the one 
hand and between different technological areas on the other requires new organiza
tional and social innovations. This is also emphasized by Gibbons et at. who suggest 
that: 

The familiar discipline-based, internally driven, individually-dominated structures that 
currently dominate the universities and the public sector laboratories are yielding to 
practically-oriented, transdisciplinary, network-dominated, flexible structures that are 
characteristic of the mode of organization of science and technology in the most 
advanced sectors. (Gibbons et at., 1994: 79) 

It is quite obvious that the need for cooperation is expressed by scientists represent
ing almost all branches of scientific activity. People like Heisenberg (1984), or 
Weizsacker (1978), philosophers, biologists, and sociologists from different coun
tries commonly propose a joint effort of all disciplines to overcome the isolated 
development of knowledge production. 

All cooperative activities beyond the borders of different disciplines are generally 
summarized under the heading of 'interdisciplinarity'. The common purpose of this 
form of cooperative scientific activity should disclose similarities and differences in 
motivation. There are two main benefits of interdisciplinarity (Schmoch et al., 1994). 
First, if interdisciplinary research is looked upon from the perspective of a discipline
bound scientist who struggles with a specific problem in a field of research, coopera
tion may improve the process of knowledge production in that discipline. Thus it is 
efficiency increasing. Authors like Jantsch (1970) and Lenk (1978, 1980) point to the 
fact that the improvement of efficiency to solve problems within single disciplines 
remains crucial. 

Second, an interdisciplinary approach may be most effective when dealing with 
the problems that have come with the development of modern industrialized 
societies which affect what economists call public goods such as health, national 
security, and the environment. As science has become a general problem-solver 
during the last century, it is increasingly expected that scientists will deliver solutions 
to the urgent problems of mankind. The range of these problems, however, is not 
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only global but reaches far beyond the borders of single scientific disciplines. 
Consequently, scientists from various disciplines are forced to work together to 
bring about solutions (Kocka, 1987; Maier-Leibnitz, 1992; Robson, 1993; von Dit
furth, 1987; Weizsaker, 1978). Probably because of the widespread public acknowl
edgment of these problems, national governments have started initiatives for 
problem-bound interdisciplinary research on specific subjects. Van den Daele et al. 
(1979) deal with the influence of government on national research agendas (espe
cially interdisciplinary projects). 

A third aspect of 'interdisciplinarity' deals with cooperation within single dis
ciplines and might be called 'small interdisciplinarity' (HUbenthal, 1991: 20). This 
kind of cooperation has come about because of an excessive division of labor even 
within disciplines. Scientists have to work on fields outside their expertise but within 
their own discipline because their specialization does not enable them to stay in 
touch with related areas of research. 

According to Schmoch et al. (1994), the discussion of interdisciplinarity research 
has so far mainly focused on the sphere of scientific research at universities. There is 
the common notion that university-bound science and technology belong to differ
ent cultures of thought and practice. The expression 'scientific community' serves as 
a synonym for the professional and social distinction of the group of scientists who 
work in their respective fields of research which are organized in disciplines and 
faculties and are generally characterized by a certain inertia (Layton, 1977; Stankie
wicz, 1986). These features lead to a resistance to interdisciplinary work. Dasgupta 
and David (1992) emphasize the cognitive and methodological difference between 
scientists working in industry or at universities. They believe some characteristic 
features to be a constitutive element of the emergence of distinctive research 
cultures in industry and at university. As crucial factors they regard the socio
economic arrangements that determine the disclosure of knowledge and the reward 
systems. 

Work in R&D laboratories, which form the institutional equivalent to faculties 
and departments in universities, is to a larger extent determined by the dynamics of 
practical technical problems which normally do not reflect the structure of the 
division of science in disciplines. In general, technical problems do not exactly fit the 
classification scheme of disciplines but belong to several disciplines at the same time. 
Consequently, industrial R&D laboratories must be much more accustomed to 
multi- or interdisciplinary research activities (Layton, 1977). This same aspect is also 
highlighted by Majer (1978) who surveyed the composition of research teams in 
R&D laboratories in industry. He found out that, in general, they consist of scientists 
and engineers from different disciplines. Thus, interdisciplinary research (even if it 
does not fulfil the exact definition stated above) is much more common in industry 
because firms have employed a number of scientists and academics who received 
their scientific training from different disciplines and faculties. Consequently, as 
technical problems determine the research agenda, interdisciplinary research is 
naturally practised in industrial R&D laboratories, and scientists are constantly 
forced to look beyond their own disciplines. Thus, the emergence of a sclerotic 
structure of single disciplines is avoided in industry. 

The obvious gap in culture between the scientific community and industry is 
further stressed by Stankiewicz (1986) who, in his book about university-industry 
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relations, points to the barriers in thinking and communication which are largely due 
to the discipline-bound organization of science at universities. Industry feels that this 
fragmentation of science was established by historical accident; it prevents science 
from coping with urgent problems and is therefore artificial and outdated. 

The problem of interdisciplinary cooperation is analyzed by Schmoch et at. (1994) 
in further detail on the basis of two case studies for the areas of medical lasers and 
neural networks. As for the disciplinary orientation, a strong tendency towards a 
division of research according to traditional disciplines even in interdisciplinary 
areas can be observed. In the case of medical lasers there still exists a quite strict 
division in technical, system-oriented research as well as biomedical research. In 
neural networks, the activities are generally divided into computer science and 
neurobiology. There exist first of all structures of 'small' interdisciplinarity within 
natural sciences or within life sciences with, e.g., teams of physicists and electrical 
engineers or biologists and physicians. Only a few academic institutes aim at the 
integration of disciplines of high distance. These institutes, however, generally prove 
to have a decisive function for the progress of the area. 

The results of these case studies confirm that industrial companies have less 
problems in organizing interdisciplinarity. Companies, however, work in the applied 
part of interdisciplinary fields, where the disciplinary differences are generally not so 
large. For example, the manufacturers of medical lasers have to integrate physicists, 
engineers in electronics, and technicians in precision mechanics, but not physicians. 
Industrial research teams in neural networks generally consist of physicists, elec
trical engineers, and computer specialists, but seldom biologists. The big inter
disciplinary gaps between, e.g., physics and medicine or computer science and 
biology appear in the early stages of a new techno-scientific field and thus primarily 
on the level of basic research. In consequence, academic institutions are confronted 
with problems of 'big' interdisciplinarity. The disciplinary structures in universities, 
moreover, are much more rigid than in industrial enterprises. Thus the set-up of 
interdisciplinary approaches in academic institutes by external bodies is crucial for 
the development of advanced techno-scientific areas. 

4. Conceptual considerations 

Along the lines of the evolutionary innovation theory, four main characteristics 
dominate the processes of science production, innovation, and diffusion: path 
dependence of technologies, diversity of structures and practices, irreversibility of 
processes, and learning. This section focuses on the path dependence of specific 
kinds of technologies - science-based and transdisciplinary technologies - and their 
specific mode of science production, innovation, and diffusion. It tries to describe 
their specific structures (institutional, technological, functional) and their specific 
process of learning (communication, incentives, modes). In the institutional context, 
the focus is on the interlinkages between subsystems of the research system as well 
as linkages between research and industry. A comprehensive model of these 
complex processes will not be developed. Instead two dimensions will be discussed 
in detail: communication and mobility in the scientific world and the aims of firms 
engaged in science-based research. 
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Scientific communication linking the sides of knowledge production is carried 
through the exchange of scientists and their scientific ideas. The intensity of 
communication among scientists is embedded in the social organization of their 
work. According to Gibbons et al. (1994), communication among scientists is 
influenced by two factors: one is their mobility, while the second relates to how they 
set priorities and select problems. Gibbons et al. argue that interdisciplinarity has 
been facilitated through the availability of improved technical means of communica
tion. The computer has become the new and powerful tool in science which 
generates a new language and images. They cite the beautiful colored images of 
fractals that have changed the perception of scientists and the general public in ways 
that are both aesthetically pleasing and mathematically challenging. Modeling data, 
whether related to environmental research where huge climate or ocean flow models 
are being generated, or within geography and related disciplines where the advent of 
geographical information systems has literally changed the way of visualizing and 
practising regional planning, have opened new channels of communication cutting 
right across scientific disciplines and fields of research. Becher compares the ' urban 
mode' of communication which he sees as characteristic of the hard sciences with a 
'rural mode' which is characteristic of the soft sciences (see Gibbons et al., 1994). 

As in an urban area, Gibbons et al. argue, the cognitive territory of the hard sciences 
is densely packed with people who all want to work on a small number of problems 
that are thought to be highly relevant and rewarding. The cognitive space is therefore 
crowded, communications thick, and competition intense. By contrast, many, though 
not all of the soft sciences and practically all of the applied sciences seem to be marked 
by a 'rural' form of communication. Problems considered worth working on are much 
more numerous and widespread; scientists have a lot of choice, and can settle in the 
next valley if they think the current one is already overcrowded. Communication 
patterns are less well organized, and news about significant conceptual or methodo
logical advances trickles down rather than spreads rapidly. Hence scientists working in 
an urban mode are more likely than those in a rural mode to have established 
mechanisms that allow them to agree more easily on the problems. 

Another important factor in the patterns of communication between scientists is 
its spatial dimension. Gibbons et al. (1994) emphasize that communication among 
scientists is both international, in line with the universalism of science, and locally or 
nationally oriented, in line with the still dominant national orientation of R&D 
funding. The career structures of scientists, their international mobility notwith
standing, are still largely shaped by the national science system and the specific rules 
of different disciplines. 

In studying communication and mobility in the context of science-based technolo
gies and interdisciplinary research one might expect fruitful results if one follows the 
more recently developed concepts of information theory (as Paul David proposes). 
These include concepts of proximity, information codes, channels, and flows to 
describe and explain the interaction - as well as the distance - between different 
disciplines and basic and industrial R&D. A second approach deals with micro
economic and organizational concepts to construct models of appropriate incentives 
and structures, which can be used to describe and explain the (non-)existence and 
(in)efficiency of linkages, networks, and interactions. These analytical concepts are 
still undeveloped and need to be elaborated in a more extensive way. 
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5. Conclusions for firms and S&T policy 

5.1. Conclusions at the firm level 

The paradigms described are becoming important for a growing set of firms and 
industries. They have several consequences for firms. Only three will be discussed 
here. These include the firms' need: 
• to build structures to promote trans- and interdisciplinarity; 
• to strengthen their science base through linkages; 
• to alter their publication pattern. 
First, the heightened importance of trans- and interdisciplinarity means that firms 
must develop tools and organizational structures to integrate intrafirm and interfirm 
knowledge in an efficient way. This requires searching for the appropriate means to 
exploit the entire knowledge base of the firm. An appropriate structure would 
accommodate horizontal coordination (effective for trans- and interdisciplinarity) as 
well as horizontal coordination (effective for science-based technologies). A useful 
approach is Aoki's model (1986), which links the level of the information structure 
to the level of the coordination mode and explains the necessary conditions and 
prerequisites of horizontal and vertical coordination. This model is aimed at the 
economic analysis of the organization of the firm. Essentially, it compares the 
relative efficiency of two information structures of the firm, the horizontal and 
vertical ones. Foray and Llerena (1994) used the model to discuss efficient informa
tion structures and coordination mechanisms in technology policy. 

The second consequence for firms relates to the central role of R&D labs within 
large companies. In principle the described paradigms support the legitimation of 
their existence; furthermore, these labs underline the importance of efficient link
ages between central (or corporate) R&D and the business units' R&D activities. 
Several organizational procedures and models are discussed in the literature (see, 
e.g. Coombs and Richards, 1993; Ewald, 1989; Reger et al.,1994; Roussel et aI., 1991; 
von Wichert-Nick and Reger, 1994). As outlined in section 2, in the case of Germany 
the electrical industry does not seem to have succeeded as well as the chemistry 
industry in stimulating or asking for relevant research activities at universities. This 
is the result of the chemistry industry being more successful than the electrical 
industry in building close relationships relevant for research aspects as well as in 
recruiting qualified personnel and introducing the most up-to-date insights from 
industrial research into academic curricula. Based on an analysis of citations, 
Liebermann (1978) refers to the importance of informal networks. This shows that 
successful or deficient linkages of industry and universities occur over a whole range 
of dimensions and can be measured by a corresponding multitude of indicators. 

It is of increasing importance for companies to master links with science, which is 
problematic being that this is not part of their traditional area of responsibility. The 
most recent investigations of Mansfield (1991) also refer to the great significance 
academic research holds for industrial innovation. The advantages of networks are 
primarily their dynamism (Fritsch, 1992), making them especially effective under 
conditions of turbulence. This is true for science-based areas to a large degree. Thus, 
greater demands are being made on industry's 'ability to link', or its 'absorptive 
capacity' in Cohen and Levinthal's (1989) terms, particularly in science-intensive 
areas. Company in-house R&D will also be affected by the dynamism of science-
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based technology. The absorptive capacity is often required in areas in which the 
company yet has no business, or for which no market as yet exists. To a great extent, 
therefore, the central R&D departments will have to concern themselves with the 
problems and opportunities of science-intensive technology. 

A third consequence at the firm level is that science-based technology will lead to 
another publication pattern of firms. If a firm publishes, it sells an information with 
a price of zero or produces a public good (codified knowledge). One can expect that 
firms will publish only the knowledge that they can no longer sell at a price above 
zero. But under a regime of science-based technologies firms have also an incentive 
to indicate their specific (mostly tacit) knowledge base. The motivation and aims of 
firms improving their links to basic research are discussed in a paper by Hicks (1994) 
exploring the reasons of companies for publishing in the scientific and technical 
literature. She refers to Cohen and Levinthal (1989) and Gambardella (1992) who 
argue that companies must invest in basic research to create the capability to 
recognize, assimilate, and exploit knowledge created elsewhere. Innovation studies 
show that when a firm needs to solve a technical problem, researchers, especially 
those with PhDs, are able to gather information from academic contacts (Freeman, 
1991). Investing in basic research thus ensures that the firm has researchers on board 
to make those links. 

Hicks (1994) underlines the point that the initial purpose of US corporate 
research laboratories was to identify and evaluate external technology. Although 
corporate R&D laboratories had emphasized internal technological development 
for a time, they have in recent returned to stressing the importance of links with 
external sources of knowledge (Freeman, 1991; Mowery, 1989). Hicks's main 
conclusions are that firms in science-based industries are able to publish journal 
articles in part because they perform longer term research. They are also able to 
manage the release of their knowledge - deciding whether to keep information to 
themselves or to enforce a more open policy. They release information in publica
tions for a variety of reasons. Important among these is their need to participate in 
the barter-governed exchange of scientific and technical knowledge and to send 
market signals beyond that reflected in prices. Publications signal the existence of 
tacit knowledge and other unpublishable resources, thus building credibility needed 
to find partners in knowledge exchange. By signaling the existence of un publishable 
resources, papers also allow researchers to search, select, and evaluate their tacit 
knowledge. Thus, Hicks concludes, papers are integral to moving knowledge: not 
only do they convey formalized information, they point to the unpublishable. 

5.2. Consequences for science and technology policy 

What do the two paradigms mean for the concept of innovation systems? One could 
interpret the science-based technology paradigm as a renewal of the old linear 
model. This is not the case. This paradigm does not lead to more linearity, but to 
more feedbacks and better linkages. Thus, the following conclusions deal mostly 
with this issue. 

The first consequence of the paradigms underlines the relevance of a well
established science and technology policy area: the promotion of university-industry 
relationships. In this area, a long tradition of different institutional settings, financial 
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incentives and other tools of technology transfer is used. The experience with these 
approaches could be summarized as follows. Table 13.1 lists the main aims, selected 
effects and problems of different instruments for improving the links between 
universities, research institutions, and industry. The instruments and institutions 
themselves are described extensively in Meyer-Krahmer (1990). 

Institutional arrangements, such as contract research institutes or divisions, are an 
efficient way to link universities or public research institutes to industrial needs. A 
higher degree of user orientation can be expected. The main disadvantage of this 
approach is the danger of the reorientation of university research from basic to 
short-term, applied research. It is also necessary to avoid the danger of the educa
tional tasks of universities being restricted by this approach. European experiences 
show that the establishment of applied R&D institutes as 'know-how pools' may be 
useful with multifunctional tasks (contract R&D, demonstrating, counseling, testing, 
training) in strategic technology fields. The institutions should be part of a university 
or closely linked to it. Cooperative research institutes solve sector-specific problems 
which do not meet specific needs. In the Federal Republic of Germany, a high 
participation of small and medium-sized enterprises in such cooperations was 
observed. Recent approaches promoting national or international R&D networks 
are increasingly important for international competitiveness. An important pre
condition is a well-developed private and public R&D infrastructure. 

Based on European experiences, tax concessions or general subsidies for extramu
ral R&D strengthen existing internal or extramural R&D activities in industry, but 
have only small effects on initiating R&D corporations and start-ups. Only the 
reinforcement of existing R&D activities can be expected from this type of financial 
incentive. R&D grants for selected cooperation projects which are combined with 

Table 13.1 Instruments to improve the links between universities, research institutes and industries -
aims, effects and problems 

Instruments Aims, effects 

Institutional arrangements 
Contract research institutes High degree of user 

Cooperative research 
institutes 
Network approach 

Financial incen tives 
Tax reduction or subsidies 
for extramural R&D 
Subsidies for selected 
R&D cooperation projects 

Technology transfer 
Transfer units, innovation 
consultancies 

Exchange of persons 

orientation 
High participation of SMEs 

Establishing effective national 
and international R&D 
networks 

Reinforcing existing internal 
or extramural R&D 
Establishing strategic 
technology fields 

High participation of SMEs; 
initiating R&D cooperation 
and start-ups 
Increasing mobility of R&D 
personnel 

Source: Meyer-Krahmer (1990) 

Selected problems 

Time horizon of research may 
be too short-term 
For sector specific problems 
mainly 
Precondition: a well
developed private and public 
R&D base 

Only small effects on initiating 
R&D cooperation 
Diverging interests of research 
and business systems 

Low acceptance of newly 
established agencies by 
industry and host institutions 
Different career structure in 
universities and firms 
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national strategic economic planning are an efficient way to establish R&D capaci
ties and cooperation in strategic technology fields. The main problems are diverging 
interests of the research and business systems and ensuring flexibility for revising 
strategic technology planning under changed conditions. Cooperation also requires 
technical expertise on the industrial side. Usually extramural R&D must be accom
panied by internal R&D capacity within industry. 

Transfer units and innovation consultancy seem to be appropriate technology 
transfer instruments to activate small businesses and to adapt firms' behavior, 
planning systems, and attitudes to new technology. However, problems relating 
particularly to the acceptance of newly established agencies may be encountered. 
These problems could be avoided if existing organizations with high industrial 
acceptance were used (hosting such new activities) instead of establishing totally 
new agencies. Transfer of individuals is one of the most efficient ways of technology 
transfer. Increasing the mobility of R&D personnel between industries, universities, 
research institutes, and government is an important aim in many European coun
tries. Existing barriers are often a result of different organizational and carrier 
structures in the public and private sectors. 

The paradigm of interdisciplinarity affects these instruments by a shift from 
interorganizational to intraorganizationallinkages. The paradigm of science-based 
technologies calls for a renewal of traditional instruments to improve university
industry cooperation through new instruments linking academic communities with 
research communities in industry. Interaction and communication are more im
portant than financial issues. This leads to the following set of conclusions. 

A second important consequence for science technology policy is the necessary 
change of organization, communication, interaction, and motivation within the 
public research world. The consequences for science-based technologies are the 
need for new ways of linkages between basic research and applied research. Also 
trans- and interdisciplinarity need better horizontal linkages between disciplines. 
Often in the literature interdisciplinarity is a misleading concept of integrating and 
mixing disciplines. It is essential to understand that first-class trans- and inter
disciplinary research is highly dependent on first-class disciplinary quality of the 
scientists involved in interdisciplinary research. Therefore, an efficient linkage 
between (and not the integration of) disciplines is crucial. Possible tools and 
mechanisms of such linkages are: 
1. Organization of research: problem orientation in the case of well-defined social 

or industrial-technical problems. This requires, in contrast to the currently 
predominant internal objectives of science, new ways of project organization 
and management: 

2. A better linkage of the long-term, application-oriented basic research with 
applied research would meet the future requirements better. This could be 
achieved, for example, by a better institutional network, cooperative research 
on specific subjects, new models of financing, improved communication, and 
other assessment criteria. 

3. Team research: alongside the currently predominant orientation of academic 
research towards individualized research, team research must be developed and 
strengthened. The promotion of research groups is a good beginning here, as 
well as establishing institutes under cooperative management. 
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4. Improved intra- and intersectoral mobility of researchers: on an international 
level and also between science and industry. 

5. Increased flexibility of research structures: new developments and methods 
could be adopted more rapidly by: 
• making more flexible what are currently rigid public service rules and 

budgetary laws; 
• deregulating academic administration; and 
• creating a network of research institutions for a limited time, especially in an 

international framework ('virtual research institutes'). 
Applied research must be geared for a change in roles: it has not only to perform the 
(classic) transfer from basic research to industrial research, but also just the opposite, to 
transfer complex application problems to an attractive agenda of basic research. 

The third consequence for science and technology policy relates to another 
traditional field of this area, university training. Science-based technologies as well 
as trans- and interdisciplinarity lead to an increasing demand for PhDs in engineer
ing and natural sciences. This can lead to severe frictions and time-lags of the 
domestic educational system, which may give an incentive for firms to invest in those 
countries in which such academic potential is available. 

A fourth consequence is due to relations between industrial R&D and basic and 
academic R&D. In the past, government science and technology policy emphasized 
mainly basic and public R&D, assuming that volume and structure of industrial and 
applied R&D is in the responsibility of firms. The paradigms described lead to an 
increasing interdependence between (and to an increased paralleling of) public and 
industrial R&D which may lead to the conclusion that industrial R&D cannot 
increase without raising public R&D. Up to now, there is not enough empirical 
evidence available to prove this case. Nevertheless, it would have fundamental 
implications for future policy-making processes in science and technology. 
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CHAPTER FOURTEEN 

Technological Discontinuities and 
Incumbents' Performance: An 
Analytical Framework 
Ellinor Ehrnberg and Staff an Jacobsson 

1. Introduction1 

In order to achieve sustained economic growth, a national system of innovation 
(Freeman, 1987; Lundvall, 1992; Nelson, 1992) must successfully manage inter
mittent large increases in technological opportunity arising from the birth of new 
generic technologies2 (e.g., electronics or genetic engineering). 

With the invasion of many industries by these generic technologies, a large set of 
firms face transitional problems in terms of technological discontinuities.3 For 
instance, the diffusion of electronics and software technology in the electro
mechanical and mechanical engineering industries was associated with substantial 
alterations in the technology base4 of a whole set of products, such as measurement 
instruments, machine tools, office machinery, robots, etc. New ceramics technology 
may well have a similar broad impact on a set of industries including ball bearings, 
engines, tools, etc.s 

For firms whose core business is threatened by competition from a new and better 
product, one serious option, which may be crucial to the long-term survival of the 
firm, is to respond to technological discontinuity by changing over to the product 

I This chapter was kindly financed by the Swedish National Board for Industrial and 
Technical Development (NUTEK) and the Swedish Council for Planning and Coordination 
of Research (FRN). We are grateful to Franco Malerba, Maureen McKelvey, Morris Teubal, 
Slavo Radosevic, and Keith Smith for useful comments on an earlier draft. 
2 A technology is defined as a specific area of technical competence - not as an artefact. 
3 A technological discontinuity is here defined as a substantial change in the set of technical 

competencies required to design and produce a product, often resulting in a significant change 
in the price/performance of a product, or indeed, in a new product. This is discussed further in 
section 2.3. 
4 The technology base of a product is defined as the set of technical competencies required to 

design and produce a product. 
S Technological opportunities arise not only from the diffusion of new generic technologies. 

The diffusion of generic technologies throughout industry is a process which takes decades 
and a discontinuity can well arise as firms apply what is generally conceived of as already well
established technologies to new applications. 
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based on the new technology.6 It is, however, well known in the literature that 
incumbent firms frequently face difficulties managing technological discontinuities 
while successful firms are often found among new entrants (Anderson and Tushman, 
1990; Cooper and Schendel, 1976; Foster, 1986a, 1986b; Henderson, 1988; Tushman 
and Anderson, 1986). For instance, in the mobile telephone industry, the change 
from non-cellular to cellular technology was connected with the disappearance of 
most of the established firms (Ehrnberg and Sjoberg, 1995). Likewise, the incorpora
tion of electronic control systems into metal-cutting machine tools was associated 
with a dramatic shift in market shares from US to Japanese firms (Ehrnberg and 
Jacobsson, 1993; Jacobsson, 1986).' 

Technological discontinuities are therefore interesting from the perspective of 
both established firms and new entrants, where new entrants are either small infant 
firms or established firms from other industries. We focus, however, only on the 
problems facing individual incumbent firms whose core products have to undergo 
large technological changes unless they are to be substituted for in the marketplace.s 
From the perspective of such a firm, the objective of this chapter is to identify a set 
of factors influencing how an incumbent firm fares through a transition period 
characterized as a technological discontinuity. 

In some (management of technology) literature, explanatory factors of success and 
failure of an individual firm are often sought at the level of the firm. In other bodies 
of literature, the firm level tends to be absent and explanatory factors are sought in the 
institutional set-up of regions and nations. While it is obvious that firm level factors as 
well as institutional factors are crucial, a set of other determinants also needs to be 
considered. We will argue that we need to understand different units of analysis: the 
technology, the firm, the industry, and the (regional) technological system. Moreover, 
these need to be integrated into a coherent whole. We will therefore explore each of 

6 Another option is for firms with the old technology to increase the relative advantage of the 
old technology vis-a-vis the new. We do not know of any study dealing with how often such 
behavior actually 'stops' a technological discontinuity but it may be rational at least to try to 
prevent the technological substitution. It could even be argued that a firm should respond to 
a technological discontinuity by shifting its resources away from that industry and focusing its 
efforts on exploiting the technology in which the firm is leading. 
7 In other cases, the discontinuity has not stressed the incorporation of entirely new generic 
technologies in the product. Changes within existing generic technologies can also have 
disruptive effects on industry structure. For instance, during a period of twenty years, the 
industry for semiconductor photolithographic alignment equipment passed through four 
technological changes which were more in the form of generational changes than changes 
which substantially altered the technology base of the product. All four changes created major 
difficulties for the established companies. While all invested heavily in R&D, none of them 
was able to maintain its market share from one generation to another (Henderson, 1988). It is 
therefore not self-evident that a technological discontinuity only involves a technological 
change where new generic technologies substitute for other technologies. In section 2.3. we 
will discuss the nature of technological change further. 
S This is not to say that this is the only or even the most useful question to ask in connection 

with technological discontinuities. The relevant question to raise may be how innovative new 
firms can acquire assets that are complementary to its technology or how a first mover can best 
couple its technology to yet un met user needs. 
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these, integrate them, and develop a frame of reference for analyzing the conditions 
under which a firm will come out of transition successfully.9 

The structure of the chapter is as follows. In section 2, the units of analysis to 
explore are twofold: the firm and technology. Section 3 deals with factors operating 
at the industry level. In section 4, the unit of analysis shifts to the technological 
system(s) to which the firm belongs. In this section we also discuss the effects of 
being part of a region, i.e., a geographically concentrated part of a global technol
ogical system. Section 5 attempts to integrate these levels of analysis and develop a 
coherent frame of reference. 

2. The firm and technology levels 

A technological discontinuity can be defined as a substantial change in the set of 
technological competencies required to design and produce a product, often result
ing in a significant change in the price or performance of a product, or indeed in a 
new product. In neoclassical economics, problems associated with technological 
discontinuities simply cannot exist. Technology is assumed to be available to 
everyone, and thus the firm (both as user and supplier) can instantaneously adjust to 
new factor and demand conditions. 

Surprisingly, there is quite a strong tradition in the management literature that is 
akin to the neoclassical approach. In this literature, what the UN (1993) labels 
'voluntaristic' management literature, the organization is seen as highly responsive 
to managerial choice. The search for explanatory factors of success and failure in the 
wake of a discontinuity comes to rest primarily at the managerial level. 

In the literature on technological discontinuities, there is a number of examples of 
a 'voluntaristic' approach. For instance, Heesung (1988) suggests that 'the primary 
determinant for competitiveness is not the availability of advanced technology but 
the management attitude and view to changes in technology, market, and competi
tion'.10 Foster (1986a, b) argues for the 'attacker's advantage' and claims that failing 
firms have misread market signals, relied too much on market research and got stuck 
in a 'culture trap'Y Cooper and Schendel (1976) also focus on the strategic response 
of firms to technological threats in attempting to explain success and failures. Olleros 
(1986) has a similar focus on managerial factors, although his analysis of why 
pioneers are frequently burnt out also includes industry-level factors. 

9 While the causal relation between some of the components in our frame of reference is 
relatively clear, other links are more uncertain. Thus we do not propose a theory for 
forecasting the success or failure of an individual firm, but rather a set of factors and some of 
their interactions that should not be neglected when undertaking research on firms' strategic 
behavior during technological discontinuities. Our ambition is therefore not to develop a full 
fledged theory but rather to identify a framework which captures as much as possible the 
complexity of what happens in the course of a discontinuity (see Porter, 1991 for a discussion 
of frameworks vs. theories). 
10 This conclusion is based on the machine tool industry and it is unclear whether it is supposed 
to hold only for this industry or in general. 
11 The 'culture trap' is seen as being linked to the underlying technology base of the firm. His 
reasoning is close to the literature in organization which focuses on the distinctive character of 
routines in each firm. This literature will be incorporated in the analysis in the subsequent 
pages. 
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2.1. Inertia 

Drawing on traditions in industrial organization, Caves and Porter (1977) and Porter 
(1980) introduced significant inertia into the picture in their analyses of the varying 
height and character of entry and mobility barriers. An industrial positioning school 
evolved which would hold that a central task for management is to position the firm 
in a structurally advantageous and sustainable position. The ability to do so is, 
according to this school's line of reasoning, restricted by the type and character of 
resources which the firm possesses, or can mobilize, in relation to the prevailing 
entry or mobility barriers. The inertia that follows from a discrepancy between these 
two sets of resources may, of course, lead to a firm not positioning itself in a manner 
which is most advantageous from a structural point of view (Collis, 1991). 

Inertia stemming from a mismatch between the firm's resources and those 
required to compete in a structurally advantageous position is thus at the core of the 
industrial positioning approach. Inertia can therefore be seen as being created by 
processes external to the firm. 

