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1. Introduction

Today it is possible to follow the diffusion of new concepts in time and space by using search machines. Giving ‘Googles’ the text strings ‘national innovation system(s)’ and ‘national system(s) of innovation’ you end up with almost 1.000.000 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.  

In this paper we demonstrate that during the process of diffusion there has been a distortion of the concept as compared to the original versions as developed by Christopher Freeman and the IKE-group in Aalborg. The distortion gives rise to so-called ‘innovation paradoxes’ which leave significant elements of innovation based economic performance unexplained. It is reflected in studies of innovation that focus only on science-based innovation and on the formal technological infrastructure and in policy aiming almost exclusively at stimulating R&D-efforts in high technology sectors.
 

Without a broad definition of the national innovation systems based upon an understanding of individual, organizational and inter-organizational learning it is impossible to establish the link from innovation to economic growth. A double focus is needed where attention is given also to institutions that support competence building such as institutions regulating labor markets, education activities and work organization.  This is especially important in the current era of a globalizing learning economy (Lundvall and Johnson 1994; Lundvall and Borràs 1998; Archibugi and Lundvall 2001). In this new context it is necessary to broaden innovation policy so that it stimulates both science- and experience-based learning.

Section 2 takes a brief look at how the NSI-concept originated and developed.
  Section 3 defines analytical challenges. Section 4 presents basic principles for the design of innovation policy in ‘the globalising learning economy. The paper ends with the concluding section 5. This last section lists some tentative ideas on how the framework presented relates to the current situation of the Republic of Korea . 

2. A concept with roots far back in history

2.1 Milestones in the development of the innovation system concept 

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).  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).
 

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. Richard R. Nelson together with 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.
 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 handier ’innovation system’ appears first time in Lundvall (1985) but without the adjective national. 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 and innovation policy in Japan (Freeman 1987). 

When Freeman collaborated with Nelson and Lundvall in the IFIAS-project on technical change and economic theory the outcome was a book (Dosi et al, eds. 1988) with a section with several chapters on ’national systems of innovation’ (Freeman 1988; Lundvall 1988; Nelson 1988). After followed three major edited volumes on the subject (Lundvall 1992; Nelson 1993; Edquist 1997).
 

2.2 Innovation system as a synthesis of innovation research

The innovation system concept may be used as a practical tool for designing innovation policy. But it might also be seen as a synthesis of analytical results produced by scholars working on innovation. In this section we give a brief review of the history of innovation research with focus on how different scholars have contributed to the modern understanding of innovation systems.

Innovation research starting with Adam Smith

The idea that innovation matters for economic development is present in the work of the classical economists. Innovation plays an important role in the Introduction to Adam Smith’s classical work on the Wealth of Nations. It is especially interesting to note that he identifies and distinguishes two different modes of innovation (see Box 1 above). The first mode is experience-based and I will refer to it as the DUI-mode – learning by doing, using and interacting. The other mode refers to science based search processes and I will refer to it as the STI-mode – science is seen as the first step toward technology and innovation. We will argue that this distinction is fundamental when it comes to analyze modern innovation systems and also when it comes to design management strategy as well as public policy.
   

	Box 1: 

Adam Smith (1776: p. 8) on the DUI-mode of learning: 

A great part of the machines made use of  in those manufactures in which labour is most subdivided, were originally the inventions of common workmen, who, being each of them employed in some very simple operation, naturally turned their thoughts towards finding out easier and readier methods of performing it. Whoever has been much accustomed to visit such manufactures, must frequently have been shown very pretty machines, which were the inventions of such workmen, in order to facilitate and quicken their own particular part of the work. In the first fire-engines, a boy was constantly employed to open and shut alternately the communication between the boiler and the cylinder, according as the piston either ascended or descended. One of those boys, who loved to play with his companions, observed that, by tying a string from the handle of the valve which opened this communication, to another part of the machine, the valve would open and shut without his assistance, and leave him at liberty to divert himself with his play-fellows. One of the greatest improvements that has been made upon this machine, since it was first invented, was in this manner the discovery of a boy who wanted to save his own labour.

