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National systems of production, innovation and competence
building
Introduction
The four authors have worked individually and collectively on different aspects of
innovation system-studies for more than a decade. Actually the common research
program leading up to this concept was established more than 20 years ago (Andersen et
al 1978 and Andersen et al 1979). This paper is an attempt to sum up this work and
indicate in what direction we believe future work on innovation systems should go. In the
first part we give some background on how the concept ‘national system of innovation’
has developed by drawing parallels to a radical technical innovation such as the computer.
In the second part, we tell the story about how the Aalborg-version of the concept
developed from being rooted primarily in production structure towards including all
elements of the system contributing to competence building. We illustrate the approach
empirically through results from a study of the Danish innovation system (the DISKOproject). In the last part of the paper we discuss how the concept could be adapted in
order to be useful for the analysis of countries in the South. We end up by indicating a
research agenda and in the appendix we introduce GLOBELICS as a concrete initiative
aiming at promoting this agenda.

The national system of innovation concept seen as a radical innovation
When using a computer it is not necessary to know how and by whom it was invented,
developed and introduced in the market. Neither is it always necessary in socio-economic
research to know how specific analytical tools were shaped. But from time to time it may
be useful to reflect on how a concept such as ‘national innovation systems’ came about
and to see in what direction it tends to be developed.
In what follows we will draw parallels with the development of a radical innovation as
the computer, without, of course, implying any equal kind of importance of the two
innovations. Everybody seems to agree that the computer has changed the world, while
most people live happily without having heard of national systems of innovation.
The unexpected diffusion
The modern version of the computer was not expected to become a widely spread artifact.
In the fifties most national experts projected that each country would invest just in one
(mainframe) computer in order to handle population statistics and similar big data sets.
When the idea about the innovation system approach was first discussed in the middle of
the 80s nobody expected it to become as widely diffused as it is today. Today OECD, the
European Commission and UNCTAD have absorbed the concept as an integral part of
their analytical perspective. The World Bank and IMF have been more reluctant but even
here change seems to be taking place. The US Academy of Science has recently brought
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the National Innovation System into its vocabulary and now uses it as a framework for
analyzing science and technology policy in the US. Sweden, has given the concept
legitimate status in its own particular way by naming a new central government
institution (an ’ämbetsverk’) VINNOVA which stands for ’the Systems of Innovation
Authority’.
It is of course interesting to speculate why the concept has diffused so rapidly among
scholars and policy makers. One reason may be that mainstream macroeconomic theory
and policy have failed to deliver an understanding and control of the factors behind
international competitiveness and economic development. Another reason might be that
the extreme division of specialization among policy institutions and policy analysts has
become such a big practical problem that an analytical concept that helps to overcome
these problems was welcomed not least among those responsible for innovation and
science policy. It is our impression that the concept to begin with diffused to this more
limited community but that it now tends to enter into circles of scholars and policy
makers focusing on economic growth and development.
The focus on national systems is of course controversial in a context characterized by socalled globalization. Here one might think of ‘the owl of Minerve flying in the dusk’ and
argue that it is only when an institution (in this case the nation state) is becoming
seriously threatened that we begin to understand its importance and fundamental
functions. But it is also important to note that most empirical studies of how far
globalization processes have undermined national systems seem to indicate that the
national level remains important for certain innovation activities (Archibugi and Michie
1995, Cantwell 1995 and Patel 1995). Actually it might be argued that the growing
proximity and potential tension among national systems brought about by globalisation is
a factor increasing the demand for understanding systemic differences among innovation
practices that relate to international trade (Ostry and Nelson 1995).
A concept with its origin far back in history
The basic idea of the computer goes back to the 19th century when Babbage spelled out
the basic principles and actually constructed a mechanical version that worked. But it
took another 100 years before scientific and technological developments in different areas
(in physics, material science and mathematics) made it realistic to construct a version that
could be attractive to users.
Similarly, the concept ’national systems of innovation’ goes far back in history. Actually
it goes 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 the transport of people and
commodities (Freeman 1995). It was focused on the development of productive forces
rather than on allocation of given scarce resources. The concept challenged the
’cosmopolitan’ approach of Adam Smith and it pointed to the need to build national
infrastructure and institutions.
The modern version of the innovation system concept was not based upon any direct
inspiration from List. It was only after the concept had become generally accepted that
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Christopher Freeman and others went back and brought forward List as the intellectual
ancestor. The most obvious linkage was perhaps in the development of the Aalborgversion of the concept where the role of the home market for innovations has some
connections to the infant industry argument of List. But, even here, the direct inspiration
came via Burenstam Linder who is a liberal economist and a former conservative minister
in the Swedish government (Linder 1961) rather than directly from List.
Parallel innovative activities around the world
The progress toward a modern computer reflects parallel efforts from many individual
scholars and research groups. There are many ‘fathers’ and ‘mothers’ to this
invention. In this as in many other fields it happens time and again that similar
breakthroughs take place at the same time in different locations. There is something in
the air – technical opportunities and market demand – that makes the situation mature
for new specific innovations to be introduced in parallel.
A similar pattern can be discerned in the case of the innovation system concept in
spite of the fact that the ‘market’ and ‘demand side’ is more difficult to define when it
comes to intellectual concepts. The idea of a national system of innovation was
immanent in the work of the IKE- group in Aalborg already in the first half of the 80s.
A standard phrase found in several publications from this period was ’the innovative
capability of the national system of production’. The ‘innovation system’-concept was
introduced in Lundvall (1985) but then still without the adjective ‘national’ added to
it.
But the concept was immanent also in the international comparisons between national
styles of management of innovation pursued at SPRU and it was Chris Freeman who
brought the concept into the literature in 1987 in his book on innovation in Japan
(Freeman 1987). And it was certainly immanent in the work of Dick Nelson and other
US-scholars engaged in comparing the US system of science and technology with
other national systems. When Freeman, Nelson and Lundvall got together in the big
project on technical change and economic theory (Dosi et al, eds. 1988) it ended up
with a book where there was a four chapter-section on ’national systems of
innovation’.1
New models
One reason why the computer became much more widely diffused and used than
originally expected was, of course, that the big mainframe models were substituted
for by first mini- and later microcomputers. Many variations were developed on the
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Others who worked in parallel along similar lines of thought but with less emphasis on innovation
were Michael Porter (1990) and Richard Whitley (1994). Whitley’s concept national business
system is complementary to the innovation system approach in its emphasis on culturally embedded
business practices. (For a comparison see Lundvall 1999).
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basis of the original concept. A similar process has taken place in the context of
innovation systems.
Over the last decade there have been several new concepts emphasizing the systemic
characteristics of innovation but with focus on other levels of the economy than the
nation state. The literature on ’regional systems of innovation’ has grown rapidly
since the beginning of the nineties (Cooke 1996; Maskell and Malmberg 1997). Bo
Carlsson with colleagues from Sweden developed the concept ’technological systems
(Carlsson and Jacobsson 1997) while Franco Malerba developed the concept of
sectoral systems of innovation (Breschi and Malerba 1997).
Sometimes these concepts have been presented or interpreted as alternatives to the
national system approach and it has been argued that many, if not most, interesting
interactions in the context of modern innovation tend to cross national borders and
that there is no a priori reason why the national level should be taken as a given for
the analysis. Our view on the issue has always been pragmatic and reflects that we see
the policy dimension of the concept as important. As long as nation states exist as
political entities with their own agendas related to innovation, it is useful to work with
national systems as analytical objects.
But the other analytical levels are certainly not only legitimate – they are necessary in
order to get a realistic understanding of the working of national systems and, not least,
the policy constraints and policy efficiency at the national level. They are also useful
in their own right. Regional innovation policy calls for a focus on regional systems
and understanding the evolution of global technological systems or sectoral systems is
fundamental when it comes to define the needs for supranational co-ordination and
rule-setting.
On the survival of old paradigms and on competing technologies
In the history of innovation there are many interesting cases where the old technology not
only survives in parallel with the new one but also actually gets a new boost through the
competition from it (Rosenberg 1982, p.114). An example in the computer field could be
the efforts to increase the power of micro-computers as a response to the development of
mini-computers.
The development of the systemic approach to innovation has taken place in parallel with
efforts in economics to integrate knowledge and innovation into neo-classical growth
theory as illustrated by the growing interest for ‘new growth theory’ (Romer 1990,
Aghion and Howitt 1998). These models have big problems with overcoming the linear
perspective and in policy analysis we still find a strong presence of the old ideas. The
current focus in Europe on bench-marking innovation practices and policies may be seen
as a step backwards in this respect (Lundvall and Tomlinson 2001). The old perspective
is far from extinguished.
Development studies as a new field of application –or as a re-export
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As pointed out, experts saw originally a very limited field of application for
computers and this was the reason why they where modest when it came to forecast
their diffusion. What has happened is an enormous extension of the use of computers
to new fields of application in households, production and administration. The