A full analysis of a firm's strategy, including its response to a technological 
discontinuity, must, however, consider not only the requirements of product or 
market positioning but also those processes determining the rate and direction of 
accumulation of capabilities within the firm. These processes are complex and 
suggest that the organization is not always highly responsive to managerial choice, at 
least not in the short or even the medium term. 

A resource-based view of the firm '2 focuses on strategic issues that are somewhat 
different from the industrial positioning approach. This view targets the unique set 
of tangible and intangible resources that each firm develops in an idiosyncratic way.n 
It emphasizes the inherent immobility and 'stickiness' of such resources and the long 
time horizons involved in generating new resources. 

In emphasizing that creating such resources involves long-term, quasi-irreversible 
commitments to particular technological and organizational skills, the resource
based view, including its antecedents (Penrose, 1959) and descendants (Teece et al., 
1992) have pointed to a whole set of reasons, which are internal to the firm, as to why 
firms exhibit a behavior characterized by inertia.14 Highly differentiated competence 
of various types (both managerial and technological) and firm specific organizational 
routines, both of which are difficult to change in the short and medium term, are 
central to the argument. 

At the heart of the resource-based argument is the view that firms operate with 
different knowledge bases, using different problem-solving routines, and following 
different assumptions concerning technology, markets, competitors, etc. These 
variations arise from long historical processes, central to which are learning pro
cesses that are local, cumulative, and path dependent (David, 1988). The firm's 

12 See, for example, Collis (1991) and Prahalad and Hamel (1990). 
13 The work by ECLA under the leadership of Jorge Katz introduced the idiosyncratic form of 
firm development in the 1970s; see Katz (1983). 
14 Michael Tushman has pointed out that there are of two main types of inertia: structural 
inertia which correlates with the size of the firm; and social inertia which is larger the older the 
firm is (Tushman, 1995). 
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history therefore shapes the character of its unique bundle of technological, organi
zational, and managerial resources. Moreover, at any given point in time, history, in 
the sense of how it has shaped the prevailing set of competencies and organizational 
routines, constrains the rate and direction of accumulation of further assets and, as 
a consequence, the strategic choice of firms. 

2.2. Perceptions of the future 

Path dependence shapes inertia not only by constraining what a firm can do in the 
short and medium term but also what managers perceive as feasible and desirable to 
do. The concept of 'bounded vision', introduced by Fransman (1990), suggests that 
different kinds of organizations have different limitations on their field of 'vision', that 
is: 

their ability to perceive the importance of various areas of science and technology and 
to make serious attempts to assimilate and develop these areas ... the resulting 
bounded vision implies that new technologies emerging from neighbouring areas where 
the corporation does not have current activities are likely to take some time to 
penetrate the corporation's field of vision. (Fransman, 1990) 

This is akin to the concept of absorptive capacity (Cohen and Levinthal, 1990) in 
which it is argued that the ability to see, evaluate, and utilize new knowledge is 
largely a function of the level of previously accumulated, related knowledge. The 
particular type of 'path' that the firm is set on (involving a particular technological 
trajectory) would therefore be expected strongly to shape the technological and 
commercial opportunity set, as perceived by management. 

Thus, not only are firms restricted by history (through the prevailing technological 
and organizational set-up) in what they can achieve in terms of exploiting new 
opportunities but the understanding of changing opportunity set is also limited and 
varied between firms. To become better informed entails investing in an experi
mental learning process. This is conducted by firms that have a 'bounded picture 
about the future', which implies that many firms may be expected to fail to see, and 
therefore anticipate, the implications of new knowledge (Fransman, 1990).15 Thus 
organizational routines and the technology base (i.e., the set of technological skills 
the firm possesses) influence what the firm sees and how it evaluates and acts upon 
the new information. Ansoff and McDonnell's (1990) simple model of strategic 
information is useful for structuring the discussion of the processes whereby this 
takes place (see Figure 14.1). 

Firms have limited information processing capacity, that is, they have bounded 
rationality, and therefore their search for signs of technological change needs to be 
routinized and restricted to certain technical journals, university departments, 
exhibitions, suppliers of embodied technology, or patent directories. We would 

15 The nature of the future is such that it is often difficult, even impossible, to see and anticipate 
the implications of new technology. Often there is more than one new technology competing 
with the old technology, and the outcome of the race might be a stochastic process (see 
Arthur, 1988). However, variations in the technological and organizational set-up of firms 
would lead us to suspect that firms vary in their ability both to identify the competing 
technologies and to assess the probability that each of them will succeed in the market
place. 
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expect that such a search is limited to the generic technologies that dominate the 
firm's technology base and the industry in which it operates. The network (see more 
in section 4) thus mirrors the present technology base of the firm. The developments 
in other generic technologies are therefore likely to be filtered away by the 
surveillance filter. 

As managers respond to signals from the environment, they experience successes 
and failures. Over time, these experiences help managers to form success models 
(Ansoff and McDonnell, 1990; Spender, 1994). However, such experience-based 
models remain valid only as long as the variables and the relationships in the 
environment remain largely unchanged. When the environment undergoes a dis
continuous change, this experience-based model may well become a major obstacle 
for realizing the need for change.16 

As an example, in the mid-1970s Japanese lathe producers started manufacturing 
numerically controlled lathes on a large scale. This involved a discontinuity from mini 
to micro computer-based machine tools and soon the leading Swedish firm in the 
industry began to feel the impact. The success model of the Swedish firm had for about 
a decade been to sell quite high powered machines to mainly large customers. The 
sales had been direct, involving the firm's own marketing network and a great deal of 
communication with the customer. Sales had been in the order of a few hundred 
machines per year. When we informed this firm that the Japanese were pursuing a 
quite different strategy which might fundamentally change the character of competi
tion, the marketing director said: 'Even though the customers right now prefer 
Japanese lathes, they will come back to us as we have the best machines.' Thus, he 
refused to accept information that was not in line with an established success model. 

It is likely that the change in success models is even more abrupt when a new 
generic technology invades a hitherto untouched industry. In particular, a wide gap 
can be expected to exist in the mentality of engineers educated within different 

16 In an industry which frequently experiences discontinuous changes, the success models 
would presumably incorporate 'things that work' in such situations. 
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generic technologies, e.g., mechanical engineering and computer engineering. They 
have different knowledge bases and work with different theories, methods, and 
problems. A manager within a certain generic technology is therefore more likely to 
accept (through a filtering process) information from another generic technology field 
than from the technology field in which s/he has built the prevailing success model. 

As for the power filter, discontinuities can have major implications for the power 
structure of the firm. It is quite natural that those whose power base is threatened by 
a discontinuity either refuse to accept the threat or slow down and perhaps even stop 
the adjustment process. We would expect that this filter would be especially difficult 
to penetrate when the technological discontinuity involves considerable substitution 
of new competencies for 'old' ones (in contrast to merely adding new competencies). 
The Swedish firm Facit, for example, used to be a dominating producer of electro
mechanical calculators but was all but swept away by Japanese firms supplying 
electronic calculators. According to one source (Ingberg, 1993), Facit was first in the 
world to develop an electronic calculator but the technical staff were not able to 
convince management about the potential of the new technology. In this case both 
the mentality and the power filter successfully hindered Facit's transition. 

Henderson and Clark (1990) go one step further and argue that problem-solving 
strategies as well as success models (and implicitly the power structure) become 
embedded in the organization and are therefore tacit and difficult to change and 
transfer. Routines develop to perform recurrent tasks with the purpose of enhancing 
the cost/performance of a product within the confines of a single architecturel7 (or 
dominant design). With a stable architecture, the communication channels (e.g., 
between different engineers and scientists) will embody this architectural knowl
edge; it will reflect the organization's knowledge of the critical interactions that need 
to take place for improving the price/performance of the product. Moreover, the 
emergence of a stable architecture molds the firm's filters , allowing it immediately to 
identify what is most crucial in the information stream (Henderson and Clark, 1990). 
Particular characteristics of the architecture enable the engineers to focus on what 
type of information is critical for improving the price/performance of the product. 
The search process is then guided towards new component knowledge and the 
architecture is taken as given. 

One example of this is a German CNC lathe producer. The architecture of a lathe 
has been stable for some time and the firm's strategic orientation involves increasing 
the performance of the lathe in terms of higher cutting capacity. This is achieved by 
both increasing the spindle speed and operating with more than one spindle. A great 
deal of cooperation between engineers working with software development (to 
control more than one spindle working simultaneously at very great speed is 
extremely difficult) and mechanical parts of the spindle (including the tools) is 
therefore needed, while engineers on certain other components do not have to be 
involved to the same extent. 

Obviously, there is a risk that the efficiency enhancing molding of information 
filters and communication channels open up for a 'lock-in' effect whereby the firm 
may fail to recognize how a new innovation changes the architecture. Moreover, a 
new architectural innovation may lead to a need to switch to another problem-

17 The architecture defines the ways in which the components of the product are integrated. 
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solving strategy with different filters and communication channels. Such a switch is 
not easily undertaken, even if the need for it is identified. 

Thus, inertia is shaped by processes external to the firm as well as by rigidities in 
internal processes. The character of these is such that the time horizon may be 
expected to be long when adjusting to a discontinuity (Henderson and Clark, 1990: 18). 
Indeed, Teece et al. (1992) suggest that because of the non-tradability of assets like 
values, culture, and organizational experience, 'these capabilities generally cannot be 
acquired but need to be built and this may take years - possibly decades.'IH 

2.3. Technological discontinuity and the changeability of firms 

The degree of inertia would be expected to vary between firms depending on: 

• the nature of the technological change; 
• the current technological 'path' of the firm; 
• the ability to change these paths. 

2.3.1. Nature o/the technological change 

In defining the nature of the technological change, we might first expect that it would 
be more difficult to see and adjust to organizationally if it were 'large'. But how do 
we measure technological change? Papers published on technological disconti
nuities frequently refrain from showing how change is measured, although the 
authors claim to have studied a 'large' technological change (Ehrnberg, 1995). 
Neither is it evident which dimensions should be measured in order to assess the 
degree of technological change nor how these should be quantified. 

To clarify the nature of what it is we are studying we suggest that three dimensions 
are particularly appropriate to focus upon. First, measuring the number and degree 
of relatedness of technologies incorporated in 'old' and 'new' products would seem 
to be central to the exercise. Granstrand and Jacobsson (1991) developed a measure 
of technological distance based on the number of technologies,19 while Ehrnberg and 
Jacobsson (1993) and Ehrnberg and Sjoberg (1995) also attempted to capture how 
related the new technology was to the existing base. If a new technology was spun off 
from a generic technology that was not part of the technology base of the current 
product, it would positively affect the 'distance' more than a technology coming 
from a field already in the base. A second dimension to focus upon is the degree to 
which the technological change substitutes for rather than complements existing 
knowledge. We would expect a large element of substitution to influence the 
readiness of managers to take action in that the power filter becomes particularly 
difficult to penetrate. A third dimension would be if the technological change 
involves an alteration in the architecture of the product. 

18 Foster (1986a) also emphasizes the time dimension and points to the long periods it takes to 
develop new technology and to change the corporate culture. 
19 A measure of the technological distance from a preceding generation was calculated by 
analyzing the number of technologies that (a) also existed in the preceding generation; (b) did 
not exist in the preceding generation; and (c) were found in the preceding generation but not 
in the current one. 



326 Systems Transformation: Technological and Institutional Change 

We would expect inertia to be greater the more dissimilar the products are in 
terms of their technology base, if many of the new technologies substitute for 
previous technologies, and if an architectural change is involved. 

2.3.2. Current technological path 

The response capacity to technological changes, both in terms of the ability to 
exploit new opportunities as well as the ability to see them, is also expected to vary 
between firms that move along different technological paths. It would seem reason
able to assume that firms with a broader technology base have a better response 
capacity than those with a highly specialized technology base. With a broader base 
more neighboring areas can be covered and the technological distance tends to be 
smaller between the technology base of the firm and the new products emerging with 
the technological change. 

2.3.3. Ability to change paths 

It would also seem reasonable that variation in the firms' ability to change organiza
tional routines, and reduce inertia matters. Indeed, Teece et al. (1992: 19) emphasize 
that the fundamental strategic problem for firms is to decide, 'under significant 
uncertainty about future states of the world, which long-term paths to commit to and 
when to change paths', where paths refer to different domains of competence, 
technological as well as organizational. Prahalad and Hamel (1990: 81) take a similar 
stand in stating that, 'In the long run, competitiveness derives from an ability to build 
. . . more speedily than competitors, the core competencies that spawn unanticipated 
products', where core competence refers not only to technological skills but also to 
the organizational capability to exploit such competencies. Hence, management of 
the dynamics of competence building is seen as the essence of the strategy problem, 
and firms must be expected to vary in their skill to do so. 

To conclude, there is a whole set of reasons for expecting a wide discrepancy in the 
ability of firms to respond to a technological discontinuity. Firms have very specific 
sets of technological resources,20 organizational routines, and perceptions about the 
future, and strategic change occurs with difficulty. Moreover, firms vary in their 
ability to adjust by building new competencies and changing organizational routines. 
The specifics of the technological change also matter in that they define the degree 
of change required in the firm's competence base and organizational routines. 

3. The industry level 

Clearly, the firm and technology levels influence the outcome of a technological 
discontinuity. So do factors operating at the industry level. As each industry is 
specific in terms of the nature of competition as well as in its dynamics, firms need to 
consider this specificity. 

20 As emphasized by Galli and Teubal in this volume, there is an increase in the opportunities 
to source technology and managerial competence through the emergence of new markets and 
through various interfirm cooperation schemes. This may reduce the time required for 
adjustment. 
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In Figure 14.2 a simple model is presented21 which includes not only the previously 
identified factors at the technology and firm levels but also some factors operating at 
the industry level. Different organizational routines and firm specific competence as 
well as different perceptions of the future (factors 5 and 4, where the former 
influences the latter) would be expected to lead to a diversity in strategic actions 
(factor 7) by firms facing a technological discontinuity. 

Factor 6, technological entry barriers, would also contribute to this diversity. Of 
course, new technology is not always available to all firms instantaneously: engineers 
and scientists mastering a specific new subtechnology may be scarce; objects for 
technological acquisition may be absent; access to embodied technology may be 
limited; and firms may have to build network links, of a technological character, to 
entirely new firms and institutions. 

Given the idiosyncratic development of firms, we would expect that there is a 
diversity in the ease with which they can access the new technology. Not only can we 
expect that each firm has a unique technology base but also that its ability to source 
technology from outside the firm varies greatly, as a function of both differences in 
absorptive capacity and of variations in the types of networks in which the firms are 
positioned (see more in the subsequent section). 

This variance in the ease of access to the new technology would also be expected 
to be a function of the character of the technological discontinuity (factor 2). If a new 
generic technology is needed, it is likely that firms will have to find entirely new 
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Figure 14.2 Model of technology. firm and industry level determinants of the outcome of a 
technological discontinuity (TO) 

21 The model builds on and develops Ehrnberg and Sjoberg (1995). 
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sources of technology. There might, however, be incumbents that are already 
involved in the new generic technology (for the purpose of developing other 
products). Therefore, the greater the change in the technology base of the product 
and in the organizational routines that support technology development, the greater 
we expect will be the variety in abilities of the firms to adjust.22 

Factor 1 refers to the 'technological distance' as perceived by the user, in contrast 
to the supplier. This distinction is important since a new product may well involve a 
major change for the user, but a minor one for a supplier (and vice versa). 

Take the case of flexible manufacturing systems. For the suppliers, the transition 
from designing and producing stand-alone numerically controlled machine tools to 
flexible manufacturing systems is not a major one. Most competencies required for 
supplying systems are already in place or, if they need to be added, are close to those 
already existing or easily accessible in the market (Ehrnberg and Jacobsson, 1993). 
For the users, however, the transition involves a major change in that it requires new 
skills as well as new organizational solutions in order for the flexible manufacturing 
systems to operate efficiently. Moreover, for decades, the technology has been 
fraught with uncertainty as to its costlbenefits. Consequently, the diffusion of such 
systems has been very slow. 

This is important as the speed at which the new substitute increases its market 
(factor 3) and replaces other products determines the pace at which more volume
related entry barriers can be built up (factor 8). These may typically be in the form 
of economies of scale, scope, and experience, but they may also be in the form of 
creating network externalities in the case where there are several designs competing 
with the established product (Arthur, 1988; Olleros, 1986). Clearly, we would expect 
that with a rapid diffusion and substitution, the selection environment23 will favor 
first, or early, movers. Early movers can act strategically to build volume-related 
entry barriers and raise entry costs for late movers. 

It is important to specify what is meant by an early mover, in the long process of 
diffusion of a product based on new technology. Such a product typically evolves 
through a number of different generations, each with better and/or different price/ 
performance ratios. The first generation is often suitable only for a small share of the 
total potential market - a market segment with special needs for the enhanced 
performance of the product. Erickson and Maitland (1989: 151) have argued that 
such markets will 'nurse [the emerging new technologies] through their teething 
troubles to the point of commercial viability and self-sustained growth'. A large gap 
frequently exits between the price/performance requirements of these 'nursing 
markets' and the requirements of a mass market, implying a need for further 
technological development and new generations, and for one (or several) market 
segment(s) to be used as a 'bridge' between the nursing and mass markets. From this 
bridging segment, with a corresponding technological generation, a dominant design 
and a mass market can evolve. 

22 The links between factor 2 and factors 4 and 5 were explored in the previous section. 
23 Of course, the selection environment also includes the intensity in competition. Partly, this 
is captured in 'diversity in strategic action'; that is, the strategies of other incumbent firms, but 
the intensity can also be influenced by new start-ups. 
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Since the nursing and bridging segments are small in comparison with the whole 
market for the old product, which largely determines the potential size of a mass 
market for the new product, volume-related entry barriers do not playa critical role 
for the suppliers of the new technology during the growth of these segments. It is 
primarily when the new product suits a mass market that volume-related entry 
barriers might become of great importance. Olleros (1986) and Utterback and 
Suarez (1992) emphasize that a shake-up in terms of number of competitors follows 
the emergence of a dominant design and a mass market. Hence at this stage early 
entry (into the mass market) can be a powerful tool in reaching a dominant market 
position if diffusion is fast enough. 

The relevance of the rate of diffusion among users, as well as its interrelations with 
other variables in the model, can be demonstrated by a brief example of two 
technological discontinuities in the machine tool industry. In the mid-1970s, the 
competitive consequences of the shift from conventional to computer numerical 
controlled (CNC) machine tools were extraordinarily large. Firms exhibited a great 
variety of approaches with respect to the new product, due to both differences in 
their perception of the future and their access to a key technology; some Japanese 
firms were able to make early commitments to the product. Since the rate of 
diffusion was very fast, these early movers could build up volume-related advantages 
which locked late movers out of the market. What is important to note is that these 
firms were in no way pioneers of the new product - in the mid-1970s NC machine 
tools had been on the market for about twenty years. However, by defining and 
exploiting a generational shift from mini to micro computer-based machine tools, 
the 'early movers' - mainly Mori Seiki, Yamazaki, and Okuma - were pioneers in 
entering a mass market consisting of a large number of small and medium-sized 
firms in the engineering sector. 

A contrasting example is the shift to flexible manufacturing systems (FMS) in the 
same industry. Since FMS diffused so slowly to users, there were no advantages or 
only small volume-related ones which could be reaped by early movers. An initial 
variety in firm behaviour therefore did not matter and the industry structure 
remained about the same (Ehrnberg and Jacobsson, 1993). 

To conclude, at the industry level we have identified four factors influencing the 
outcome of a technological discontinuity: the rate of diffusion of the new substitute; 
the existence of inherent volume-related advantages to early movers, the type and 
character of technological entry barriers; and the degree of diversity of firms' 
strategic actions. This diversity, in turn, is a function of not only technological entry 
barriers but also of firm specific organizational routines, competencies, and percep
tions of the future. A fundamental underlying factor is, finally, the character of the 
technical change, from the perspective of both the suppliers and the users. 

4. Technological systems and regions 

In the last decade, considerable effort has been spent identifying and elaborating 
upon the features of 'systems' which overlap with the firm and industry but which 
also extend beyond these units of analysis. National systems of innovation (Free
man, 1987), Porter's 'diamond' (Porter, 1990a), and technological systems (Carlsson 
and Stankiewicz, 1991) are perhaps the most well-known approaches. Although 
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differing in many respects, these share an emphasis on analyzing information and 
knowledge-based linkages, market as well as non-market mediated, between the 
firm and its context, mainly its local context. 

In this section we shall first present one of the 'system' approaches, technological 
systems. An illustrative example of Ericsson's move into mobile telephony follows, 
indicating how the addition of a technological system as a unit of analysis expands 
the model in section 3. The spatial dimension of a technological system is subse
quently focused on, enlarging the model still further. 

4.1. Technological systems 

A technological system is defined as 'a network of agents interacting in a specific 
technology area under a particular institutional infrastructure for the purpose of 
generating, diffusing and utilizing technology' (Carlsson and Stankiewicz, 1991). A 
technological system is thus technology specific and incorporates three constituent 
elements: economic competence, networks, and institutions. 

Economic competence 

Economic competence is defined as the ability to identify and commercially exploit 
new technology. This is a broad concept incorporating the ability of firms to change 
organizational routines and technology base. This ability can reside in any or many 
parts of the technological system: among users as in the case of flexible manufactur
ing systems in Sweden in the 1970s (Carlsson and Jacobsson, 1991); among suppliers 
as in the case of numerically controlled machine tools in Japan in the mid-1970s 
(Jacobsson, 1986); and/or among institutions as in the case of CAD in Sweden in its 
early phase of diffusion (Carlsson and Jacobsson, 1993). 

Networks 

The character of the networks to which the firm belongs have a bearing on the type 
and amount of information and knowledge which the firm may access from systems. 
Buyer-seller relationships, industry-academia links, as well as various types of 
bridging institutions give rise to three important network linkages. In the case of 
factory automation, leading edge users in both Sweden (e.g., Volvo) and Germany 
(e.g., Heidelberg Druchmaschine) greatly influence the direction of technological 
change among suppliers. In Sweden large publicly funded research activities in 
biomedicine and medicine have conferred large advantages to the Swedish pharma
ceutical industry, which has developed intimate links to academic R&D. Again in 
the Swedish case, in the very early phases of the development of genetic engineering, 
a bridging institution acted as a diffuser of information about the new technology to 
industry (McKelvey, 1994). 

Institutions 

Institutions refer to things which pattern human behavior and may be tangible (such 
as educational systems, industry associations, etc.), as well as intangible (as in 
management practices, etc.; see Edquist and Johnson's contribution to this volume). 
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We have touched upon the physical institutions that have had a 'bridging' role. The 
functioning of the capital market is, of course, critical to the exploitation of new 
technology. In the case of the Swedish firm Kabi's very early venture into genetic 
engineering (where it successfully led a discontinuity in the field of human growth 
hormones), access to capital from a government fund was essential (McKelvey, 
1994). The speed of the educational unit's adjustment also matters. In 1983, when 
Astra (a Swedish pharmaceutical company), realized that it needed to build up 
capabilities in genetic engineering, it assumed that the laboratory required 40 to 50 
scientists to function well. In the early 1980s, people with the right qualifications, in 
the right number, were simply not available unless Astra emptied the Swedish 
universities of their best personnel. Astra then decided to build a research unit in 
Bangalore, India, home of the Indian Institute of Science (Sind, 1991: 5). 

Belonging to, and exploiting fully, a well functioning (local) technological system 
can give a firm a whole set of advantages in the process of handling a technological 
discontinuity. It is useful to discuss these advantages in terms of the model in section 
3 which outlined a set of technology, firm, and industry level factors determining the 
outcome of a technological discontinuity. 

We will illustrate this by showing how even a large firm such as Ericsson benefited 
from the Swedish (and Nordic) part of the global technological system in tele
communications (especially in switching, radio, and signalling technology)?4 In ten 
years, Ericsson has increased sales from SEK 1 billion to SEK 35 billion in mobile 
telephony, and now has about 40 per cent of the world market for mobile telephony 
systems which is still a rapidly growing business (Svenska Dagb/adet, 1994). In 
retrospect, Ericsson's decision to diversify was probably the single most important 
decision for Swedish industry in the past decades. 

Ericsson has for decades had a very intimate relationship with Telia (the Swedish 
PTT). Earlier than Ericsson, Telia realized the potential of mobile telephony and 
developed cellular technology beyond the earlier efforts of Bell Laboratories. This 
included technical development work undertaken prior to any Ericsson involvement 
and subsequently jointly with Ericsson. More importantly, it involved developing a 
perception of the future of mobile telephony much earlier than Ericsson. Indeed, it 
was not until quite late that Ericsson realized the commercial potential of mobile 
telephony (Ehrnberg and Sjoberg, 1991; Granstrand, 1993). In other words, the 
economic competence of Telia (a technologically and commercially visionary cus
tomer) influenced Ericsson's perception about the future. 

Ericsson's ability to exploit the technological discontinuity depended on relations 
to actors other than Telia. To survive in the cellular telephone industry, a firm needs 
to have access to capabilities not only in switching and system architecture but also 
in radio and signal technology. The former capabilities are central to Ericsson 
as a telecommunication firm but it was one of very few such firms which had 
also mastered the latter technologies through an earlier procurement from the 
military. 

Moreover, Ericsson developed good relations to other organizations, in particular 
Chalmers University of Technology and Lund University, which had both developed 
capabilities in radio and signalling technology that turned out to be key to mobile 

24 This case draws heavily on Oskarsson and Sjoberg (1991). 
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telephony. For instance, an algorithm for noise reduction was developed at Chal
mers. Thus, relations with another advanced customer (Defense) and with academic 
units helped Ericsson to overcome significant technological barriers to entry. 

Government policy, at the Nordic level, in the form of an early standardization 
and procurement of mobile telephone systems, gave Ericsson access to a relatively 
large domestic market before their competitors. Thus, an institutional change 
(standardization which increased the attractiveness for the customer) led to a very 
rapid user diffusion of mobile telephones in the Nordic market. 

An early local market, coupled with the joint development work with Telia, gave 
Ericsson a few critical years to debug their system and develop some scale and 
experience economies as well as a good image. In other words, a local 'nursing' 
market was provided, and Ericsson was able to use its technological leadership to 
create first mover advantages (Le., to build barriers to entry).2S This example 
illustrates how the process of exploiting a technological discontinuity needs to be 
analyzed not only at the technology, firm, and industry levels but also at the level of 
a technological system. 

4.2. The spatial dimension of a technological system 

The Ericsson case also illustrates the importance of the spatial dimension, since 
many of Ericsson's strategic relations were local. Below we discuss why geography 
seems to matter and argue that the location of firms can have consequences for the 
individual firm's perception about the future, organizational routines, and access to 
new technology (see the model in section 3). 

A lot of empirical evidence shows that firms and innovations (in the same or 
related industries and technologies) tend to cluster spatially and that geographic 
regions frequently specialize in certain technological or industrial areas (Archibugi 
and Pianta, 1994; Audretsch and Feldman, 1994; Enright, 1994; Feldman, 1994; 
Krugman, 1991; Marshall, 1920; Porter, 199Oa; Saxenian, 1994). For instance, 
Audretsch and Feldman (1994: 12) show that 'two [US] states alone accounted for 
over one-half of all of the innovations in the computer industry .. . [and] over one
half of pharmaceutical innovations were recorded in the New Jersey-New York 
area.'26 

A set of examples of regional clusters is provided by Enright (1994): the film 
industry in Hollywood, automobile industry in Detroit, electronics industry in 
Silicon Valley, computer industry in Route 128, the watch industry in Geneva and 
Biel, Switzerland, and packaging machinery firms in Bologna, Italy. Other examples 
of geographically concentrated industries are the German printing press industry, 
the American patient monitoring equipment industry, the Italian ceramic industry, 
the Japanese robotics industry (Porter, 1990a), and the Swedish electronics, textile/ 
clothing, and automobile industries in Stockholm, BorAs, and Goteborg regions 
respectively. 

2S On this point, see also Hulthen and Molleryd (1992). 
26 This regional specialization is also noted by Archibugi and Pianta (1994), who suggest that 
nations have increased their technological specialization during the 1980s. This is especially 
obvious for smaller countries which 'appear to have developed a technological specialization 
in selected, country-specific " niches'" (Archibugi and Pianta, 1994: 28). 
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Developing Marshall's (1920) ideas,27 Audretsch and Feldman (1994) and Krug
man (1991) outline four major advantages of localized systems. First, concentration 
allows for a pooled labor market of workers with specialized skills. Second, non
tradable inputs specific to the industry can be provided at lower cost and in greater 
variety if the industry is localized. Third, specialized intermediate goods industries 
can be developed. Fourth, economies in information flows and knowledge spill
overs can be reaped, since tacit knowledge can be internal to an area but external to 
the individual firm (Enright, 1994).211.29 Spatial concentration of a technological 
system could therefore be argued to enhance the performance of the firms in the 
system (Porter, 1990a, 1990b). 

An important concept to incorporate when attempting to understand the charac
teristics of geographical clusters is collective knowledge. Spender (1994) argues that 
collective knowledge includes those social facts (e.g., culture and religion) that 
constrain our individual choices, though we are largely unaware of them. Collective 
knowledge fosters the behavior of a region, both in terms of how to do things and 
what to do and should therefore be regarded as an institution. Saxenian (1994) shows 
the importance of this concept in her comparison of Route 128 and Silicon Valley. 
She demonstrates how the two regions differ in terms of local institutions and culture 
as well as in industrial structure and corporate organizations. Let us quote her at 
some length in her categorization of the two regions: 

Silicon Valley has a regional network-based industrial system that promotes collective 
learning and flexible adjustment among specialized producers of a complex of related 
technologies. The region's dense social networks and open labor markets encourage 
experimentation and entrepreneurship. Companies compete intensely while at the 
same time learning from each other about changing markets and technologies through 
informal communication and collaborative practices; and loosely linked team structures 
encourage horizontal communication among firm divisions and with outside suppliers 
and customers. The functional boundaries within firms are porous in a network system, 
as are the boundaries between firms themselves and between firms and local institutions 
such as trade associations and universities. 