Adam Smith (1776: p. 9) on the STI-mode of learning:

All the improvements in machinery, however, have by no means been the inventions of those who had occasion to use the machines. Many improvements have been made by the ingenuity of the makers of the machines, when to make them became the business of a peculiar trade; and some by that of those who are called philosophers or men of speculation, whose trade it is not to do any thing, but to observe every thing; and who, upon that account, are often capable of combining together the powers of the most distant and dissimilar objects.*38 In the progress of society, philosophy or speculation becomes, like every other employment, the principal or sole trade and occupation of a particular class of citizens. Like every other employment too, it is subdivided into a great number of different branches, each of which affords occupation to a peculiar tribe or class of philosophers; and this subdivision of employment in philosophy, as well as in every other business, improves dexterity, and saves time. Each individual becomes more expert in his own peculiar branch, more work is done upon the whole, and the quantity of science is considerably increased by it.


Friedrich List on the need for an active state to build innovation systems

While Adam Smith was propagating free trade and a liberal economy the German economist Friedrich List disagreed. He characterized Adam Smith’s theory as ‘cosmopolitan’ and argued that if followed by other countries, it would just confirm and reinforce the dominance of the British Empire in the world economy. 

He argued that for countries such as Germany that were trying to ‘catch-up’ with the leading economy there was a need for government intervention. List presented a broad agenda for government in the building of infrastructure that could contribute to technical advance. It is interesting to note that he referred to ‘mental capital’ as the most important kind of capital.  He argued that the wealth of nations more than anything else reflected “the accumulation of all discoveries, inventions, improvements, perfections and exertions of all generations which have lived before us” (Freeman, 1995, p. 6).

Karl Marx on technological progress

The historical parts of das Kapital give deep insights in how new technologies shape the economy and society. The basic assumption in his historical analysis that new productive forces may get into conflict with ‘production relations’ is another useful guideline for studying innovation systems. At the micro-level this corresponds to the fact that radically new technologies cannot flourish in the established institutional and organizational framework. At the aggregate level it corresponds to the need to transform societal institutions, competences and organizations to technological revolutions. 

Marx is a pioneer also when it comes to emphasize the importance both of ‘science as a force of production’ and ‘technological competition’ where firms need to engage in innovation in order to gain markets and reduce costs. Many of his insights on the role of science and technology in relation to the economy are very advanced for his time (Rosenberg 1976)

Joseph Schumpeter as the grandfather of modern innovation

Joseph Schumpeter is generally seen as the founder of modern innovation research and many scholars who work on innovation would accept to be classified as Neo-Schumpeterian. 

In Theory of economic development (Schumpeter 1934) innovation is seen as the major mechanism behind economic dynamics. The dynamo of the system is the individual entrepreneur who introduces innovations in new firms and markets. After the pioneers follow imitators who also want to have their share in the profit and at some time the profits created by the original wave of innovation are eroded.

In Capitalism, Socialism and Democracy (Schumpeter 1962) the innovation mechanism is quite different. Here the major source of innovation is not the brave individual entrepreneur but the big company with experts working together in R&D-teams searching for new technological solutions. The distinction between the two ways to present the motor of innovation has led scholars to refer to Schumpeter Mark I and Schumpeter Mark II. 

Again we can use some of Schumpeter’s ideas to inspire our analysis of innovation systems. First we might note the important role of imitation. The over all performance of an innovation system will reflect not only the pioneers but also the capability of followers. Second we might  revise his analytical scheme and regard the total population of firms in a system as including both Mark I and Mark II firms. And  any specific national system may be more or less dominated by one type or the other.

But at one very important point Schumpeter’s ideas deviate from the basic insights behind the innovation system concept. Schumpeter took an extreme position assuming that the demand side would simply adjust to the supply side. It is true that he sees the opening of new markets as a kind of innovation but nonetheless consumers and users were assumed to absorb whatever new innovations is brought to them by entrepreneurs or firms. The innovation system perspective actually came out of a criticism of Schumpeter’s  relative neglect of the demand side, 

Schmookler (1966) opened the debate with taking almost the opposite view of Schumpeter. He used a host of empirical data on inventions and secondary sources to demonstrate that inventions and innovations tend to flourish in areas where demand is strong and growing. One important outcome of the ensuing debate was a new perspective on innovation as reflecting the interplay between technology push and demand pull. The critical debate of Schmookler’s empirical results confirmed this new perspective (Mowery and Rosenberg 1977). 

