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Foreword

In the last decade new concepts as innovation and innovation system has becoming more
and more used by policy makers around the world. Sweden has not been an exception. The
Swedish institute for growth policy studies (ITPS) has since 2006 been working with a
project on Swedish innovation policy. The aims with the project are to draw a picture of
the Swedish system and to explain why it is organized the way it is, and to discuss how
national systems of innovation can be studied.

This work is a part of this project and aims to shed light on the existing literature on
innovation systems. This report provides the reader with a theoretical understanding of the
innovation concept and how it can be understood in a system perspective. The report also
discuss the how an innovation system can be related to policies.

The report was written by professor Bengt-Ake Lundvall, Department and Business
Studies, Aalborg University.

Ostersund, May 2007

Hakan Gadd
Head of the Evaluation department
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1 National innovation system: Analytical focusing
device and Policy learning tool

1.1 Introduction

Today it is possible to follow the diffusion of new concepts in time and space by using
search machines on the internet. Giving ‘Google’ the text strings ‘national innovation
system(s)’ and ‘national system(s) of innovation’ you end up with a total of more than
200.000 references. Going through the references you find that most of them are recent and
that many of them are related to innovation policy efforts at the national level while others
refer to new contributions in social science.

Looking closer at the origin of the specific references makes it clear that the concept in-
forms policy makers in almost all countries in the world, including the biggest economies
such as the US, Japan, Russia, Brazil, South Africa, China and India.' The diffusion is
quite impressive taking into account that 15 years ago only a handful of scholars had heard
about this concept. Policy makers at the national level as well as experts in international
organizations for economic co-operation such as OECD, Unctad, the World Bank and the
EU-Commission have adopted the concept as a tool for policy making.

It has also inspired analytical efforts related to different disciplines within social science.
Economists, business economists, economic historians, sociologists and especially
economic geographers have utilized the concept in their attempts to explain and understand
phenomena related to innovation and competence building. In economic geography the
diffusion of the innovation system perspective has gone hand in hand with a growing focus
on industrial clusters and industrial districts understood as regional knowledge-based
networks of firms and institutions. This ‘new economic geography’ has changed the way
geographical location and agglomeration is explained (Clark, Feldman and Gertler 2000).

In this chapter we demonstrate that during the process of diffusion there has been a
distortion of the concept as compared to the original versions as they were developed by
Christopher Freeman and the IKE-group in Aalborg. This distortion gives rise to so-called
‘innovation paradoxes’ which leaves significant elements of innovation based economic
performance unexplained. In terms of analysis it is reflected in studies of innovation policy
that focus on science-based innovation and on the formal technological infrastructure.

In terms of policy it is reflected in a bias in favor of stimulating science-based innovation
and in highly problematic attempts to subordinate all academic scientific work to the logic
of the market.

The distorted analytical perspective produces ‘paradoxes’ such as the European paradox.
These are not paradoxes since they emanate from lop-sided analytical perspectives. They
reflect remnants of the linear model and narrow definitions of the innovation system and
are reinforced by Triple Helix and Mode II Production of knowledge models and, not least,
by standard economics approaches to innovation. Several of the fundamental weaknesses

! As far as I know, the prime minister of Finland was the first highly placed politician using the
concept in referring to the need to strengthen the Finnish innovation system already in the very
beginning of the nineties. Early followers were Canada and South Africa. Some ten years later the
president of China in a speech to the Engineering Academy made a similar remark referring to the
Chinese innovation system.
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in analysis and policy could be repaired by going back to the original versions and to
further develop the ideas of analyzing the fundamental role of knowledge and learning and
focusing the analysis in the micro-dynamics of user producer interaction.

Without a basic understanding of the combination of organizational and inter-
organizational learning it is impossible to establish the link from innovation to economic
growth. To put it briefly the focus should be much more on people and competence and
upon how the relationships and interactions between people promote learning. This is
especially important in the current era of the globalizing learning economy where the key
to success for individuals, firms, regions and national systems is rapid learning (Lundvall
and Johnson 1994; Lundvall and Borras 1998; Archibugi and Lundvall 2001).

Section 2 takes a brief look at how the concept originated and developed.” Section 3
confronts the theoretical foundations of the concept with standard economics. Section 4
defines a number of analytical challenges for the concept. Section 5 goes further and
presents ideas for how to study innovation systems. Section 6 takes a critical look at the
way the concept has been adopted and adapted as the basis of policy. Section 7 presents
some basic principles for the design of innovation policy. Section 8 comes with some ideas
about implications for innovation policy of combining a systemic perspective with insights
about the current context: the globalizing learning economy. The chapter ends with the
concluding section 9.