The Route 128 region, in contrast, is dominated by a small number of relatively 
integrated corporations. Its industrial system is based on independent firms that 
internalize a wide range of productive activities. Practices of secrecy and corporate 
loyalty govern relations between firms and their customers, suppliers, and competitors, 
reinforcing a regional culture that encourages stability and self-reliance. Corporate 
hierarchies ensure that authority remains centralized and information tends to flow 
vertically. The boundaries between and within firms and between firms and local 
institutions thus remain far more distinct in this independent firm-based system. 
(Saxenian, 1994:2-3) 

27 Marshall (1920) identified four advantages of localized industries: hereditary skill, growth of 
subsidiary trades, use of highly specialized machinery, and a local market for special skill. 
28 Scott (1994) describes the benefits of industrial agglomeration in a similar way, stating that 
regional production systems reduce costs of interindustrial exchange and speed up informa
tion and capital flows. 
29 These advantages were clearly shown in a study of the Swedish textile and clothing industry 
in which a whole set of advantages accrued to firms that were geographically close to each 
other. These advantages ranged from the ease of communication between suppliers and 
subcontractors (in the case of developing protective vests for the army where the supplier and 
the finishing mill collaborated closely) to lead time advantages, when applying a just-in-time 
approach in fashion clothing, (Alange and Jacobsson, 1994). 
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Distinct organizational solutions (both within and between firms) and cultures are 
seen as central to why Silicon Valley has outperformed Route 128 in recent years of 
rapid technological change. Silicon Valley is more conducive to the flow of informa
tion and knowledge and it encourages experimentation and adaptation, in part by 
inducing different organizational routines within the firms. It even encourages the 
pursuit of competing trajectories.30 Saxenian argues that: 

The ease of new firm formation meant that many more technical paths were pursued in 
Silicon Valley than would have been possible in either a traditional large firm or a 
region with less fluid social and industrial structure. Most companies or stable regions 
pursue a single technical option and, over time, become increasingly committed to a 
single technological trajectory. A network-based regional economy like Silicon Valley, 
alternatively, generates and pursues a rich array of technological and organizational 
alternatives. (Saxenian. 1994: 112) 

Regional clusters are, thus, common and provide a range of advantages, one of them 
being fast information flow and access to new technology, which may increase the 
rate of innovation and diffusion. Being part of a system where information, knowl
edge, and technology flows can easily ensure that the firm is always at the technol
ogical forefront. With a high degree of connectivity in the system, perception about 
the future tends to be shared by many members of the networks. Investment in new 
technologies and ventures is coordinated through the networks which collectively 
move in a particular direction (Carlsson and Jacobsson, 1994). 

The advantages of spatial closeness mean that regional development tends to 
converge on a path-dependent trajectory {Scott, 1994}. This applies not only to 
regions within larger countries but also to countries. For instance, Archibugi and 
Pianta {1994} as well as Patel and Pavitt {1994} found strong stability in national 
patterns of technological specialization. Early events in the history of a region (or 
nation) can thus have long-term effects on the region's development, implying that 
inertia can be considerable.31 

Regions can therefore contain a lot of inertia, suggesting that there may occur 
slow adjustment to technological discontinuities. It is clearly possible that a 'tight' 
local network can lead to a neglect of vital information about a coming technological 
discontinuity,32 

A feature of technological systems and regions which presumably matters for how 
well they support, or hinder, a firm in the wake of a discontinuity is the competence 
of the firm's leading customers (Carlsson and J acobsson, 1991; Porter, 1990a, 1990b). 
In a thought-provoking article, Christensen and Rosenbloom (1994) suggest that if 
these leading firms do not have a utility function that values the performance of the 

30 Such cultural differences can also be spotted in a small country like Sweden. The textile! 
clothing center of BorAs is characterized by a lack of collaboration and openness while the 
district of Gnosjo. not far away, has a totally different culture which is characterized by 
collaboration and openness (Allinge and Jacobsson. 1994). 
31 As Marshall (1920: 225) put it: 'When an industry has thus chosen a locality for itself. it is 
likely to stay there long; so great are the advantages which people following the same skilled 
trade get from near neighbourhood to one another.' 
32 The tight networks in Silicon Valley suggest, however. that a 'locking-in' effect does not 
necessarily always characterize a regional cluster; the ease of setting up new firms allowed for 
so much experimentation that parallel and competing trajectories were pursued. 
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new technology, the incumbent firms which serve these leading users tend to adjust 
very late. In other words, the signals coming from customers in the firms' network 
are such that the firm is made to believe that the new technology has little relevance. 
They then conclude that: 

the degree to which technological discontinuities have radical competitive conse
quences is related to the extent to which they facilitate success within, or require 
mobility across, value networks [a value network is a nested commercial system of 
suppliers and manufacturers related to certain applications of a product] ... if the new 
technology is valuable within a firm's established value network the consequences of 
the innovation are likely to be reinforcing. (Christensen and Rosenbloom, 1994: 673) 

An example of this is the machine tool industry. The US industry neglected the 
transition from mini to micro computer-based CNC machine tools partly because of 
its strong linkages to the large firms serving the military and other advanced users 
(Sciberras and Payne, 1985). In the beginning of the transition (about 1975), the 
main advantage of micro computer-based machine tools was that smaller machine 
tools, sold to more price-sensitive firms, could also be equipped with CNC controls. 
That market was not the prime one for the US machine tool firms and they were 
consequently delayed in their adjustment by a few, but vital, years (Jacobsson, 
1986). 

The case of Ericsson, described above, illustrated the importance of having a 
technologically progressive customer. The case also demonstrates, in contrast to the 
US machine tool industry, that a leading user can well pull supplying firms into 
technologies that satisfy a utility function which is different from the one hitherto 
expressed by the leading user. Thus, Telia altered its perception about its final 
customers' utility function to include portability, at the expense of speech quality 
and price. Hence, the precise behavior of the leading firms in the cluster or system 
matters for determining whether a tight network will have a lock-in effect. 

For the individual firm, it is of course difficult to know if their leading customers 
(or other influential actors in their network) are helping them in the right direction 
technologically. At the same time, a firm has to be very selective in terms of with 
whom to develop relations. Relations within a network are, as HAkansson (1989) 
points out, investment intensive and often very durable, building on gradually 
developed trust. Such relations therefore have to be quite limited in numbers, 
suggesting that the number of actors from which the firm acquires 'guidance' about 
the future will have to be quite limited. 

HAkansson (1987) and AHinge et at. (1994), building on Granovetter (1973), 
suggest that a partial remedy to this problem may be found in building dual 
networks: strong ties involving substantial resource commitments with the purpose 
of supporting the existing business, and weak ties through which the firm can cover 
very large areas that are some 'distance' away from the firm's present activities.33 A 

33 A similar argument is found in Sjolander (1983), who argues that it is necessary to 
complement a well-functioning research group with new people from the outside, in order to 
prevent the 'not-invented-here' syndrome. These 'outside' contacts make firms and in
dividuals aware of uncertainty, which hence will enhance their search for external informa
tion. However, if these outside contacts are not made in a conscious manner, the firms or 
research groups will tend to reach some 'consensus' that what they do now is right, and so they 
avoid perceived uncertainty. 
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case in point is the pharmaceutical company Kabi which in its local network did not 
have anybody with strong genetic engineering capabilities. But through their in
volvement with an industry association and with a committee working on regulatory 
aspects of genetic engineering, Kabi acquired knowledge about the potentials of that 
technology (McKelvey, 1994). 

4.3. Conclusions 

In our search for factors determining the outcome of a technological discontinuity 
for the individual incumbent firm, we need to add several factors to those already 
identified at the level of technology, firm, and industry. First, adding the technol
ogical system as a unit of analysis suggests that we need to be aware of the precise 
location of the most advanced economic competence and the network links of the 
individual firm to that actor(s), be it a leading edge customer or an institution. In 
general, we need to understand the type and character of resources that an in
dividual firm can access from its network. These resources not only include those 
accessed by strong links but also those reached by weak links. Perception about the 
future and access to technology are influenced by these links. 

Second, we need to include a spatial dimension to that system. A spatial dimen
sion is important as it presumably influences the degree of connectivity in the system; 
a spatially tight system tends to be better connected than a loose system. The 
collective knowledge of the region may also have a bearing on connectivity as it 
influences how institutions work and how relations between the local actors evolve. 
Connectivity, in turn, has a bearing on the strength with which the system affects the 
perception about the future and the access to technology for the individual firm. 
Finally, collective knowledge influences how firms are organized internally, i.e., the 
organizational routines of firms. 

5. Conclusions 

We have argued that four units of analysis are needed when studying how an 
individual incumbent firm fares through a technological discontinuity: the industry, 
the firm, the (local) technological system, and the technology. In Figure 14.3 these 
units of analysis are integrated into a single framework. 

As argued in section 3, the most important factors at the industry level are the 
speed of diffusion among users and the diversity of competitors' responses to the 
new technology. If the speed of diffusion to users is fast, first movers can gain 
volume-related advantages, which make it difficult for latecomers to recover. If, 
however, the new product diffuses slowly, a larger share of the firms will have time 
to realize the need to change technology and implement the changes. 

Moving to the firm level, there are three main components that a firm must change 
when responding to a technological discontinuity. First, it must realize that a new 
product has the potential to substitute for the 'old' product, i.e., the management of 
the firm must change its perception about the future. Second, the firm must get 
access to the new technology, and hence change its technology base. Third, it must 
change the way in which things are done, i.e., its organizational routines. The firm's 
ability to change its perception about the future, technology base, and organizational 
routines we label its response capacity. 



Character 
ofTOto 
users 

T 

Character 
of TO to 
suppliers 

Technological Discontinuities and Incumbents' Performance 337 

TS 

Local technological 
system: 

path-following or 
path-breaking? 

Firm-specific 
response 
capacity 
-perception 
-technology 
-organization 

F 

Speed of 
diffusion 
among users 

Diversity in 
strategic 
action 

Volume
related 
entry barriers 

Changes 
in market 
shares 
among 
suppliers 

Units of analysis: 
T Technology 
I Industry 
F Firm 
TS Technological system 

Figure 14.3 Model of industrial dynamics and technological discontinuity 

The view that firms may vary greatly in their response capacity to technological 
changes is not fully present in some research disciplines. In the management 
literature, there is the 'voluntaristic' approach, where firms are supposed to be 
highly responsive to managerial decisions. We argue that this is not the case; firms 
have a varying response capacity, which is fundamental in explaining the diversity in 
strategic action in the face of a discontinuity. 

The response capacity of firms is, however, also determined by the context in 
which it operates, that is, its technological system(s). Technological development is 
a collective effort in addition to an individual one (Saxenian, 1994), and is under
taken in the context of a technological system. It may, indeed, be even more relevant 
to speak about the technology base of the technological system, rather than the 
individual firm's technology base. 

Since the diffusion of information and knowledge is speeded up when networks of 
actors are geographically concentrated, the local parts of the technological system 
often seem to play a particularly important role in determining the adjustment 
capacity of the individual firm. A firm's capacity to respond to a technological 
discontinuity is hence often developed in exchange with a local technological system, 
which provides it with information on technological changes, gives access to it, and 
induces the firm to make an early entry into each of the three markets identified 
above (nursing, bridging, and mass markets) for the new product. 

In the literature on regions the advantages of local systems are stressed, partic
ularly their speedy information flows and knowledge spill-overs. There are, how
ever, some risks associated with 'tight networks'. While a local system is associated 
with efficient technological development as long as technological change follows a 
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clear trajectory, the local system is more questionable as a source of 'the best' 
information when it comes to changes in the trajectory. 

The problem for the individual firm is then that the perception about the future of 
the local technological system does not necessarily reflect the technological changes 
that are going on globally. We suggest that a firm can be 'locked in' to the old 
technology because its local technological system might not provide the right 
technology and forecasts of the future - it exhibits path-following behavior at times 
when path breaking would be more appropriate. To the extent that this is the case, 
the fundamental unit of selection in a technological discontinuity may be the (local) 
technological system as it is there that the lock-in phenomenon is most powerful.34 

A fourth unit of analysis, the character of the technological discontinuity, in
dicates that technological discontinuities vary in terms of how easy they are to 
respond to. We therefore suggest that the difficulties which an individual firm 
encounters with respect to a new technology are not only a function of factors at the 
industry level or of the firm's or the system's response capacity, but are also a 
function of the character of the technological discontinuity. A thorough under
standing of the specifics of the technological change is therefore a vital element in 
our analysis. This understanding must include a distinction between the character of 
the discontinuity from the perspective of suppliers and users, where the former 
influences the response capacity of firms and the latter is central to an analysis of the 
prospective speed of diffusion of the new product among users. 

In conclusion, the tentative framework that has been outlined above is quite 
complex, including four distinct units of analysis. While we would expect that the 
relative importance of these units would vary from case to case, it seems safe to 
conclude that an analyst who restricts himlherself to only one unit of analysis in 
seeking an explanation of how an individual firm fares through a technological 
discontinuity is likely to come up with an unsatisfactory answer. All four units, and 
their interaction, need to be understood. In that process, we are convinced that the 
hitherto largely parallel and separate research traditions in management of technol
ogy and economics of innovation will need to be merged. 
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CHAPTER FIFTEEN 

Paradigmatic Shifts in National 
Innovation Systems1 

Riccardo Galli and Morris Teubal 

PART I 

1. Introduction and objectives 

1.1. Introductory remarks 

Profound changes are taking place in the world economy and in the innovation 
systems of countries. The main influencing trends could be summarized by the terms 
globalization, liberalization, dematerialization, and technological revolution. Their 
joint effects have been the enhanced uncertainty and turbulence felt in the world 
economic system since the 1973 crisis and the gradual emergence of a different 
rationale for production and innovation. The techno-economic mass production 
paradigm of the past is gradually giving way in an increasing number of sectors to a 
new paradigm characterized by flexible manufacturing and the pervasive effects of 
the cluster of the so-called information technologies (IT) (Freeman and Perez, 1988; 
Piore and Sabel, 1984; Womak et al., 1990), based on the convergence of micro
electronics, computers and telecommunications. 

This chapter deals with paradigmatic changes and structural adjustments of 
national systems of innovation (NSI) and related economic policies. In the past, 
structural changes in the organization of science and technology (S&T) have been 
associated with paradigmatic transitions in order to best fit the features of new 
emerging and dominating technologies. Freeman (1987) describes the evolution and 
progressive appearance of new kinds of institutions and mechanisms for techno
logical development and professional education within NSIs pari passu with succes
sive technological revolutions and associated techno-economic paradigms. Early 
institutions such as universities, scientific academies, and professional associations 
were followed by industrial R&D centers and eventually mission-oriented public 
research centers. Important mechanisms developed gradually: in the second half of 
the nineteenth century we observe the emergence of national and international 
patent protection systems, and later on, interfirm technology transfer mechanisms, 
interfirm technical cooperation, and industry-university relations. Current NSI 

1 We owe special thanks to E. Andersen, S. Jacobsson, F. Malerba, and P. Saviotti for detailed 
and insightful comments on a previous draft, and to D. Foray and L. Soete for specific 
comments. Due to space constraints we have been extremely limited in our capacity to 
integrate them fully into the text. 
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structures are, therefore, the result of a historical evolution induced by a succession 
of techno-economic paradigms. The transition we are currently experiencing has 
brought about further structural adjustments of NSls, which are already detectable. 
The goals of this chapter are to provide: 

• a schematic description of paradigmatic and structural changes occurring in 
NSls; 

• a presentation and analysis of the central elements of a possible model of NSI and 
NSI transition; 

• a contribution to generating an evolutionary policy framework for system evolu
tion and transition; 

• a basis for an institutional approach to NSI data collection. 

Our analysis is based on critical observations of the behavior of the innovation 
systems in a number of industrialized countries. Despite obvious differences in the 
characteristics of NSls, general trends in the direction of change appear to be 
relatively homogeneous, at least at our level of analysis, although the stage of the 
transition could differ significantly across countries. While falling short of presenting 
a full-blown analytical model of system transition, our 'appreciative' theorizing 
hopefully provides some structure to the discussion of system transition including 
some aspects pertaining to policy. 

1.2. Market and non-market coordination 

Systemic evolution has had profound influence on industrial, technological, and 
economic policies in the past, and will have even more so in the future. One reason 
for its rising influence is the growing importance of non-market coordination 
resulting from the increasingly systemic nature of innovation (Teece, 1992) and, 
more generally, from the fact that national economies and the world economy are 
increasingly becoming integrated into (more complex) systems with markets only 
gradually, and to a limited extent, taking on coordination functions. Once an 
economy becomes a system, rather than a simple array of sectors, it is necessary to 
find mechanisms for coordinating its various interacting and interconnecting compo
nents. Market coordination is one possibility but its materialization will take time 
(see market building below). It is likely that other types of coordination will be 
found with competitive advantages over the market mechanism. These might 
include: institutional mechanisms, networks, bureaucratic (policy) mechanisms, and 
even political coordination.2 Thus the increased systemic nature of the economy, by 
virtue of enhancing overall coordination needs will potentially increase the scope of 

2 When discussing the limitations of the market failure approach to justifying government 
intervention in the economy, Nelson (1987) states that there might be certain kinds of public 
goods (e.g., infrastructures) that governments rather than market forces may have a relative 
advantage in supplying. Similarly, the efficient execution of certain types of coordination 
functions may have to involve governments directly rather than the market or other mecha
nisms. More generally, government policy will influence all systems of governance, whether 
market, bureaucratic, political, or other. 
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both market and non-market coordination mechanisms. One of the objectives of 
policy will be to pave the way for the establishment of a pattern of systems of 
governance in the economy which may address such coordination needs. 

The discussion above naturally implies an increased focus on changing and 
adapting institutions, both as a framework for (an enabling factor in) market 
coordination (market building) and to assure effectiveness in non-market coordina
tion. Over and beyond their role in markets, institutions provide a legal framework 
for enabling transactions to take place directly among independent market agents 
without the intermediation of an organized market, and they set appropriate rules 
within non-market organizations, such as universities (which, e.g., enable effective 
coordination with both government and business sectors). Thus, they underpin both 
(actual and potential) market-based and non-market systems of governance. Fre
quently they also are the non-market coordinating mechanisms themselves.3 

This chapter has two main parts. In Part I we discuss some general trends 
characterizing (or emerging from) the new techno-economic paradigm together with 
implications for NSls (including differences with the established NSI configuration). 
Beyond being more complex and more open, the new system calls for a profound 
restructuring of existing sectors. It will include an explicit infrastructural sector 
involving both new infrastructural components and a policy development block or 
policy subsystem. In Part II we present a simple, bare bones, conceptual model for 
analyzing what we have termed system transition. One objective is to develop a 
system view of industrial and technological policy, based on the evolutionary 
approach to economic change, which has as its principal purpose the support of 
desirable system transition trajectories. A main conclusion is that institutional 
change is critical for NSI transition to complement the actions of atomistic market 
forces involved in the restructuring of the industrial sector. Moreover, frequently an 
important component of such change must be anticipatory rather than market led 
and endogenous (or demand pulled). This, very likely, will have to involve bureau
cratic, institutional, or political processes. We surmise that while the market mecha
nism and its enhancement are critical, exclusive reliance on them may frequently 
lead to truncated or imperfect NSI transition trajectories. 

This chapter assumes that the kind of modeling prevalent in economic theory, and 
represented today by the new growth theory, is incapable of describing either 
current economic changes or the emerging new system configuration. We emphasize 
instead that an explicitly systemic conceptual framework and approach must be 
adopted both for analyzing the real world and for policy, which at this juncture can 
only be based on a renewed understanding of reality. 

3 These issues are rarely discussed in either policy-related work or, more generally, within the 
neoclassical economics tradition, although lately some concessions have been made by 
discussing general infrastructures such as education, as critical factors in successful economic 
growth (see World Bank, 1992). Traditional productivity analysis can only teU us something 
about the average rate of return to R&D in the economy, but cannot, even remotely, address 
the issue of restructuring innovation and technological policy, the central policy issue in this 
age of turbulence and fundamental uncertainty. The reason, again, is the lack of a conceptual 
and systemic framework of the R&D/innovation process from which the institutional under
pinnings of policy could be derived. 
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2. National innovation systems: main components and salient 
features of their evolution 

2.1. Background 

The technological revolution has, since the late 1970s, induced numerous changes in 
the conditions and behavioral patterns that characterized post-war economies. For 
our purposes some of the salient changes are or pertain to: 

• a widening of technological options (and the enhanced importance of the 'search' 
function in firms); 

• enterprise restructuring (e.g., decentralization); 
• enhanced scope and variety of technological cooperation (e.g., precompetitive 

R&D consortia; and university-industry cooperation); 
• a trend towards the internationalization of R&D. 

These changes are linked with recent trends in NSI such as: 

1. the critical role of linking organizations of all kinds performing technology 
needs coupling or intersectoral coordination functions in situations where 
markets do not yet exist; 

2. basic market-oriented technological infrastructures (see Justman and Teubal, 
1995) set-up in part to help individual firms (particularly SMEs) to face the 
managerial challenges opened up by the widening of technological options; 

3. the importance of soft infrastructures, both information and advice concerning 
innovation in connection with health, education, culture, leisure, etc.; 

4. increased complexity (e.g., the number and types of links among NSI players). 

2.2. The notion and evolution o/the NSf concept 

The above-mentioned trends toward increased system complexity are also affecting 
S&T: the traditional concept of R&D system has been widened to that of innovation 
system, reflecting the need to link the generation of scientific and technological 
knowledge with the diffusion, transfer, and application of R&D results. This is the 
basis for the case studies and comparative analyses of national innovation systems in 
Nelson (1993) and Lundvall (1992). In this chapter we emphasize the role of an 
infrastructural subsystem involving technical and soft supporting functions as well as 
policy development mechanisms. 

We follow the usual definition of NSI as the set of organizations, institutions, and 
linkages for the generation, diffusion, and application of scientific and technological 
knowledge operating in a specific country. The concept of national system had a 
well-defined meaning in the past when basic decisions concerning the science, 
technology, and innovation policies of a given country were taken essentially at a 
national level. Nevertheless, increasingly, international linkages are dominant in 
science as well as in innovation and diffusion processes, leading NSls to become ever 
more open systems. Thus the term may appear a mismatch to the current real 
geographic size and space of technical systems supporting innovation in any specific 
sector, which might be mostly international. Moreover, the national borderline is 
now less meaningful because national power is flowing partly upwards towards 
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supranational institutions and partly downwards towards regional and local institu
tions. (These apparently conflicting trends are themselves largely due to inherent 
characteristics of the new paradigm; see Galli, 1992.) 

Nevertheless, the concept of national system maintains its significance not only 
because it is shaped by national characteristics - size, social and economic develop
ment, sectoral specialization, endowment of resources, cultural traditions - but also 
since the required adaptation to the new paradigm is still largely done at the national 
level. Thus the speed, coherence, and completeness of the required changes vary, 
often significantly, from country to country. 

Following North (1994: 360) NSI organizations would include: political bodies, 
such as ministries or national councils for S&T; bureaucratic bodies, e.g., public 
agencies and offices implementing innovation policy; regulatory bodies, e.g., for 
standards, norms, and certification; social bodies, like academies and professional 
associations; educational bodies, like universities and schools; knowledge-oriented 
bodies without economic goals, e.g., government laboratories in the area of defense 
or health, or non-profit organizations with economic goals, e.g., a technical center or 
experimental stations of an industrial association; profit-oriented firms, including 
R&D companies, joint ventures, consortia; and bridging bodies connecting the S&T 
realm with the needs of business firms, such as innovation centers, associated with 
chambers of commerce or industrial associations, or the industrial liaison units of 
universities. 

Institutions, in contrast, are made up of: formal constraints, such as patent laws, 
formal criteria for allocating resources to science, peer review procedures, technical 
standards and norms, etc.; informal constraints, such as norms of behavior, conven
tions, codes of conduct, etc.; and their enforcement characteristics (North, 1994; 
Edquist and Johnson, this volume). Together they define the incentive structure of 
S&T and innovation/diffusion activities operating in a specific country. 

2.3. NSI functions and linkages 

Functions 

The components or building blocks of an NSI comprise groups of organizations 
sharing some common characteristics and institutions governing the relations within 
the group. After World War II, NSIs developed within a relatively well-defined 
sectoral or subsystem configuration schematically based on three R&D performing 
sectors (business sector, public sector, and universities), with relatively weak link
ages among them, and a fourth basic infrastructural subsystem (bureau of standard, 
patent office, etc.). Every organization within a building block predominantly 
performed a specific role or function. For universities, it was higher education and 
basic research; for government labs, mission-oriented research; for business firms, 
applied research and technological development. 

Nowadays it is necessary to distinguish between function and organization, as the 
latter tend to play increasingly multiple roles. A useful distinction is between hard 
functions, requiring hard organizations (i.e., equipped with laboratories and per
forming R&D), and soft functions, which may be operated within soft organizations 
(i.e., without laboratories and not performing R&D) and involve catalytic and 
interface roles only. A major distinctive trait of the new NSI configuration is related 



Paradigmatic Shifts in National Innovation Systems 347 

to the emerging and crucial role of soft functions, and hence related organizations, 
because of the increased intensity of links among building blocks. 

Hard functions and related organizations include: 

• R&D, involving universities and public (governmental, local, mixed) and non
profit organizations; 

• supply of scientific and technical services to third parties (business sector and 
public administration) by industrial firms, technological centers, technical service 
companies, universities, governmental laboratories, and ad hoc organizations. 

Soft functions and related organizations include the following: 

• diffusion of information, knowledge, and technology towards economic and 
public operators acting at the interface between knowledge suppliers and users; 
such bridging organizations include various forms of innovation centers and 
liaison units at universities and public labs, etc.; 

• policy-making by government offices, technology assessment offices, academies, 
universities, ad hoc fora, national committees and councils, etc.; 

• design and implementation of institutions concerning patents, laws, standards, 
certifications, regulations, etc.; these functions are usually performed by public or 
intermediate organizations; 

• diffusion/divulgation of scientific culture through science museums, science cen
ters, etc.; 

• professional coordination through academies, professional associations, etc. 

Linkages 

It is important to present and characterize the linkages connecting the various 
players or components. Three types of linkages may be identified: 

1. Market transactions, such as Hirschmann's backward and forward linkages 
(Hirschmann, 1956). 

2. Unilateral flows of funds, skills, and knowledge (embodied and disembodied) 
within an NSI as well as externally, between organizations and others located in 
other countries or NSIs. 

3. Interactions, such as user-supplier networks. 

Unilateral flows and interactions take place when markets do not exist or are 
underdeveloped (or when the market mechanism is not the appropriate one for 
mediating between supply and demand): e.g., the flows of skills from universities to 
the business sector could involve an externality. In some cases institutional linkages 
may evolve and eventually give way to market mechanisms or to a larger dose of 
market mechanisms (see below).4 

4 Linkages can be facilitated, enabled, or embedded in a wide variety of institutional 
arrangements, e.g., laws, norms, and traditions; regulations; policy-induced incentives and 
disincentives; specific allocation and decision-making mechanisms within formal institutions; 
agreements; alliances; cooperation agreements; exchanges; etc. Interaction among S&T 
operators may take place in a variety of spaces and dimensions. Their context can be related 
to geography, technology, or industry. Government policy is a major enabling factor in the 
generation of linkage mechanisms and incentives. 



348 Systems Transformation: Technological and Institutional Change 

We now move to consider the various NSI blocks, one at a time. Due to space 
constraints the presentation is only schematic. 

2.4. Universities 

Universities represent in some sense the cornerstone of innovation systems, with a 
responsibility for providing higher education and performing basic research. How
ever, growing links with application, an increasingly blurred borderline between 
science and technology in frontier areas of research, the need for interdisciplinary 
approaches in complex problem-solving, and the huge size of required resources in 
many scientific projects represent new challenges for university management and 
have led to the establishment of new institutional approaches within the subsystem 
(see Meyer-Krahmer, this volume). 

Emerging major trends concern: 

• the growth of multidisciplinary research; 
• the diffusion of generic or mission-oriented research programs; 
• stronger interaction with the business sector as a means to monitor and assess the 

achievements of basic research as well as to direct the performance of scientific 
activities; 

• the establishment of interface units, offering the business sector new organiza
tional mechanisms to access the internal capacity, skills, and know-how of 
university laboratories, thus reducing the business sector's transaction costs (a 
paradigmatic example is the Industrial Liaison Program of the Massachusetts 
Institute of Technology); 

• the establishment of joint research/technology development organizations: exam
ples are the university-industry research centers established by the National 
Science Foundation in the USA and involving both public and private sector 
financing. 

2.5. The public sector 

There are three major kinds of public R&D organizations: 

• mission-oriented bodies and agencies supplying the required scientific and techni
cal support to ministries and other national or regional authorities. Typical 
examples in most countries are the national health institutes, the space agencies, 
the nuclear energy agencies, the military laboratories, the extension service 
agencies, environmental institutes, etc.; 

• basic or general bodies, often articulated in several centers (e.g., CNRS Institutes 
in France, Max Planck Institutes in Germany, CNR in Italy, etc.); 

• publicly owned companies (which generally operate in such sectors as oil and gas, 
minerals, utilities, railways, telecommunications, etc.) often play critical roles in 
NSIs, because of the relatively high share of country R&D performed in the 
laboratories of these companies as well as their role in defining technical stan
dards to a vast number of supplying firms. 

The public sector of NSIs is undergoing strong restructuring in most countries and is 
adopting a new role in supplying scientific and instrumental capabilities to the 
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business sector and a much stronger market oriented ness. This is a result of budget 
cuts and the ensuing crises of many R&D agencies and organizations, which forced 
the laboratories to look for new roles while keeping highly sophisticated skills and 
knowledge. The result of all this has been attempts at marketing research services to 
ensure the survival of the organizations. In support of this trend, government 
laboratories often organize ad hoc structures dedicated to the promotion, commer
cialization, and diffusion of their know-how (Tassey, 1991). 

Deep restructuring is also taking place in the scientific and technological activities 
of publicly owned companies, largely because of privatization or budget constraints, 
with a concomitant reduction of their public role in keeping some fundamental 
research activities and in supplying standards and technical services. The prospects 
of these laboratories may evolve, depending on the case, either in the direction of 
reductions in size and associated elimination of non-strategic activities (and in some 
cases, maintaining minimum trouble-shooting capabilities exclusively) or towards a 
clear market orientation profile based on the restructuring of existing activities with 
scientific services now becoming a new business line. 

2.6. The business sector 

The private or business sector is based on enterprises and their R&D laboratories, 
which playa fundamental role in performing research and technological develop
ment. 

Major changes are taking place in the innovation process within firms: the shift of 
emphasis from an R&D-based linear process to a model emphasizing the full 
integration of roles among technical and market functions and the external provi
sions of information, technology (embodied as well as disembodied), and advisory 
services. All this leads to changes in the current configuration of this building block, 
which is more articulated than in the past. These changes include: 

1. An increase in the scope, frequency, and variety of interfirm links not mediated 
by the market. 

2. An intensification of linkages between customers and suppliers, typically at the 
extremes of the production chain. Commodity manufacturers (steel, metals, 
plastics, fiber, paper, functional chemicals, cement, etc.) are in general large 
companies equipped with application laboratories supplying their customers 
with know-how on the best utilization of their products. These services are 
instrumental to the strong ties connecting these firms with their customers. On 
the other end, we observe system companies (automobiles, appliances, con
sumer electronics, aerospace, defense, etc.) with strong R&D facilities which 
assemble subsystems and components. These system companies playa critical 
role in updating and maintaining the technological level and production quality 
of their suppliers. A third critical category of mutual interaction concerns links 
between plant and equipment suppliers and their customers. 