The Chain-Linked model where there is both supply push and a demand pull in relation to scientific knowledge may be seen as one contribution to the new perspective (Kline and Rosenberg 1986). The perspective on innovation as a process of interaction between producers and users may be seen as a micro-dimension of this new perspective (Lundvall 1985).

Christopher Freeman as the father of modern innovation theory

Christopher Freeman played a key role in stimulating these new theoretical developments, especially in Europe.
 In the early eighties, many of the lectures he gave to Ph.D.-students were on Schumpeter Mark I and Mark II or on the controversy between Schumpeter and Schmookler regarding the role of supply and demand in the innovation process.
 His founding of Science Policy Research Unit (SPRU) at Sussex University 1966 was a major step toward giving innovation studies a more permanent institutional foundation. 

One important reference in his lectures in the beginning of the eighties was to the Sappho-study organised at SPRU (Rothwell 1972 and Rothwell 1977). This study was simple but original in design. The research team located a number of innovation pairs – ‘twins’ in terms of major characteristics - where one of the two was a success while the other was a failure. The two innovations were then compared in terms of organizational and other characteristics of the ‘host’ organization. The most important result was that interaction within and between organizations came out as one of the prerequisites for success in innovation. Firms where divisions operate without interaction with each other were less successful and firms that did not interact with suppliers, users and customers were also less successful. 

Freeman pioneered the vision that innovation should be understood as an interactive process; not as a linear one where innovation automatically comes out of R&D-efforts. Freeman was also the pioneer when it came to introduce the concept of ‘national system of innovation’ (Freeman 1982/2004) .

The flourishing eighties

The eighties was a period when innovation research became ‘emancipated’ and more ambitious also in confronting basic assumptions in standard economics. Important work took place in different areas both in Europe and in the US. Dosi, Pavitt and Soete made important contributions to the role of innovation in relation to foreign trade. Christopher Freeman and Soete analyzed employment issues in relation to technical innovation. Giovanni Dosi established his hypothesis on shifts in technological paradigms.

In the US, the Nelson and Winter evolutionary economic approach to economic growth signalled a more ambitious agenda for innovation research (Nelson and Winter 1982). Rosenberg and Kline presented the Chain-linked model. Freeman and Lundvall developed further ideas about innovation as an interactive process and innovation systems together with Richard Nelson.

These different efforts were merged in two different major projects. One was a major book project led by a team consisting of Dosi, Freeman, Nelson, Silverberg and Soete (1988). The other major project took place in the policy realm and was organized by the Directorate for Science Technology and Industry at OECD. The TEP-project was initiated by Director Chabbal and intellectually it was kept together by the French scholar Francois Chesnais. The TEP-report integrated many of the most advanced ideas developed among innovation scholars in the eighties and it gave innovation policy as well as innovation studies a new kind of legitimacy in all OECD-countries (OECD 1992). The idea that innovation is an interactive process and that it is useful to define national innovation systems became spread to policy makers.

2.3 Common assumptions behind innovation system approaches

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 NSI-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).

	Box 2: 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.

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 be different ways of organizing the economy at the micro-level of the workplace. 


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. 

A third assumption that makes it understandable why knowledge is localized is that knowledge 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 approaches go beyond the dictum of methodological individualism.

	Box 3: What do we mean by system?

System appears in different social and academic discourses (see for instance Bertalanffy 1968; 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.

The system concept was not to propose a pure structuralist model of explanation and to exclude an analysis of the role agents. But rather the idea was inspired by ‘structuration theory’ and ‘interactionist theory’ in sociology where individual action is shaped by but also shapes the structure within it takes place.  


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.

	Box 4: 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. I 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.


Institution is a useful theoretical concept but it is somewhat elusive in empirical and historical studies. Institutional differences are much more difficult to ‘measure’ than differences in specialization in production and trade. 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 international institutional differences – where ‘institution’ refers to norms and habits that shape modes of interaction and innovation outcomes.
 

2.4 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 aim 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 normally they do not include institutions and organizations 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.

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’, referring to specific technologies tends to bring together different organizations, 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). 