modern version of the concept of national systems of innovation was developed
mainly in the rich countries – the US, the UK, France and Scandinavia – and to begin
with only a narrow circle of academics interested in science and technology policy in
these countries used it. Now the interest for the national innovation system
perspective is growing strongly in Latin America and Asia. Even in Africa innovation
system analysis is beginning to take off.
It is interesting to note that some of the most important elements combined into the
innovation system concept actually came from the literature on developing countries.
Hirschman (1958) and Stewart (1977), contributed with ideas of systemic feedbacks.
The French structuralist school with ideas on national production systems – ideas that
were applied mainly in some of the Mahgreb countries (Bernis 1966). Also, in
economics the idea that institutions matter was more generally accepted for ’less
developed countries’ than for full blown market economies where it was assumed that
the market solves most problems in a more or less institution-free world.
To apply the NSI-concept to developing countries may therefore be seen as a kind of
’re-export’. Gunnar Myrdal’s ideas, inspired from Veblen and fully developed in
‘Asian Drama’ (1968), of positive and negative feedback, of cumulative causation and
of virtuous and vicious circles are inherent in the idea of innovation systems.
Adaptation of technology and concepts
It is well known that technology exported from the West does not always give rise to
the expected benefits when introduced in the South. Computers without investments
in infrastructure, trained personnel and organizational renewal may reduce rather than
increase productivity.
At the end of this paper we will argue that a principal task for future research based
on the NSI-concept is to adapt it in such a way that its application in less developed
countries does not result in negative effects on development strategies and that it, on
the contrary, helps to stimulate policy learning. We will argue that a major step in this
direction is to broaden and deepen the concept and to make it more dynamic. A
narrow focus on the role of science and science-based activities is not what is most
needed. We need a concept that covers all aspects of competence building in socioeconomic activities. We also need to deepen the concept by getting a better
understanding of processes of interactive learning. Finally, we need to find ways to
capture the formation and evolution of innovation systems from their birth to their
death (Andersen and Lundvall 1997). In order to prepare the ground for such a
broadening and deepening of the concept we will take a closer look at how the
concept has developed in our own research.
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The evolution of the Aalborg version of the NSI-concept
One of Schumpeter’s major contributions to the understanding of innovation processes is
the interpretation of innovation as a new combination. This concept is important because
it brings together two contradictory but important aspects of innovation: its continuity
(existing elements) and radical change (the new combination). It is obvious that the
modern computer reflects a very complex combination of many different single technical
breakthroughs in areas such as material technology, physics and software programming.
The Aalborg version of the national system of innovation concept may be seen as a
combination of four elements: the French structuralist approach to national production
systems, empirical work based on the Home market theory of international trade, the
microeconomic approach to innovation as an interactive process inspired by research at
SPRU and, finally, insights in the role of institutions in shaping innovative activities.2
This combination reflects that the concept was developed to get a better understanding of
economic growth and trade specialization in a small open economy characterized by high
income per capita but with a weak representation of science based firms. The focus was
to start with on macro-economic issues but it moved gradually also toward issues related
to microeconomic dynamics.
From national systems of production toward national systems of innovation
Andersen brought to the IKE-group the inspiration from the French structuralist
economists. In the 1960s and 1970s, they had developed an analysis of national
systems of production that was rooted in the Marxian reproduction schemes. They
assumed that different sectors affect growth differently and that the most dynamic
elements in the system were located upstream. This led them into ordering national
systems in a hierarchy. It was assumed that countries such as the US and Germany
had a stronger economy than France because their production systems were
specialized in the production of machinery to produce machinery (machine tools),
while France was specialized in the production of machinery for the production of
semi-manufactured goods (GRESI 1976). It also led them to recommend developing
countries to establish, at an early stage, activities belonging to the sector producing
machinery (Bernis 1966).
The basic mechanisms involved were not always made clear but the general idea was
that the strong presence of a sector that produces machinery to produce machinery
made it easier to develop and utilize new process technology for the production
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This specific combination results in an Aalborg version that differs from the US-approach (Mowery
and Oxley 1995) where the analysis is more narrowly focused on institutions as organizations
involved in the promotion of science and technology. The combination should be seen in the light
of our attempt to develop a framework that is relevant for understanding economic growth and
innovation processes in small countries (Freeman and Lundvall 1998) and it may be seen as a
follow-up to a series of contributions to the analysis of the specific problems of small countries
(Katzenstein 1985, Kutznets 1960, Svennilsson 1960 and Walsh 1987).
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system as a whole. Some economists tried to develop this approach further using
Input-Output analysis (Brookfield 1975). Others applied a more dynamic approach to
vertical linkages in the production system (Dahmén 1950, Hirschman 1958, Stewart
1977). Especially, Dahmén and Hirschman pointed to the opening up of disequilibria
as important and sometimes positive drivers in the development process.
These different perspectives were brought together and combined with a life cycle
perspective on national systems in a number of publications in Danish in the late
1970s (Andersen 1978, 1979). Some of the ideas were later presented for an
international audience in Andersen and Lundvall (1988) and Andersen (1992). The
French approach was significantly transformed in the process. First, the importance of
backward linkages in the form of flows of information from user sectors was
introduced. Second, both learning by doing and learning by searching were introduced
in the model. Third, a distinction was made between industrial complexes at different
stages as seen from a life cycle perspective. Fourth, the open economy was explicitly
introduced as the analytical framework.
With these revisions, the focus was now explicitly on the development of new
technology in an interaction between user sectors and producer sectors. The quality of
demand became an important element in the process. And, while the approach of the
French structuralist school left small countries very limited prospects in terms of
growth and wealth, as does the new growth theory today, Andersen’s revision pointed
to a less gloomy future for these countries by emphasizing the qualitative
characteristics of the home market.
The second element in the combination – the role of the home market for economic
specialization
Some of the early empirical work in Aalborg focused on the Agro-industrial complex and
one interesting result was the strong export specialization in machinery to be used in
agriculture and related industries (Andersen et al 1981, p.11). This observation could not
be explained without recourse to the role of the home market.
With reference to non-classical and non neo-classical contributions to international trade
theory by Posner (1961), Vernon (1966) and especially Linder (1961) a series of
empirical studies were pursued showing the importance of the home market when it
comes to explain export specialization in process equipment (Dalum et al 1981; Andersen
et al 1981). The practical test was to analyze the correlation between specialization
indexes for respectively the user and the producer sector commodity. The outcome of the
test was that the home-market did play an important role for many process equipment
commodities.
In this context it was established that trade statistics offer good opportunities to
characterize and compare the production structure and export specialization of national
systems at a rather detailed level. If aggregated in new categories of special relevance for
economic growth, specialization data could be used to analyze the competitiveness of
national systems. The change over time in the specialization pattern in terms of ‘low-
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technology’ versus ‘high-technology’-product was later followed up by similar studies of
high-growth and low-growth products. Further, analyzing the relative uniqueness and
stability over time of specialization patterns proved to be a way to underpin the idea of
national systems having a certain autonomy (Dalum et al 1998).
From Innovation as an Interactive Process to Innovation Systems
The micro assumptions behind the National Innovation System approach got
theoretical inspiration from Nelson and Winter’s evolutionary theory of firms and
markets. Another important inspiration came from empirical findings through the
1970s and 1980s made by scholars connected to SPRU and Chris Freeman. The
Sappho-study pursued by Freeman and his colleagues at SPRU in the beginning of the
seventies (Rothwell 1977) gave strong support to the idea that success in innovation
has to do with long-term relationships and close interaction with agents external to the
firm. The presentation of ”the chain-linked model”, by Kline and Rosenberg (1986),
was important because it gave specific form to an alternative to the cherished 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. All this
constituted one important step toward the idea of a National Innovation System and it
indicated a possible micro-foundation of this concept.
The second step was to realize explicitly that the relationships and interactions
between agents had to involve non-price relationships. These relationships were
presented as organized markets with elements of power, trust and loyalty (Lundvall
1985). These relationships of co-ordination and co-operation were identified as the
only possible solution to the conundrum of product innovations: On the one hand,
pure market interactions (prices and quantities only) were found incapable of
transmitting the qualitative information between users and producers. On the other
hand, the transformation of markets into hierarchies proposed by transaction cost
theory did not materialize. In order to understand the dynamics we proposed that the
most fruitful perspective was to focus on interactive learning rather than on
transactions.
The third step was to realize that different national contexts offer disparate
possibilities for establishing organized markets. A series of studies pointed, for
instance, to the long-term character of inter-firm relationships in Japan and contrasted
them with the arm’s length relationships predominating in the Anglo Saxon countries
(Dore 1986, Sako 1990).
The fourth element in the combination - institutions and institutional economics
The focus on interactive learning evokes also the important role of institutions in
determining the rate and direction of innovative activities. Early on Johnson (1988)
insisted on the importance of institutions for innovation and learning processes.
Institutions understood as norms, habits and rules are deeply ingrained in society and
they play a major role in determining how people relate to each other and how they
9