3. The spread of R&D contractors, i.e., independent companies generating techni
cal knowledge to third parties. Specialized technology supply organizations may 
have either a general scope (i.e., operate on a wide spectrum of S&T areas) or a 
specific scope, such as a single technology (e.g., soldering, chemical analysis, 
machine tools, automation and robotics); they may also specialize in a single 
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material (plastics, rubber, steel, non-ferrous metals, etc.) or problem area (e.g., 
environmental protection, quality and certification). 

4. The spread of engineering, consulting, and information service companies: this 
follows from the enormous increase in technological options available and the 
associated need to access an increasingly varied external technological base; 
globalization, in our opinion, complements this trend in further stimulating the 
emergence of markets for consultancy services and even for technology. 

2.7. The new infrastructural components 

In the transition to a new NSI the establishment of different elements of infra
structure may play important, and active roles both in business sector restructuring 
and in promoting greater interconnectedness among the various NSI components. 
The infrastructure supporting technology and innovation in any NSI may be divided 
into three main subcomponents: 

• a traditional basic infrastructure, which includes organizations engaged in soft 
functions (such as patent offices) and hard functions (such as infra technology, i.e., 
novel measurement technologies upon which new product standards will be 
based; see Tassey, 1991). This subcomponent would also include the bureau 
of standards, geological surveys, extension services, statistical offices, science 
museums, science centers, etc.; 

• the innovation or technological infrastructure (TI), including both basic and 
advanced components (Justman and Teubal, 1995), whose more novel elements
both soft (e.g., interface units) and hard - could play the active role in system 
transition; 

• a policy development block. 

Our presumption is that the transition from the old to the new NSI requires 
strengthening the roles of the basic infrastructure, significantly expanding the TI 
block; and radically restructuring and increasing the scope of the policy develop
ment (PD) block. Since an ideal transition requires an unusual level of overall policy 
coordination and novel innovation infrastructures, it is justified to separate sig
nificant portions of the PD and TI blocks from the non-infrastructural components 
of the system which they serve (at least during the transition period up to the point 
where likely they again become well reintegrated with the other sectors).s 

2.7.1. The innovation infrastructure 

Probably the most significant change in the infrastructure supporting S&T relates to 
the innovation infrastructure in the form of both hard organizations, such as 
technology centers and institutes (either sectoral or functional), and of soft organiza
tions, such as innovation centers and similar bridging organizations. The latter 
involve new mechanisms, initiatives, and organizations with a catalytic interface role 
among NSI sectors or subsystems. 

5 These separately identifiable blocks of infrastructures would coexist together with those 
pre-existing elements of infrastructure already attached to the three main sectors (business, 
public, and universities). 
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Concerning the hard components - which are frequently embedded in organiza
tions involving important soft elements as well - it is important to emphasize their 
rapid absolute and (apparently) relative growth in recent years. For example, RTOs 
(research and technology organizations) in Europe grew significantly since the mid-
1980s till the early 1990s (SPRINT, 1994); and so did the NSF-sponsored University
Industry Research Centers (Cohen et al., 1994). In microelectronics, a wave of 
technology centers was created in the 1980s in the wake of significant advances in the 
application possibilities of this technology family (e.g., IMEC in Flandes, SIM in 
Stuttgart, CESM in Neuchatel, etc.). Similar centers were created for other generic 
technologies (optronics, biotechnology, factory automation, etc.). 

Parallel to the creation of new technology centers, a process of restructuring 
existing centers is also taking place. Trends seem to be similar to those mentioned 
above in connection with government laboratories: enhanced demand orientation; 
changes in the structure of ownership (enhanced private participation); greater 
involvement of industry including manufacturers associations, chambers of com
merce, and networks of firms; greater international links; establishment of mecha
nisms for setting priorities in new capability development; reformulation of links 
with academic institutes; and greater emphasis on diffusion of technologies and 
provision of technological services. Finally, it should be noted that an important 
segment of the collaborative R&D programs within the European Union involves 
precompetitive generic research, leading to the development of generic technologies 
or capabilities serving a number of users and uses (Justman and Teubal, 1995). 

Coordination needs and decentralization policy are two major determinants of the 
most peculiar phenomenon taking place in the infra structural subsystem, that is, the 
establishments of interface units. With a general objective of regional economic 
development, their functions include technology transfer in a broad sense, triggering 
the adaptation and restructuring of universities, government agencies, etc. Most 
remarkable facts concern the proliferation of organizations, agencies, and other 
structures tied to innovation and economic restructuring at the regional level. The 
objective of these structures is to induce the industrial structure to shift towards 
knowledge-intensive activities. They include different categories of initiatives, such 
as technology centers, innovation centers, science parks, incubators (or others with 
similar denomination) aimed at supplying technical, financial, and commercial 
advice to local entrepreneurs. 

2.7.2. The policy development block 

The justification for a separate policy subsystem is twofold. First, policy could playa 
critical role in NSI transition because of the market mechanism's limitations in 
setting priorities and the need for non-market coordination. Moreover, it is simplis
tic to assume that policy consists exclusively of a set of exogenously determined tools 
associated with monetary incentives. Rather these tools are the result of a complex 
policy process involving the above mentioned priorities, the coordinated design and 
implementation of policies in the various priority areas; and policy evaluations. 
Therefore, it is appropriate to refer to a policy subsystem involving government 
bureaucrats, stakeholders, and academic and other experts. It is best in our opinion 
to consider this subsystem as consisting of a set of institutions, capabilities, and 
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incentives.6 The main elements of the policy development subsystem may be 
summarized as follows: 

1. An overall view of the innovation system, its development through time, and its 
connections with country economic performance. 

2. Associated with this is the issue of vision generation through fora/mechanisms/ 
institutions which, through systematic study and interaction among sectors, may 
lead to a set of long- and medium-term (flexible) objectives and targets for the 
economy and the country as a whole. This should also be based on a systematic 
assessment of policy implications of scientific and technological advances. 

3. Determination of the salient features of the required industrial, technological, 
and science policies including their relationship with macroeconomic policies. 

4. A coordinated view of the set of major science, technology, and industrial policy 
areas and their interconnections. 

5. A definition of priorities and policy reformulation needs within the various 
areas and setting mechanisms for implementation. 

6. Selection of the policy approach (e.g., extent to which it would be proactive, 
catalytic, and selective) in each one of the areas considered. 

7. Explicit generation of policy capabilities and of the institutional and organiza
tional requirements for the above. 

8. Systematic assessment of the implications of other sectoral policies (e.g., fiscal, 
defense, health, environment, etc.) on the performance of NSI. 

In the past, science and technology policy basically entailed planning for the supply 
of research, largely relying on the autoreferentiality of universities and research 
organizations. New policy frequently starts from demand, i.e., from an identification 
of R&D and innovation requirements emerging from the economy and society at 
large. This requires innovative mechanisms for integrating demand for and supply of 
R&D. Governmental commissions frequently playa role in defining guidelines for 
R&D programs, etc., with reference to both demand and supply considerations. 

Organizations operating in the policy development block may have different 
roles: research and study; forecasting and assessment; consultancy; decision-making. 
They may involve government offices, committees, university institutes, public or 
independent research institutes, units for technology assessment, and academies 
and non-governmental organizations with new special roles in S&T policy advice 
(Ausabel, 1993). 

A major task for future work will be to map out the various institutions and 
mechanisms conforming to this policy subsystem, and then effectively to link them to 
the restructuring and other transitional trajectory processes taking place within the 
other blocks of subsystems. For example, vision exercises may lead to a modification 
of the institutional framework surrounding the creation of new sectorial techno
logical centers; and this may anticipate or follow the restructuring of firms in the 
productive sector (see Part II). Depending on the parameters of the situation, this 

6 Radosevic (1994) has proposed looking at innovation systems in general and at transition 
problems in Eastern Europe more specifically as involving the three categories of elements 
(incentives, institutions, and capabilities). While we agree, we also believe it useful to view 
policy development as a subsystem. 
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may have a significant impact on the nature of the trajectory followed in the new 
NSI, its completeness, speed, and coherence. 

In the next sections we shall attempt to discuss some of these transition issues in a 
more systematic way. Unfortunately, we will take policy as exogenous rather then 
derived from processes within the policy development block itself. The objective of 
fully integrating the policy block into an analysis of the transition to the new NSI is 
left for future work. 

PART II 
3. Towards a conceptual model of system transition 

The model we shall present focuses on two sectors or subsystems (business and 
university), and aims to present a framework for the systematic discussion of issues 
in NSI transition (including policy) associated with current paradigmatic shifts in 
technology and innovation. 

Sectors involve or are closely connected with a related infrastructural component. 
Thus the business subsystem is linked with technology centers (TCs) while the 
university sector comprises universities (which should be visualized as also compris
ing public sector laboratories) as well as any type of organization acting as an 
interface towards the business sector. Policy, which is exogenous, involves either 
funding/incentives or coordination and institutional change (or the promotion of 
such change). 

We start by defining the NSI building blocks, and provide a characterization of 
pre-existing (S1) and new (S2) NSI configurations. This characterization is 'institu
tional' rather than technological, and is associated with a particular generic technol
ogy (for the latter see Carlsson and Jacobsson, this volume). We therefore do not 
explicitly touch upon the technological specialization of the business sector nor of its 
changes. We then verbally describe some critical issues related to the dynamics of 
system transition, leaving to the final section a broader discussion of analytical and 
policy implications. 

Note that the model presented is far too simple and specific to reflect the situation 
and the issues confronting any particular country. Nevertheless, its structural ele
ments appear to be sufficiently general to be approximately consistent with the key 
emerging trends in NSI evolution described in the previous section. 

3.1. NSf building blocks 

3.1.1. Two systems and their component sectors 

As mentioned, the bare bones NSI configuration proposed here is composed of two 
sectors, business and university, with one or more players or agents in each. System 
1 (S1) is relatively closed as far as interaction with the outside world is concerned. 
While agents may exploit foreign technology and while there is trade with other 
nations, these are, relatively speaking, weak phenomena as a consequence of 
protectionist policies on the one hand and (relative) technological stability on the 
other. The context more or less conforms to the situation facing a number of 
countries, especially prior to the processes of economic (and political) liberalization 
during the late 1980s and 1990s, as seen in some Latin American countries, India, 
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and Russia.' It may also conform to the reality of the declining mass production 
paradigm of some of the more advanced countries, but not of all. Under SI there are 
no interfacing units and intersectoriallinks are relatively weak (see Figure 15.1). 

The pressure of changes in the environment, e.g., from economic liberalization, 
induces a transition from SI to some configuration of S2. The transition will be more 
or less successful or more or less complete depending on starting-points and 
idiosyncratic characteristics of countries. 

The eventual complete configuration of S2 (see Figure 15.2) is characterized by a 
number of features: 

1. The system is open, with both the business and the university sectors having 
numerous connections with the outside world. 

2. Interactions between subsystems may take place either directly through 
industry-university R&D contracts or indirectly through interface units. 

u 

, , , 
S ' , , 

-..;;.g-... Transactions (g = goods) 

J 

$ 

- - - ... Unilateral flows (J = $ = funds or S = skills) 

" " ,," $ 

abc .. . 
CG 

Firm types, according to product class and size; i = large firms 
Central Government 

U University sector 
I Industrial sector 

Figure 15.1 System 1 configuration 

7 For the nature of the system in the former Soviet Union, see Radosevic (this volume). 
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3. Central to the functioning of the system are techno-economic capabilities, which 
may also be termed 'need-technology coupling capabilities' (Teubal, 1979; 
Teubal et al., 1991).8 

4. The presence of interfacing units, i.e., the institutional loci of the above
mentioned capabilities, the role of which is to act as brokers or linking agents for 

S 

9 s rt 
-=--_~ Transactions (goods g; services s; research r; training t) 

- $_S_K + Unilateral flows (funds $; skills S; technology K) 

............... > Interactions 

UIU: 
TC: 

University Interface Unit 
Technology Center 

n2: user - producer networks 
n3: TC - business firms networks 

Figure 15.2 (Full/complete) System 2 configuration· 
• SI links remaining in S2 are not drawn 

SME firm-class 
capital goods supplier 
large firms 

R These are qualitative counterparts to the normal coordinating activity ascribed to the 
neoclassical market since they enable linking supply and demand (more precisely, needs and 
technology) across (or within) organizations in contexts where neoclassical markets do not 
operate or do not yet operate, e.g., due to the fact that market building has not yet proceeded 
sufficiently. Techno-economic capabilities enable a better articulation of user needs andlor a 
better coupling of technology to needs (a soft function performed by organizations such as 
'innovation centers'). In our model they will be located within interface units, e.g., technology 
centers (see below). 
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the improvement of intersectorallinks and connections between subsystems and 
with the outside world.9 

5. Restructuring of the business sector with the establishment of a variety of formal 
and informal networks. 10 

In comparing S1 and S2 configurations, one should note the differences in types of 
links connecting agents and sectors. While S1 involves market transactions in goods 
and unilateral flows in funds and skills, S2 involves also interactions as critical 
elements in the generation of N2 and N3 networks. Moreover, market-based 
transactions diversify to include also technological and other services (s-provided by 
TCs) and research (r); while unilateral transfers also involve technology/knowledge 
(K). A description and partial analysis of how these additional links evolved in the 
transition from S1 to S2 can be found in section 3.2. In our context interfacing units 
may be of two kinds: 

• Technology Centers (Te), which link industry to the outside world and to the 
university by providing both soft and hard functions, such as information services 
and contract R&D, and producing collective goods such as technological capabil
ities relevant to several firms. The promoting agents of TCs may be the central 
government, but also new agents (institutions/organizations) entering into an 
NSI, such as regional authorities, industrial associations, chambers of commerce, 
etc . 

• University Interfacing Units (UIU) is the generic term for institutions or mecha
nisms established within universities to promote links with the business sector. 
Since under a full-fledged S2 configuration universities also perform mission
oriented generic research, these units may also evolve to perform some brokerage 
function in relation to this activity.l1 

Note that the fact that such intermediary structures appear in the system does not 
necessarily imply that they are effective at accomplishing their goals. 

3.1.2. The business sector 

For simplicity, the business sector is articulated in two subsectors: large firms and 
SMEs. Both have to undergo significant restructuring and important shifts in their 
organizational and institutional frameworks to assure a successful transition to S2. 
Thus, while hierarchical and purely neoclassical market relationships are more 
predominant under S1, strong intra- and intersectoral interactions and network 
relationships are essential for the success of the SME industrial subsector in S2. 

9 Interfacing units were not really necessary with the more stable and less dynamic technolo
gies prevailing in the previous period when the SI configuration was dominant. The brokerage 
or linking function may be an essential function in emerging markets where techno-economic 
capabilities are not widely available throughout the population of users and where strong 
interaction between supply and demand agents is in order. 
10 For a discussion of enterprise restructuring patterns under conditions of technological 
discontinuities, see Ehrnberg and Jacobsson (this volume). 
11 This certainly has been the case of the very successful interface unit of the Hebrew 
University (Yissum) e.g., in connection with catalytic processes involving the Casali Institute 
of Applied Chemistry. 
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The above trend follows from the new (potential) possibilities that the changed 
environment offers small firms to supply value-added, variety products for niche 
markets (a result of the enormous widening of technological options). Exploiting 
these requires a restructuring of the SMEs existing under the previous system, both 
in terms of an enhanced product area focus (specialization, exports) and in terms of 
networking. 

Three types of industrial networks may be schematized within S2 (by adapting 
from a categorization introduced in Teubal et al., 1991): assembler-component (Nl), 
user-supplier (N2), and industry-TC (N3). A successful S2 will involve the coexist
ence of all three kinds.12 Large firms may play a crucial role in networking: as 
systemic assembling companies in Nl, materials and plant suppliers in N2, and 
promoters of TCs in N3. A good real world example which corresponds to our 
theoretical view of such a sector comprises, among other things, clusters of firms 
conforming to the so-called industrial district (see Pyke et aI., 1990). 

Large firms may playa further role by directly supplying to SMEs scientific and 
technical services through their R&D centers. We assume that market forces are the 
trigger behind the restructuring of business sector SMEs. 

3.1.3. Generating links with the university sector 

We mentioned that under SI market relationships prevail among firms in the 
business sector and there are few informational links, interactions, and other non
market links among agents of all sectors including those within industry. More 
specifically, we assume that under SI no problem-solving and research liaison of 
universities with industrial firms is active,l3 while the only link concerns the supply of 
trained manpower (engineers, scientists, and technicians for production and, to a 
limited extent, innovation). This is a one-way flow where markets playa certain role 
(via wage formation, choice of careers by students, etc.) although not an exclusive 
and probably not the dominant one, since universities are public sector institutes 
with very special systems of governance. 

The situation might be drastically different under S2. Large firms will establish 
frequent direct interaction with universities, through R&D contracts, joint R&D 
programs and projects, establishment of joint centers of excellence, etc. While small 
firms have difficulties in connecting with universities, attempts are taking place to 
lubricate the interface through intermediate organizations, with the generic term of 
TC, which - among other things - mediates between the two (although links between 
SMEs and universities may be quite indirect). On the other hand, university 
interface units (UIU) may promote direct links with both large and small firms. 

12 A fourth type of network (the horizontal network) connects firms in a sector by means of 
their shared experiences and collective searches for new technologies and markets. Despite 
the importance of N1 networks for a refined System 2 we ignore it at this stage in our work. 
13 For simplicity we ignore possible S1 links derived from the problem-solving activities of 
practically oriented or technology oriented universities such as those existing in US uni
versities during the nineteenth century (Rosenberg and Nelson, 1992). The enormous 
increase in links between US universities and industry since the mid-1980s is, however, 
broadly consistent with our S2 view of the matter. 
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The transition, however, is not only the result of the appearance of new technolo
gies which open up new opportunities for university staff (e.g., in biotechnology or 
optoelectronics) or of the emergence of more mission-oriented generic research 
areas in applied science and engineering. No less important are the changes in the 
systems of governance within the universities, particularly those enabling and 
providing incentives to academic staff to perform work for outside customers; and 
those assuring a reasonable measure of secrecy to the proprietary knowledge being 
produced. Moreover, explicit decisions have to be taken concerning interfacing units 
and joint university-industry R&D programs. The upshot is that numerous potential 
links, both in the form of transactions and of unidirectional flows or interactions, 
may develop between the university and business sectors. Given the external 
developments in science and research a critical factor is change in the institutional 
framework within universities and in their systems of governance. 14 

3.2. Dynamics of the transition 

3.2.1. Institutional change: anticipatory and endogenous 

As illustrated above, the transition to S2 may be facilitated by fundamental changes 
in the institutional framework which stimulate the development of both interfacing 
and infrastructural organizations, thereby enabling greater system connectivity. For 
example, institutional changes and emerging UIUs may enable direct R&D links 
with firms. Firms may thus fund generic research at universities and may form 
consortia among themselves and with universities. The links with small firms, if 
developed, may also be mediated by the TC or the UIU. 

Some changes in institutions and governance - especially the more informal ones 
- may be considered as demand-pull or bottom-up solutions of atomistic agents to 
the new problems emerging from changes in the environment. ls Network relation
ships might arise, for example, when an innovative supplier of capital goods - in view 
of the new possibilities of variety-cum-incremental-improvements offered by the 
new IT - experiments with becoming a network entrepreneur, and eventually 
succeeds in providing a network configuration to the enhanced user-supplier inter
actions required. However, successful responses of this kind are not automatic so 
outcomes vary from case to case. 

14 A critical factor stimulating desired institutional change within universities could be an 
overhaul of the system of financing universities. The emergence of a mechanism for selective 
support of mission-oriented, generic research programs as well as various university-industry 
link programs may accelerate such developments. 
IS Nelson (1994) quotes the work of sociologists studying the development of industrial 
organizations (or extra-industry supporting organizations) including formal ones such as 
industry and trade associations. These deal with the establishment of product or technical 
standards, relationships with government, and the provision of public goods more generally 
(our addition). These developments are described as part of the coevolution of firms, 
technologies, and organizations. As such they are first and foremost part of the purely 
endogenous component of the process of organizational change. Note that the consolidation 
of patterns of interaction between or across firms and between firms, customers, and suppliers 
are also important aspects of this process. 
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The generation of new links and the restructuring of existing organizations may 
depend on prior explicit attempts at coordination; adapting formal and informal 
institutions; catalytic incentives for the creation of collective organizations and 
interface units; and associated techno-economic capabilities. Vision exercises or 
strategic policy formulation exercises may trigger these anticipatory institutional 
changes (Ale), which are necessary for a successful transition to the new S2 
configuration.16 

The distinction between endogenous and anticipatory institutional changes is 
related to the distinctions among the various processes of institutional change or 
selection mechanisms for institutions mentioned by Nelson: the market, profes
sional, and political mechanisms. To these we may add the bureaucratic mechanism 
which would operate within the context of a given policy and policy subsystem. Thus 
market mechanisms might lead to endogenous institutional development where 
needs are pretty much focused on those of the relevant, immediate subsystem. On 
the other hand, anticipatory changes in institutions may be the result of professional, 
bureaucratic, and even political mechanisms rather than of market or purely market
based mechanisms. These would be anticipatory since the overall needs of the 
system could - given suitable vision policies and coordination efforts - be detected 
earlier by such non-market agents than by market agents active in a particular 
subsystem. They may induce an intensification of the activities generating or 
responding to these more localized needs. 17 

3.2.2. Nested subsystems and transition trajectories18 

In our model a subsystem is built around a particular core sector and may include a 
related element of the new infrastructure. It includes both players and intra- and 
intersectorallinks. The core sector (and possibly its linking with the infrastructure 
element) is the locus of the novel restructuring activity propelling NSI transition at 
a particular phase. The notion of subsystem is useful if it enables us to breakdown an 
analysis of system transition into phases, thus contributing to understanding the 
whole. In our case we define a set of nested subsystems rather than a set of non
overlapping ones, and this may be done in a way that corresponds to a reasonable 
sequence of phases in the transition towards S2. The nested subsystem structure 
reflects the fact that even if the locus of restructuring shifts from the first to the 
second NSI sector, a deepening of the process continues in the (first) sector with 
which system transition began. 

16 We will use the term Ale to include anticipated institutional changes; stimulation ofrelated 
collective intermediate organizations; and initial stimulation of relevant technological and 
techno-economic capabilities. 
17 Thus the creation of UIU and the facilitation of links between the university sector and 
industry may anticipate the (localized) needs of the industry subsystem, i.e., may take place 
before a successful restructuring of industry has increased demand for new types of graduates 
and for university research. This paving the way for the supply of future needs may in turn, via 
expectations of forward-looking entrepreneurs within industry, increase the pace of re
structuring in this sector. 
18 In this section we focus exclusively on the SM E segment of the business sector. Both SMEs 
and large firms will be considered in 3.2.3. 
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We define an endogenous (or pure demand-pull) transition trajectory as one 
comprising a number of partially consecutive but yet overlapping phases starting 
with a focus on the endogenous, entrepreneur-led restructuring within the industrial 
sector of S1 (Phase 1); followed by the spreading of change beyond the sector 
towards the creation of TCs and N3 networking (Phase 2); and ending with the 
generation of interfacing units at the university sector and associated links connect
ing this sector with firms and TCs (Phase 3). A natural correspondence with this 
trajectory is a set of three nested subsystems: 

• SubA: the firms of the industrial sector (the core sector) which are at various 
stages of restructuring including the emergence and development of user
producer networks and links with world markets and other sectors; 

• SubB: the former plus the TC (the core element) and its links both with firms (N3) 
and with other sectors; 

• SubC: the subsystem formed by SubB and the university sector (which would be 
the core sector) together with the links of this sector. 

The set of subsystems forms a hierarchy involving both lower and higher level 
elements and this corresponds with the various phases in the above-mentioned 
transition trajectory. Thus at Phase 1 the major system building or system transition 
activities which are qualitatively novel take place at the core of SubA which is the 
lower level subsystem of the hierarchy; while at Phase 3 they will be taking place at 
the core of SubC which is the higher level one. Throughout the phases, however, 
system building (or the transition from S1 to S2) also takes place beyond the 
corresponding core sector, more specifically at lower level subsystems. Thus, while 
in Phase 2 the focus of qualitatively novel system transition activity lies at the TC and 
its links with industry (SubB), this coexists with a continuation of the restructuring 
activity previously initiated within SubA, i.e., a continuation of the restructuring and 
networking occurring within industry (see Table 15.1).19 

In the real world other more complex and mixed transition trajectories will exist. 
An important class involves endogenous changes in institutions together with 
significant anticipatory changes in the institutional framework associated with a 
higher level subsystem. These trajectories might be underpinned by explicit vision 
exercises promoted or triggered by the government and other major actors. For 
example, while entrepreneurs are only beginning to network within SubA so the 
need for institutional adaptations vis-a-vis TCs (SubB level) is not yet strongly or 
sharply felt, government policy, based on its anticipating future needs, is already 
providing the institutional underpinning for and catalytically supporting the creation 
of TCs. More generally, while the market is pursuing restructuring at the early NSI 
transition phases (i.e., focused on lower level subsystems), non-market processes 
(bureaucratic, political) may lead to actions involving significant institutional chan
ges at higher level subsystems within the NSI hierarchy. In our model these might 

19 Along with market forces and endogenous coevolution between industry, technology, and 
institutions a predominantly endogenous transition trajectory may include a smattering of 
government-sponsored enabling changes in institutions (as an aspect of government policy). 
Such changes are not considered to violate the fundamental endogenous or demand-pull 
nature of the transition process given the dominant position of market forces and of 
endogenous coevolutionary processes of institutional change. 
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Table 15.1 NSf transition trajectories: phases, activities, and subsystems 

Phase Activity and locus of NSI restructuring Subsystem 

Specialization and networking of SME segment Sub A = 1* 
of industry (I) 

2 Creation of technology centers (TCs) and N3 Sub B = I+TC* (+ Links) 
Networking (and continuation of I-sector 
restructuring) 

3 Creation of university interface units (UIU) and Sub C = I +TC+ U* (+ Links) 
emergence of new V-I links (+ continuation of 1-
Sector restructuring and N3-networking) 

* 'Core' sector of subsystem. 
I = Business sector; TC = technology center; U = Universities. 

include legislation and support concerning industry associations, and the creation of 
an appropriate institutional framework governing future links between TCs, univ
ersities and industry. 

Table 15.2 illustrates a possible mix between endogenous and anticipatory institu
tional change. It must be stated that these actions not only unlock obstacles 
endangering the future take-off and future growth of SMEs (and other firms) in 
world markets; they also positively affect the current restructuring efforts of these 
firms. 

The reasons for this are complex; we will mention only two. The first is that very 
early in the restructuring process of SMEs, entrepreneurs are not yet fully aware or 

Table 15.2 A 'Mixed' NSf transition trajectory: types o[institutionai change 

Type of Institutional Change 
Phase 'Endogenous' (e.g., market-led) 'Anticipatory' (bureaucatic or political) 

2 • Stimulation of N3 creation and 
development 

• Experience-led adaptions of the TC 
institutional and policy framework 

3 • Further coordination and experience
induced institutional adaptions to 
facilitate growth of U-llinks 

• Legal and institutional framework 
enabling the creation of technology 
centers (TCs)* 
• Coordination and joint public/private 
planning leading to establishment of 
TC(s) 
• Catalytic stimulation of initial TC 
capabilities (technological and techno
economic) 
• Legal and institutional framework 
allowing university researchers to link 
with industry 
• Creation and operation of university 
interface units 
• Catalytic stimulation of initial 
university-industry 'coupling' 
capabilities 

• Following Romer (1993), this could include legislation assuring imposition (under certain conditions) 
to finance (industry specific) generic research, training, and technological development of a tax or levy 
on an industrial sector. 
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capable of articulating their needs for sophisticated technological services and even 
firm-based R&D (see Teubal, 1979; and Teubal et at., 1991). Second, even when 
having become aware of these needs, there are still delays in identifying the necessity 
for collective action and the associated institutional requirements. A broad view of 
the emerging system such as that generated by government through, e.g., foresight 
or other vision exercises - may enable an earlier identification of the broad category 
of new needs and a clear anticipation of the changes in institutions and systems of 
governance required to satisfy them (e.g., the need of collective action to supply 
public goods). Moreover, forward-looking entrepreneurs will positively respond to 
this anticipatory action of government by accelerating their process of change (since 
they foresee fewer supply bottlenecks throughout their projected growth path). Less 
forward-looking entrepreneurs will also restructure their firms faster than otherwise 
due to the earlier availability of sophisticated inputs and services (even before their 
need is materialized or translated into actual demand). Their response, however, is 
likely to be a delayed and much slower one than that of the previous group of 
entrepreneurs, since the latter's response is also based on expectations. 

The upshot is that Ales may considerably enhance the probability of successful 
restructuring of the SME industrial sector's networking and integration in world 
markets. More specifically, performance at the critical SubA level which reflects the 
system's initial pressure to change - may critically depend on anticipatory! 
exogenous changes occurring at higher level subsystems. 

Notice that the above mix between anticipatory and endogenous changes high
lights the broader systemic connections within the system. Thus the earlier the 
transition to SubB level, the greater the reinforcement of the change taking place at 
SubA leve1.20 

3.2.3. Description of a complete NSf transition 

We will now describe a full transition to S2 based on a mixed trajectory. As stated 
above this might require less than drastic changes in the environment, in addition to 
vigorous, autonomous restructuring of the industrial sector and timely Ale. We 
make no claim that this transition corresponds to a real world situation. It is one 
within a set of possible transitions that may occur within the stated Sl and S2 
configurations. A variety of transitions may exist because (1) transitions need not be 
complete, i.e., they may lose momentum and truncate; and (2) the sequence of stages 
and the stages themselves, which connect Sl and S2, may differ from those presented 
below. Moreover, chance and small historical events (Arthur, 1988) may have very 

20 The criticality of AlCs pertaining to higher level subsystems and of mixed transition 
trajectories depends on the strength of changes in the environment relative to the energy and 
farsightedness of industrial entrepreneurs. Thus when changes in the environment are drastic, 
a purely endogenous trajectory may not suffice, i.e., a mix of endogenous and anticipatory 
adjustments would be necessary. Horizontal technology policy incentives (Teubal, 1995) 
directed to business firms may enhance the probability of successful SubA restructuring. 
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significant effects on trajectories.21 The objective is to illuminate the sort of systemic 
policy issues which are likely to emerge when discussing system transition. 