2.5 Going back to the origins

While Christopher Freeman was a pioneer in analyzing the role of science and R&D-laboratories in economic growth 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 the first page with the statement that in the modern economy the most important resource is knowledge and the most important process in learning.
 This basic idea was not well developed although it referred back to the earlier work on interactive learning in connection with product innovation (Lundvall 1985). To follow up on this intuition, organizational learning of firms has been linked to innovation and growth performance in connection with a major study of the Danish innovation system  (Lundvall 1999 and Lundvall 2002). In the recent work on innovation systems by the Aalborg-group human resources as shaped by education, labor markets and learning by doing have been given much more and more weight in attempts to understand the innovation system.

These ambitions to understand the performance of national systems as rooted in nation-specific organizational and in human resources have only partially been taken over in the analysis of innovation in the knowledge-based economy pursued by OECD and international organizations. Here, as in many policy discussions, the focus has remained on easy to measure-indicators such as R&D and patents, sometimes including the labor market for 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. 

3. Theoretical challenges for the innovation system approach

3.1 Understanding knowledge and learning

The most important challenge for innovation system analysis is to get a deeper understanding of how different kinds of knowledge are created and used in the process of innovation. Some elements of knowledge are local and tacit, embodied in people and embedded in organizations. Other elements 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 the know-how that consultants and teachers make use of when they give advice and teach. To understand how learning takes place within organizations as well as in the interaction between organizations is a key to understand how systems of innovation works.

3.2 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 often 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 national system with vertical disintegration between organizations is especially interesting because it is here product innovations are developed in an interaction between users and producers (Lundvall 2006).

It is a major challenge to understand the co-evolution of the division of labor and the interaction 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.

3.3 Indicators 

So far the focus on innovation indicators have been on outputs and on easy to measure inputs such as R&D-expenditure. When it comes to indicators of knowledge there is a strong bias in favor of knowledge that is explicit. Investment in scientific knowledge is measured by surveys on R&D and innovation. The know-how built up through learning by doing, using and interacting is much more difficult to measure. Human capital measurements may register formal investment in education but what people learn at their job is not easy to capture through standard measurements. The absence of indicators makes the area less visible for policy makers and this contributes to a bias in innovation policy toward promoting STI- rather than DUI-activities (see Box 6 below).

	Box 5: National patterns in Work Organisation

Table 1 below originates from paper by Lorenz and Valeyre forthcoming in Lorenz and Lundvall (2006). The four organisational models were constructed on the basis of factor analysis of responses to surveys addressed to employees in 15 European countries. 

Table 1: National Differences in Organisational Models  (percent of employees by organisational class)

Discretionary

learning 

Lean production learning

Taylorist organisation

Simple organisation

North

Netherlands

64,0
17,2

5,3

13,5

Denmark

60,0

21,9

6,8

11,3

Sweden

52,6

18,5

7,1

21,7

Finland

47,8

27,6

12,5

12,1

Austria

47,5

21,5

13,1

18,0

Center

Germany

44,3

19,6

14,3

21,9

Luxemb.

42,8

25,4

11,9

20,0

Belgium

38,9

25,1

13,9

22,1

France

38,0

33,3

11,1

17,7

West

United Kingdom

34,8

40,6

10,9

13,7

Ireland

24,0

37,8

20,7

17,6

South

Italy

30,0

23,6

20,9

25,4

Portugal

26,1

28,1

23,0

22,8

Spain

20,1

38,8

18,5

22,5

Greece

18,7

25,6

28,0

27,7

EU-15

39,1

28,2

13,6

19,1

Source : Lorenz and Valeyre (2006)

Table 1 shows that people working in different national systems of innovation and competence building have very different access to learning by doing. It also shows that at lower income levels the bigger proportion of the workforce that work in either simple or Taylorist organizations. The richer the country the more workers are employed in discretionary learning contexts. But it is also important to note that countries at similar income levels – Germany and the UK – have quite different distributions of workers between the four forms. While the proportion of workers operating in the lean production is more than 40% in the UK, it is less than 20% Germany. The micro foundation of national systems of innovation differs not only because of levels of income but also because of other systemic features. 



In recent empirical work by Lorenz and Valeyre it has been shown that there are dramatic differences between national systems in terms of how and how much the average employee learns at his/her workplace (Lorenz and Valeyre 2006). While in Denmark a majority of workers are engaged in ‘discretionary learning’ where they combine learning new things with a certain autonomy in their work situation the majority of workers in countries such as Greece and Spain are engaged in taylorist type of work with much more limited opportunities for learning and with very little autonomy (See Box 5 above).