? Actually this story has some parallels with how major innovations such as the computer occurred
and developed. Put briefly, Friedrich List may be seen as the Babbage and Christopher Freeman as
the Shockley of the NSI-concept. The parallel efforts to develop the modern computer and the co-
existence of alternative configurations (interpretations) may be found also in the development of the
NSI-concept.
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2 A concept with roots far back in history

2.1 From List to Freeman

Some of the basic ideas behind the concept 'national systems of innovation’ go back to
Friedrich List (List 1841). His concept ’national systems of production’ took into account a
wide set of national institutions including those engaged in education and training as well
as infrastructures such as networks for transportation of people and commodities (Freeman
1995). He focused on the development of productive forces rather than on allocation
issues. As a German catch-up economist he was critical to the ’cosmopolitan’ approach of
Adam Smith, where free trade was assumed to be to the advantage of the laggard
(Germany) as well as the lead economy (England).

Referring to the ‘national production system’ List pointed to the need for the state to build
national infrastructure and institutions in order to promote the accumulation of ‘mental
capital’ and use it to spur economic development rather than just to sit back and trust ‘the
invisible hand’ to solve all problems.

The first written contribution that used the concept ‘national system of innovation’ is, to
the best of my knowledge, an unpublished paper by Christopher Freeman from 1982 that
he worked out for the OECD expert group on Science, Technology and Competitiveness
(Freeman 1982, p. 18). The paper, titled ‘Technological infrastructure and international
competitiveness’, was written very much in the spirit of Friedrich List, pointing out the
importance of an active role for government in promoting a technological infrastructure.’

It also pointed to the limited relevance of short-term competitiveness strategies such as
manipulating national wage and currency rates. One of the major points in the paper is that,
in order to explain why and how world economic supremacy moves from one country to
another, we need to consider how new technological systems come forward and how they
match or mismatch with the existing national patterns of institutions. Some countries
thriving in the context of one technological system may become victims of their own
success since they will have great difficulties in adapting their institutional set up to the
new technological system.*

3 The paper was published for the first time more than 20 years later in the journal Industrial and
Corporate Change (Freeman 2004).

* Not surprisingly OECD never published Freeman'’s paper. Its message was not in tune with the
neo-liberal ideas of the organization. Actually, the publication of the main report from the expert
group, where Ingram was chairman, Francois Chesnais the academic secretary and I represented
the Danish government was delayed several years because ‘there were problems with the printing
capacity of the OECD-secretariat’. Today the most important idea in the report (that there is a need
to focus more on ‘structural competitiveness’ than on ‘wage cost competitiveness’) is almost
generally accepted.
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2.1.1 Parallel efforts to develop the innovation system concept

In the beginning of the eighties the idea of a national system of innovation was immanent
in the work of several economists working on innovation research. Dick Nelson and other
US-scholars had compared technology policy and institutions in the high technology field
in the US with such patterns in Japan and Europe (Nelson 1984).

SPRU at Sussex University pursued several studies comparing industrial development in
Germany and the UK covering for instance differences in the management of innovation,
work practices and engineering education.

The idea of a national system of innovation was immanent also in the research program
pursued by the IKE-group at Aalborg University.” The program was inspired by French
structuralist economists such as Francois Perroux and his followers, de Bernis and Palloix,
who used the concept ‘national system of production’ as analytical tool in explaining
economic growth. But it was also open to the SPRU-tradition with its focus on analyzing
innovation at the level of firms and sectors. In several working papers and publications
from the first half of the eighties we referred to ’the innovative capability of the national
system of production’. The first time the handier ’innovation system’ appears in an
Aalborg-publication is in Lundvall (1985) but then without the adjective national. In this
booklet on user-producer interaction and product innovation the concept was used to
analyze innovation processes involving firms and knowledge institutions in interaction. A
general assumption behind the analysis, that remains central in more recent work on
innovation systems, was that innovation and learning are context dependent, interactive
processes, rooted in the production structure.

Again, it was Chris Freeman who brought the modern version of the full concept ‘national
innovation system’ into the literature. He did so 1987 in his book on innovation in Japan
(Freeman 1987). Here the analysis was quite inclusive taking into account the intra- as well
as inter-organizational characteristics of firms, corporate governance, the education system
and not least the role of government. When Freeman collaborated with Nelson and others
in the major IFIAS-project on technical change and economic theory the outcome was a
book (Dosi et al, eds. 1988) with a section with chapters on ’national systems of
innovation’ (Freeman 1988; Lundvall 1988; Nelson 1988). After that followed three major
edited volumes on the subject (Lundvall 1992; Nelson 1993; Edquist 1997). While the
book edited by Nelson brings together a number of national case studies, the books edited
by Lundvall and Edquist were organized according to different dimensions of or
perspectives on innovation systems.

7 It should be mentioned that the IKE-group in Aalborg had the privilege to interact with
Christopher Freeman in several projects in this period and that many of our ideas were shaped in a
dialogue with him (see for instance Freeman 1981).

10
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Box 1 Why focus on the national level?