learn and use their knowledge (Johnson, 1992). In an economy characterized by ongoing innovation and fundamental uncertainty the institutional setting will have a
major impact upon how economic agents behave and as well upon the conduct and
performance of the system as a whole.
Which are the most important institutions in the context of innovation? We would
like to sort out three institutional dimensions that have a major impact and which may
differ across nations: the time horizon of agents, the role of trust and the actual mix of
rationality.
The distinction between short-termism as characterizing corporate governance in
Anglo Saxon countries and long-termism in for instance Japanese investment
decisions is one important example of how institutional differences have a decisive
influence on the conduct and performance at the national level. It is quite obvious that
this distinction is important not only for the allocation of finance but also for other
aspects of technical innovation. Certain technologies will only be developed by agents
who operate with a long term perspective while others might be easier to exploit with
a short term horizon.
Trust is a multidimensional and complex concept which refers to expectations about
consistency in behavior, full revelation of what agents regard as relevant information
for the other party and restraint in exploiting the temporary weakness of partners. The
institutions that constitute trust are crucial for interactive learning and innovation
capabilities. The strength and the kind of trust embedding markets will determine to
what degree interactive learning can take place in connection in organized markets.
Formal and legal arrangements around the market will reflect and have an impact
upon this tacit social dimension.
A third category is the pre-dominating rationality. In standard economics it is assumed
that instrumental and strategic rationality is dominating human behavior at least in the
private economic sphere. It is correct that economic transactions between anonymous
agents and a capitalist environment tend to support instrumental rationality. In a
context where learning new skills through interaction with other agents is important
for success, it is, however, no longer the only kind of behavior that might be selected
in the evolving economy. If instrumental rationality were completely dominating the
interaction between professors and students, masters and apprenticeships as well as
between engineers from R&D- labs belonging to different firms, very little learning
would take place. Therefore innovation systems where communicative rationality
(Habermas, 1984) played a major role in certain types of activities in the private
sector might be better off in the long run than the standard exchange economy. The
actual mix of rationality in an innovation system may affect its conduct and
performance.
In addition to these informal institutions a number of formal institutional
arrangements, like well defined and implemented property rights of different kinds,
including intellectual property rights, contract laws, corporate law, arbitration
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institutions and collective bargaining and other labor market institutions, are of course
also important for the working of the economy and more generally recognized as
such.
In general we find it useful to think about innovation systems in two dimensions. One
refers to the structure of the system – what is produced in the system and what
competences are most developed? The second refers to the institutional set up – how
does production, innovation and learning take place? Historical analysis may be
helpful in demonstrating how the two dimensions co-evolve. Is it the evolution of the
structure of production that determines the evolution of the institutional set-up or vice
versa and how is match and mismatch between the two reflected in economic growth
patterns (Freeman 1995b)?