In a follow-up to the analysis of these national patterns of workplace learning they have been combined with innovation indicators. The analysis shows, first, that on average countries that have intensive use of discretionary learning are the ones most prone to engage in ‘endogenous innovation’. But, second, it shows that strong economic performance may emanate from quite different combinations of innovation and learning modes. For instance Denmark is not very strong in endogenous innovation but very strong in discretionary learning while the opposite is true for another Nordic country, Finland (Arundel, Lorenz, Lundvall and Valeyre, 2006)

The national differences in what people do and learn at their workplace is a major factor structuring the national innovation system and affecting its performance: Certainly more fundamental and difficult to change than for instance R&D-intensity. In countries such as Sweden, Finland and Korea these favored measures of ‘performance’ to a high degree reflects the propensity to do research in a handful of big corporations such as Ericsson, Nokia and Samsung. This contrasts with indicators of the competence building in working life since these refer to all parts of the economy.

3.4 The weak correlation between strength of the science-base and innovative capability

Over the last century there has been a lot of policy focus on the European Paradox referring to the assumed fact that Europe is strong in science but much less strong in innovation and economic growth.
 Similar paradoxes appear in countries such as Netherlands, Finland and Sweden. In a recent OECD-report a general result is that for the countries included in the study it can be shown that those that ‘perform well’ in terms of STI-indicators do not perform well in terms of innovation (OECD 2005, p. 29).
 This demonstrates that what is registered is not a paradox but rather a systematic weakness in the theoretical analysis and the indicators upon which it is built. 

We would argue that these apparent paradoxes emanate from a narrow understanding of the innovation process. They demonstrate that heavy investment in science in systems where organizational learning within and between firms is weakly developed and where there is a weak focus on user needs has only limited positive impact upon innovation and economic growth. 

Table 2: The probability that firms develop a new product or a new service

	Variables
	Odds ratio estimate
	Coefficient estimate
	Odds ratio estimate
	Coefficient estimate

	STI Cluster 
	3.529
	1.2611**
	2.355
	0.8564**

	DUI Cluster 
	2.487
	0.9109**
	2.218
	0.7967**

	DUI/STI Cluster
	7.843
	2.0596**
	5.064
	1.6222**

	Business services
	
	
	1.433
	0.3599

	Construction
	
	
	0.491
	-0.7120*

	Manufacturing (high tech)
	
	
	1.805
	0.5905*

	Manufacturing (low tech)
	
	
	1.250
	0.2229

	Other services
	
	
	0.747
	-0.2923

	100 and more employees
	
	
	1.757
	0.5635*

	50-99 employees
	
	
	0.862
	-0.1481

	Danish group
	
	
	0.859
	-0.1524

	Single firm
	
	
	0.521
	-0.6526*

	Customised product
	
	
	1.378
	0.3203

	Pseudo R2
	0.1247
	0.1247
	0.1775
	0.1775

	N
	692
	692
	692
	692


** = significant at the .01 level; * = significant at the .05 level 

This can be illustrated by data on innovation performance at the firm level – see table 2 below. In a series of recent papers based upon a unique combination of survey and register data for Danish firms we have demonstrated that firms that engage in R&D without establishing organizational forms that promote learning and neglect customer interaction are much less innovative than firms that are strong both in terms to STI- and DUI-learning (Jensen, Johnson, Lorenz and Lundvall, 2004, 2005 and 2007).

Table 2 refers to the outcome of an analysis of survey and register data for almost 700 Danish firms and it presents different variables that are related to the propensity to introduce new products or services. We use sector, size and form of ownership as control variables but the focus is upon a variable indicating the mode of innovation in the firm. We distinguish between firms that are strong in science based learning, firms strong in organizational learning, firms that are strong in both respects and we use those firms that are weak in both respects as the benchmark category. To construct this variable we pursue a cluster analysis grouping the firms in the four categories.

As indicators of strong science-based learning we use the R&D-expenditure, presence of employees with academic degree in natural science or technology and collaboration with scientists in universities or other science organizations. As indicator of experience based learning we take the use of certain organizational practices normally connected with learning organizations such as ‘interdisciplinary workgroups’ and ‘integration of functions’ together with ‘closer interaction with customers’ – to signal learning by interacting and a focus on user needs. 