The adjective ‘national’ is not uncontroversial. Modern social science has, for different reasons, had
surprisingly little to say about nation states. But nonetheless social science has focused mainly at the
national level and this includes economic analysis where there has been a strong focus on comparing
the economic growth and ‘the wealth of nations’. In this situation it is actually demystifying to use
‘national’ explicitly in the NSI-term. Given that our original intention was to confront national economic
policy strategies and standard economics — focused on the national level - it was not an option to
delete ‘national’ from NSI.

Over the last decade there have been several new concepts emphasizing the systemic characteristics
of innovation but with focus at other levels of the economy than the nation state — regional and
sectoral systems. These are not alternatives to national systems. They have important contributions to
make to the general understanding of innovation in their own right and to compare sectoral, regional
and technological systems across nations is often an operational way of getting a better understanding
of the dynamics at the national level.

The most obvious argument against the focus upon the national level is that key factors, processes
and outcomes are located either regionally or internationally. It is certainly correct that new
development efforts in science and generic technologies typically involve international collaboration.
Therefore the narrow definition of innovation systems focusing upon science-based innovation will find
that the coherence of the system becomes seriously weakened with globalization and the fact that the
dynamic performance differ between national systems becomes difficult to explain.

This is less the case for the broad definition. Workers remain the least mobile across borders and the
education systems and the labor markets where they acquire their competences and engage in
processes of change tend to remain national. In box 5 we will demonstrate that behind such
differences in performance may lie different ways of organizing the economy at the micro-level of the
workplace.

It has become even more important to be explicit on the national dimension, as ‘globalization’
becomes a major theme in the societal discourse. To understand and cope with problems connected
with globalization and the regional economic integration in Europe and on other continents calls for an
understanding of the historical role of national systems.

The contribution by Michael Porter on the competitive advantage of nations should also be
mentioned here. He does not explicitly use the concept of innovation system but there is
substantial overlap between his approach and the literature referred to above (Porter 1990).
Especially worth noting is his emphasis on feed back mechanisms from and interaction
with domestic suppliers and users as a factor that gives competitive advantage.

11
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2.2 Common assumptions behind innovation system approaches

As will be demonstrated below there are different conceptions regarding what constitutes
the core elements of an innovation system and different scholars draw the borderlines of
the system differently. Still it might be useful to see what the different definitions have in
common.

Box 2 What do we mean by system?

System appears in different social and academic discourses (see for instance Bertalanffy, Luhmann as
well as literature on eco-systems). While borrowing ideas from any single of these different perspectives
may give interesting insights it must be made with care since there are always problems with a transfer
of ideas from one analytical universe to another.

The original choice of the term ‘system’ (rather than ‘network’ for instance) referred to a few simple
ideas. First that the sum of the whole is more than its parts, second that the interrelationships and
interaction between elements were as important for processes and outcomes as were the elements and
third that the concept should allow for the complex relationships between production structure (hard-
ware), institutions (software) and knowledge. Another idea behind the analysis, as developed by
Freeman, was that ‘not everything goes’ — i.e. there may be mismatch problems within and problems
with transplantation across systems. There is a lot of theoretical work to do develop a more stringent
system concept that makes it possible to understand the intricate interplay between micro and macro
phenomena, where macro structures condition micro-dynamics and, vice versa, how new macro-
structures are shaped by micro-processes. In a dynamic context this means that we need to understand
systems as being complex and characterized by co-evolution and self-organizing.

A first common assumption is that national systems differ in terms of specialization in
production, trade and knowledge. In itself, this is not controversial. For instance
neoclassical trade theory starts from a similar assumption. The important difference is that
among NSl-analysts it is assumed that there is a dynamic co-evolution between what
countries specialize in doing and what people and firms in these countries know how to do
well. These couplings imply, first, that both the production structure and the knowledge
structure will change only slowly and, second, that such change must involve learning. The
fact that the specialization in trade is not seen as reflecting ‘natural’ comparative advantage
rooted in factor proportions, opens up for a discussion of what kind of specialization that is
most conducive to wealth creation (Reinert 2005).

A second common assumption is that elements of knowledge important for economic
performance are localized and not easily transferred from one place/context to another. In a
fictive neoclassical world where knowledge equaled information and where society was
populated with perfectly rational agents, each with unlimited access to information,
national innovation systems would be an unnecessary construct.

12
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A third assumption that makes it understandable why knowledge is localized is that know-
ledge is something more than information and that it includes tacit elements (Dosi 1999, p.
35). It is assumed that important elements of knowledge are embodied in the minds and
bodies of agents or embedded in routines of firms and not least in relationships between
people and organizations. This is consistent with the idea that innovation system ap-
proaches go beyond the dictum of methodological individualism.’

Box 3 What do we mean by Innovation?

It is a tradition to refer to Schumpeter when defining innovation. According to Schumpeter innovation
can be seen as ‘new combinations’ and be separated from invention. The invention becomes an
innovation only when the entrepreneur brings it to the market. We will follow Schumpeter in this respect
but we will include not only the event of the new combination but also the process of its diffusion and
use. It is well known that technical innovation is a cumulative and path-dependent process. New
products and new processes become attractive more widely only after a process of broader use. On
this basis it is most useful to define innovation as a process.