On the need to focus on the national system for knowledge creation and
learning
We see three major challenges for innovation system studies. The most important is to
focus the analysis much more strongly on the process of learning and competence
building. A second challenge is to build into the concept a more dynamic dimension that
relates to the creation, transformation and passing away of innovation systems. The third
one has to do with the need to broaden the analysis of economic development and to
study how knowledge production is conditioned by and affects social and ecological
sustainability.
Innovation systems in the learning economy
In a series of papers we have argued that the last decades have been characterized by a
new context that we have baptized ‘the learning economy’ (Lundvall and Johnsson 1994,
Archibugi and Lundvall 2001). The new context is more than anything else characterized
by a speed up in the rate of change giving a stronger importance to learning processes for
economic performance. This is why we argue that today the most important elements in
innovation systems have to do with the learning capability of individuals, organizations
and regions. The very rapid rate of change gives a premium to those who are rapid
learners. This is reflected in the forms of organization inside firms, new mixtures between
co-operation and competition as well as in new forms of governance. It presents all
organizations and especially those specialized in the production, diffusion and use of
knowledge for new challenges.
So far, the studies of national systems of innovation have given too little emphasis to the
subsystem related to human resource development.3 This includes the formal education
and training, the labor market dynamics and the organization of knowledge creation and
learning within firms and in networks. This subsystem will be confronted with very
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An exception is Amable, Barré and Boyer (1997) where the labour market and training systems are
integrated in the analysis of what they call ‘social systems of innovation’.
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strong needs for social invention in the near future in all national systems and quite a lot
of the peculiarities of national systems are rooted in this sub-system.
Another new focus must be on the part of business services that specializes in producing,
gathering and selling knowledge. This sector is growing more rapidly than any other
sector and new empirical studies indicate that it is becoming a key sector in the French
structural school sense (Tomlinson 2001). More and more producers of tangible products
and traditional services move into this field. To understand how such businesses operate
within and across national borders is another key to understanding the future economic
dynamics.
The production and diffusion of knowledge is itself changing character. Some
elements of knowledge become codified and much more mobile globally while other
key elements remain tacit and deeply embedded in individuals and organizations and
localities. To understand better these processes may, actually, be a key to establish a
new kind of economy (OECD 2000). This points to an ambitious theoretical research
agenda aiming at understanding processes of learning in the context of production and
innovation systems. It has been argued by Marx that what really made the industrial
revolution a revolution was not the use of machinery but rather the stage where
machinery was used to produce machinery. It may be the case that it is only when we
systematically can apply knowledge to the production of knowledge that we will
witness the establishment of the learning economy.
To understand the process of transformation, it is useful to analyse and understand
how specific national systems respond to global trends and challenges. Some national
systems may, for historical reasons, be better prepared to cope with the new context
than others. Some systems may be more innovative than others when it comes to
develop policy strategies and institutional reforms that respond to the new challenges.
The Danish system of innovation and competence building is small in global terms
but it has certain characteristics that might make it interesting as one possible ‘model’
for international institutional learning.4 It is one of the most egalitarian societies in the
world in terms of income distribution and at the same time it has an income level that
is among the highest in the world. It has a high degree of gender equality and welldeveloped local democracy.
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It is interesting to note that the on-going OECD-project on economic growth in the context of ‘the
new economy’ Denmark, Norway, Finland and other small egalitarian societies appear together
with the US as the success stories. Also it is concluded that there is no simple relationship between
inequality and economic growth.
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Characterizing the Danish system in terms of innovation
Denmark is specialized in low technology products and in sectors characterized by small
firm size
It is a fact that Danish export and production is strongly specialized in low-technology
products. We find a low technology-specialization in several other small high-income
countries but Denmark stands out as extreme also among those.
Box 1: Personalities and innovation systems
The Danish system of innovation and competence building is not the outcome of a planned political effort.
Its strengths and weaknesses reflect unintended consequences of pragmatic policy, the impact of unique
personalities and small historical events. One way to illustrate this is to refer to two individuals who each in
his way shaped the Danish innovation system. It may be argued that the peculiar mix found in the Danish
innovation and competence building system of a predominating experience-based production and a small
high technology sector reflects the influence of respectively Grundtvig and Ørsted, with Grundtvig as the
one with the biggest impact.
Grundtvig – the provincial priest
In the second half of the nineteenth century the Danish society went through a dramatic transformation.
1864 was a crucial year because it marked the loss of German speaking regions and the end of any
ambitions toward colonial power. At this occasion a slogan was coined – ‘what has been lost externally
must be regained internally’.
The last decades of the century was marked by a deep agricultural crisis where the traditional export
markets for vegetable products where crumbling. The production had to be changed toward animal
products. This dramatic transformation was to a high degree self-organized through collaboration between
small independent farmers. It found its ideological support in the ideas of the popular priest Grundtvig.
Grundtvig initiated the ‘folkhøjskole’ (a school open to adults and aiming at general education but without
exams or grading - organized locally but with the support from the state). The main objective was to
educate farmers and to give them self-confidence. One major outcome was the formation of strong
democratic and decentralized producer co-operatives in dairy and meat production – the dominating export
goods at the time.
This peculiar period of Danish history is important to understand some of the current characteristics of the
Danish innovation and competence building system. It is reflected in the industrial structure as well as in the
mode of innovation. The fact that the most important export products – dairy and meat products – remained
under the control of farmer co-operatives explains why the basis for establishing big privately owned export
oriented firms was much weaker in Denmark than in Sweden. The high regard of decentralized general
education and of learning in Denmark was established in this period and is still reflected in the organization
of continuous education where the state supports local initiatives.
Ørsted – the Copenhagen scientist
There is a proverb in Denmark that Jutland, the big rural peninsula where Grundtvig spent most of his life,
is ‘far from Copenhagen’. At the end of the nineteenth century, Copenhagen was still a small city with a
small highly interactive intellectual elite. Among the elite the mathematician and physicist Ørsted, after
academic struggles, became the founder of the Polytechnic University in Copenhagen. He succeeded in
giving this institution a highly academic profile with a strong emphasis on natural science. Practical
engineering disciplines were not appreciated (Wagner 1999).
When the very interactive Danish firms interact less with universities than firms do in other countries there
are two factors at play. One is, certainly, that Danish firms are small and operate in low technology areas.
But the other one may be that the technical university was founded by a natural scientist. This last
interpretation is compatible with the fact that the strong science-based sector in Denmark – pharmaceuticals
– actually seems to have stronger roots in science than firms in this sector have in other countries.
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There are some high technology islands in the Danish economy and especially the sector
producing pharmaceuticals (dominated by NOVO-Nordisk) is extreme in its strong
connection to science. This has resulted in misinterpretations of Danish innovation as
more strongly science based than in other countries (OECD 2000). Denmark is especially
successful in the production and export of ‘low’ and ‘low medium’ technology goods.
This includes food products, furniture and clothing. Besides it has successful niche
products in telecommunication (mobile communication) and in process regulation
(Danfoss). Within all these fields firms are quite successful in absorbing and using
technology from abroad including information technology. Incremental product
development characterizes both the high technology and the low technology firms.
The mode of innovation is highly interactive but not science based
Within firms there is a growing emphasis on the interaction across departments, between