We use firms that only make weak efforts to support science-based and experienced based learning as benchmark and the Odds Ratio Estimate indicates how much higher the propensity to innovate is among firms are strong in respectively one or both of the modes of learning. The results reported in table 2 show that firms that combine the two modes are much more prone to innovate than the rest. It shows that the effect remains strong also after introducing control variables related to size and sector. 

Our analysis may give some inspiration for innovation policy. It indicates that innovation policy should not be concerned mainly with promoting the STI-mode among high technology firms. Efforts should be made to develop policies that promote the diffusion of learning organizations and policies that stimulate STI-dominated firms to give more attention to user needs. We find that the STI-dominated firms are over represented in medium-sized (50-100 employees) active in high technology manufacturing. But it also indicates that there is a need to promote the STI-mode in firms dominated by the DUI-mode. Our data show that we find these especially among medium-sized firms (50-100 employees) in low technology manufacturing.   

4. Innovation policy in the globalising learning economy

Over the last decades a speeding up of the rate of innovation and change has taken place. This reflects changes in technology, international trade and political deregulation -initiatives. At the level of the firm, management registers it as an intensification of competition both in sectors already involved in international trade and in formerly protected sectors becoming less sheltered than before. Workers register it as an increasing pressure to be mobile and willing to obtain new skills. Change and learning are two sides of the same coin. The speed-up of change confronts agents and organizations with new problems and to tackle the new problems requires new skills. 

In this new context, there is a need for policy co-ordination between different sector policies and across different territorial governments – There is a need to combine national with regional policies. The speed up of change reflects a more intense ‘transformation pressure’, calling for a stronger ‘capability to innovate’ and for ‘compensation mechanisms’ that compensate the losers in the process of change. Innovation policy primarily affects the capability to innovate and it needs to be co-ordinated with policies affecting the transformation pressure and with policies affecting income distribution. 

In this turbulent context major objectives of innovation policy must be to contribute to the learning capability of firms, knowledge institutions and people and to promote innovation and adaptation. Here we will point to human resource development, new forms of firm organization, network formation, new role for knowledge intensive business services and for universities as key elements in speeding up the catching-up within this paradigm.

The globalizing learning economy is characterized by intensified competition in product markets. Intensified competition stimulates effectiveness in production as well as incremental innovation. But it also gives rise to polarization between sectors, regions and people. Through its impact on the selection of firms and people it affects the demand for labor favoring the skilled workers and disfavoring the unskilled. The selection mechanism is coupled with an attraction mechanism. In a learning economy the most dynamic knowledge centers will attract highly skilled and motivated people. If left to themselves these two mechanisms undermine the social cohesion on which the learning economy builds. This is the most important  contradiction that public policy needs to attend to in the current era.

4.1 Creating a balance between transformation pressure, innovative capability and distributional objectives

In the learning economy policy makers are left with a complex task. They have to co-ordinate and calibrate three different policy areas:

· Policies affecting the pressure for change (competition policy, trade policy and the stance of general economic policy).

· Policies affecting the capability to impose and absorb change (innovation policy and human resource development). 

· Policies aiming at caring about losers in the game of change (social policies and transfer of income to weak regions). 

There are packages of policies that affect each of the three levels and this can be illustrated as in Diagram 1. 

Diagram 1: Policy packages affecting the pressure for, the capability of and the consequences of change

	Transformation pressure

Macro economic policies

Competition policies

Trade policies

	(

	Capability to innovate and to adapt to change

Human resource development policies

Labour market policies

Innovation policies

	(

	Redistribution of Costs and benefits of change

Tax and other income transfer policies

Social policy

Regional policy 


It is obvious that the costs and benefits for society as a whole from an increasing pressure for change will reflect its capability to innovate and to adapt. Currently there is a risk that the transformation pressure becomes too strong, the costs of change too high and the result may be social polarization and environmental crises. Policy initiatives in terms of human resource development and innovation policy may reduce the problem if properly designed. Re-distribution policies may compensate losers and innovation policy may be directed toward solving the environmental challenge. But, under all circumstances, the policy package aimed at affecting the pressure for change should take into account the capability to innovate as well as the actual room for re-distribution policies.