According to Schumpeter, innovation can be specified as respectively new products, new processes,
new raw materials, new forms of organization and new markets. | do not find this list useful because it
puts in parallel different forms of change that it is useful to keep separate when it comes to understand
the innovation process. It might be difficult to distinguish between technical change and organizational
change in real life but this analytical distinction is important and useful for two reasons. First, the way
the economy and the firm are organized has a major impact on how innovation takes place. Second
the distinction makes it possible to link technical innovation to economic performance. We have
pursued a series of empirical studies demonstrating that a key to transform technical innovation into
economic results is a combination of new training efforts and organizational change.

A fourth common assumption is that in order to understand the innovation process it is
necessary to focus upon interaction and relationships. Firms, knowledge institutions and
people do seldom innovate alone and innovation emanates from cumulative processes of
interactive learning and searching. This implies that the system needs to be characterized
simultaneously with reference to its elements and to the relationships between those
elements. The relationships may be seen as carriers of knowledge and the interaction as
processes where new knowledge is produced and diffused. Perhaps the single most
fundamental characteristic of the innovation system approach is that it is ‘interactionist’.”

To capture the qualitative dimension of interaction and relationships the term ‘institutions’
in its broad sociological sense — as informal and formal norms and rules regulating how
people interact — may be used (Johnson 1988; Johnson 1992). This is the other major
dimension in which national systems are assumed to differ from each other.

Institution is a useful theoretical concept but it is somewhat elusive in empirical and his-
torical studies. Institutional differences are much more difficult to ‘measure’ than differ-
ences in specialization in production and trade.

% It is interesting to note that in this respect it finds support in Arrow (1994) who explains why it is
not reasonable to apply the dictum specifically to the production and use of knowledge.

7 Actually the NSI-approach has elements in common with the social psychological pragmatist
school of Chicago and not least with the ideas of George Herbert Mead.

13
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Sometimes NSI-scholars and policy makers sidestep these difficulties by changing the
focus from intangible and informal institutions to the tangible and formal ‘institutions’
(organizations) that constitute the technological infrastructure. It is easier to track and
compare the development of the modern R&D-department, universities and professional
training of engineers across national systems than it is to capture changes in how people
interact and communicate.

How such formal institutions and organizations function and interact with other parts of the
system is certainly most relevant for the understanding of the system as a whole. But the
aim for a full-blown analysis of innovation systems remains to understand how interna-
tional institutional differences — where ‘institution’ refers to norms and habits that shape
modes of interaction and innovation outcomes. To illustrate, later on, we will argue that the
relative success of the Nordic small welfare state economies in global knowledge based
competition cannot be explained simply by focusing on technological infrastructure. More
important is a social fabric that supports distinct modes of interaction and learning that are
well suited to support firms in a context of global turbulence.

2.3 Different definitions of the ‘national innovation system’

Different authors may mean different things when referring to a national system of
innovation. Some major differences have to do with the focus of the analysis and some
with how broad the definition is in relation to institutions and markets.

Authors from the US, with focus on science and technology policy, tend to focus on ‘the
innovation system in the narrow sense’. They regard the NSI-concept as a follow-up and
broadening of earlier analyses of ‘national science systems’ and ‘national technology
policies’ (see for instance the definition given in Mowery and Oxley 1995, p.80). The
focus of their analysis is upon the systemic relationships between R&D-efforts in firms,
S&T-organizations, including universities, and public policy. The analysis may include
markets for knowledge — intellectual property rights - and the venture-capital aspects of
financial markets but more seldom the broader set of institutions shaping competence
building in the economy such as education and training, industrial relations and labor
market dynamics.

The Freeman- and the 'Aalborg-version' of the national innovation system-approach
(Freeman 1987; Lundvall 1985; Lundvall 1992) aims at understanding ‘the innovation
system in the broad sense’. First the definition of ‘innovation’ is broader. Innovation is
defined as a continuous cumulative process involving not only radical and incremental
innovation but also the diffusion, absorption and use of innovation. Second a major source
of innovation, besides science, is interactive learning taking place in connection with
production and sales. Therefore the analysis takes its starting point in processes of
production and product development assuming, for instance, that the interaction with users
is fundamental for product innovation.®

¥ To some degree, these differences reflect specificities of the national system from which the
analysts originate. In small countries such as Denmark, as in developing countries (the major
concern of Freeman) it is obvious that the competence base most critical for innovation in the
economy as a whole is not scientific knowledge. In the US, aggregate economic growth is more
directly linked to the expansion of science-based sectors.

14
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The recent explosion of analytical work and studies using the NSI-concept makes it
difficult to establish a classification. Many of the empirical contributions referring to the
NSI-concept are highly descriptive and they map public infrastructure and public policies
aiming at stimulating science and technology. In these studies both the core system of
firms in interaction and the evolution of the human resource base are neglected. If they
take a historical perspective it is a history of formal organizations and policies.