colleagues and between management and workers. Danish manufacturing firms interact
with customers and suppliers more frequently than firms in other countries. The growth in
the interaction takes place in relation both to Danish and foreign parties.
On the other hand, the interaction with universities is less developed in Denmark than
abroad. To a certain degree this reflects a rather well functioning system of technological
institutes that communicate new technological insights to the firms. But it is also true that
the university system historically has been strongly geared toward the needs of the public
sector both regarding education and research. Research policy in Denmark has been
designed in collaboration with a handful of experts working in the most strongly sciencebased firms who, referring to their own experience, have seen few problems in the
interaction between industry and universities.
The use of human resources is biased in favor of the public sector
Historically most of the academically trained work force has been employed in the public
sector. This has gradually been changing through the last decade where especially
business services have absorbed a growing proportion of the candidates. But still a big
proportion of private firms have no academics in their workforce. We can show that firms
belonging to this group collaborate much less with universities than those that have
engineers and other employees with academic training on their staff. Most of the
innovation activities in the first group are either experience-based and incremental or
coming from suppliers, including knowledge intensive business services.
Characterizing the system in terms of knowledge management
One reason why it is difficult to change the pattern of specialization in the direction of
science based and high technology products is that the Danish pattern of human resource
development tends to support the established mode of innovation in a systemic way. The
Danish human resource development system (the school system, vocational training and
the efforts made by firms to develop the skills of their employees) is quite unique. And, in
certain respects, it matches quite well the Danish incremental approach to innovation in
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low and medium technology sectors. Therefore, an upgrading and a stronger emphasis on
formal (as contrasted to practical experience based knowledge) knowledge in the
production system must be combined with changes in education and training.
The Danish education system fosters independent and responsible workers with weak
formal competencies
Young people are expected to be independent and responsible in Denmark. International
studies show that they use little time on homework but a lot of time on small jobs to get
their own income. When finished with high school they take a year off and work or go
abroad before taking a higher education. They rate quite weakly (the extent and causes are
still under debate among educationalists) in international tests on skills in reading and
mathematics, at least in the earlier school years. But they seem to be extremely well
prepared for working in a turbulent economy where there is a need to delegate
responsibility to the lower levels in the organisation. They are used to communicate
directly and freely also with authorities (teachers and employers).
The Danish labor market gives weak incentives to firms for investing in training
The Danish labour market is characterized by high mobility between firms (as high or
higher than in the US) but a more limited geographical mobility. Danish firms invest less
in training their own personnel than firms in other countries. On the other hand, the
public sector has built a unique and quite comprehensive and costly system for
continuous education. This means that Danish workers on average get more time for
training within a year than workers in other countries. Firms contribute through a wage
tax to the finance of the public training and tripartite bodies representing labour, industry
and the public sector at the regional level organize an important part of it. This specific
division of labour between the private and the public sector reflects among other things
the fact that there are many small firms in the Danish economy that could not take on the
responsibility for training their employees on their own. But it has also resulted in bigger
firms using fewer resources on internal training and developing explicit human resource
development strategies to a lesser degree than their foreign counter-parts.
The Danish labor market is flexible and efficient but it is also characterized by
polarization to the disadvantage of unskilled and foreign workers in terms of job
opportunities
There are a number of unique features of the labour market that needs to be taken into
account when considering the working of the over all innovation system. The substitution
rate of unemployment support is higher and support is less restricted in time than in other
OECD-countries and this fact explains many of the peculiarities. It is one factor behind
the high participation rates and it also explains the fact that workers in Denmark feel
more secure in their jobs than their colleagues in other European countries with stronger
legal protection from firing and with less mobility. High mobility reflects to a certain
degree that employers meet almost no legal restrictions when it comes to firing personnel.
But it also reflects that workers at all skill levels are less afraid of getting lost between
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different jobs when looking for new job opportunities. OECD and labour market
economists have emphasised the negative impact on job incentives but an ‘irrational’
willingness to work seems in many cases to overcome this negative incentive. Among
women, for instance, 20-30% work for a wage in spite of the fact that economically they
could be as well or better off staying at home. The Danish labour market is performing
well also in terms of low and falling rates of respectively structural, long term and youth
unemployment.
Box 1: Six lessons from the DISKO study
Lesson no 1, On the compatibility of equality and growth: The Danish economy is one of the most
egalitarian in the world in terms of income distribution and it is among the ones with the highest
GNP/capita. The growth success of the US has gone hand in hand with increasing inequality. The
experience of Denmark demonstrates that there is no necessary connection between strong growth and
growing inequality.
Lesson no 2, On the compatibility of flexibility and security in the labour market: In international
organisations such as OECD there has been a general message to increase flexibility in labour markets.
Trade unions have opposed and pointed to the need for security. The Danish data show that the forms
of flexibility that are most adequate in the learning economy are compatible with security among wage
earners. High mobility between employers has not resulted in insecurity among employees because the
social security provision has been acceptable. In Denmark, the introduction of functional flexibility
within firms tends to reduce the need for numerical flexibility.
Lesson no 3, On the importance of innovation in low technology sectors: One of the interesting
aspects of the Danish system is that its relative wealth has been built in spite of a specialization in low
technology sectors and that most of its innovations are incremental and experience-based rather than
radical and science based. Supporting innovation in low technology areas will remain an important
priority for industrial policy. In the light of the ‘new economy’-discourse there might be a risk to forget
about the renewal of competence in traditional sectors, including service sectors.
Lesson no 4, People and career patterns matter for the formation of networks: The Danish
economy is characterised by intense interaction between firms while the interaction between firms and
universities is weakly developed. As demonstrated in this study this characteristic reflects the
composition of the labour force in firms and the absence of academic personnel in many small and
medium-sized firms. A general conclusion is that network formation and establishing new linkages may
best be established by affecting career patterns and incentive systems in firms and at universities.
Lesson no 5, What matters most is learning to learn and learning organizations: The rapid rate of
change undermines established competence and requires the continuing establishment of new ones.
Firms that become learning organisations are more productive and more innovative. They create more
and more stable jobs. Much of the resistance is found at the top rather than at the bottom of the
organisation. Promoting organisational change is becoming a crucial element of innovation policy.
Education and training institutions need to focus on learning students to learn.
Lesson no 6, Social capital matters for growth and the need for a new new deal: The only way to
explain the strong economic performance of Denmark and other small economies with a weak
specialisation in high technology products is to take into account the social capital that makes it easier
for people to learn, collaborate and trade. The most important threat to this mode of production and
innovation is the growing polarisation and exclusion of those who do not fit into the learning economy.
To give those a stronger learning capability and access to the networks where learning takes place is
crucial for the sustainability of the learning economy.
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There is one area where it does not fare as well, however. Unskilled workers and workers
with a different ethnical background are much worse off than the rest of the labour force
in terms of job opportunities and employment. Here Denmark is performing worse than
most other OECD-countries. DISKO-data also show that the training initiatives inside
firms tend to reinforce the polarization. The chance for unskilled workers to get training
in house in firms is much less than for other categories of employees.