	Four policy strategies to cope with the learning economy

As a crude simplification and for pedagogical reasons four alternative strategies may be outlined:

· Promote rapid change and neglect the negative impact on environmental, social and regional balances (the neo-liberal solution).

· Slow down change in order to reduce the negative impact (the neo-protectionist solution).

· Promote rapid change while compensating the victims through social and regional policy and through income transfers ex post (the old new deal).

· Increase the capability to absorb change by focusing on the learning capability of the weak learners - people and regions, not least the less developed countries outside OECD – and by focusing innovation policy on social and environmental needs (the new new deal).


 4.2 In the learning economy there is a need for a broad definition of innovation policy

As indicated, innovation policy is too often based on too narrow an understanding of concepts such as innovation and knowledge. To put it briefly: the focus is almost exclusively on Science Technology and Innovation as the basis of learning (STI-learning) while learning by Doing, Using and Interacting (DUI-learning) tends to be neglected. Another bias is the focus on the competitiveness of High-Technology sectors to the neglect of the knowledge base of all the sectors – including services and low-technology sectors such as agriculture. One message here is that High Technology sectors may have most to gain from intensifying DUI-learning while firms with weak connections to science institutions may have most to gain from strengthening the STI-mode.

Innovation has two different but interconnected and complementary sources. One is systematic search related to science. Research and development efforts in firms and connections to universities and laboratories contribute to innovation especially in pharmaceuticals, chemical industry and electronics (STI-learning). Most direct is the connection between science and innovation in fields such as bio-, micro- and nano-technology. But, it is important to note that more and more these generic technologies enter more traditional industries such as food, clothing and furniture. Such so-called low technology sectors increasingly draw upon science when it comes to innovate production processes, use of materials and design of new products. They need to do so even more in the future.

But the other source - experience-based (DUI-) learning taking place in daily production and in the implementation and use of advanced technologies – is equally important. The speed up of science-based innovation tends to run into bottlenecks whenever the capability to absorb and efficiently use new technologies is limited. And many incremental innovations with economic impact have their roots in learning by Doing, Using and Interacting. Any national strategy to promote innovation needs to take both these sources of innovation into account. The importance of DUI-learning in science-based sectors comes out clearly in the following statement made by the former president of EIRMA – the association of European R&D-managers:

In a time of intensive global competition, speeding up the innovation process is one of the most important ingredients which enable the company to bring to the market the right product for right prices at the right time........

We know that it is not only the R&D process which is important - we have to put emphasis on integration of technology in the complete business environment, production, marketing, regulations and many other activities essential to commercial success. These are the areas where the innovation process is being retarded.

This subject is a very deep-seated one which sometimes leads to important, fundamental rethinking and radical redesign of the whole business process. In this respect, especially during the difficult period in which we live today, where pressure is much higher, our organisations may in fact, need to be changed. (Introductory remarks to the EIRMA -conference by the President, Dr. E. Spitz: Eirma 1993, p. 7, my emboldenings).

To make our point as clear as possible we will refer to diagram 2 below. In most countries the focus of innovation policy is on cell 1, while we would argue that the biggest rate of return to policy effort would come from using instruments related to cells 2 and 3. In order to exploit new science based knowledge as developed in high tech sectors it is crucial to promote DUI learning including the use of learning organizations and networking with users. There is also a great potential in strengthening STI-efforts in low technology sectors for instance by stimulating them to hire academic expertise or connect to knowledge institutions.

Diagram 2: Policy focus on sectors and modes of learning

	
	STI-learning
	DUI-learning

	High tech
	1
	2

	Low tech
	3
	4


4.3 On the importance of promoting DUI-learning and the diffusion of learning organizations

As indicated above the bottlenecks for technical change are as much on the side of internal and external organization of the firm as it is on insufficient investment in R&D and STI-learning. To illustrate this point some results based on recent data from the DISKO-project will be presented below. 

It is certainly easier for public authorities to find ways to support private and public R&D activities than it is to stimulate organizational change in the private sector. First, it is seen as a prerogative of owners and management to design the organization of the firm. Second standard economists assume that the market will select good practices by itself. At the same time, empirical research indicates that there is a major hidden productivity reserve that might be realized to the mutual benefit of owners, management, workers and the public sector – if the right approach could be found.