An interesting proposal for a classification is Balzat and Hanusch (2004). They draw the
distinction between recent studies of highly developed economies with focus on
benchmarking and a new wave of studies of less developed countries giving more attention
to the historical character of the concept.

There is a growing critical meta-literature on innovation systems. One interesting critical
analysis of the concept and its use in theory and policy is (Miettinen 2002).

Innovation system may be seen as a generic concept that has found its application in
several other contexts than the national. Over the last decade there have been several new
concepts emphasizing the systemic characteristics of innovation but with focus upon other
levels of the economy than the nation state. The literature on ’regional systems of
innovation’ has grown rapidly (Cooke 1992; Maskell and Malmberg 1997). Bo Carlsson
with colleagues from Sweden introduced the concept "technological system’ already in the
beginning of the nineties (Carlsson and Stankiewicz 1991; Carlsson and Jacobsson 1997)
while Franco Malerba and his colleagues in Italy developed the concept of sectoral systems
of innovation (Breschi and Malerba 1997).

24 Going back to the origins

While Christopher Freeman was a pioneer in analyzing the role of science and R&D-
laboratories in economic growth — he may actually be named the father of Science Policy
both as academic discipline and as policy field — his approach to the innovation system of
Japan included organizational dimensions of the innovation process that supported learning
within and between organizations (Freeman 1987).

The same was true for the approach developed by the IKE-group in Aalborg. Lundvall
(1992) opens up on page 1 with the statement that in the modern economy the most
important resource is knowledge and the most important process in learning.’ This basic
idea referred back to the earlier work on interactive learning in connection with product
innovation (Lundvall 1985). In connection with a major study of the Danish innovation
system internal organization learning of firms was linked to innovation and growth
performance (Lundvall 1999 and Lundvall 2002). In the recent work on innovation
systems by the Aalborg-group human resources as shaped by education, labour markets
and learning by doing have been given much more weight.

? A serious weakness of the book is that a planned chapter on the role of education and skills did not
get finished and included as planned. This might have contributed to the fact that skills and
competence has not been taken into the analysis by the majority of following concrete studies of
innovation systems.

15
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These ambitions to understand the performance of national systems as rooted in nation-
specific organizational and in human resources have not been followed up in the analysis
of innovation in the knowledge-based economy pursued by OECD and international
organizations. Here, as in policy discussions, the focus has remained on easy to measure
indicators such as R&D and patents, sometimes including the labour market and training of
scientific personnel. In what follows we will argue that some of the ‘paradoxes’ that have
been found and shaped the debate on innovation and economic performance come from
this neglect.

16
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3 National innovation system as analytical focusing
device

The innovation system framework is in direct competition with standard economics when
it comes to give advice to policy makers. Therefore it is useful to consider how the two
relate to each other. Recently analysts from the Dutch ministry of economics have made a
comparison of ‘market failure’ approach and ‘system failure’ approach under the heading
Babel Tower indicating that the system failure approach has mainly brought confusion for
policy makers (Hers and Nahuis 2004). The conclusion they reach is basically that ‘system
failure’ gives little help to policy makers and that it is more useful to stick to the standard
economics framework when designing innovation policy. In this section we will try to
present the core theoretical ideas behind the innovation system perspective and confront
them with standard economics. Our conclusions differ from the ones that the Dutch
economists have reached.

In this context we will also address the question about the theoretical status of the NSI-
concept. Is it a theory, a theoretical concept or just a framework for descriptive mapping?
The problem with posing and answering this question is that it is far from clear what
should be meant with ‘theory’ in social science. As indicated in the earlier section, the
innovation system perspective is built upon a series of coherent assumptions. It is also true
that most of these assumptions are rooted in systematic empirical work and that they can
be tested as well as rejected by further empirical work.'?

Perhaps the most correct is to say that the national system of innovation is a focusing
device. But it might also be argued that it is the equivalent of theory. It helps to see,
understand and control phenomena that could not be seen, understood or controlled
without using this (or a similar) concept. In this sense it does what theory is expected to
do: it helps to organize and focus the analysis, it helps to foresee what is going to happen,
it helps to explain what has happened and it helps to give basis for rational action."

It may be argued that, since it takes on different meanings in different contexts (cf. the US-
scholars versus scholars from small countries) the NIS-concept is not satisfactory as a
theoretical concept. In physics and mathematics (more so than in biology) it is crucial f to
agree on strict definitions and operate with a model with as general applicability as
possible.