Innovation systems and economic development
As mentioned above the concept of innovation systems has mostly been applied to
problems of growth and development in the high-income countries of the North.
However, it is our contention that it is relevant also for the South.There are different
conceptualizations of innovation systems but when explicitly focusing on the South the
broad approach applied in the DISKO-project is to be preferred. Here, innovations are
seen as rooted in everyday activities in firms and in the competencies and capabilities of
ordinary of people.
Innovation systems work through the introduction of knowledge into the economy (and
into the society at large). It requires active learning by individuals and organizations
taking part in processes of innovation of different kinds. The efficiency of these learning
activities and, hence, the performance of the innovation systems depends of economic,
political and social infrastructures and institutions. It also depends on past experiences as
they are reflected in the tangible and intangible aspects of the structure of production and
on values and policies. The learning capabilities, which are instrumental in the innovation
process, are also values in their own respect. This is also the case for possibilities for
education and participation in democratic processes. In fact many of the factors that make
people effective learners may be viewed also as constitutive parts of development.
It follows that there are good reasons for using a broad concept of innovation system in
connection to development analysis both when focusing on countries in the North and in
the South. However, the reasons seem to be strongest for the South. A narrow innovation
system concept focusing on the research and development system and on high tech and
science-based innovations seems to us to make even less sense in the South. There are
several reasons for this.
In a relatively ‘complete’ national system of innovation it may be less problematic to
analyze a specific subsystem. If there are adequate knowledge infrastructures and
intellectual property rights and if there are good networking capabilities and high levels
of trust, there is also a suitable basis for an efficient research and development system. It
may then be quite possible to analyze the details of this subsystem without worrying too
much about the rest of the innovation system. But this is typically not the case in the
South, which makes a broad approach preferable.
Another reason is that the need to take into account local and traditional knowledge may
be relatively bigger in the South than in the North. The broader approach pays attention to
tacit knowledge (Polanyi 1958; Polanyi 1966) and to the need not to loose important parts
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of largely not codified and undocumented local competencies. Local knowledge is easily
de-learnt and forgotten when economies are opened up to international competition and
societies accordingly restructured. A broad concept of innovation systems helps to see the
importance of different kinds of knowledge and the ways they complement each other
(Ernst and Lundvall 1997).
The often very uneven distribution of both constitutive and instrumental freedoms in the
South makes it important not to focus only on the relatively strong and internationally
competitive parts of the economy. Also for this reason a broad innovation systems
approach should be endorsed.
Weaknesses of the innovation system approach
When applied to countries in the South it is important to be aware of some weaknesses of
the innovation system approach, as it has been used so far. Some of these have directly to
do with the fact that it has mostly been applied to the North. It has been used mainly as an
ex-post rather than as an ex-ante concept (Arocena and Sutz 2000). It has been used to
describe, analyze and compare relatively strong and diversified systems with well
developed institutional and infrastructure support of innovation activities. It has not, to
the same extent, been applied to system building. When applied the South the focus ought
to be shifted in the direction of system construction and system promotion. Furthermore,
the relationships between globalization and national/local systems need to be further
researched. It important to know more about how globalization processes affect the
possibilities to build systems of innovation in developing countries and local systems are
important parts of this.
Another weakness of the system of innovation approach, is that it is still lacking in its
treatment of the power aspects of development. The focus on interactive learning – a
process in which agents communicate and even cooperate in the creation and utilization
of new economically useful knowledge – may lead to an underestimation of the conflicts
over income and power, which are also connected to the innovation process. Interactive
learning and innovation immediately sounds like a purely positive sum game, in which
everybody may gain. In fact, there is little learning without forgetting. Skills and
competencies are rejected and destroyed and many people experience decreasing income
and influence. Increasing rates of learning and innovation may lead not only to increasing
productivity and income but also to increasing polarization in terms of incomes and
employment. It may be more common in the south than in the north that interactive
learning possibilities are blocked and existing competences destroyed (or de-learnt) for
political reasons related to the distribution of power.
It is true that it does not have to be like that. Different types of (integrated) policies might
counteract the tendency. But the tendency is, certainly, inherent in the learning economy
and counteracting policies are in more short supply in the South than in the North.
Furthermore, a certain amount of stability in the macroeconomic and financial
environment, including well behaved, not too conflict provoking, fiscal and monetary
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policies, is important for interactive learning and innovation. Again, such stability is
typically lacking in developing countries.
It is thus, clear that the innovation system approach needs to be adapted to the situation in
developing countries if it is to be allied to system building. It seems also clear, however,
that the holistic and systemic character of the approach and its focus on production based
tacit knowledge and on learning by doing, using and interacting should make it possible
to implement such adaptations.