The three transition phases of Table 15.2 are now described and subsequently 
traced in Figure 15.3 where the restructuring or system transition for each phase is 
shown. No distinction will be made in the figure between the coordinating function 
of government and changes in the institutional framework. 

Phase 1: Autonomous industrial restructuring (SubA level- black) 

1.1. Emerging (and vigorous) specialization and networking of enterprises in the 
business sector. 

1.2. First expansion into international markets and associated demand for quality 
technological services and R&D provided by TCs (see 01 in Figure 15.3). 

Phase 2: Technological services provided by TCs (SubB level, but also 
affecting SubA - dark gray) 

2.1. Government coordinates and provides incentives for establishing a TC. 
2.2. The TC starts providing services. 
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Figure 15.3 Transition phases* 
*The same notation as in Figure 15.2 is used: 'coor' represents Government coordination efforts which 
go together with monetary incentives ($). Black arrows correspond to phase 1; dark gray ones to phase 
2; and light gray ones to phase 3. 

2' Needless to say, an even more important source of diversity in transition paths is differences 
in the initial Sl and the final or ideal S2, e.g., the transition paths for small economies will very 
likely substantially differ from those of larger economies. Such an analysis of alternative 
transition trajectories, while potentially very rich, goes beyond the scope of this chapter. 
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2.3. The TC acting as a network entrepreneur successfully creates an N3 network 
linking it with business firms. 

2.4. The resultant enhanced activity of the TC reinforces both N2 and corresponding 
expansion of SMEs into international markets. 

2.5. Large firms provide research and technical services to SMEs. 

Phase 3: University supply of (specific) research and manpower to 
industry (SubC also affecting SubA -light gray) 

3.1. Firm expansion enhances demand for technological manpower, services, and 
research supplied by universities (D3 in Figure 15.3). 

3.2. Demand pressures together with incentives (and pressures) from government 
bring about changes in governance/institutions within universities with the 
creation of VIV. 

3.3. Establishment of R&D links with large firms and training in new technical 
specialities for all firmsY 

3.4. Firms receive new specialized manpower from universities which sustains their 
expansion and penetration of world markets. 

3.5. The above reinforces TC-service provision and industry restructuring. 

An interesting point is the intertemporal intertwining of both supply and demand 
elements when explaining system evolution. Thus, successes of industrial firms in the 
initial restructuring efforts lead to increased demand for specialized manpower from 
universities and to increased demand for research. These events underlie the 
subsequent stage of changed governance at universities (which should also be 
interpreted as an expression of the new roles to be played by the university sector in 
sustaining the momentum of industrial expansion). The supply response to these 
new needs is multipronged: enabling regular research links between a firm and 
university researchers; and, rather implicitly in the model, greater market respon
siveness of university training efforts (e.g., greater emphasis on electronics and 
computer science/engineering). Supply responses take time and generally require 
adaptations in the institutional framework. When these are successful and timely 
they will stimulate restructuring and thereby reinforce demand at lower level 
subsystems. Note that timeliness may require that the institutional adaptation be of 
an anticipatory nature. 

4. Summary and implications of the analysis 

In the first part of this chapter we attempted to summarize the salient features of the 
current techno-economic paradigm and its implications for national systems of 
innovation. We concluded with a relatively detailed discussion of NSI building 
blocks and restructuring trends in the university, public, and business sectors, as well 
as a discussion of new infrastructural components that may playa significant role in 

22 Contrast Sweden's university system with the relatively low demonstrated flexibility of its 
universities in restructuring training patterns of electronic engineering (private communica
tion with 80 Carlsson) with Israel's university system, which has demonstrated ample 
flexibility in the training of computer scientists (Justman and Teubal, 1988). 
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propelling the current evolution of NSIs. One objective of Part I was to present a 
basis for a more conceptual and abstract discussion of the NSI transition in Part II. 
The appreciative theory exercise or model of section 3 is a structuralist and 
institutionalist version of an evolutionary model. It develops one possible configura
tion for an NSI and its transition, and focuses on what may be termed a complete 
transition to a fully new NSI configuration (one which is adapted to the new techno
economic paradigm). While its purpose is fundamentally illustrative, methodol
ogical, and directed to set the policy discussion within a broader context than that 
which is usual, it certainly does not necessarily represent a specific real world 
transition. Part I, however, shows that the components of such a model and the 
characteristics of the transition are to some extent grounded in reality. Unfortu
nately, a systematic discussion of conditions leading to partial, truncated transitions 
(and of lock-in phenomena more generally) goes beyond the scope of this chapter. It 
will eventually require the development of a full-fledged analytical model. 

The model of NSI transition and systemic effects 

The modeling strategy involves first defining an old NSI (S1) and a new NSI (S2) 
adapted to the new paradigm, i.e., with greater complexity in terms both of 
components (TCs, UIUs) and links.23 Second, it looks at the transition process from 
S1 to S2. The pressure to change in our model comes from enterprises of the business 
sector but government may spur change in an anticipatory fashion by promoting 
institutional change and by providing catalytic support to the emergence of inter
mediate organizations. It can also directly help enterprise restructuring, e.g., through 
a horizontal technology policy (a possibility not discussed in this chapter). All cases 
involve a TI-assisted process of change rather than a TI-led process. 

Whatever the relative roles of market forces and government policy (and this 
might depend on the strength and vitality of the former), a successful transition of 
NSIs is associated with considerable institutional change.24 A major objective of 
institutional change and of the new infrastructure components is to bring about 
enhanced links within the system - including market links (see market building 
below). Interesting aspects are the connections in the evolution of the various types 
of links, both those that are and are not explicitly considered by our conceptual 
model. Thus, for example, start-up provision of technological services from the 
technological center (TC) to firms may eventually lead to a situation dominated by 
full-fledged, market-based transactions. These together with the associated net
working (N3) may create interaction, information exchange, and coordination 
conditions for successful TC-adoption of industry relevant technologies and technol
ogical capabilities. These in turn may set the base for subsequent unilateral flows 

23 The assumption of a given S2 is a necessary simplification that helps us to focus on a subclass 
of a relatively well-defined NSI transition. A full evolutionary perspective would have to 
consider a situation where the nature of the S2 set will gradually emerge during transition. 
24 A related example of institutional changes endogenously induced by the (cooperative rather 
than purely atomistic) action of market forces are the self-organizing industrial boards 
proposed by Romer (1993). Their implementation, however, may require prior institutional 
adaptation, e.g., imposing an industry-specific tax. Thus timely government policy may be 
critical even in this case. 
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from (or externalities provided by) TCs to industrial firms - in the form of 
technological knowledge, personnel spin-offs, and capability transfers flowing from 
the new technological assets of the organization. 

The verbal modeling exercise focuses on one type of TI-assisted transition 
trajectory which leads Sl to S2 (a complete trajectory). As mentioned, the possibility 
of truncated or partial and perverse or incoherent trajectories, while referred to, has 
not yet been explicitly analyzed in a systematic way.2s The actual transition trajectory 
analyzed involves three main phases which highlight both the connections between 
early and later changes in the system, and the mutual reinforcement derived from 
changes at different parts of the system. Some connections involve sectors that are 
quite distant from one another in time and space, e.g., the early effect of enterprise 
restructuring in the business sector on the contribution of universities to reinforce 
the success of these firms via the future provision (and expectations) of sophisticated 
services and industry-relevant research. The systemic nature of these effects has 
been clarified by the introduction of a hierarchy of nested subsystems. 

Thus anticipatory institutional changes (AICs) at higher subsystem levels rein
force the restructuring occurring at lower subsystem levels and reduce the critical 
level of effort required for success at such lower levels. The possibility arises that in 
some cases it may be necessary to act far from the current focus of action in order to 
succeed at the early stages of the transition process.2~ 

Role of AIC 

The model suggests that institutions play two types of roles in successful NSI 
transitions: an enabling role and a proactive role. The enabling role results in a 
successful concatenation of demand and supply, e.g. , successful restructuring of 
industrial entrepreneurs enhances the demand for quality technological services, 
while changes in the institutional framework and the stimulation of a TC enables a 
corresponding supply agent to emerge. This will strengthen restructuring. The 
proactive role of government in promoting institutional change in the above exam
ple takes the form of strengthening the original industrial restructuring and demand 
creation process itself and thereby contributing to its success. Thus, by anticipating 
the actual demand for quality services, government - in parallel to the initial 
restructuring efforts of firms - undertakes actions leading to changes in institutions. 
Actual demands may be weak but knowledge that future demands will be promptly 

25 The processes involved in such a complete trajectory are not exclusively market processes 
although the initial trigger for system change has been assumed to come from the restructur
ing efforts of industrial firms. In our model exclusive reliance on the market may lead to 
locked in, truncated, or perverse trajectories. 
26 Despite the potential importance of Ales at Phase 1, it is likely that some initial, 
autonomous industrial restructuring should take place by firms in order to identify the desired 
changes in the institutional framework. These autonomous changes may also be important for 
registering short-term social benefits and to generate awareness of the need and direction of 
change. The upshot might be a virtuous cycle in at least two interrelated senses: early 
restructuring success triggers favorable policies which are in themselves success reinforcing; 
and early changes at SubA level trigger changes at higher level subsystems Which, in turn, 
reinforce the former changes. 
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met may spur entrepreneurs in their restructuring efforts. The effect will be a 
positive reinforcement of initial NSI transition due not only to an earlier supply 
response but also to the strengthening of demand. This of course requires a systems 
view of NSI transition, the generation of which is, in our opinion, a major task of 
policy. 

The above suggests the importance of designing and implementing policies that 
encompass not only the current 'locus of action' but also those which, a priori, seem 
to be removed from it. Success in this may lead to a virtuous cycle of NSI evolution 
and to a complete transition to S2. It may also reduce transition times as well as 
assure 'homing' into an appropriate trajectory. Alternatively, absence of such 
policies may truncate the transition process - especially if initial restructuring efforts 
are weak - and may even lead to a vicious cycle. Note that coordination of the 
various policy instruments or of the various policies or policy areas, becomes a major 
issue in the overall policy framework for NSI transition. 

Ale links with market building and diffusion policies 

In our model a successful trajectory is associated with two features: primarily the 
generation of relatively well-functioning markets in technological services which will 
absorb the outputs of a new infrastructure component (a TC) and to a certain extent, 
those of the large firm segment of the business sector; and, partially, with university 
research and (specific) training. In both cases the user is the business sector, the 
prime agent in the restructuring process (SMEs in the case of technological services; 
large firms in the case of university research and training). Market building is an 
outcome of both the enabling and the proactive roles of institutional change and as 
such can be viewed as necessary for successful NSI transition. 

We now summarize what our conceptual framework presumes in this regard and 
suggest additional thoughts on what may be called diffusion policies (since market 
building may be a central means to assure successful diffusion of technology). To 
sharpen our discussion in what follows we focus exclusively on market building for 
technological services mediated by an intermediate organization which is oriented to 
SMEs.27 

The situation facing SMEs vis-a-vis new technology involves (to varying degrees) 
the following elements: 

• needs are widespread but weakly determined in terms of the new technology 
which adds to absence of technological capabilities; 

• demand articulation or need determination through interactive learning (Lund
vall, 1985; Teubal, 1979) is a collective learning process of users (the SMEs); 

• due to economies of scope, the supply of the relevant technology necessitates a 
collective effort of investment in new capabilities; 

• effective capabilities for need satisfaction are not only 'technological' but 'techno
economic'. They are acquired through experience in providing the technological 
service or transferring the technology to users. 

Given the above situation, the role of government in Ale includes: 

27 Technological services are assumed to flow from existing rather than from radically new 
technologies, although they may be new to the SME sector undergoing the NSI transition. 
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• creating the institutional framework for the collective supply of such capabilities 
and technologies (e.g., Romer's legislation on imposing a levy or tax on firms of a 
sector to finance training and generic research); 

• stimulating the emergence of bridging organizations like innovation centers 
involved in soft activities such as diagnosis and referral to experts and technol
ogical centers (involving both soft and hard functions); 

• catalytic support of initial capability generation, i.e., incentives to finance transfer 
of the technology to, and its absorption by, the intermediate organization. 
Catalytic support would also include underwriting 'initial diffusion' which, in our 
context means initial, experimental implementation of the service provision or 
technology transfer activities which will help users to 'articulate demand'. It will 
also add 'techno-economic' capabilities to suppliers and thereby assure a more 
automatic and demand driven diffusion of technology at a subsequent stage. 

The nature of the support is not supply push - but rather a combination of this with 
demand pull. In fact, the catalytical support focuses no less on articulating the needs of 
an initial class of users than on creating technological capabilities per se. There is an 
assumption of success in the collective process of identifying SME-relevant capabilities 
(this may not be so difficult due to success abroad in utilization of such technologies). 
The outcome of the four steps outlined above will be the triggering of an automatic, 
demand-driven, process of diffusion of the recently absorbed technologies among the 
wider universe of SMEs. Government support, in line with the catalytic approach, will 
then continuously decline through time. 

It follows from the above that simply establishing (or stimulating the establishment) 
a TC is not enough for success. There are at least two additional conditions: the 
government agency successfully identifies 'relevant' technological capabilities and 
types of service needed; and these capabilities are generated and applied with an 
entrepreneurial attitude (i.e., a proactive policy of going to firms, attempting to 
understand their needs, and articulating these in terms of desired service configura
tions). Finally, additional steps may have to be taken to assure diffusion of demand for 
new technologies or technological services to a wider set of users. For all of these 
reasons, the design and implementation of an AIC may be more or less successful in 
propelling the desired NSI transition. It is no panacea and it may, and has, frequently 
failed. It does remain, however, a critical component of successful transition policy. 
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CHAPTER SIXTEEN 

Systems of Innovation in 
Transformation: From Socialism to 
Post -Socialism 1 

Slavo Radosevic 

1. Introduction 

The transformation of socialist into post-socialist economies (PSEs) has in the main 
been seen as a 'progression from a command economy to an open market economy' 
(EBRD, 1994). The departing and ultimate states of this progression (transition) are 
assumed to be known. The underlying idea of transition economics is that this 
progress can be measured and how close a country is to this ultimate state can be 
evaluated. The basic issues of such a research program are concerns focused around 
price and foreign trade liberalization, bank reform, enterprise restructuring, and 
privatization (EBRD, 1994). 

Here we will pursue a somewhat different perspective on the post-socialist trans
formation.2 Our main argument, of a strong evolutionary flavor, is that the process of 
transformation from a closed, socialist to PSE is to a great extent conditioned by the 
transformation of old into new techno-economic networks.3 These networks are the 
result of an accumulative mixture of market and non-market incentives, are path 
dependent, and based on localized learning processes. Such processes have their own 
dynamics and momentum which go beyond the transition economics perspective. The 
internal dynamics of such processes, and not a measure of 'progress' with reference to 
some a priori 'optima', are the central focus of analysis. 

The systems of innovation (SI) perspective sees problems of erosion, transforma
tion, or creation of techno-economic networks as central to long-term recovery and 
growth. The old networks, which had low innovative capabilities, lacked dynamic 
efficiency and interinstitutional learning, are now broken and under reconstruction. 

1 I am highly indebted to Staffan Jacobsson for very useful comments on the previous version 
of this chapter as well as to members of systems of innovation research network. However, all 
remaining errors remain my responsibility. 
2 Elsewhere I tried to analyze the transformation from socialist towards post-socialist 
innovation systems from a more empirical perspective (Radosevic, 1994a). Here I will 
occasionally refer to some supporting evidence only to reinforce my argument, which will 
mainly stay within the conceptual inquiry. 
3 By techno-economic networks we mean the set of institutions involved in the development, 

diffusion and implementation of a single or a set of technologies. For an application of this 
concept in the case of Russian flexible manufacturing see Alange and Jacobsson (1995). 
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Their transformation is shaped by the interaction of new market incentives and 
institutions with inherited technological capabilities. 

Before proceeding, we need to ask what are the genuine socialist characteristics of 
innovation systems in socialist economies? Is it possible to isolate systemic charac
teristics from historical and policy factors? 

1.1. Socialist system of innovation? 
The characteristics of SI in the countries of the former Soviet bloc cannot all be 
attributed to the Soviet type of economic system. Like Amman and Cooper (1982), 
we think that such a perspective is oversimplified as it is not able to account for 
technological variations between the different branches of industry which are 
subject to the same economic mechanism. For example, the divergent developments 
of the civil and defense sectors in the Soviet system cannot be explained by common 
systemic factors. A balanced explanation must take into account the interplay of 
systemic factors (socialism), the historical perspective (level of development), and 
government policies and priorities (such as the 'hands on' involvement of policy
makers in a closed system). 

Both capitalist and socialist systems have varying degrees of markets and hierarchies 
and therefore these cannot be used as a point of distinction (Pelikan, 1988). The only 
sharp distinction between socialist and capitalist economies is the lack of capital 
markets; these by definition cannot exist under socialism. Also, in terms of technology 
flows socialist economies were similar to import-substitutive economies and both 
could be regarded as closed systems, characterized by one-off injections of imported 
technology. In socialist and in import-substitutive economies technology import was 
reduced to one-off injections of knowledge inputs, mainly in the form of machinery 
imports, licenses, or turnkey capacities. For example, the Japanese attitude to foreign 
investments during the 1950s and 1960s was in many respects similar to the Soviet 
(Amman and Cooper, 1982). There are also similarities between socialist and import
substitutive economies in the types of technological effort practised behind protective 
or 'iron' barriers. In both economies the expansion of industry either through import 
substitution or socialist industrialization brought about a massive technological and 
engineering learning process. However, it also led to 'localized' learning very often far 
behind the world frontier. Their market structures have important similarities such as 
a high degree of vertical and horizontal integration, weak subcontracting networks, 
and producers with substantial market power (Katz, 1995). In both groups self
sufficiency in some sectors was coupled with very high import dependence in others. 
Self-supplying inputs (intermediaries) led in both cases to excessive diversification of 
activities within enterprises. 

Although this is not the place to discuss these similarities and differences, they 
contain an important caveat for our further discussion: not all characteristics of 
systems of innovation in socialist economies are genuine socialist or systemic 
characteristics. Some of them are the result of policy choice or international context, 
like closed economic systems. Also, development levels should be taken into 
account. For example, high concentration of R&D and its separation from produc
tion is not just the result of the need to have better control of these processes but also 
the result of the poverty of Russia at the beginning of this century. Academies of 
Sciences are not only the expression of systemic characteristics of the socialist R&D 
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system but also of path dependency as they originate from the time of Peter the 
Great or, in the case of eastern Germany, from the Weimar Republic (Dore, 1994). 
In this chapter we will not isolate the closed and socialist system characteristics of 
these economies, but rather we will assume that they are strongly interlinked. 

In part one we outline the basic features of knowledge production and diffusion in 
a closed socialist economy. This sets the stage for the second section where we 
outline the main areas and patterns of SI restructuring, which result from the 
opening and ownership transformation of PSEs. In the conclusion we summarize the 
main arguments and briefly touch on the problem of coordination, which is ex
tremely important in a post-socialist context as it directly inhibits or fosters the 
creation of dynamic techno-economic networks. 

2. Systems of innovation in closed socialist economies: some 
stylized features 

In this section we outline the main characteristics of socialist SI.4 We use two 
perspectives. First, we try to compare the main features of 'knowledge product 
space' in socialism and post-socialism. By this we mean institutional characteristics 
(ownership, codification, disclosure) of knowledge products like patents, know-how, 
and other forms of technological knowledge. Second, we propose a simple con
ceptual framework for comparing SI in socialism and post-socialism. 

2.1. Knowledge product space in socialism and post-socialism 

Economic and institutional changes of the scale seen in post-socialist economies are 
accompanied by the transformation of knowledge production and knowledge diffu
sion. To describe the transformation of generic characteristics of technology or 
knowledge product space in socialism and post-socialism we will use as criteria 
David and Foray's (1994) characteristics of knowledge: degree of codification, 
completeness of disclosure, and ownership status. Table 16.1 summarizes the path of 
likely changes in the characteristics of knowledge products. 

2.1.1. The degree of codification 

Knowledge product space in a socialist economy is codified to a lesser extent than in 
an open capitalist economy. Although project institutes had a tendency to prepare 

Table 16.1 Transformation of knowledge product space from socialism to post·socialism 

Degree of codification 
Degree of disclosure 
Ownership regime 

Socialism 

lower 
higher 
soft 

Post·socialism 

higher 
lower 
hard 

4 Although the ex-CMEA economies differed in terms of the degree and timing of reforms, 
especially during the 19805, these differences are not of such magnitude to justify a different 
treatment in our rather stylized analysis. 
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large quantities of design documentation, these were never actually used on Soviet 
construction sites and rapidly became obsolete. The quality and format of design 
documentation were said to be highly unsatisfactory and many alterations were 
required after drawings were finally handed over to construction organizations 
(Amman and Cooper, 1982). In an open economy a high degree of codification arises 
from incentives to appropriate the economic benefits of knowledge production. In a 
closed socialist economy it is a lack of pressure to sell or to produce with high quality 
that retards the codification effort. A lack of pressure to standardize best practice, to 
accumulate, classify, and reuse knowledge in new generations of products had 
created very little incentive to codify. The lack of standardization resulted largely 
from the peculiarly Soviet structure of verticalized branches of industry organized 
along branch ministries (Tunzelmann, 1995: 302). Standardization of business rou 
tines, except in large technical systems where this was a precondition of technol
ogical viability, was low. Widespread throughout all levels of enterprise, plant 
designers were unfamiliar with industrial practice (Amman and Cooper, 1982: 230). 
Numerous inaccuracies and mistakes in drawings were manifestation of the failure 
to remove the 'bugs' from the process during the development phase. 

The work of design bureaux was planned in terms of finished drawings. However, 
this 'intermediate commodity' was not a codification of knowledge gained in 
production but the result of activities of branch institutes and design bureaux to 
reach planned targets. With the economy opening and market activities increasing, 
entrepreneurs have a strong drive to codify those knowledge products that meet 
immediate demand. These are technical consultancy services or technical knowledge 
embodied in, very often, technically less sophisticated, but marketable products. 

2.1.2. The degree of disclosure 

Whether knowledge was disclosed and accessible should have been, almost by 
definition, no problem in the Soviet system. However, to continue with the example 
of the design bureaux introduced above, gaining access to the final drawings was in 
itself a problem, and a constant battle was waged between project institutes and 
construction organizations over their late delivery (Amman and Cooper, 1982: 201). 
In a sense, access to knowledge products was conditionally restricted and was often 
resolved through bargaining within the hierarchy. The result of this was widespread 
duplication, despite the fact that the main rationale of planning was its elimination. 
Civilian technology was not allowed to benefit directly from progress achieved in 
military fields. A combination of military related R&D with a highly externalized 
R&D system made disclosure very uneven throughout the closed economy. 

In post-socialism, entrepreneurs try to market technical achievements 'off the 
shelf, i.e., they try to sell accumulated R&D results, but have a very vague idea only 
of the marketability of the knowledge, which often creates false expectations of their 
commercial values. Also, the drive to commercialize restricts and reduces the degree 
of disclosure of knowledge products which are now treated as a real intellectual 
property. 

2.1.3. Ownership regime 

Once a technology was produced in or acquired by a socialist economy, its appro
priation tended to pose no problem. However, due to the sometimes very great 
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complexities of hierarchies, cumbersome bargaining, and generally high transaction 
costs in moving technology across ministerial boundaries, knowledge diffusion has 
been slow with very delayed introduction. For example, project institutes were not 
anxious to remain closely involved with projects once they had passed through their 
hands, or to rectify any mistakes (Amman and Cooper, 1982: 201). In general it 
seems that while appropriability is a problem in an open capitalist system, transfer
ability is the main problem in a closed and socialist system. 

In an open system, technology is difficult to appropriate but once appropriated 
there are few obstacles to its transfer from licensor to licensee or through a firm's 
hierarchy, apart from the absorptive capability of the recipient and costs of the 
transfer itself. In a closed socialist system, technology is difficult to transfer because 
there are no incentives or appropriability mechanisms or they are very much 
weakened. A low degree of codification, bargained disclosure, and soft ownership 
treatment of knowledge products are characteristics of SI in closed economies which 
are the consequence of their specific incentive/institutional context. 

In a system with a weak appropriability regime, a high degree of externalized 
R&D (R&D located outside of industry in branch institutes), is developed which is 
relatively much greater than in open economies (Radosevic, 1994b). This raises a 
problem of interorganizational knowledge transmission and utilization between 
R&D and production. 

The transition to a market economy in such an R&D sector solves the problem of 
appropriability through privatizing R&D and introducing a tight intellectual prop
erty rights (IPR) system. However, neither does it solve the problems of technical 
knowledge transferability nor the limitations posed in negotiating and enforcing 
R&D contracts. The only possible solution apparent is to overcome the difficulties of 
transaction costs through internalizing R&D. However, internalization in European 
PSEs has not occurred on a large scale due to very weak demand. 

Although PSEs may have similar characteristics in terms of codification, disclos
ure, and appropriability, the power of their systems of innovation to distribute 
knowledge may be different due to methods of transforming technology into 
products. We cannot understand the dynamic aspects of post-socialist SI by taking 
into account only the dimension of knowledge products space. Transformation of 
technology into products which occurs at the level of enterprises and related 
networks and their restructuring should also be taken into account. 

2.2. A conceptual framework for analyzing the transformation 
of systems of innovation 

To continue, we will use a very simple conceptual framework for comparing changes 
in the innovation systems of socialist and PSEs. We will assume that an SI is 
comprised of enterprises, an innovation infrastructure, and the mechanisms through 
which these two interact with foreign markets and partners. 

Enterprises are organizations essential for transforming technology into products 
(Tunzelmann, 1994). They are the main carriers of technology accumulation, and 
share some of the functions in this process with domestic infrastructure (R&D, 
technical infrastructure, and universities) and with other domestic and foreign 
enterprises (foreign direct investment (FDI), and subcontractors). A developed 
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infrastructure may compensate for some undeveloped business functions, like R&D 
or finance, or enterprises may compensate for the disadvantages of infrastructure. 
For example, the growth of small firms usually comes about through their reliance on 
a developed technical and financial infrastructure. On the other hand, large corpora
tions may be able to compensate for the lack of technical and financial infrastructure 
by creating external economies (that the rest of the economy may exploit) through 
training and provision of technical services. Undeveloped business functions of an 
enterprise may be compensated for by a stronger FDI presence where domestic 
affiliates are a part of the value chain of multinational companies (MNCs), or by 
subcontracting. In the latter case, the prime manufacturer is compensating for the 
high marketing barriers and financial disadvantages of the subcontractor by taking 
care of sales and often by supplying subcontractors with inputs. 

In using such a framework the state in a socialist economy has two crucial 
characteristics. First, the distinction between enterprise and innovation infrastructure 
is blurred and basically, if the Soviet system is taken as a model, does not exist. Second, 
socialist systems of innovation are predominantly closed systems, where the import of 
technology is essentially through the import of machinery. Thus it follows that a 
transition from this state can be seen as a functional reconfiguration between enter
prises and innovation infrastructures and between foreign and domestic enterprises. 

2.2.1. Enterprises and innovation infrastructure in closed socialist 
economies 

Enterprises in the Western sense did not exist in socialism. These, basically produc
tion and non-business units, were part of a hierarchy. Business functions like 
marketing, finance, and R&D were rudimentarily developed 'in house' or were 
entirely 'outsourced', either to ministries or to other organizations (foreign trade 
organizations, branch institutes, ministries, industry directorates). Innovation tasks 
were located in branch institutes and design bureaux with very little technological 
effort being practised at the shop-floor level. The Soviet system was characterized by 
vertical segmentation of the linear model and by horizontal segmentation into 
branches of industry (Hanson and Pavitt, 1987; Tunzelmann, 1995). 

R&D was not organized as an activity 'in-house' or in industry, but rather as an 
activity for industry (Radosevic, 1994a). This meant that much technological activity 
was oriented towards the needs of industry and yet was outside industry. This 
encouraged pseudo innovation as design bureaux endeavored to fulfill planned 
tasks, with the result that much technical documentation lay unused on the shelf. 
There was a proliferation of knowledge products of low quality and trivial design. 
For example, in the control and instrumentation industry only 17 per cent of its 
registered designs were utilized (Amman and Cooper, 1982: 261). 

Universities were reduced to providing a teaching function with very little 
research. Within university R&D basic research was less important than applied 
R&D. The majority of basic science was practised in Academies of Sciences. 

The absence of competition was a great impediment to understanding the real needs 
of industry. In order to make R&D a planned activity precedence was given to long
term and complex projects which were often removed from the needs of industry. On 
the other hand, during the 1980s enterprises were allowed to enter into contract 
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research with Academies of Sciences or branch institutes (Glaziev and Schneider, 
1993). However, these were not genuine market contracts as the funding was coming 
via a ministerial structure. 'Contracts' were usually the result of long-term and nearly 
monogamous relations between R&D institutions and enterprises. 

The absence of a direct relationship with the customer was the dominant charac
teristic of the Soviet system. This system proved inadequate for generating new 
technologies because of the lack of interactive learning between research and 
production (Tunzelmann, 1995). Diffusion was a big problem. Over 80 per cent of 
innovations by supplier firms were used in only one or two downstream plants 
(Glaziev and Schneider, 1993: 47). Technology push combined with lack of demand 
considerations led to costly technology development. Only in the defense sector was 
this defect overcome as this single powerful customer (Ministry of Defense) was able 
explicitly to dictate technical and economic requirements and develop close co
operation with the military industry (Amman and Cooper, 1982: 353). Despite 
efforts to overcome this crucial systemic defect in the civilian sector, the problems 
have not been resolved. 

Since 1968 changes have been made to integrate the previously independent 
establishments responsible for various stages of the innovation cycle. However, 
science production associations, which organizationally fused research, design, and 
experimental production, did not solve the problem of branch segmentation across 
ministries. Since 1973 production associations were approved of and encouraged. 
This resulted in mergers of many enterprises into large industry-wide or regional 
production associations. Chandler (1993: 333) sees these associations as 'the most 
significant institutional innovation in the microeconomic environment of the USSR 
after Stalin put the central planning system into operation'. However, in order to 
ensure reliability of supply they had to expand into peripheral activities, thereby 
diluting resources and reducing the ability to accumulate technology in the core 
areas. This meant that dynamic scale economies were hard to achieve. 

Socialist economies were characterized by vertical networks and the absence of 
horizontal relations. For example, the former USSR carried out R&D in branch 
institutes that had very little contact with the local economy. The result was that 
there was no clustering at a local level and the only networks that existed were at the 
union level. 