10 Following Popper and using the criteria of falsification on what is acceptable scientific theory the
innovation system approach might actually be characterized as being ‘more scientific’ than
standard economics. The basic assumption about rational behavior is difficult to reject through
empirical work — there seems always to be possible to find a backdoor way to explain why people
actually prefer to do what appears, at first sight, to be irrational seen from the point of view of
theory.
"I The fact that the focus is upon innovation has important implications for what kind of analysis
that can and should be developed. Innovation implies qualitative change. If we stick to the idea that
only quantitative as opposed to qualitative concepts can be accepted as scientific we have actually
ruled out innovation as analytical object. Georgescu Roegen, who makes the distinction between
‘arithmomorphic’ and ‘dialectic’ concepts, points out that this would correspond to a dictum that
forced biology to focus on husbandry and exclude it from taking on the analysis of biological
evolution.
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Some scholars in social science, especially economists, believe that the objective is to
transform social science into something that equates physics in these respects and thereby
move away from what they see as loose description toward scientific analysis."

3.1 Theory and history

A more realistic and fertile approach for social sciences, proposed here, might be to
combine an aim at creating more general, more valid and more reliable knowledge about
causalities with the insight that social science, by definition, always will remain historical
— as we shall see this is a point on which Schumpeter certainly would agree. In such an
endeavor heuristic concepts and focusing devices such as national systems of innovation
may play a major role since they offer a broad and flexible framework for organizing and
interpreting case studies and comparative analyses.

The OECD-paper by Freeman from the beginning of the eighties (1982, p. 15) actually
raises this issue with a reference to Schumpeter. Freeman points out the limitations of
quantitative analysis based on abstract models and calls for a method that he characterizes
as ‘reasoned history’. And he goes on to quote Schumpeter:

1t is absurd to think that we can derive the contour lines of our phenomena from
our statistical material only. All we could ever prove from it is that no regular
contour lines exist...... We cannot stress this point sufficiently. General history
(social, political and cultural), economic history and industrial history are not
only indispensable, but really the most important contributors to the under-
standing of our problem. All other materials and methods, statistical and theo-
retical, are only subservient to them and worthless without them.

Actually, one of the reasons why policy makers have found the NIS-concept useful is that
it combines a specific theoretical perspective on the economy with certain flexibility in
terms of what parts of the economy should be included and emphasized in the analysis.
From a policy maker’s point of view it is important that the innovation system concept can
be used to understand and explain economic growth and economic development.

As already indicated, the components of the economy related to innovations that have the
dominant impact upon economic growth and developments differ over time and in space.
To develop ‘a general theory’ of innovation systems that abstracts from time and space
would therefore undermine the utility of the concept both as an analytical tool and as a
policy tool."

2 It is interesting to note that Adam Smith was well aware of the fact that the national context could
and to a certain should affect the economic theory developed in a specific country (see Smith 1776, p.)
3 If we follow the argument of the Norwegian sociologist Lars Mjoset (Mjoset 2001; Mjoset 2002),
we can go even further and point to the type of historical and comparative case based approach that
typically is inspired by the innovation system concept as exemplary for what social science can and
should do to promote theory building. Defining theory as ‘accumulated knowledge, organized by the
human mind, to be used for purposes of explanation’, Mjoset characterizes attempts to establish
‘general theory’ in economics as well as sociological ‘grand theories’ that neglect historical
context as falling outside this definition — there can be no accumulation of knowledge taking place
since the explanatory scheme has been frozen once and for all.
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3.2 Theoretical elements entering into the innovation system
concept

The National Innovation System approach is grounded in generalizations from empirical
findings through the 1970s and 1980s many of which emanated from scholars connected to
SPRU. Of special importance were the Sappho-study and the Pavitt taxonomy (Rothwell
1977; Pavitt 1984). The Sappho-study demonstrated that interaction and feed backs are
crucial for the innovation performance of the firm while the Pavitt taxonomy helped us to
see how different sectors interact and fulfill different functions in the over all innovation
process.

But the concept also reflects some deductive reasoning confronting some of the central
assumptions in standard economics and leading to conclusions explaining the stylized facts
observed in empirical studies. For instance, on reflection, it is obvious that product
innovation could not thrive in an economy with ‘pure markets’ characterized by arm’s
length and anonymous relationships between the innovating producer and the potential
user (Lundvall 1985).

The only solution to the paradox that product innovations are quite frequent in the market
economy is that most markets are not ‘pure’; they are ‘organized’ and include a mixture of
trust, loyalty and power relationships. To establish these durable relationships it is
necessary for the parties involved to invest in codes and channels of information — and
‘social capital’. When it is realized that actual markets are mixed with organizational
elements, it opens up the possibility that the elements of organization will differ between
national and regional systems. This may be seen as constituting a micro-foundation for the
innovation systems concept and it was presented as such by Nelson in Dosi (1988) and in
Nelson (1993).

This analysis of user-producer interaction was one of several analytical efforts to
understand innovation as an interactive process. The presentation of the chain-linked
model”, by Kline and Rosenberg (1986), was important because it spelled out in some
detail an alternative to a linear model, where new technology is assumed to develop
directly on the basis of scientific efforts, and, thereafter, to be materialized in new
marketed products. The chain-linked model constituted another important step toward the
idea of a National Innovation System.