A broader perspective on economic growth and development
National Systems of Innovation may be regarded as a tool for analyzing economic
development and economic growth. It has in common with growth accounting that it tries
to bring together the major factors that affect technical progress as registered in standard
neo-classical growth models. Such a perspective may be to narrow, however. As pointed
out by Freeman (1997) the ecological challenge ought to be integrated in any strategy for
economic development and here we will argue that in the learning economy intellectual
and social capital are important elements in the development process. The extended
perspective can be introduced as in table 2 below5:

Table 1: Resources fundamental for economic growth –
combining the tangible and reproducible dimensions
Easily reproducible
resources

Less reproducible resources

Tangible resources

1. Production capital

2. Natural capital

Intangible resources

3. Intellectual capital

4. Social capital

The table illustrates that economic growth is faced with a double challenge in terms of
sustainability and that there is an immanent risk of undermining not only the material
basis of material production. The creation of tangible capital may be threatened by a
neglect of environmental sustainability. We will argue that the production and efficient
use of intellectual capital is fundamentally depending upon social capital (Coleman 1990;
Fukyuama 1995; Woolcock 1998). A development strategy that focuses only on
production capital and intellectual capital is not sustainable.
Innovation may have a positive role in bolstering sustainability (Johnson 1998). Technical
innovation, for instance in terms of developing substitutes to naturally scarce raw
products, may help to overcome the fact that natural capital cannot always be reproduced.

5

The ‘model’ indicated in the table is closely related to the growth model by Irma Adelman (1963)
to be discussed below. The major difference is that labour is not explicitly introduced in our table.
This reflects that we do not regard labour as a resource of the same character as the four kinds of
‘capital’. The human factor is the one that puts in motion, integrates and co-ordinates the different
kinds of capital.
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In a similar vein social innovation and institutional redesign may help to overcome a
crisis where the social capital is foundering. In both cases it is important to note that the
workings of unhampered market forces will erode the basis of economic growth.
Environmental sustainability was explicitly introduced into a national innovation system
approach by Segura-Bonilla (1999).
This perspective indicates a broader and more interdisciplinary approach to economic
growth than standard economics. It also differs in being more explicit in terms of the
institutional assumptions made and especially in avoiding any assumption about factors
being independent. This reflects the system's perspective and the emphasis on virtuous
and vicious circles or match and mismatch between elements and subsystems. Some of
the most fundamental contradictions in the new context can also be referred to in terms of
problems to reproduce natural and social capital.6
Contradictions in the learning economy
In the present era of the globalizing learning economy (Lundvall and Borras 1998) there
are contradictions inherent in the economic process that threaten learning and
competence building by undermining social capital. Financial speculation seems to
become more and more unhampered and increasingly it is finance capital that judges what
is ‘good-practice’ among firms as well as among governments. This power of financial
capital is one of the major factors that speed up the rate of change and thereby the need
for accelerating learning. At the same time the uninhibited rule of finance capital gets into
serious conflict with some of the fundamental prerequisites for the sustainability of the
learning economy. It is a fundamental contradiction that financial capital that is ‘silly
capital’ dominates an economy based upon learning and knowledge.
On the one hand short-term economic calculations and speedy processes of decisionmaking (especially in financial flows) are getting more and more important (Jessop,
1999). On the other hand competition depends more and more on dynamic efficiency
rooted in knowledge or knowledge related resources with long-term characteristics. These
resources often take a long time and sustained efforts to build but they may also be
quickly destroyed. This is because learning and innovation are interactive processes,
which depend on trust and other elements of social cohesion.
One problem is that the speed-up of change puts a pressure on all kinds of established
social relationships in local, regional and national communities. It contributes to the
weakening of traditional family relationships, local communities and stable workplaces.
This is important since the production of intellectual capital (learning) is strongly
dependent on social capital. To find ways of re-establishing the social capital undermined
by the globalization process is a major challenge.