In summary, under socialism the function of transforming technology into prod
ucts was dispersed across a hierarchy. Enterprises were only production units, not 
fully developed knowledge accumulating organizations. The separation of technol
ogical activities from production meant that the institutions of the innovation 
infrastructure played an overly important role in the creation of technology. This 
would serve to aggravate the main systemic defect of socialist SI: lack of 'in-house' 
technological activity within enterprises. 

2.2.2. Technology transfer in a closed socialist economy 

The interaction between closed socialist SI and foreign sources of technologies was 
restricted to machinery imports and one-off license imports (Hill and Hay, 1993). 
The Soviet system has for a very long period totally excluded FDI. Trade was 
relatively low in terms of the GDP, leading to a noticeable absence of learning by 
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exporting. Exclusive catering to local demand deprived these economies of feedback 
from foreign markets. During the 1980s, when joint ventures were allowed on a 
larger scale in some countries (Hungary, Poland), these were an enclave type of 
investment, directed towards the domestic market. Science and business coopera
tion and contact was extremely limited. One-off import of equipment with little 
transfer of know-how meant that the Soviets did not subsequently acquire the 
capability to replicate the plant they had imported. Once the plant was in operation 
there was a strong tendency for the technology of a plant to remain more or less 
frozen (Amman and Cooper, 1982: 422). 

Closed SI, reinforced through COCOM~ restrictions, led to a 'reinventing the 
wheel' phenomenon. In many respects this resembled the import substituting type of 
technological effort evident in economies such as India's. However, the general 
technological independence of socialist economies was countered by heavy depend
ence in specific sectors. Imports of Western machinery were especially concentrated 
in the chemical, computer, and motor industries (Amman and Cooper, 1982: 422). 

In summary, the key problems of socialist SI lay in the separation of technology 
(developed within the innovation infrastructure) from production (enterprises) as 
well as in the closed nature of the enterprises. Whether this latter characteristic was 
eminently systemic is now only an academic issue. 

The transformation of post-socialist SI will be shaped by the way integration of 
functions at the firm level develop. As Tunzelmann (1995: 10) points out, 'by 
endogenously changing their circumstances through technological accumulation, 
firms may ultimately alter the national system itself. Based on the above three 
components (enterprises, innovation infrastructures, and mechanisms of interaction 
with world markets), it is possible to conclude that the opening of these economies 
and their increased proficiency in market-based activities will produce three major 
issues for SI in post-socialism: 
• First, new SI will be strongly shaped by the way enterprises develop their business 

functions. 
• Second, these systems will differ nationally and sectorally in the way business 

functions between enterprises and related infrastructures are redistributed and 
how this affects their dynamic efficiency. 

• Third, the modes of insertion of post-socialist enterprises and sectors into world 
markets will shape their dynamic long-term growth as well as structure of S1. 

3. Systems of innovation in post-socialism: transformation 
processes 

Following the simple framework outlined in the previous section, we shall analyze 
the main transformation processes at the enterprise level, the restructuring of 
enterprise links with the knowledge infrastructure, and the ways in which integration 
of PSE influences the coherence of their S1. Through their interaction these 
processes ultimately shape techno-economic networks which are the backbone of 

S CO COM, or Coordinating Committee, was an intergovernmental, rather secretive body 
active especially during the Cold War and set-up to control export of high technology to 
communist countries. 
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Table 16.2 Systems of innovation in post-socialism: transformation processes 

3.1. 'Enterprisation ' 3.2. Restructuring/erosion of 3.3. Openness and coherence 
the knowledge base 

a. Changing techno-economic a. Changes in demand for 
profile of enterprises R&D and technical services 
b. Post-socialist holdings b. Contraction of R&D 

c. Transitory hybridization of 
R&D organizations 
d. Academic spin-offs 
e. R&D funding 
f. Privatization of R&D and 
coherence of SI 

3.4. Transformation of techno-economic networks 

a. Market and technology 
access 
b. 'Lock-in' or 'offshore' 
option 

a. Reorientation of simple networks (e.g.: the woodworking industry, garments, metal parts) 
b. Destruction of old knowledge-intensive production networks and the creation in their place of new 
networks (e.g.: the IT industry) 
c. Collapse or preservation or 'lock-in' of old networks (e.g.: heavy machinery) 

long-term growth of PSE. The transformation processes, summarized in Table 16.2, 
are also driven by factors and mechanisms analyzed by Galli and Teubal (this 
volume). 

3.1. 'Enterprisation' 

The term 'enterprisation', originally coined by Bomsel (1994), will be here defined as 
a process of transforming formerly socialist production units into business units. The 
process of post-socialist enterprisation has several elements: strengthening and 
fusing previously dislocated business functions (marketing, finance, and R&D); 
discarding the social functions of ex-combinates (welfare, health, and social secu
rity); and breaking down rigid vertical structures while forming new groupings of 
enterprises. As Chandler (1993: 335) points out, the challenge is to equip managers 
of enterprises, and particularly of production associations, to take over the functions 
long carried out by planning agencies. 

3.1.1. The changing techno-economic profile of enterprises 

A new environment requires firms to shift from focusing on the mastery of produc
tion know-how of technically complex projects (and neglecting user needs and cost 
aspects) to focusing on non-tangible and non-technological assets. Enterprises in 
postsocialism now have to build up neglected business functions (marketing, 
finance, and operation management) and develop new activities (integration at 
product level, network building at firm level, and downstream integration). Emerg
ing from a situation where all distribution was in state hands, the biggest weaknesses 
of post-socialist enterprises are in downstream capabilities and distribution net
works. Those able to acquire strategic assets (distribution systems, supplier net
works, and local brand names) will basically shape industry structure in the future. 

The extent of restructuring will change the techno-economic profile of enterprises, 
i.e. , the treatment of technological assets and their dynamic efficiency within S1. In 
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uncertain market conditions, arising from foreign trade liberalization, enterprises 
have effective demand only for immediate problem-solving expertise, such as 
troubleshooting, quality improvement, small design changes, etc. Technology and 
production driven learning is replaced by user and market oriented learning. Firms 
that base their products on simple production networks are more successful at 
reorienting their focus than those with system type products and those based on 
networks of suppliers. This is partly the result of a lack of capability in areas of 
complex cooperation, needed for commercial application and commercialization. 
This low level of competence is inherited from the past (Swaan, 1995) and is partly 
a result of broken production and trade links caused by 'shock therapies'. Only 
foreign investors are able to mobilize a more complex network. 

3.1.2. Post-socialist holdings and turn-around management 

In terms of organizational structure the most common path is the breaking down of 
large vertical conglomerates into independent enterprises, and their regrouping into 
post-socialist holdings. These new groupings of enterprises, most often of unrelated 
businesses, are created through different forms of mass privatization and manage
ment of privatization investment funds. From a perspective of mainstream transition 
economics, these holdings are non-competitive organizational forms inherited from 
a closed economy which are to be split up into individual enterprises. Indeed, this is 
the dominant practice in the privatization programs of PSE. However, despite this, 
conglomerates reappear in different forms as a result of the reconcentration of 
previously legally separate enterprises, either through mass privatization or insider 
privatization. They take the form of either financial-industrial groups,6 investment 
stock companies, or post-socialist holdings. Even when they do not exist from a legal 
point of view, they function as real corporations. (For the example of Lithuania, see 
Maldeikis et al., 1995.) This happens irrespective of whether a law prohibits bank
enterprise links, or imposes tight competition policy. 

From one viewpoint the reappearance of conglomerates could be treated as 
market imperfections which indicate weaknesses in the transition process. From 
another viewpoint they are valuable organizational structures able to acquire 
organizational know-how, import foreign technology, and diffuse it into the econ
omy (Amsden and Hikino, 1994). From an SI perspective they might playa 
constructive role in rebuilding a system of innovation by creating a critical mass of 
demand for R&D or by creating subcontracting networks. If not for these structures, 
the diffusion of industry or splitting up of big enterprises, which occurs during the 
restructuring phase leading to privatization, would require stronger public R&D 
support since R&D demand in small new firms is very weak. Furthermore, it is very 
unlikely that such support could be available in an environment where supporting 
institutions and organizations are very weak. 

The formation of conglomerates or holdings could prevent the full fragmentation 
of industry and instead encourage the restructuring of companies within holdings. 
Conglomerates or holdings could channel funds into enterprises to be restructured, 

6 Financial-industrial groups are groupings of enterprises and banks that are in mutual 
ownership. 
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and they could shed those without promise, something governments often cannot 
do. However, they could also capture government and drain economic surplus from 
the productive parts of the economy. Post-socialist conglomerates may turn into 
Korean type chaebols, but also towards Latin American grupos economicos. Their 
role in the Bulgarian economy indicates as well the real danger that such groups will 
act as rent seekers only (Bogetic and Hillman, 1995). 

From a mainstream transition economics perspective, generic assets and organiza
tional know-how, which such institutional forms generate in the economy, are 
irrelevant as this perspective is less plausible when viewing only the interaction of 
incentives (prices, ownership) and appropriate (if possible, atomistic) enterprise 
forms. From an SI perspective these organizational forms cannot be assessed per se, 
without taking into account their role in capitalization and technology accumulation 
and the state's role in structuring their behavior. 

Hence the argument for splitting up state-owned enterprises cannot be defended 
on the grounds of managerial (in)efficiency but on the grounds of the government's 
(in)ability to pursue tight competition policy and not to subsidize (Stiglitz, 1993). In 
other words, the main rationale for or against breaking up large conglomerates 
should be based on evidence showing the government's (in)ability to induce these 
groups to export and to compete in the home market. However, by definition, the 
roles of government and technology generation and diffusion in the conceptual 
framework of mainstream transition economics are not explicit. Hence the trade-off 
between the benefits of conglomerates as generators of organizational know-how in 
the economy and their cost in terms of rent-seeking behavior are not addressed. 

3.2. Restructuring or erosion of the knowledge base 

Several processes are capable of transforming the knowledge base in post-socialist 
economies.' These include changes in demand for R&D and technical services; 
contraction of the R&D system; hybridization of R&D units; emergence of aca
demic spin-offs; changes in public funding of R&D activities; and the decision to 
privatize R&D. Each of these factors is outlined below. 

3.2.1. Changes in demand for R&D and technical services 

The decrease in industrial production, which followed stabilization and transition 
programs, led to a collapse in the old type of industrial demand for R&D and the 
emergence of a new demand, which is non-R&D or at the bottom of the R&D 
spectrum (routine type of analysis). The magnitude of this collapse is well docu
mented in the case of eastern Germany's formerly independent research institutes 
whose research income coming from industry was only 1.65 per cent of total income, 
with only 0.1 per cent coming from the eastern German industry (Meske, 1994). 
Deconcentration of industry and unbundling of big conglomerates, which were the 
major R&D spenders, were an important factors in the collapse of demand for 
R&D. The tightening of competitive conditions and the budgetary squeeze led to 
shorter R&D horizons and more shallow technological efforts at the firm level. On 

7 For a more detailed discussion of these processes see Radosevic (1994a). 
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the other hand, a new macroeconomic regime allows the economically less relevant 
imitative technological effort to be avoided. Increasing competitive pressures and 
short-term horizons create demand for simpler R&D services (quality, testing, 
measuring, etc.) which forces the domestic R&D system to restructure towards the 
lower end of the R&D spectrum. However, these services should not be under
estimated as they reduce the key bottlenecks in production capability. Relatively 
intense but monogamous interaction between R&D organizations and factories is 
now sometimes replaced by market links based on 'commodified' services. This is a 
consequence of the increase in small or medium-sized companies and their concomi
tant reduction in demand for any R&D other than standardized packages of 
technical services. The previous emphasis on technical complexity per se has been 
refocused towards effective demand, which is now for technologically simpler 
products. 

3.2.2. Contraction of the R&D system 

In the context of an open economy much of the imitative and adaptive R&D typical 
of a closed economic system cannot survive. This leads to significant reallocations of 
people from R&D to other sectors. The implosion of post-socialist R&D systems 
made them much slighter. It is unclear how much this reduction is due to non
competitiveness (mismatch between new and old competencies) and how much to 
general reduction in demand. 

The welfare effect of this significant 'brain relocation' is rather complex. A 
realistic perspective should be dynamic, and assume that people have, in addition to 
their professional ability, problem-solving expertise which is transferable. In this 
case it is crucial that the relocation is to areas where this problem-solving expertise 
can be effectively redeployed. If the skills/technology based growth is not obvious, 
the problem of unlearning becomes acute and with that comes the issue of the 
erosion of the knowledge base. 

3.2.3. Transitory hybridization of R&D organizations and its limits 

The increasing difficulties of maintaining real incomes through research have led to 
a widespread expansion into services and production activities. This hybridization is 
probably a temporary strategy to overcome enormous uncertainties and financial 
difficulties extending well beyond R&D. Depending on the extent of hybridization, 
serious problems may develop in managing very disparate sets of activities, each 
with a very different ethos leading to serious problems of organizational incoher
ence. There are clear limits of the extent to which tensions between different 
activities can be managed, and these represent clear limits to hybridization which 
should be seen as a transitory phenomenon. Organizational diversification can be 
considered coherent to the extent that constituent activities are related (Teece et al., 
1994). If they are not related, and yet are kept within the same organization, there is 
a possibility that the core activities will be undermined. In this context spin-offs 
should be seen as solutions to the problem of organizational (in)coherence, if other 
conditions are favorable for their growth. 
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3.2.4. Academic spin-offs 

Academic spin-offs are situations where part of an R&D institute is channeled into 
an independent unit, under the ownership and effective control of the principal 
institute, and with the objective of capitalizing on accumulated investments in R&D. 
From an SI perspective the question is what role do spin-offs play in new innovation 
systems? Are they a mechanism for initiating production based on innovations 
developed within the old system, or do they serve as problem-solving organizations, 
fulfilling the role of consultants and technical service organizations? Are they a 
mechanism for correcting structural deficiencies inherited from an old system, or are 
they merely an expression of survival strategies which may even undermine the 
coherence of some parts of the R&D system? 

Case studies from Central Europe and China show that these mechanisms serve to 
integrate the capabilities or outputs of R&D institutes with industrial production 
(Balazs, 1995; Shu Lin, 1994). They customize foreign innovations to the needs of 
domestic users, and are interface organizations filling the gap between production 
and services, or playing the role of specialized suppliers in providing small-scale 
components. In this respect they playa positive role in SI by improving coherence of 
the system and repairing two main structural weaknesses in PSEs, the lack of 
specialized suppliers and science based subsectors (Guerrieri, 1994a). 

One would normally expect spin-offs to become independent of the parent 
institutions as they grow and develop their own markets. However, overall demand 
and growth prospects are not conducive to this process as evident in several post
socialist countries. There is already significant proof that in PSEs these are to be 
considered 'quasi spin-offs'. A new, quasi spin-off firm is usually a joint stock 
company which has, to varying degrees, kept links with its parent institution and in 
some senses has never fully spun off. Often the (co-)ownership of a new company 
carries arrangements whereby core employees of the parent company work part
time for the new one. In conditions where the privatization is in turmoil and the legal 
framework is changing, this link facilitates the transfer of resources, knowledge, and 
people from a public organization to a semi-public or private organization through 
different forms of 'wild privatization' and decapitalization of academic institutions. 
In short, spin-offs could improve the coherence of SI, but when based on a survival 
strategy they can erode the knowledge base of academic institutions. 

3.2.5. R&D funding 

Post-socialist governments have reduced their responsibility for financing S&T, 
basic science and university systems. Any governmental influence on R&D 
institution-industry cooperation or the financing of applied R&D for direct use in 
industry is regarded as incompatible with market economy principles. This has led to 
skewed research funding: increased R&D funding for basic research and reduced 
funding for strategic and applied R&D. 

Through this process of polarizing the R&D spectrum, pockets of basic science are 
preserved and developed, either through international cooperation or budget fi
nancing, demand for development work is significantly restructured and reduced, 
and demand for strategic and applied R&D is very much reduced. As a result, the 
R&D element in the middle of the chain almost disappears. The biggest victims of 
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this situation are the 'transfer sciences', fields dependent on interaction between the 
basic sciences and production engineering (chemical and software engineering, for 
example). Broken or very fragmented production networks underlie these areas. A 
shift towards the lower end of the R&D spectrum denotes the increasing dominance 
of non-R&D activities like measuring, testing, and quality control, for which there is 
a growing demand from domestic exporters. 

3.2.6. Privatization of R&D and coherence of SI 

Privatization of R&D has progressed by different degrees in all PSEs as they attempt 
to capitalize on invested R&D and to reduce budget deficits under conditions of 
shrinking domestic demand. It is a process of ownership transformation which, in 
principle, changes the profile of an institute into an industrial or service enter
prise. 

The issue of welfare losses or gains through privatization of R&D should be 
approached by introducing the distinction between generic and private knowledge 
embodied in industrial R&D. Generic knowledge is knowledge for which private 
firms are not willing, or able, to pay the marginal costs of its production or even 
distribution, but are willing to use it. Private knowledge is the kind for which firms 
are willing to pay the marginal costs of production and distribution. If knowledge is 
treated as a commodity, there are no problems with privatization. However, since 
knowledge is not a commodity but a specific asset with strong public elements, it 
contains generic elements for which firms do not want to pay but want to use. In 
other words, the market has a very limited ability to evaluate such knowledge. From 
an SI perspective, it is important to retain a generic type of technology capability and 
research. Such capabilities are usually supported through public/private schemes not 
yet forged in these economies. Thus in the medium term such capabilities are in 
danger of being lost. 

The decision to privatize has meant that 'boundaries between near market 
research and all other research had to be identified and imposed on the institution 
from outside' (Webster, 1989: 226). This is obviously less of a problem in the case of 
individual as opposed to mass privatization. If only part of an institute is to be 
privatized, then there must be decisions about what should be included. Another 
problem is what will be the future relationship between public science base and 
newly privatized firm if it is to pursue any R&D. In areas where the mix of 
disciplinary expertise is sine qua non, privatization alone is not a solution, as it will 
create new gaps between the public and private spheres that will have to be filled by 
new 'bridging institutions'. In many areas of technology the expertise does not 
operate along the basic/applied research dichotomy (Webster, 1989). 

The possibilities for minimizing the costs and increasing the benefits of privatizing 
R&D are small. In the trade-off between across-the-board solutions (mass privatiza
tion) and low rates of individual privatization, no one is willing to buffer the change 
and allow R&D to restructure and adjust. 

3.3. Openness and coherence of SI 

The opening of previously closed socialist SI will have major effects on dynamic 
capability. PSEs are opening in a period of globalization and liberalization where 
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mechanisms of exclusion, and not just integration, are pervasive. Their opening 
might contribute to overcoming structural weaknesses but also to further fragment
ing some sectoral SI. Indeed, the possibilities of increasing dynamic economies 
might arise from their opening but so might the possibilities of 'vicious circles' of 
deterioration where a country or sector is 'locked into' its initial comparative 
advantages. 

The current introduction of PSEs into the global economy is in general uneven 
and shaped by a multiplicity of factors: by a region's cost advantages, its proximity to 
EU markets, its natural resources (in the case of Russia and Kazakhstan), and by 
uncertain growth prospects. The process is also influenced by the defensive strate
gies of global companies where early movers attract others leading to self
reinforcing processes in countries like Hungary. Some sectors are beginning to be 
integrated into global production systems (e.g., the automotive industry, clothing 
and machinery parts industries through subcontracting, and consumer goods in
dustries), or into global industries, which were before 1989 confined to the Commu
nity for Mutual Economic Assistance (aluminum, oil, and gas). The determining 
factors of their integration cannot be reduced to static cost (dis )advantages. It seems 
to be more a process where strategic interactions between governments and strategic 
investors, in conditions of pervasive uncertainty regarding future economic pros
pects (openness and EU links), dominate over short-term considerations. 

3.3.1. Market and technology access 

In economies that have been closed for a long period, market access is a potentially 
powerful mechanism of technological learning. Dynamic technological development 
is more probable if technology transfer is linked to constant market access (Rado
sevic, 1994c). The most important effect of liberalization - increase in trade/output 
shares - also reduces the scope of technological learning possible in a closed 
economy. Learning in a closed economy, based on the one-off import of technology 
and domestic demand, is isolated from possible dynamic externalities that would 
arise by continuously accessing foreign markets and global networks, and is thus 
dynamically inferior. Constant feedback from users facilitates improvement of 
technology and exerts pressure to do so on a continuous basis. Simultaneous access 
to technology and markets is crucial for PSEs to multiply the effects of their opening. 
Technology access alone does not solve the problem of dynamic learning. 

There is currently the danger among PSEs that market access alone will not 
ensure access to technology and that knowledge inflows from demanding foreign 
buyers will be marginal. Access to foreign markets differs significantly across 
different technology transfer channels and the possibilities for dynamic learning 
differ accordingly. 

Besides foreign direct investment (FDI) and subcontracting there is widespread 
knowledge transfer which is affecting SI through export and import. So far, PSEs are 
still marginal exporters, except in the case of Russian natural resources. Only 
exports from Hungary and Poland have exceeded their highest values from the 1980s 
(Radosevic, 1995a). Individual country rates are fragile with large year-to-year 
differences. This reflects the still troubled working of economic mechanisms, the 
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dominant influence of macroeconomic policy on export competitiveness, and the 
problem of access to EU markets. 

Increase in import of investment goods, if linked to capital inflows and domestic 
investment, shows the working of a growth mechanism. With the exception of only 
a few countries and sectors, FDIs in these economies have not yet improved and are 
still at low levels. Nevertheless, import structure has changed much more than 
export, indicating a growing demand, especially for the import of office machines 
and equipment. These imports increased significantly, showing that despite a gen
erally low level of investment there is growing pressure to introduce information 
technology and telecommunication equipment into large public systems as well as to 
satisfy growing individual demand (Radosevic, 1995a). In short, 'learning by using' 
did progress in these economies even in the years of strong GDP decrease. 

3.3.2. The 'lock-in' or 'offshore' mode of insertion into global 
economy 

From the SI perspective, whether modes of cooperation will lead to 'lock-in' or 
'offshore' options is important. By 'lock-in' we assume situations in which the 
activities of high-value, inward-bound multinational corporations are likely to be 
attracted to innovative and productive sectors and 'caught up' in the 'virtuous' circle 
of asset accumulation and clustering. The 'offshore' mode is one where cooperation 
evolves due to specific advantages (lower costs, natural resources) in a host country 
but does not lead to the virtuous circle of asset accumulation and can even reinforce 
fragmentation of an SI.8 We shall illustrate this dichotomy in the case of three 
channels of cooperation: FOI, subcontracting, and scientific research. 

Foreign direct investments (FDIs) 

FDIs are a potentially powerful channel of integrating an SI into global networks 
and influencing its structural change. They enable, though do not ensure, the 
creation of linkages with domestic suppliers and the introduction of modern technol
ogy. In cases where FDIs are accompanied by technology transfer, knowledge spill
overs, and clustering of subcontracting firms, they may induce demand for technical 
services and R&D. This would give a push to wider network building and would 
strengthen SI. However, this channel might also create new gaps if technology 
activities are confined to factory enclaves that are not connected to domestic 
suppliers and offer no knowledge spill-overs into domestic industry. Which scenario 
will prevail is to a great extent a domestic policy issue. The current integration of 
PSEs is characterized by the variety of positions which foreign affiliates or domestic 
companies occupy in international production networks, 'offshore' and cost-based 
'sourcing' being the most common (see Radosevic, 1995a). 

8 The issue is how to transform the 'offshore' strategies of foreign multinational corporations 
into 'lock-in' positions. Therefore these terms are used from the perspective of foreign 
partners or investors. 
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Subcontracting 

Subcontracting is growing fast among European PSEs (Najuoks and Schmidt, 1994). 
It is restricted to certain sectors (clothing, footwear, furniture, machinery, and 
electrical engineering) in which this channel represents the most important mecha
nism of trade and knowledge transfer. The essential characteristic of subcontracting 
is the coupling of export (market access) and technology access, which comes 
through technical assistance from the principal. It functions as a training school 
where knowledge inputs are received through product specifications and require
ments. 

Permanent market access and pressure from foreign markets is a new source of 
learning for PSEs. This relationship is an appropriate structure when learning 
economies are significant and technology is network rather than firm specific, i.e., it 
can be applied across several similar products. This type of learning, which was 
missing in a closed economy, could have turned subcontracting into a powerful 
learning mechanism. Subcontractors do not carry the burden of marketing and 
finance; these are transferred to the principal. The problem for PSEs is whether they 
will be able to move from the 'offshore' type of subcontracting (based on cost 
advantages) towards speciality subcontracting where the subcontractor is able to 
exchange sophisticated components with a principal. The persistence of 'offshore' 
subcontracting would be a strong negative externality for their SI. However, our 
information on these issues is still anecdotal. 

Scientific research 

Bearing in mind the developed science capacities in ex-socialist economies it is 
undoubtedly the case that many science areas will be integrated into the inter
national science community. If judged by their science publication scores, socialist 
countries, particularly the Soviet Union (SU), ranked relatively low, although 
immediately below OECD countries. However, this is a misleading picture of their 
real scientific potential, since in socialist times any science communication was 
extremely restricted, especially in the former SUo Recent evidence shows a notable 
improvement with respect to this (Haverman, 1995; Katz and Hicks, 1996). In
tegration is currently the only way for most science groups to prosper. However, 
better integration into the international science community does not by itself 
guarantee integration into domestic technology. It is very likely that some PSEs will 
repeat known patterns of nationally isolated but internationally integrated islands of 
excellent research. Being an attractive R&D subcontractor (as Russian science is 
today) does not mean that the results will be realized in a host economy. However, 
if well-integrated science groups are in areas of potential domestic virtuous circles, 
they may be an important link in that process. 

How to use FDI and sourcing arrangements to enforce or break up the virtuous 
circle is a common problem in a globalized economy and is especially relevant for 
PSEs. The processes of internationalization of previously closed SI are changing in 
ways that are difficult to perceive or quantify. New technology transfer channels, 
which PSEs can exploit, do not by themselves guarantee domestic and international 
integration of their SI. 
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3.4. Transformation of techno-economic networks 

Through their interaction, the processes described in sections 3.1 to 3.3 determine 
the prospects of rebuilding old or creating new techno-economic networks. Re
structured enterprises could compensate for many disadvantages of related 
knowledge infrastructure by internalizing them. On the other hand, developed 
infrastructure allows enterprises to externalize technical and other business func
tions (marketing, finance) by transferring them to other organizations in the infra
structure (technical centers, business associations, banks). If enterprises have large 
foreign buyers or access to markets, or if strategic partners are involved, this may 
foster and speed up the restructuring of domestic techno-economic networks and 
may compensate for many intra firm or network disadvantages. Opening has created 
opportunities for foreign enterprises to act as network takeovers or network 
organizers. In short, our framework shows the possibility of numerous compensa
tory mechanisms in the transformation of techno-economic networks. 

The question that arises at this point is: are there any likely patterns of restructur
ing in techno-economic networks in the post-socialist context? It seems that in the 
early phases of post-socialist transformation these patterns are determined by the 
value of inherited 'localized' learning processes from the closed economy in the new, 
open, and capitalist context. A market value of inherited technological capabilities 
strongly influences the prospects for enterprise and knowledge base restructuring as 
well as determines the prospects for involvement of foreign strategic partners. The 
restructuring of techno-economic networks is driven only by the prospect of im
mediate sale (demand led),9 

In that context patterns of restructuring are influenced, first, by the type of 
technological capabilities or their current market relevance, and second, by their 
location (within an enterprise; within the networks of enterprises; within the 
external R&D institutions). On that basis there seem to be three types of network 
transformations which, at a very preliminary level of research for Eastern Europe, 
are dominant: 
• reorientation of simple networks (e.g.: the woodworking industry, metal parts, 

garment); 
• destruction of old knowledge-intensive production networks and the creation in 

their place of new networks (e.g.: the IT industry, pharmaceuticals); 
• collapse or preservation or 'lock-in' of old networks (e.g.: heavy machinery; 

petrochemicals ). 
The simple production networks, i.e., woodworking, the garment industry, or 
commodities, are reorienting themselves relatively easily to world markets. (For 
foreign trade evidence see Guerrieri, 1994a; Rosati, 1994.) In the case of old complex 
production networks, like those in the machinery sector, where inputs come from 
several enterprises and payments per unit are much higher. these networks are 
deteriorating because of cash flow problems; they survive only through barter. In the 
case of knowledge-intensive industries. like electronics or pharmaceuticals, once 
effective demand is found. the accumulated skills of engineers and R&D could be 

9 I am grateful to Christian Hirschhausen for this point. 
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more easily deployed in a new context than is the case with the complex engineering 
and capital based sectors. 

Our argument is that the prospects for rebuilding PSEs are not only conditioned 
by (dis )economies in production but also can result from the inability of actors in 
production networks to self-organize due to institutional uncertainty and coordina
tion failures which hinder self-organization of industry. An ability of techno
economic networks to self-reorganize is probably, with other factors unchanged, 
inversely proportional to its production and organizational complexity. In addition 
to that, drastic currency devaluation and changes in relative prices resulting from 
liberalization favor primary or resource-based production over industrial goods, 
with the latter being on average more complex than the former. III Increased import 
content of exports is shifting these economies towards assembly-type specializations 
with low value added. As a result, engineering and network intensive industries 
suffer the most vis-a-vis resource intensive production activities which are usually 
confined in one enterprise with rudimentary marketing requirements. 

However. it would be a mistake to argue that patterns of post-socialist industrial 
restructuring and the survival of their SI are dominantly determined by the degree of 
complexity or simplicity of techno-economic networks. That would require far more 
empirical research to be backed up. Elsewhere (Radosevic. 1995b) I tried to show 
that meso variables (sectoral market and technological characteristics; the privatiza
tion context) in interaction with micro (top management behavior; strategic part
ners) and macro factors (macroeconomic variables) ultimately shape the prospects 
for the development of organizational capabilities and enterprise growth in post
socialism. This implies that industrial restructuring is a complex process which 
cannot be reduced only to micro or macro variables as is implicitly assumed within 
the transition economics. 

4. Conclusions and policy implications 

A final configuration of SI will be the result of several ongoing processes. described 
before, which determine the process of enterprise formation and their relation to the 
innovation infrastructure (knowledge base). Strategies of domestic and foreign 
capital. which are influenced by state activities (openness, regulations) are the main 
structuring forces in this process. These allow for three possible mechanisms which 
might shape the institutional configuration of specific SI: self-generated. self
organized. and policy-led options. Table 16.3 sets out this configuration. Within such 
defined factors it is possible to analyze the specific institutional configurations of SI 
in PSEs. 