3.3 Knowledge and learning

The concepts of knowledge and learning are of course important in all the different
contributions to the analysis of innovation systems. In Lundvall (1992, p. 1) it was
proposed that ‘the most fundamental resource in the modern economy is knowledge and,
accordingly, the most important process is learning.” But the concepts of knowledge and
learning were not at all well developed at the time. Over the last decade the attempts to get
a better understanding of the knowledge based economy and the learning economy have
created a more satisfactory theoretical foundation for the understanding of innovation
systems (see for instance Lundvall and Johnson 1994; OECD 2002; Foray 2004; Amin and
Cohendet 2004)

The understanding has been further developed using the basic distinctions between
information and knowledge, between ‘knowing about the world’ and ‘knowing how to
change the world’ and between knowledge that is explicit and codified versus knowledge
that remains implicit and tacit.
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In Lundvall and Johnson (1994) we introduced a distinction between Know What, Know
Why, Know How and Know Who that has proved to be useful in understanding knowledge
creation and learning in innovation systems.

These distinctions are especially helpful when it comes to contrast the theoretical micro
foundations of innovation systems with those of standard economics.

If neo-classical models include learning it is understood either as getting access to more or
more precise information about the world (know what) or it is a black-box phenomenon as
in growth models assuming ‘learning by doing’. The very fundamental fact that agents —
individuals as well as firms - are more or less competent (in terms of know-how and know-
why) and are more or less integrated in knowledge-based networks (know-who) is
abstracted from in order to keep the analysis simple and based upon ‘representative firms’
and agents. This abstraction is most problematic in an economy where the distribution of
competence becomes more and more uneven and the capability to learn tends to become
the most important factor behind the economic success of people, organizations and
regions (Lundvall and Johnson 1994).

This focus on learning is combined with the understanding of decision-making as
‘muddling through’ based upon use of rules of thumb and routines. This follows directly
from the focus upon innovation. Innovation is by definition a process characterized by
fundamental uncertainty since the outcome cannot be fully specified in advance (if it could
it would not be a true innovation). Here is perhaps the most important point where the
innovation system’s analysis departs from new growth theory. New growth theory may
allow for learning by doing as well as investment in searching activities but in order to
remain member of the powerful neo-classical family it has not allowed itself to scrap the
basic assumptions about the rational profit maximizing firms.

3.4 The theory behind innovation systems

As pointed out, List was critical to the exaggerated focus on allocation as opposed to
knowledge creation and growth. Table 1 illustrates how the analytical framework con-
nected to innovation systems relates to mainstream economic theory and to Austrian eco-
nomics. The theoretical core of standard economic theory is about rational agents making
choices between well defined (but possibly risky) alternatives and the focus of the analysis
is on the allocation of scarce resources. The innovation system approach represents a dou-
ble shift in focus as illustrated by the following table.

Table 1 Four different perspectives in economic analysis

Allocation Innovation
Choice making Standard neoclassical Management of innovation
Learning Austrian economics Innovation systems

The table also indicates that learning as well as innovation, in principle, can be analyzed in
analytical frameworks closer to that of mainstream neoclassical economics. It is possible
(but not logically satisfactory) to apply the principles of rational choice to the analysis of
innovation. You might, for instance, assume optimizing ‘management of innovation’
aiming at getting funds allocated to alternative R&D-projects according to the private rate
of return, taking into account the risk that the projects do not succeed.
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Austrian economists (Hayek and Kirzner) have in common with neoclassical economics
their focus on markets and resource allocation. But Hayek presents the market as a
dynamic learning process where the allocation of scarce commodities is brought closer to
the ideal of general equilibrium without ever reaching this state.

The analysis of innovation systems is based upon a two-dimensional shift of focus toward
the combination of innovation and learning. Innovation is seen as the outcome of efforts
made or as side effects of ongoing activities. Crucial for understanding how on-going
activities may result in innovation is the understanding of learning processes. On the other
hand, innovation may be seen as a process of joint production where one output is
innovation and the other is a change in the competence of the involved agents. This double
shift in perspective has implications for the relevance of innovation policy. Just to take one
example, the analysis of patent races where ‘winner takes it all” will, as far as it neglects
the learning and competence building taking place in the process, end up with too
restrictive conclusions regarding the role of government in stimulating R&D.

Box 4 Different meanings of learning

As any everyday concept learning has many different connotations. In the literature on learning
organizations it is often referred to as adaptation: a process where agents when confronted with new
circumstances register and internalize the change and adapt their behavior accordingly.

In education we may see learning also as a process of competence-building. We assume that new
competences can be established through education and training and thereafter mobilized when coping
with and mastering theoretical and practical problems.

In our analysis of innovation systems we see learning as referring both to adaptation and competence
building. In our empirical research we find that at the level of the firm there is substantial overlap
between organizational characteristics that support adaptive capacities and those that support
innovation and competence-building (Nielsen and Lundvall 1999, Lundvall 2002).