6

The manifold use of the concept of capital may be criticized. An alternative view could be that the
confusion in economics about different meanings of capital is already such that it is as well to
loosen up the concept even more in order to split the illusion that capital has a clear meaning in
economics.
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Another problem is that the short term perspectives promoted by financial capital give
little weight to long term ecological imbalances. The discount rates are very high not only
when it comes to assess future benefits but also when it comes to assess ecological costs.
Natural capital including unpolluted air in the big cities and clean drinking water is not
sufficiently valued in a regime dominated by a governance form where finance capital is
directly or indirectly in charge.
These contradictions in the learning economy increase the need for policy co-ordination.
Below we will argue that there is a need for policy learning in terms of building new
kinds of institutions for policy co-ordination. Such institutions would have as strategic
responsibilities to develop a common vision for how to cope with the challenges and
contradictions of the globalizing learning economy. At the national level such a vision
has to be based on a deep understanding of the distinct national system of competence
building and innovation on the one hand and of the major trends in the global context on
the other.
Innovation policy
When it comes to supporting innovation processes through different kinds of policy there
is a growing consensus on the need to focus on long term competence building in firms
and in society as a whole. At the same time, the prevailing institutional set up and global
competition tends to give predominance to short term financial objectives in policy
making. At the institutional level this is reflected in the fact that ministries of finance
have become the only agency taking on a responsibility for coordinating the many
specialized area policies. Area specific ministries tend to identify with their own
’customers’ and take little interest in the wider objectives of society.
A broad concept of innovation system implies a new perspective on a wide set of policies
including social policy, labour market policy, education policy, industrial policy, energy
policy, environmental policy and science and technology policy. Specifically, the concept
calls for new national development strategies with co-ordination across these policy areas.
All these area specific policies affect learning and competence building. They need to be
designed with this in mind and brought together and attuned into a common strategy. It is
highly problematic to leave policy co-ordination exclusively to ministries of finance and
to central banks since their visions of the world are necessarily biased toward the
monetary dimension of the economy and thereby toward the short term. The analytical
efforts aiming at increasing our understanding of the regional, national and transnational
innovation systems need to be supported by new policy institutions in the form of high
level councils for innovation and competence building at these levels. Such councils
should be given authority to take into account issues of social and ecological
sustainability and the power to counter short term views of finance capital.
Another important potential of applying the innovation system concept and to pursue
comparative studies of different systems is that it helps to get a critical understanding of
the limits of specific national policy strategies. Policies aiming at promoting industrial
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development through innovation will often tend to follow specific trajectories and often
they will be more successful in reinforcing the system where it is already strong. This was
our conclusion in Edquist and Lundvall (1993) where we found that Swedish policies
were focused on promoting process innovation while Danish policies where more focused
on incremental product innovation. In both countries the focus was on reinforcing the
strong sides of the system. In order to overcome this kind of lock ins and the impact of
vested interests in defining the policy agenda the system perspective and its use in
comparative analysis is especially helpful.

Concluding remarks
We believe that the broad concept of national system of innovation may be useful as an
analytical tool and as a tool for promoting sustainable economic growth and well-being
also in countries in the South. At the same time, we recognize the need to adapt and
further develop the concept so that it becomes more adequate for the situation in these
countries.
On the positive side it points to a legitimate national mobilization of efforts and to a coordinated policy effort to enhance learning capabilities necessary in order to get started a
new type of dynamics in these countries. In order to do so it needs to inspire activities that
mobilize broadly across sectors and regions.
On the negative side there is always a risk that the concept becomes misinterpreted as a
basis for promoting exclusive science-based institutions and activities with very limited
socio-economic impact. There is a need for broad efforts to promote the learning
capability including that of weak segments of the population and of the country.
Also analytical efforts to better understand how more complete innovation and
competence building systems may be constructed in the present environment of global
competition and networking need to be made. The power games of exclusion and
inclusion in relation to global knowledge-intensive networks has become of key
importance for development.
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Appendix: GLOBELICS

- GLOBal network for Economics of Learning,

Innovation and Competence building Systems
The basic idea behind GLOBELICS is to establish a global network of scholars who have
in common that they apply the concept ‘system of innovation and competence building’
as their analytical framework. The network will be established around a core group of
Danish research institutions, including the IKE-group at Aalborg University. Other
European centres may be established in Lisbon and Paris. Regional nodes will be
established in Rio, Hawaii, Cape Town, Moscow and Beijing. The first major gathering
may take place in November 2002 – probably in Rio.
The GLOBELICS network relates to the concept of the network society and ICT-learning.
The focus of the network will be on processes of competence building in networks using
information and communication technologies. Comparative studies across continents and
cultures will be stimulated and co-ordinated by Globelics. An analytical perspective will
be applied to the interaction in the Globelics network itself in order to evaluate the
relative efficiency of different media when it comes to cross-continental and crosscultural competence building.
The background for the project is that the growing use of the internet opens up new risks
as well as new windows of opportunity for less developed economies. The project will
focus on the potentialities and limitations of ICT in the context of competence building
and innovation. The value premise behind the project is the recognition of a need to give
more equal opportunities to scholars in emerging economies in the Southern and Eastern
Hemispheres.
Purpose
The objective is to analyse the conditions for successful cross-continental and crosscultural interaction aiming at competence building in a new and interdisciplinary
academic field of special importance for emerging economies. The major activity in the
network will be to co-ordinate analytical efforts to understand the workings of systems of
innovation and competence-building in different parts of the world and to promote
strategies that make such systems more geared to socio-economic needs and to take into
account ecological barriers. This implies intelligent strategies for the implementation and
use of information and communication technologies in specific structural, institutional
and cultural contexts.
The secondary idea is to experiment within Globelics with the use of different media for
interaction and mutual competence-building spanning from long-distance inter-net
communication to face to face apprenticeship methods. An advanced web-site and new
forms of advanced telecommunication will bring together interesting information about
what is going on and to share experiences worldwide regarding methodological issues,
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analytical results and policy relevant experiences. But the web-site will be combined with
face to face communication in connection with regular conferences and mutual visits.
Since it is a primary purpose to understand the conditions for successful competencebuilding, including the role of new network technologies there is a need to apply theories
on education, knowledge and learning.
Organisation
The co-ordinator will be supported by an International Advisory Board that, besides
those responsible for regional nodes, will include scholars who have made important
contributions to the analysis of national innovation systems. Christopher Freeman, Sussex
University, Richard Nelson, Columbia University, Sanjaya Lall, Oxford University and
Lynn Mytelka at the UNITECH research centre in Maastricht are among those who have
expressed interest to join the project. A network of national scientific correspondents will
be established.
Aalborg 2001-05-18
Bengt-Åke Lundvall
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