Self-generated transformation is a laissez-faire option where liberalization is used 
as the main mechanism for transformation. Such an option can be seen as the 
attempt to disengage from economic regulation after years of pervasive state 
involvement. However. chaotic state disengagements have tended to create a 

10 Similar conclusions are applicable to Latin American economies. See Guerrieri (1994b) for 
evidence. 
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Table 16.3 System of innovation in post·socialism: the area of possible 'absorbing states' 

Enterprisation 

Knowledge base 

Domestic capital 

Fragmented 
Self·generated 

Structuring actors 

State 
Firm structure 

Self·organized 

Coordination mechanisms 

Foreign capital 

Integrated 
Policy·led 

vacuum which has to be filled by ad hoc state interventions (Yavlinski and Bra
guinsky, 1994). Another extreme is active state involvement (policy led) in structur
ing post-socialist transformation. This appears quite legitimate, given the state's 
ability to fulfill its structuring role. However, as with market failures, government 
failures are pervasive in PSEs. A third alternative goes beyond the government
market dichotomy and tries to understand how markets become articulated and 
what the institutional preconditions are for self-organization of industry and for the 
creation of coordination mechanisms between government and industry. 

Coordination here should be understood in its broadest sense as encompassing a 
wide range of informal mechanisms or associations which function as mechanisms of 
non-market articulation of market and structural incentives (Robertson, 1992). 
These mechanisms (consumer and producer associations, university-industry asso
ciations, restructuring committees, different forms of self-organization of industry, 
etc.) operate in some countries as developed networks, functioning complementary 
to the dynamics of market forces, negotiating over 'market failure', and facilitating 
the work of complex economic mechanisms. Market and non-market incentives can 
be effective only if signals can be transmitted through institutional networks and be 
part of an information exchange, and not only a market exchange, in the econ
omy. 

Coordination failures in post-socialist transformation are pervasive. A standard 
approach to resolving this issue, found in the government-market dichotomy 
perspective, is to reduce the problem to a question of saying yes or no to government 
intervention. From the SI perspective the problem should be defined as a lack of 
systemic coherence. A coherent SI is unlikely to emerge if not characterized by a 
coordination principle based on some balanced proportions between positive learn
ing and negative strategic externalities. In PSEs the very institutional basis for the 
emergence of the structures of mutually consistent expectations, which then shape 
cooperative/competitive strategies of agents, is missing or very fragile. This is 
exacerbated by the undeveloped financial systems which normally carry some of the 
required coordination functions. 

In PSEs the old forms of coordination are inappropriate and the new are not yet 
in place. Rules established in mature, open economies may be too costly for new 
market economies. Institutional resources are, in principle, not available or are too 
expensive to establish and hence there is a need for new innovative solutions. ll 
These may be generated and implemented only through cooperative and informa
tion exchange mechanisms either within industry or between government and 

II For an inspirative discussion along these lines in the case of Russia see Kuznetsov (1994). 
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business. Even more than the government-business coordination links, PSEs need 
new forms of intraindustry coordination, information exchange, and negotiation. 
The existence of such 'non-market mechanisms of market articulation' would 
improve the coherence and integration of their SI. This should be done initially by 
building up the 'grey zone' institutions or mechanisms of information and knowl
edge exchange and increasing the coordination between public and private 
spheres. 

These mechanisms are crucial as restructuring in these economies cannot be 
achieved through a 'hands off policy. For example, the dominant privatization 
mood is focused on the short-term, passive, and broad brush while there is a clear 
need for a long-term focus that is active and technical (OECD, 1994). But the very 
limited administrative capabilities available must be taken into account as detailed 
restructuring requires industry/R&D specific expertise. While it is obvious that 
governments cannot carry out operational restructuring, better mechanisms of 
coordination would speed up the process and make it more efficient. It would also 
enable sectoral restructuring which is now completely out of the policy scope of 
these economies. 

PSEs confirm that the obstacles to an effective role of the state are not rooted so 
much in the propensity of states to intervene as in the difficulty of constructing 
strategies of involvement commensurate with the limited capacity to intervene 
(Evans, 1993). Although initially PSEs refused to do anything about industrial 
restructuring, the very magnitude of their economic problems is pushing them 
towards active, non-ideological involvement. A perspective that could explain the 
institutional context of successful coordination within industry in conditions of 
'infant government', as Kuznetsov (1994) described them, would be a possible way 
out. 

This chapter has attempted to formulate an alternative SI perspective on post
socialist transformation. Its basic premise is that the dynamic efficiency of PSEs will 
not come about as the result of 'getting incentives right' or 'getting institutions right' 
unrelated to their effects on technology accumulation. Whether incentives or 
institutional set-ups are 'wrong' or 'good' cannot be assessed based on the degree of 
distortion from equilibrium price levels or based on some optimal institutional 
configuration; what is important is whether the incentives and institutions induce 
capitalization, technological change, and learning. If dynamic efficiency or the rate 
of accumulation and diffusion of technology are taken as criteria, then the future of 
PSEs will depend on the emergence of coherent SI. 

Socialist SI were characterized by the separation of technology and production as 
well as by their closeness. Their opening and new ownership incentives reveal a 
complex process which evolves between restructuring and erosion of inherited R&D 
and technological capabilities. Central to this process is the transformation of 
enterprises from production to business units, of the innovation infrastructure, and 
of the way PSEs enter the global economy. We described several phenomena within 
these areas which basically illustrate that the transition of PSEs does not lead 
automatically to improvements in dynamic efficiency. Integrated or fragile , coherent 
or incoherent, SI are not the result of the right incentives and institutions per se but 
the way these incentives and institutions promote technological accumulation and 
structural change in specific sectors. 
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Strategic uncertainties, pervasive market failures, and institutional poverty of 
most of PSEs for the market economy show that the problem of coordination is 
crucial. This should not be understood as a problem of inter-ministerial negotiations 
or of defining one specific policy but as a problem of building up institutional 
structures conducive to bargaining and information exchange beyond and through 
the market. 
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CHAPTER SEVENTEEN 

The Building of Cross-Border 
Institutions in Europe: Towards a 
European System of Innovation? 
Paraskevas Caracostas and Luc Soete 

1. Introduction 

The development of European integration from the European Steel and Coal 
Community to the European Union has led to the setting up of a number of original 
post-national institutions· which have contributed significantly to shaping the in
novation process in the different European member countries. These institutions 
can be called 'post-national' for two reasons: first, they have created stable links 
between the main actors and existing organizations which have contributed to the 
fabric of national systems of innovation and have been supported by specific new 
organizations; and second, they have not replaced national institutions which 
continue to determine the specifics of national systems of innovation (NSI). 

The European institutions have combined elements of federalism (where sover
eignty and the regulation of human interaction has been displaced at a supranational 
level) with elements of intergovernmental cooperation (where national institutions 
are interlinked while remaining truly autonomous). Thus in Europe the institution 
building process has been the result of very diverse social, political, and economic 
processes which explains its heterogeneity (if compared to national trajectories) and 
also its specific character (when evaluated vis-a-vis well known explanatory or 
normative arguments). 

Understanding post-national systems of innovation (SI) requires an analysis of the 
institutions that have shaped it, including their features, history, and the impact they 
have had on NSI. The aim of this chapter is to contribute to this debate by providing 
a broad overview of the European institutions as they have emerged over the post
war period. Given their relative importance, the analysis will be centered around the 
European Union's research institutions (legal frameworks and implementation rules 
such as programs) and organizations (e.g., what are called 'European institutions', 
representative bodies, committees, etc.) that influence European institution build
ing. Broader and more supranational (influencing more indirectly the whole of the 
NSI) institutional 'blocks' such as in the field of antitrust or trade will not be 

1 'Institutions' are defined in the sense of 'humanly devised constraints that shape human 
interaction' and informally as 'rules of a game in a society' (North, 1990: 3); or, as Edquist and 
Johnson (this volume) put it, as 'sets of common habits, routines, established practices, rules, 
or laws that regulate the relations and interactions between individuals and groups'. 
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analyzed in depth but only referred to in relation to research and innovation 
promotion areas. This is a choice which, though undermining the 'holistic' character 
of the 'systems of innovation' approach, is imposed by the necessity to progress by 
making a more comprehensive review and analysis of European innovation-related 
institutions. 

This chapter provides a tripartite discussion of cross-border institution building in 
Europe. First, we describe some of the current features and future trends of 
European integration and identify some emerging institutions. As will be illustrated, 
despite their wide and diverse coverage, most institutions created over the last forty 
years within the framework of European integration can be related directly to the 
three essential components of knowledge infrastructure: research and technological 
development (RTD), innovation transfer, and training and education. Second, we 
focus on European research institutions and their impact on national S&T policies 
and national systems of innovation. Despite the impression of a relatively recent 
emergence of such institutions, they can be traced back to the early failure to 
implement, under the Euratom Treaty, a European division of labor of nuclear 
research. Third, we discuss the notion and possible emergence of a European, post
national SI. We discuss four conceptual issues, beginning with the possible tensions 
that might exist between the diversity of national systems of innovation and the 
emerging post-national European institutions, then moving on to a more conceptual 
discussion focusing alternatively on the 'national', 'systems', and 'institutions' no
tions contained in the concept of NSI. 

2. An uneven European system of innovation: current features 
and new trends 

Both the early literature on national systems of innovation and the more recent 
interpretation of the concept by David and Foray (1995) bring to the forefront the 
wide diversity of national policy instruments in the science and technology area. While 
some of these might have been characterized by general notions that were 'mission' or 
'diffusion' oriented (Ergas, 1984), recent literature suggests that such understandings 
hide much of the institutional nature of these systems and so do not lead the policy 
debate very far. The notion of some internationally valid, 'best practice' institutional 
mechanism in the S&T area seems from this perspective not justified. 

The wide diversity across the EU member countries in the amount of resources 
devoted to research, the structure of those resources, the importance of industry/ 
university relationships through, for example, the funding of the higher education 
system, and the institutional and organizational set-up of government support 
(central, federal, regional) can to a large extent be explained by the long, and in 
some countries rich history of S&T institutions and different administrative tradi
tions. Each of the national systems of innovation in Europe appears in other words 
characterized by different sectoral specialization, different corporate governance 
regulations and routines, various institutional set-ups, and great contrasts in per
formance. A good summary of the evidence on this cross-European diversity, as well 
as the link to national and European S&T policy priority setting, can be found in the 
European Commission's (1994) S&T Indicators Report. 

European integration has a history of more than forty years. It has led to the 
development of a number of simultaneous or lagging convergence processes, creating 
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a post-national 'layer' of activities for national firms and governments. Gregersen et al. 
(1994) define European integration as 'a process towards a coherent institutional set
up for production, trade and innovation within Europe'. They identify four inter
related types of economic integration in a matrix: formal (1) and informal (2) 
institutional arrangements between political actors, and formal (3) and informal (4) 
institutional arrangements between economic actors. We will concentrate on type 1 
(formal EU institutions) and type 4 (changes in the informal institutional set-up and 
communication pattern among private agents, e.g., through networking). 

2.1. Current features 

From the point of view of interactive learning, seven major areas of formal post
national institutionalization are particularly important in so far as they influence the 
learning and innovative capacity of socio-economic actors and national institutions: 
• The single European market which was the initial goal of the European Economic 

Community in the late 1950s is becoming a reality through the 1993 program of 
deregulation through mutual recognition rather than harmonization. 

• The development of trade policy institutions and instruments is moving toward a 
more global institutional context (GAIT, World Trade Organization, etc.). 
therefore pushing for a redefinition of European integration policy tools in this 
domain. 

• The strengthening and adaptation of competition policy as a key regulatory 
mechanism for the single European market (state aids control. merger regulation. 
attacking price and other cartel agreements, etc.). 

• The consolidation of research and innovation policy institutions. 
• The rapid growth, since 1988, of post-national redistributive (mainly regional 

development) mechanisms with the structural funds and the European Invest
ment Bank as core organizations. 

• The mobilization of efforts for organizing trans-European transport. telecommu
nications and energy networks. 

• The Economic and Monetary Union program which, from a post-national institu
tion point of view. is the most powerful drive for 'Europeification' of national 
policies since the single European market program. 

In contrast, three components that are critical to national systems of innovation 
seem to lag behind at the post-national level: 
• specialized financial institutions for innovation; 
• social regulation/conflict resolution mechanisms; 
• education and training institutions (European programs in this field have initiated 

an embryonic learning process but education remains clearly a national mat
ter). 

We have in other words a market tending towards unification. regulated by well
defined competition and trade policy rules with emerging (research, innovation, 
regional development) structural policy institutions. 

This emerging post-national system of innovation produces and is produced by 
specific post-national institutions that are both formal (treaties, community pro
grams, and other European schemes) and informal (networks, common habits, and 
norms). 
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One can assume that the core of a system of innovation at the European level is 
made of those organizations and institutions regulating the creation, distribution and 
use of knowledge and know-how in cooperation across member states' boundaries; 
that is. organizations and institutions dedicated to research. innovation, and educa
tion and training. Other structural policy institutions, although they often include a 
very significant innovation component. are not considered here because they are not 
primarily designed for contributing to the emergence of a post-national innovation 
space but rather for strengthening national systems of innovation in less favored 
countries and in specific regions. 

The Treaty of the European Union defines the rules governing research. innova
tion, and education/training institutions. In the field of research, title XV defines the 
objectives, the actions that can be carried out, the decision-making procedures. and 
the implementation mechanisms. Innovation is only quoted in the title concerning 
industry where it is said that the Community aims at favoring a better exploitation of 
the industrial potential of innovation policies. Finally, a distinction is made in the 
treaty between education for which no real policy is mentioned (only 'Community 
action') and training which is the subject of a true EC policy. 

These institutions have relations between themselves and other EU institutions. 
Figure 17.1 presents in a simple manner these basic links by clustering European 
institutions in three groups: the first concerns mainly the needs of society (and the 
citizen); the second covers institutional developments in the field of economic 
structural dynamics (a European economic space); the third links together the 
institutions that are designed to regulate the relations between a strengthened 
Union and other regions of the world. These very general contextual elements serve 
as an illustration that research and innovation institutions are developing in inter
action with other major areas of post-national institutionalization. 

Research institutions have the longer history. They promote transnational co
operation in the field of the production of knowledge and know-how and its 
diffusion across Europe. The Fourth Framework Program (1994-1998) and related 
specific programs are now key components together with competition rules govern
ing state aids and cooperation agreements between firms (see the European Com
mission's (1994) Report for a description of EU research policy). 

Innovation policy institutions, if conceived in a restrictive manner as specific formal 
rules influencing the innovation capacity of firms beyond R&D and technological 
demonstration, do not exist at the EU level. Support programs for innovation and 
technology transfer, however, can be considered as quasi-institutions in so far as they 
have influenced the behavior of specific actors in the innovation process, i.e., the wider 
category of intermediaries working in the field of technology transfer and application 
in SMEs.2 SPRINT (Strategic Program for Innovation and Technology Transfer) is the 
embryo of such innovation policy institutions. From 1989 to 1994 it contributed to the 
development of innovation support services for SMEs, to the demonstration of intra
Community technology transfer and technology acquisition, and to the improvement 
of a common European knowledge of the innovation process. 

Education and training institutions, although they were partly (for training only) 
foreseen by the EEC Treaty in the provisions related to the European Social Fund, 

2 See also Galli and Teubal's contribution to this volume. 
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have been created by the Treaty of the European Union (1993). The new rules 
formalize previous ad hoc experimentation through Community programs. 

For example, the experience of COMETT (the European Union program on 
cooperation between universities and industry regarding training in the field of 
technology) is very interesting from the point of view of nascent training institutions 
at European level.3 
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Figure 17.1 European Union institutions: building a knowledge infrastructure through links with other 
EU institutions 

J COMEIT I ran from 1986 to 1989 with a budget ofECU 50 million and COMEIT II from 
1990 to 1994 with a budget of some ECU 230 million. Both were centered on transnational 
university-industry cooperation in advanced technology education and training. The first 
strand of this program supported consortia of higher education institutions, enterprises, and 
other relevant organizations (enterprise training partnerships - UETPs) linked in a European 
network. The 200 UETPs created were essentially of two types: regional UETPs brought 
together universities, enterprises, and other interested parties within a geographic area, 
sectoral UETPs did the same in a particular technology or industry. 
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2.2. Future trends 

Major developments have occurred in these three fields of post-national institu
tionalization. Even if their outcome is uncertain, it is worth mentioning the latest 
trends. 

First, the model of 'lifelong learning' has now become an institution in the sense 
used by Richard Nelson (1995), i.e., a model of what education and training should 
be for the individual. The EU institutions are in some way developing the systemic 
implications of this model: the policy debate is focusing on gateways between 
different training situations and organizations (themes such as partnerships, mobil
ity, networks, and common visions of the future have become a reality since the 
1980s as in the field of research and innovation). The new SOCRATES and 
LEONARDO programs recently decided respectively in the field of education and 
training show that important initiatives are being taken in this direction. In addition 
the recently published European Commission's White Paper on education and 
training (European Commission, 1996) describes the main challenges for the future 
of education and training in Europe and outlines the elements of a long-term 
strategy. 

Second, growing recognition at the level of heads of state and government of the fact 
that research institutions are fragmented in Europe is driving new institutional 
innovation in this field. The European Commission following on the conclusions of the 
European Council in Edinburgh has made an important move in 1994 by publishing a 
communication concerning coordination of natiorial science and technology policies 
with EU policy. It is proposed to develop a systematic exchange of information about 
national policies and programs (as well as about horizontal issues such as fiscal 
measures for R&D), to strengthen coordination between national, EU and other 
European programs, to translate such a coordination in new actions, and better to 
coordinate positions of EU member states in international fora. 

Third, at the end of December 1995, the European Commission presented a 
Green Paper on innovation in Europe which focused on removing barriers to 
innovation in Europe and improving the conditions for transnational cooperation 
between innovators. This would include some vital elements such as the role of 
capital markets and the availability of high risk 'venture' capital funds, the rules 
governing intellectual property, the particular legal frameworks for cooperation, etc. 
In other words, slowly the relative fragmentary and ad hoc nature of the various 
European knowledge infrastructure institutions as they were set-up and developed 
over the last forty years, appears to become shaped in a more coherent system of 
innovation framework, with the policy focus shifting to the possible remaining 
missing elements and links. 

Before addressing the issue about the actual nature of this emerging European SI, 
it might be useful to look in somewhat more detail at the dynamics of these emerging 
post-national institutions. From now on, the focus will be on the European research 
institutions and in particular the lessons that can be drawn from their historical 
development processes, and the analysis of their impact on national policies, i.e., on 
the forces and conflicts that shape formal research institutions at the national 
level. 
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3. European institution building in the field of research4 

European innovation-related institutions have developed simultaneously with Eu
ropean Community institutions. Part of a growing set of rules defining the inter
acting behavior of participating nations, they also reflect national institutions and 
their conflicting direction. Furthermore, they are transformed as they become 
mature, both by the interests of leading actors (administrators, researchers, and 
enterprises) and political styles of involved policymakers.5 

The hypothesis made here is that shaping (from the dynamics of interrelated 
national public and private forces) and the impact (on national institutions) is a joint, 
continuous, and complex process (with feedback loops). 

3.1. National shaping of a post-national SI 

A tentative periodization6 of the first forty years of European institution building in 
the field of research allows us to distinguish three phases: 
• 1957-67: the failure to implement a 'nuclear techno-industrial federalism'; 
• 1967-79: the tension between integration and interdependency; 
• 1980-94: intense institution building (precompetitive consortia, framework pro-

grams, networks, and the revised treaties). 
Some analysts (see Guzzetti, 1995) consider that the European Economic Commu
nity Treaty (and its further implementation) is a byproduct of the Euratom (Euro
pean Atomic Energy Community) Treaty. At the end of the 1950s, nuclear energy 
was perceived, in the same way as information and communication technology is 
today, as the basis of an industrial revolution. Moreover, for those groups believing 
in a federal Europe, it could be the subject of a radically new area for supranational 
cooperation, an area where there were no vested interests of partnering nations. The 
logic behind Euratom was to aim at industrial policy through energy policy and 
finally nuclear science and technology development. 

The first phase (1957-67) of European institution building in the field of research 
was characterized by a very strong federal approach. In theory, the Euratom Treaty 
defined the role of the supranational commission (the ancestor of the European 
Commission) as the coordinating body to which each national program had to be 
notified so that a European division of labor could take place. Joint research 
laboratories were set-up by 'Europeanizing' existing national facilities. After two 
Euratom research programs, however, the conflicts between France and Germany 

4 The following arguments pertaining to historical development are largely drawn from 
Guzzetti (1995) and Sharp and Shearman (1987). Guzzetti's work is a first step towards a 
comprehensive historical analysis of European research institutions. 
5 The catalyst of the European integration process is the Action Committee for the United 

States of Europe, founded in October 1955 on the initiative of Jean Monnet, by the socialist, 
Christian democrat, and liberal parties and non-Communist trade unions of the first six EC 
countries. 
6 These phases are to some extent artificially separated and one can argue that the forces 
underlying institutional stages are rather permanent and cumulative. The continuous tension 
between different models of European institution building is indeed a surprising reality. But 
periodization is a useful analytical tool since each phase of historical development appears to 
bring novel combinations of previous incremental and cumulative changes. 
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over reactor concepts made it impossible to reach an agreement to advance fur
ther.' 

The second period (1967-79) can only be identified as such because it is a period 
of crisis and transition. However, it was during these years that one can trace the first 
elements of what will become the new European institutional set-up in the field of 
research.8 Research institutions became linked to a proposed industrial policy (see 
the Colonna Memorandum in 1970): a single European market, 'Europeification' of 
public procurement, and technology programs - all objectives which for the first time 
were specified and articulated. 

The tension between the Community approach (integration) and the inter
governmental approach (interdependency) resulted in the creation in October 1970 
of the COST Committee (European Cooperation in the field of scientific and 
technical research) leading to an d la carte program involving non-EEC countries but 
embedded partially in the Community system. 

The last period, 1980- 94, has been widely analyzed and discussed (Ruberti and 
Andre, 1995; Sharp and Shearman, 1987). At this time, important institutional 
changes occurred with the two major revisions of EC treaties: the Single European 
Act and the Treaty on the European Union (often called the Maastricht Treaty). 

However, these changes were formalized after a period of intense institutional 
and organizational experimentation. In order to supplement the discussion with 
national governments, Commissioner Davignon supported in the early 1980s the 
emergence of an industrial interest group in the computer, electronics, and tele
communication sectors. This led to formalizing the mission of ESPRIT (European 
Strategic Program for Research and Development in Information Technology) in 
December 1982 and February 1984. This program, despite growing criticisms on its 
actual results (Hagedoorn, 1995; Mytelka, 1995), has played an important role as a 
model for successive European R&D cooperation programs, in particular through 

, In the most promising field of joint reactor development, Germany was resisting suprana
tional subsidies that would distort the market while France was against subsidies that would 
favor US technology. After a major disagreement on the reinforcement of the second 
Euratom research program in May 1965, research policy moved away from industrial policy 
objectives. At the end of the second Common program in December 1967, the development 
of European nuclear power reactors was abandoned. 
8 Many important institutional and organizational changes occur during this period: 
• the executive organizations responsible for the implementation of the Euratom, ECSC, and 

EEC Treaties are merged in 1967 into the Commission of the European Communities; 
• the start in 1969 of a 'supplementary program' , i.e., a program involving only Germany and 

Holland in the financing of the High Flux Reactor in Petten; this is the operationalization of 
an institution which was designed in the Euratom Treaty; 

• the reference, in the declaration following the European Summit in December 1969 in the 
Hague, to the need to initiate Community programs; 

• the resolution on coordination of national policies resulting in the establishment of a 
permanent Committee for Scientific and Technical Research (CREST) (1974); 

• the support for the creation of a European Science Foundation (1974), an intergov
ernmental organization in the field of fundamental research; 

• the recognition that the EEC should develop a specific science and technology policy 
(1974). 
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its experimentation with the 'shared cost' approach to collaboration between 
companies, universities, and research institutes coming from at least two different 
EC member states. 

By 1983, after a proposal made by the European Commission, the Council of 
Research Ministers had decided to group all R&D activities that were carried out at 
the EC level in a comprehensive planning mechanism, the 'framework program'; the 
first framework program covered the period from 1984 to 1987 and acted as an ad 
hoc organizational innovation without a legal basis. During this period the notion of 
'precompetitiveness' was invented: its aim being to ensure the compatibility of the 
newly created research institutions with older but reviving competition policy 
rules.9 

The Single European Act which entered into force in 1987 constitutes the first 
institutional innovation in terms of a comprehensive post-national institutional set
up in Europe. 1o The Research Chapter is related to other major institutional 
breakthroughs: the single European market and social and economic cohesion are 
the most significant. 

With the Maastricht Treaty (1993) further changes affecting research and innova
tion were introduced. Five elements need to be underlined: 
• article 2 gives the EC the new mission to promote 'a sustainable and non

inflationary growth respecting the environment' and 'a high level of employment 
and social protection'; 

• article 3B codifies the 'subsidiarity principle' limiting the action of the Commu
nity; 

• the new title XV concerning research and technological development defines the 
objectives of the EC not only in relation to international competitiveness of its 

9 For the purpose of regulating state aids, the European Commission has distinguished 
between precompetitive R&D (basic industrial research) and R&D that is nearer the market; 
there is a similar distinction in EC rules relating to restrictive agreements between companies. 
The 'Community framework for state aids in R&D' stipulates from a competition policy 
perspective a notification of all R&D support measures of member countries according to 
common criteria. Therefore science-oriented basic research may be financed 100 per cent 
from public sources, industrial basic research up to 50 per cent, and applied research from 25 
per cent up to a maximum of 50 per cent. This framework is currently under review by the 
European Commission in light of developments at the global level (G A TT subsidy code). For 
Sharp and Shearman (1987: 4) 'the dividing line between the precompetitive and the 
competitive is fuzzy. Firms may jointly fund what they term "generic" research, which 
precedes commercial applications, but they use patent or other means to appropriate that 
knowledge for themselves for competitive reasons'; Ruberti and Andre (1995: 74) distinguish 
the two elements of the 'precompetitive' notion: it is both 'far from the market' and 'generic', 
i.e., of a potential multisectoral application; but they suggest rightly that in some cases, 
upstream research is needed for a sector in particular while some generic technologies (e.g., 
microprocessor technologies) are nearer the market. 
10 It formalizes the rules governing joint R&D activities at the European level by stipulating 
(1) the objectives (industrial competitiveness); (2) four types of common action (R&D and 
demonstration, international cooperation, diffusion and exploitation, training and mobility of 
researchers); (3) a planning approach (the framework program, the specific program, supple
mentary programs, forms of partiCipation) and accompanying decision-making procedures; 
and (4) it introduces a means for coordinating national policies. 
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industry but also 'to promote research activities deemed necessary' to support 
other EC policies; 

• the new article 130H focuses on coordination between the Community and its 
member states to ensure mutual coherence between their policies; 

• finally, by the new codecision procedure, the European Parliament is made fully 
responsible for the decisions at strategic level, i.e. the framework program. 

Shaping post-national institutions is a complex, apparently ad hoc, process. Many 
lessons can be drawn from this succinct historical review. First, post-national 
institutional building is not restricted to the EU framework. In the field of research, 
for example, many intergovernmental institutions and related organizations were 
created during the 1950s (CERN, European Nuclear Research Center), the 1960s 
(European Southern Observatory, European Molecular Biology Organization, Eu
ropean Space Research Organization, the Airbus consortium), the 1970s (European 
Space Agency, European Molecular Biology Laboratory), and the 1980s (Eureka). 
Moreover, within the EC context itself, the tension between the federal and the 
intergovernmental approaches is perceptible with, for example, the support to the 
COST program or the way coordination of national policies is designed in the 
various versions of the EC treaty. The 'subsidiarity' principle also reflects this 
tension by distinguishing areas where the Community has exclusive competence and 
those where competencies are shared between the EC and its member states. 
Finally, the Union as a whole is a hybrid concept, covering both institutions that mix 
federalism with international cooperation as well as institutions that are completely 
outside any federal design. 

Second, compatibility between institutions is a key issue at two interrelated levels: 
post-national EU institutions are complementarily defined with national rules but 
are also related to other EU rules. Compatibility with national institutions was a 
major problem for the Euratom experiments in the 196Os. Sharp and Shearman 
describe the major problem of this early nuclear federalism: 

as an organization and set of objectives it was the product of mistaken assumptions. The 
predicted fuel shortage in Europe failed to materialize. The novelty and potential of 
nuclear power ensured the growth of national programmes, and French military 
interests denied Euratom any effective role. Euratom was an institutional response to 
R&D needs which quickly became commercially oriented. Power plant firms were in 
strong competition with each other and preferred to exploit their historic links with US 
firms. They were also tied to deeply rooted patterns of national procurement, standards 
and regulation. Members had little incentive to pursue collective projects. Thus 
Euratom, by its own admission, failed to coordinate its members' activities. (Sharp and 
Shearman, 1987:29-30) 

For what concerns compatibility between EU institutions, it can be observed that 
institutional building has largely been incremental but with a set of radical innova
tions (the Single European Act, the Treaty on the European Union) occurring when 
post-national institutions were being redefined in all fields at the same time; but 
these important changes are always preceded by periods of intense institutional 
experimentation. 

Third, the ad hoc character of post-national arrangements makes it to some extent 
possible and essential to develop further institutional building. For example, EC 
research institutions (or quasi-institutions) such as the framework program or the 
new collaborative model introduced by the pilot phase of ESPRIT were tested by 
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using the 'spill-over' article of the EC Treaty, article 235 (which stipulates that the 
council can decide on any new Community action if there is no Treaty provision to 
underlie it). In addition, notions such as 'precompetitiveness', and even more so the 
principle of 'subsidiarity', allow for flexible and uncertain arrangements perceived 
beneficial by all member countries, often with different interpretations. 

Thus the process of post-national institution building in Europe has been charac
terized by 'muddling through', by finding ad hoc arrangements in a slow and 
incremental institutional change process, sometimes spurred on by the political 
attainment of radical new formal treaties, but where compatibility with national 
rules and routines are a constant problem. 

3.2. European impact on NSI 

Any analysis of how post-national institutions have developed in Europe needs to 
assess their impact on national institutions. It is impossible to provide a detailed 
analysis of the impacts of European institutions on national systems of innovation 
within the context of this short contribution. The following observations are only 
meant to draw from a series of studies carried out for the European Commission, the 
so-called 'national science and technology impact studies' (see Axion, 1995; Euro
pean Commission, 1994)11 and other evaluation reports commissioned by the EU 
and national institutions (see European Commission, 1994 for a succinct review). 
The focus of the analysis will therefore be entirely on the impact of the Second 
Framework Program on national science and technology institutions for which 
evidence is available. 