3.5 The NSI-perspective is more complex — not less theoretical
than standard economics

What has been said obviously implies a more complex theory than standard neoclassical
economics. In these models it is assumed that all agents have equal access to technologies
and are equally competent in developing and utilizing them. But the theory behind inno-
vation systems is not ‘less theoretical’. Basically the theory underlying innovation system
analysis is about learning processes involving skilful but imperfectly rational agents and
organizations. It assumes that organizations and agents have a capability to enhance their
competence through searching and learning and that they do so in an interaction with other
agents and that this is reflected in innovation processes and outcomes in the form of inno-
vations and new competences.

Neither is the most important weakness of neo-classical theory that it is too abstract. It is
rather that it makes the wrong abstractions. In a context where knowledge is the most
important resource and learning the most important process neo-classical theory tends to
abstract from the very processes that make a difference in terms of economic performance.

Processes of competence-building an innovation are at the focal point in innovation system
analysis. The focus is upon how enduring relationships and patterns of dependence and
interaction are established, evolve and dissolve as time goes by. New competences are
built while old ones are destroyed. At each point of time discernable patterns of collabora-
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tion and communication characterize the innovation system. But, of course, in the long
term these patterns change in a process of creative destruction of knowledge and relation-
ships."

3.6 Standard economics favors narrow interpretation of
innovation systems

One of the reasons for the narrow interpretation of the innovation system reflects that it is
much easier to develop quantitative analysis of R&D and patents than it is to measure
organizational forms and outcomes of organizational learning. Standard economics tends
to stick to the idea that only quantitative as opposed to qualitative concepts can be accepted
as scientific.

Standard economics will typically focus on potential market failure and on the choices to
be made between different alternative uses of scarce resources. In the context of innovation
policy the concern will be, first, if public rates of return are higher that private rates and,
second, if the rate of return of public money is higher in investing in R&D than it would be
in other areas of public investment.'®

The very idea that there might be organizational forms that are more efficient than the ones
already in use cannot be reconciled with the basic analytical framework where it is
assumed that agents are equally rational and competent.

Standard economics will tend to see the market as the ‘natural’, if not optimal, framework
of human interaction and economic transaction. This leads to biased conclusions when
considering how to organize the economy. The concept ‘market failure’ reflects this bias
since it indicates that other forms should be considered only when it is obvious that the
market cannot do the job. As we shall argue below (luckily) markets still regulate only a
small amount of transactions related to knowledge (Nelson 2006).

" In this situation the new fad of economics has become to see the economy as scene where agents
play games. Game theory makes use of rather complex mathematics to explain how agents that are
seeking to realize their own interests in their interaction with others. Some of these models make
assumptions that are extreme regarding the information that the agents have access to. Either they
know everything or they know nothing at all. Learning is in these models synonymous with getting
more information. This contrasts with a reality where most ‘games’ are between agents uneven in
competence but striving to become more competent. I see the fact that game theory has become the
most prestigious branch of economics as further evidence of how economics retreat from analyzing
problems of the real existing economy.

3 Within this narrow logic the neglect of learning effects from engaging in innovation will
underestimate both the private and public rates of return.
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4 Theoretical challenges for the innovation system
approach
4.1 Understanding knowledge and learning

The most important challenge for innovation system analysis is to get a deeper under-
standing of how different kinds of knowledge are created and used in the process of inno-
vation. Some kinds of knowledge are local, tacit embodied in people and embedded in
organizations while other kinds are global, explicit and can easily be transferred from one
part of the world to another. Different sectors in the economy and in society make use of
different mixes of local and global knowledge and in some areas such as education and
business consulting it is especially difficult to codify knowledge. To understand how
learning takes place within organizations as well as in the interaction between organiza-
tions is a key to understand how a system of innovation works. '

4.1.1 The fundamental co-evolution of the division of labor, interaction
and cooperation

Perhaps the most fundamental process in economic development and economic growth is
the deepening and extension of the division of labor. Specialization within and between
organizations makes it possible to exploit scale economies and it also makes it possible to
focus competence building so that it can advance more rapidly.

But as the horizontal and vertical division of labor evolves it has the downside of creating
barriers for communication and interaction. This is highly relevant for innovation because
innovation often is the outcome of combining knowledge located at different places in a
specialized innovation system. It is well documented that different departments (R&D,
production, sales etc.) within a firm have difficulties to understand and communicate with
each other. At the individual level, experts have difficulties to interact and understand each
other. The ease to communicate in a system with vertical disintegration between organiza-
tions is especially interesting because it is here product innovations are developed in an
interaction between users and producers.

It is a major challenge to understand the co-evolution of the division of labor and the inter-
action that takes place within and between organizations. In some countries it is much
easier to establish co-operation within and/or between organizations than it is in other
countries. This will be reflected in the actual division of labor and this will affect the kind
of learning and innovation that takes place in the system.

4.1.2 Indicators

There is a strong bias in measurement in favor of knowledge that is explicit. Investment in
scientific knowledge is measured by surveys on R&D and innovati