In reviewing the impact which European policy has had on funding, the Axion 
report first distinguishes between 'incentive funding' and 'infrastructure funding'. 
Incentive funding constitutes only a proportion of the total public R&D budget of 
each country (program or project funding beyond the routine or permanent financ
ing of major research institutions). It appears that specific Community programs 
have had varying relative impacts and influences on national policies. In the field of 
environmental research and IT-related research (ESPRIT), Community activities 
are either the main resource for national research or influence the design of 
complementary national policies (in the biggest member states). The agro-food 
domain seems to be experiencing the same situation in Denmark. Infrastructure 
financing is mainly channeled through the EC structural funds to those countries 
that are less advanced in research. The interaction between the framework programs 
specific actions, structural funds, and national policies is obviously important in 
those countries (Ireland, Greece, Portugal and, to a lesser extent, Spain and Italy). 

Second, the report stresses that Community policy generally has only a slight 
influence on the structuring of national policy of the most advanced countries while 
its impact is often very perceptible in the 'less favored' ones. In the latter, Commu
nity programs have inspired the design and adoption of similar national programs 

11 The results of the 'impact studies' - which were mainly based on a questionnaire survey of 
participating organizations, complemented by interviews of national experts in the R&D field 
- must be considered with caution as for all studies of that kind. But they can be used as a 
'proxy' of an in-depth research process still to be initiated on these issues. 
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and procedures (e.g., for selecting projects): in Portugal, for example, reflections 
undertaken in connection with the preparation of the framework programs together 
with activities related to SPRINT (the European innovation support scheme men
tioned above now included in the Fourth Framework Program) and the structural 
funds have led to the creation of a national Agency for Innovation. 

Third, the networking effects of the European Committee and advisory structures 
are underlined. The national experts participating in these structures meet regularly, 
get to know one another, and learn through these contacts of the major stakes and 
technological trends. Moreover, it is often the same decision-makers and experts 
who participate in drawing up national and Community policies. 

Finally, some worries concerning the possible negative impacts of European 
policies on national policies are quoted in the report: 
• Community institutions may lead to a certain alignment of national policies with 

European policy, resulting in a growing distance of national programs from 
national priorities. 

• The promotion of European partnerships, a very positive goal in itself, could lead 
to a certain international sharing of tasks in the major technological fields. 
Countries with large companies would lead the way by using, e.g., small com
panies of less favored countries as subcontractors; the larger countries would 
therefore benefit more from the possible economic repercussions, notably in 
terms of high-skilled research jobs. 

The impact of emerging EU research institutions on national systems of innovation 
should go much further in analyzing the changes they have introduced in the 
learning capacity of firms and other organizations as well as their impact on national 
science, technology, and industrial specialization or on the configuration of national 
research institutional set-ups. 

Some elements concerning these major issues can be recalled here as illustrative, 
rather than comprehensive, evidence of novelties introduced by EU research 
programs on informal arrangements between national organizations across member 
states and thus on their learning capacity. For example, Laredo's (1994b) analysis of 
the French research and innovation system identifies some major effects which EU 
programs have had on the behavior of companies and researchers. Essentially they 
have fostered the creation and development of transnational networks between 
industrial firms and universities in the field of 'basic technological research' which is 
situated between basic and industrial research, as, for example, research in computer 
codes and simulations. These networks are classified as three types: the first, 
'networks of strategic competencies', brings together large company research labo
ratories and university departments to develop tools which the participating 
companies will subsequently use for themselves. The second way of categorizing 
networks concerns those that are organized around standards, measurements, and 
other market building mechanisms (see also Galli and Teubal's contribution to this 
volume). The third, 'demonstration networks', links together industrialists and 
public laboratories in order to convince decision-makers of alternative technology 
options for solving public interest problems (alternative energy or combustion 
techniques, innovative use of agricultural raw materials, etc.), what Laredo calls the 
emergence of a 'market driven by public policy decisions' (1994b: 414). 
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The 'horizontal' evaluation studies funded under the SPEARIMONITOR pro
gram (see EC, 1994 for a selected bibliography) have moreover identified a number 
of impacts which the framework programs have had on company strategies after 
they participated in EU projects. These studies found that the relationship between 
technology and business strategies differed significantly between different types of 
firms. For traditional firms, especially those primarily operating in the machinery 
industries, participation in EC programs was often seen as offering a test bed for 
technologies oriented towards their needs. Nevertheless, involvement in such pro
grams stimulated traditional firms to perform internal R&D and to develop broader 
technology strategies. Here, funding was critical. New technology-based firms saw 
EC R&D programs as an essential part of their business environments. Hence, 
Community programs had their most significant impact on this type of firm, and have 
often affected the direction of research development. EC programs were found to 
have altered the nature of the engineering and consultancy sector in Europe, 
stimulating such firms to engage in more R&D in order to sustain their competitive 
edge. Finally, the corporate laboratories of large firms typically sought EC funding 
for projects which could not find internal funders. On average around 30 per cent of 
the budgets of such laboratories was retained for strategic research on which EC 
programs exert significant influence. 

Clear examples of learning benefits were demonstrated, particularly in relation to 
the handling of intellectual property rights. Here the accumulation of experience of 
European collaboration has significantly reduced the extent to which difficulties are 
encountered in the subsequent commercial exploitation of the results of research. 
Learning benefits have also been identified in the improved management of inter
national collaboration. 

The BETA study on the BRITE/EURAM Program (Industrial and Material 
Technologies, 1993) has tried to assess the direct and indirect economic effects of 
partnerships on the participants. The indirect effects have strong learning dimen
sions. They can be broken down into technological effects (e.g., technology trans
fers), commercial effects (through improved networks and reputation), organiza
tional and methodological effects (improvements in internal organization), and 
work factor effects (improving training and the firm's knowledge base). 

All networks studied linked together heterogeneous sets of action in soft institu
tional arrangements. In this context, the studies have tended to confirm that EU 
collaboration in R&D enlarges the learning experience and therefore may be said to 
have strengthened the diversity of national systems of innovation within Europe. 

4. Conceptual discussion: cooperation, diversity, and systems 
coherence 

The analysis of a post-national system of innovation emerging in Europe raises many 
conceptual issues. Five will be discussed here: the first two have a theoretical and a 
policy dimension (they concern the relations between post-national institutional 
building and the diversity of national systems of innovation); the other three are 
relevant for the discussion of innovation systems theories (they relate to three 
notions embedded in the concept of NSI: 'national', 'systems' and 'institutions'). 
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4.1. The embeddedness of diversity in Europe's post-national 
innovation system 

One of the key issues relating to the debate on the existence of an emerging 
European SI is the tension between a 'static economics of scale approach' (single 
market, relaxed competition rules, strategically targeted industries, and large com
panies through RTD programs) and a networking approach that balances diversity 
with connectivity. Both are important in creating a European institutional set-up 
that may strengthen the international and interregional poles of specialization and 
growth beyond national and sectoral boundaries. 

The two approaches underlying post-national institutional building in Europe 
since the 1950s address different needs of the economy. Industries where economies 
of scale play an important role are sometimes dominated by global oligopolies; the 
emergence of a European-based competitive pole (organized around alliances 
among European companies and between these and non-European ones) may 
improve the competitive conditions at the global level. But the 'diversity
connectivity' policy track is also indispensable for exploiting the innovative (often 
locally generated) potential of SMEs. 

Today's European research and innovation policy is a mix of the two logics but the 
second approach has not yet been sufficiently operationalized; it remains a rather 
theoretical approach accompanied by a pilot phase of EU activity.12 The first approach 
has led to post-national institutionalization mainly outside the EU framework,lJ i.e., 
nations have followed a path of 'economic interdependency' rather than a coherent 
path of 'economic integration'. It appears as though independent nations that decide to 
cooperate in sectors crucial for their security or economic independence would prefer 
dedicated post-national institutional set-ups to comprehensive institution building. 
Similarly, institutions defining a single European market have been developed on a full 
scale while those defining a European company or European industrial relations have 
been stuck in endless debates, the first definitional problems (that of a company) 
largely caused by defining the latter (industrial relations).!4 

On a more theoretical level, the tension between scale and diversity in the 
European integration process has been analyzed by many authors. Matthews and 
McGowan (1992: 230), for example, state that 'any tendency to eliminate technol
ogical diversity represents diminution of the technological resource pool, even if, via 
such processes as gains from economies of scale, short term efficiency is increased by 
convergence'. 

Gregersen et al. (1994) have described the rationale behind a European in
tegration process for research and innovation: the 'single market' may be seen as an 
extended home market where greater diversity in potential demand may spur 
product and process innovation (leading to further diversity among firms and 
countries) and lead to convergence between firms, consumers, and countries to the 

12 That is, the SPRINT program for supporting innovation and technology transfer at 
European level. 
13 As in the case of JESSI in the Eureka framework, which has had debated results; more 
successful have been the Airbus and Ariane consortia. 
14 Discussions on defining the status of a European company were blocked for years because 
of a clause concerning the representation of workers at the level of a group of companies. 
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extent that it may stimulate diffusion of best practice across countries. Growth of 
multinational corporations through mergers and acquisitions across borders, which 
is a likely result of European integration, is often supposed to lead to better 
innovations performance since, in Schumpeterian terms, bigger firms in bigger and 
more specialized markets are better innovators. But the authors add their own 
critical assessment: 'On the other hand, [growing integration] might also hamper 
innovation processes and interactive learning in the long run, if established domestic 
linkages are broken' (Gregersen et al., 1994: 19). 

However, what is missing so far in many research developments on these issues is 
the consideration of how institutional and learning diversity from the existence of 
NSI (or sectoral SI) is embedded in the post-national institution building process. In 
other words, is the post-national SI exogenous to the evolution of national and 
sectoral systems of innovation or does it evolve with them as part of the same process 
of integration and diversification? 

4.2. European institution building and national diversity: a 
political science perspective 

Borrowing from some recent developments in the field of political science concern
ing European integration, we are able to shed additional light on the embeddedness 
of diversity in the post-national institution building process. Muller (1994) has 
recently analyzed the transformation of public policies in Europe - what Andersen 
and Eliassen (1993) have called 'the Europeification of national policy-making'. He 
identifies three levels of interaction between the European integration process and 
the national policy system: 
• the 'policy agenda '; 
• the representation of interest groups; 
• the decision-making process. 

Policy agenda 

The policy agenda is the sum of perceived problems at a given point in time which 
appears to be the subject for legitimate governmental intervention. The introduction 
of an issue on to the agenda is a major element in the elaboration of public policies, 
and the target of strategic behavior for social and economic actors. Muller (1994) 
suggests that there is a transfer of some essential issues to the European policy 
agenda: the changes in agricultural policies or environmental directives before the 
Single European Act and, most spectacularly, the implementation of the single 
market are examples of this change. One could add today the Economic and 
Monetary Union (EMU) which constrains heavily national monetary, budgetary, 
and economic policies. The various policies that now constitute industrial policy 
(e.g., competition, trade, and regional policies, to cite a few) are strongly determined 
at the European level from the point of view of the issues discussed and the methods 
suggested for public policy implementation. Many authors explain this new phenom
enon as a result of the cultural shock created by the Commission's White Paper on 
the Single European Market. 1s 

U A similar shock can be identified in the beginning of the 1980s with the use by Commissioner 
Davignon of industrial groups to supplement the traditional member states/Commission 
interaction. 



410 Systems Transformation: Technological and Institutional Change 

In the field of research and innovation policy, regular discussions of Framework 
Programs include moments when a European policy agenda is defined through what 
Mazey and Richardson (1993) call a 'competitive agenda setting' process. The 
diversity of national science and technology structures and priorities is reflected in 
this lengthy process. Its results depend on the ability of national governments, other 
interest groups and political parties, as well as committees and individual MEPs in 
the European Parliament, to introduce new issues to the agenda.16 

Once the post-national agenda is set, it influences national policy agendas. As 
Tsipouri and Xanthakis (1993) have shown for Greece, the influence is greater in 
member countries where a structured policy-setting process is lacking. But, even for 
bigger member states with a very broad science and technology base and a well
defined policy process, the examples of ESPRIT or, on a smaller scale, of FAST (a 
small EC program concerning technology assessment) show that European discus
sions and priorities can have a significant influence. 

Representation of interest groups 

The second level of influence analyzed by Muller (1994) concerns the representation 
of interests. The situation here is more complex. The strengthening of European 
organizations (e.g., UNICE for employer organizations or the European Round 
Table assembling major European multinationals) does not substitute for the 
activism of national bodies. These 'Eurolobbies' contribute to the integration of 
diverse national approaches vis-a-vis the initiatives of the European Commission, 
and they playa major role in distributing information to their national counterparts. 
But even if there is no trend toward these groups representing a monopoly power in 
the European policy system, their existence constitutes an additional uncertainty 
factor in the competitive agenda-setting process referred to above which can 
destabilize national lobbying processes. 

In the field of research policy, however, given the fact that up to now the main 
emphasis has been on the initiation and implementation of common research 
programs rather than on regulation or coordination of national policies, the role of 
these 'Eurolobbies' has been much less important in shaping decisions than in other 
policy areas. The move towards 'coordination through cooperation' and in particular 
the new task force initiatives of the European Commission l7 could lead to a greater 
involvement of various interest groups (organized user groups) with a derived 
influence on the likely national contributions to their implementation. 

16 For example, the strengthening of renewable energies and the introduction of socio
economic research in the Fourth Framework Program can be explained, at least partly, by the 
European Parliament's strong push to introduce these changes. 
17 The European Commission has in 1995 initiated a new informal institutional innovation 
aimed at coordinating research projects - first between EU research programs, then with 
private and public national programs and projects. This mechanism is especially useful when 
there is a well-defined industrial or societal need (e.g., for multimedia learning software and 
low-emission cars). Specific organizational set-ups such as the task forces have also been 
established. 
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The decision-making process 

Finally, Muller (1994) concentrates on a third level, the 'Europeification' of 
decision-making. He quotes Dan-Nguyen et al. (1993) for whom 'the policy networks 
of the European Community are hybrid mixes of national, supranational, inter
governmental, transgovernmental and transnational actors and relation systems' 
(cited in Muller, 1994), a reality which could be caught by the notion of a 'post
national' system. The model of 'government by committees' (Sidjanski, 1989) is an 
institutional innovation required by the political necessity of producing, when a 
decision is elaborated, expertise that reflects European social and national diversity. 
Consultative committee work 'constitutes, in the end, a powerful, more or less 
formalized, selection mechanism of an elite, both political-administrative and ex
pressing "civil society" (representatives of different professional or non
professional lobbies ), that will establish a whole ensemble of more or less stabilized 
networks linked through conflictual relations or alliances'. Muller also points to a 
paradox of the post-national system: as rules are less precise, the decision-making 
system is more open than national systems which are characterized by a certain 
degree of corporatism; but, because rules are less codified, the European system is 
less transparent. 

The author concludes that these European processes tend to be replicated at the 
national level. Reverse institutional borrowing is particularly visible in the field of 
regional and research policies where the 'partnership' discourse is invading national 
institution development: 'Beyond conjunctural uncertainties, an astonishing process 
- leading to the formation of a common mediation space within which the funda
mental norms around which our societies will interpret their relation to the world are 
defined - is taking place before us' (Muller, 1994). 

In the field of research, this hypothesis is confirmed by the analysis of recent 
trends in national policies (see European Commission, 1994). For example, regular 
debates at the national level (White Papers, broad consultative processes, foresight 
exercises, etc.) on which direction to point the research system can be analyzed as 
the search for a new national policy legitimization in reaction to the double pressure 
of 'Europeification' and 'regionalization' (a subnational institution building process 
equally fuelled by a recent European regional policy revival). In this legitimization 
process, national institutions learn and borrow from each other with the help of the 
European 'common mediation space'. IS 

18 The example of 'technology assessment' institutions is striking. The FAST, MONITOR, 
V ALUE and now the Targeted Socio-Economic Research Program (successive EU programs 
with a strong technology assessment (T A) component) have been or are institutional 
creations in reaction to national institutions which had been, or have to be, built or 
strengthened in order to influence the European agenda and benefit from its likely results. But 
the institutionalization of T A in European Community countries since the beginning of the 
1980s has had to some extent (or can have in future in countries lagging behind in this 
domain), consequences on national research institutions. The setting up of new T A organiza
tions and programs (e.g., in Belgium, the Netherlands, and Germany) or the emergence of this 
issue in national policy agendas in Southern European countries are not completely inde
pendent from earlier European institution building in this field. 
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4.3. Institutional change, institutional borrowing, and 'softness' 

Having discussed at some length the possible tension behind the static versus 
diversity notion behind the concept of 'innovation', we now turn to the other three 
conceptual issues addressed under section 3, which constitute the basis for the term 
NSI: 'national', 'system', and 'institutions'. We start with 'institutions' and institu
tional change. 

Edquist and Johnson (see Chapter 2) have distinguished between formal and 
informal, basic and supporting, soft and hard, designed and self-grown institutions, 
as well as between radical and incremental institutional change. Our analysis has 
focused mainly on formal (European) post-national research institutions. The way 
the distinctions made above apply to this field will be analyzed hereafter. The 
analysis of the formal rules produced at the post-national level which influence the 
learning capacity of organizations in Europe allows the following observations. 

Basic institutions are the treaties since they determine what can be done and what 
decision-making procedure is to be followed. These are, of course, 'hard' institu
tions, very difficult to modify (for research, thirty years separate the Euratom treaty 
from the Single European Act). As analyzed above, radical institutional change 
mainly occurs when a broad range of institutional changes converge in a major 
Treaty revision (as in 1987 and 1993). But an institutional block or element may be 
frozen for some time and suddenly operationalized when compatibility with national 
institutions requires it (the case of a supplementary program for the High Flux 
Reactor in 1967) or when the crisis of national institutions (e.g., today the legitimacy 
crisis of research institutions in member states) makes it possible (e.g., the revival of 
Article 130H concerning coordination of national policies with EC policy). 

Supporting institutions can also be broken down to various constituents: in the 
European research policy context, for example, the sequence of rules such as the 
framework program, the specific programs, committee rules, work-programs, and 
calls for proposals and research contracts have increasing 'softness' due to more 
general rules governing legislative and executive powers and the equilibria between 
them. The analysis of institutions in relation to systems of innovation should 
therefore try to focus more specifically on the relations between institutional change 
and levels of formality inherent in the institutions and assess the 'hardness' and 
'softness' of these levels. 

The role of the 'competitive agenda setting process' has been analyzed above for 
European institutions; it may be interesting to see how institutional borrowing 
occurs at the transnational level through the mediation of this process. On this point, 
a German 'impact study' has shown that the German Lander, which are responsible, 
according to the constitution, for science and research, see themselves being perma
nently affected by decisions in Brussels but do not feel adequately represented there 
(Reger and Kuhlmann, 1995). Similarly, the large science organizations in Germany 
fear that if EC RTD policy gains further importance, the tested principles and 
mechanisms of self-organization in German science will be undermined. This is 
particularly true since typical EC project support programs, similar to the project 
support of the German national research ministry, are shaped far more by 'political' 
criteria than institutional funding scientific criteria. In order to defend an original 
national institution, they suggest that it should be established throughout Europe 
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(through the establishment of an 'EU Science Foundation'). The creation of the 
Committee of the Regions by the Maastricht Treaty and the establishment of the 
new European Science and Technology Assembly19 in 1994 may be viewed as a 
partial and 'adapted' response to national requests in the European institution 
building process. 

4.4. Is territorial categorization relevant for the analysis of SI? 

We now turn to the notion of 'national'. After posing the question, 'What remains 
national about innovation systems?', Nelson (1993: 517) suggested that although 
innovation systems would demand an increasing internationalization of technology 
and management styles in industry, in most countries, resident firms would still be 
largely national, and so would be university research, public laboratories, laws, 
policies, and relations between government and business. 

A similar argument is presented by Niosi and Bellon (1994) who have developed 
the notion of 'open national systems of innovation'. For them 'all NSIs are open to 
a different degree, and ... the links between national systems and the dynamics of 
their interdependence are keys to understanding their national characteristics' 
(ibid.: 190). They argue that three types of innovation systems (regional, national, 
and international) coexist and compete with each other. As they state, 'Inter
nationalization grows but does not suppress local and national networks; it modifies 
their functioning, however, since some previously regional or national activities are 
transferred to international networks' (ibid.: 195). 

These two approaches are also related to the concept of 'economic interdepend
ency' put forward by Gregersen et at. (1994). These authors suggest that national 
boundaries still matter for defining innovation systems because they reflect entities 
where specific learning processes and institutional building takes place and evolves. 
For those who focus on national SI, the European integration process is difficult to 
analyze since it does not correspond to a coherent institutional set-up but, as we have 
seen above, to a set of different and sometimes hardly compatible institutions. 

Gaffard et al. (1993), in their study of the diversity of innovation systems in 
Europe, have demonstrated that territorial innovation dynamics at the subnational 
level are related to a number of factors that characterize the bonds between firms 
and industrial relations. They have determined four types of local innovation 
systems (industrial districts, metropolitan areas, territorialized agglomerations, and 
territories in transition). Their work shows that territoriality is the result of strategic 
behavior of firms in relation to institutions. But a new approach to territoriality 
seems increasingly necessary to understand its role in innovation. 

Di Ruzza (1995) talks about a 'superposition' of 'spaces on the move' which do not 
seem to articulate to each other coherently. In this framework there is the global 
space which is the field for competition between large multinational firms, the 
national spaces which are still the level for political and legal governance, and 
between these two are 'intermediary spaces' like the EU. 

19 EST A is an advisory structure to the European Commission composed of 100 top scientists 
coming from large research organizations and industry. The model for this assembly is the US 
National Research Council representing the National Academy of Science, the National 
Academy of Engineering, and the Institute of Medicine. 
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Articulation between these three levels is not coherent since actors (firms, trade 
unions, etc.) do not have the same spatial reference models. European integration is 
mainly a political process and its difficulties lie in the fact that enterprises are not 
more 'European' today than in the 1950s. European integration therefore aims at 
constraining large enterprises to recenter their activities in Europe, by disarticulat
ing national productive systems and making the impossibilities of national solutions 
irreversible. 

Di Ruzza's concept of 'economic space' does not correspond to a national 
economy but includes the non-national elements necessary for reproducing a 
coherent system of production. This approach leads to distinguishing between 'the 
international economic relations which are internal to a productive system from 
those which are external to it and which articulate it to the other productive systems' 
(1995: 60). The French school's tMorie de la regulation, in its diversity, has tried to 
confront this problem of articulating different levels of territorial reference frame
works with sectoral approaches.20 Post-national 'regulation' is seen in the previous 
cases as an aborted national framework because, as Saillard comments, 'Community 
interventions confront old regulations with severe constraints and lead to short-term 
negative adjustments instead of establishing at European level sufficiently robust 
institutional forms to compensate the loss of autonomy of nation-states' (1995: 
290). 

In order to go beyond characterizations of territoriality, one might need to borrow 
from recent developments in political science. In a somewhat similar way to 
economic theory, political science is confronted with the need to reconcile co
herently the simultaneous and contradictory processes of globalization, localization, 
and ethnic fragmentation. Badie (1995: 219) attempts such a reconciliation in an 
original analysis of European post-national institutional building, which he sees as 
'an ensemble of interdependent units which are agglomerated to degrees variating 
according to different domains, and which find themselves more and more deprived 
from their authority but without a symmetrical displacement into a central author
ity'. This decoupling of territory and sovereignty may be analyzed as seen previously 
from the perspective of a deregulation and disorganization process in which formal 
national institutions are destructured. But the novelty of Badie's research is that he 
analyzes European post-national institution building as a flexible response to what 
already happens at the global level. He states that if 

one observes this process from the global scene, we have to admit that it invents new 
coherences which might generate solutions since they recognize that economic func
tions are not reducible anymore to the nation-state territory, that the density and 
complexity of transnational networks call for an institutionalization which transcends it, 
that the uneven growth of interdependencies supposes diverse modes of regulation and 
therefore the differentiation of spatial frameworks. (Badie, 1995: 219-20) 

This shows that the consideration of territoriality in the framework of the systems of 
innovation approach might benefit from the analysis of post-national institutions 
such as the EU. Another example could be the analysis of scientific networks across 
boundaries and related institutions that cannot be thought of in terms of national, 

20 For a complete explanation of the concepts developed by the tMorie de la regulation see 
Boyer (1995b: 539-51). 
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local, or sectoral systems. Marginal cases are often the source of theoretical in
novations. 

4.5. Systems coherence: an ex post reconstruction? 

Implicit in the concept of 'systems' and in the systems of innovation approach is the 
assumption that there is some coherence between the various elements of national 
or sectoral systems. In particular institutional set-ups are normally stable over time. 
But in Muller's analysis (see section 4.2. above), the European post-national 
institution building process has been argued to create structural uncertainty and 
instability for firms and governments. Because the process of selecting institutions is 
very open, national institutions may be strongly affected by the end results such as 
the creation of institutional 'hybrids'. The example of the impact of EU research 
policy on Greece is analyzed hereafter to illustrate this point. 

A 'national impact study' concerning Greece (Tsipouri and Xanthakis, 1993) has 
concluded that the EC framework programs have influenced substantially both 
national R&D policy and the R&D system in the country. Greek science and 
technology policy priorities have gradually been adapted to EC priorities, not 
deliberately but as a 'convenience element'; that is, in a country where setting 
priorities within 'a small scientific community with strong vested interests' has 
always been difficult, the EC offers a politically acceptable solution. Furthermore, 
adapt ion has been assisted by a 'scale element' meaning that the involvement of the 
top national scientists in the EC machinery has been influential. There has also been 
an element of strong financial incentives, since, according to Tsipouri and Xanthakis, 
'the best research teams show more confidence in EC financing and selection 
procedures than in national ones' (1993: 84). 

Yet the authors point out that the substitution of EC for national priorities rather 
than the complementarity of priorities does not seem to be the result of a deliberate 
attempt of the EC to harmonize national science and technology policies. It is rather 
the result of 'the inherent inadequacies of the national structures' and of the fact that 
'the public sector does not have [its] own policy to fight for' (Tsipouri and Xanthakis, 
1993: 83). 

Moreover, the authors have tried to assess the 'systemic impact' of the EC on the 
national R&D system. They have identified it as the 'creation of a new subsystem in 
the local scientific community'. This is the so-called 'excellence system' regularly 
benefiting and being based on EC support. This subsystem works in fact for the more 
demanding RTD users in Europe and only marginally for the Greek economy 
(except in the case of software technologies where some local impact has been 
pinpointed). They conclude by saying that 'whether the excellence part integrated 
into the European system will diffuse to the local system depends on the absorptive 
capacity of the average and low performing actors, as well as on the [industrial and 
RTD] policies that the Greek state will adopt in the future' (ibid.: 87). 

The Greek example raises the question of the coherence of national systems of 
innovation in countries that were late to industrialize. A traditional way of examin
ing this issue is to observe whether cooperation patterns induced by transnational 
institutions reinforce virtuous circles of cooperation within the country between the 
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R&D system and the manufacturing base.21 But this traditional approach may be 
challenged when the analysis focuses on the core of the national systems innovation 
approach, i.e., the idea that national systems concern the production, distribution, 
and use of knowledge and know-how through learning-by-doing and learning-by
using processes. From this point of view, the 'excellence subsystem' described for the 
Greek case has a tremendous impact on provisions of training through research (and 
research collaboration at the European level) for a large number of young re
searchers who, for the most part, remain in the country. Moreover, if knowledge and 
know-how are adequately protected, they become products that can be exported 
and traded. Therefore the 'excellence subsystem' becomes a new knowledge in
dustry as such, particularly important in terms of added value created nationally and 
of highly skilled jobs. But this again requires a national institutional setting capable 
of reaping the benefits and of exploiting newly created assets. 

The emergence of an 'excellence subsystem' linked to the ECU in the Greek NSI 
does not mean that something similar did not exist before. The Greek system had 
probably already comprised a space of international scientific relations (mainly 
looking towards the USA). The EU framework programs together with structural 
support for the establishment of high level research centers (e.g., in Crete), have 
produced a transformation of this 'internal space of external relations', recentering 
it towards Europe. 

The concept of system, even coupled with evolutionary approaches, transports an 
inherent notion of coherence. The system of innovation approach, when incorporat
ing evolutionary features (selection, path dependency, diversity generation, etc.) 
and taking on board socio-historical research results and methodologies, may need 
to reconsider its systemic epistemology and focus instead on 'non-systemic' re
configurations of stability and change, i.e., on complex and heterogeneous sets of 
different, conflicting, or disconnected processes. Boyer stresses this non-coherent, 
unintentional characteristic of institutions: 

Insofar [as] institutions are constituting the social link and coordination procedures, the 
promotion of economic efficiency is for them only a secondary objective . . . . It is only in 
a second phase that each institutional form needs to prove its compatibility with an 
economic reproduction sustainable in the longer term .. .. In other words, one has to be 
attentive not to fall into a naive functionalism: at best it is possible to observe an ex-post 
and approximative coherence after a long process of trial and error. (Boyer, 1995b: 
22-3) 

5. Conclusions 

In this chapter we have analyzed some of the emerging post-national European 
institutions, in particular those related most directly to supporting the knowledge 
infrastructure: RTD support, innovation and technology transfer, and training and 
education. While most of these institutions have a relatively recent history, their 

21 Caracostas (1987) suggests that, in the absence of national institutions built to complete the 
links between national and foreign organizations by national networks (between research and 
private organizations for example), there is an important trend toward a differentiation 
between two different subsystems in the national system of innovation, something very similar 
to what the Greek impact study highlights. 
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origins often go back to the forty years of European institution building, since the 
Euratom Treaty. Slow, fragmented, and often of an 'ad hoc' character, the process of 
European institution building in the research area appears today sufficiently well 
developed to state that a post-national European system of innovation has 
emerged. 

In section 3 we discussed some of the major conceptual policy challenges behind 
this notion. To what extent could one argue that national diversity is effectively 
'embedded' in this emerging European post-national innovation system? Or is there 
rather a trend towards the co-evolution of national and post-national S&T policy 
debate and institution building? What is the nature of institutional change in the 
process of European post-national institution building? To what extent are the 
territoriality notions of national, supranational, and regional changed in this con
text? And finally, what is the nature of the coherence, implicit in the 'system' notion 
in this emerging European 'system' of innovation. 

Our chapter is really only a first attempt at describing the development of 
European research institutions as fragments of an emerging European SI. Obviously 
our understanding of this process is still very limited and in need of more detailed 
studies. By exploring some general aspects of the complex process of post-national 
institution building, we hope nevertheless to have raised a set of issues and questions 
that might provide inspiration to the NSI debate in the years to come. 
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