This is an area where sector specific collaboration between management, employees, private consultants, researchers and public agencies is necessary. This kind of collaboration could be developed at the national level as general and sector-specific programs to be supported by national federations of labor and industry. But the emphasis might be on regional initiatives that get closer to the organizational practice of local firms. A first step would be to map the potential and define good organizational practices for firms operating in different contexts. Second step might be to involve employers’ and employees’ organizations in self-organized campaigns to learn from good practice organizations. Public sector programs might stimulate the use of consultants in diffusing good practice and also intensify training in management for ordinary students in engineering and business as well as people already in the labor market.

The working of the labor market is important since employees that move from one organization to another will carry organizational experiences with them. The use of competition clauses limiting such mobility may be restricted. Education and training of engineers and other involved in technical innovation can give a stronger attention to organizational change. Research in linking organizational issues to economic performance and innovative capabilities may be stimulated. The LOK-program in Denmark was an attempt to take up this challenge (See Torstensen et al 2001).

It has been shown that small countries are handicapped in international competition in high technology or science-based economic activities (Fagerberg 1995). In spite of this we find that among the ten countries in the world with the highest GDP per capita at least six must be characterized as small countries. One interpretation that is supported by empirical work in Denmark and other small countries is that it has a lot to do with ‘learning’ and ‘know-how’ in the broad sense of this term. In those countries there is a strong capacity to absorb and use advanced science-based technologies efficiently in spite of an uneven, sporadic and weak capacity to develop and produce them domestically (Freeman and Lundvall 1998; Lundvall 2001).

This learning capacity has to be understood in the light of a broad set of institutions and social relationships. Education and training is of course important. Welfare states and integrative policies in labor markets and at workplaces support the willingness of workers to contribute to change instead of blocking it (Svennilson 1960, Kutznets 1960). The fact that small countries have been exposed to ‘globalisation’ early on in history has forced them to build such institutions (Katzenstein 1985, Andersen and Lundvall 1988, Freeman and Lundvall 1988). And small size has given no choice but to remain open to the rest of the world. In ‘the learning economy’ the speed of moving from a technological breakthrough to its nation-wide application may be more important than being the host of the breakthrough.

Actually, in the era of globalization medium-sized countries may have more to learn from small countries in terms of institution building and organizational set-ups than the small ones have to learn from the big ones regarding STI-policies. This is illustrated by the strong current international focus on the Danish combination of high mobility in the labor market and easy and long-term access to unemployment support. What is often called flexicurity is now considered as a possible way to enhance the dynamic efficiency of medium-sized countries in Europe.

 4.4 The need for a broadening of innovation policy

In the current context there is a need to introduce new perspectives on policy areas that are often seen as unrelated to innovation policy.

Social and distributional policies need to focus more strongly on the distribution and redistribution of learning capabilities. It becomes increasingly costly and difficult to redistribute welfare, ex post, in a society with an uneven distribution of competence. Therefore there is a need for stronger emphasis on a ‘new new deal’ where weak learners (regions as well as individuals) are given privileged access to competence upgrading.

The effectiveness of labor market institutions and policy has so far been judged mainly from a static allocation perspective. There is a need to shift the perspective and to focus on how far labor markets support competence building at the individual level and capability creation at the level of firms. This implies for instance that some dimensions of flexibility may be more useful than others and that there are third roads aside from Anglo-Saxon maximum flexibility and Mediterranean contractual job security. One of the new roads can be represented by the Danish flexicurity model, characterized by a unique combination of high degree of income security with high participation and mobility rates.
Education and training policy needs to build institutions that promote simultaneously general and specific competencies, while giving students both creativity and learning capability. This points toward a new pedagogy that combine individual and discipline-oriented studies with collective problem-oriented styles of learning (Aalborg University is a pioneer in using PBL-methods to educate engineers, scientists and managers with great success). A commitment among employers, employees and policy makers to life-long learning with interaction between schools and practise-based learning is necessary.

5. Conclusion

In this paper we went back to the origin of the concept the national innovation system. We have argued that the original versions as developed by Christopher Freeman and the Aalborg-group are more adequate for understanding the current situation where there is a growing need both for strengthening the science base for innovation and for promoting rapid experience based learning than narrow versions that focus mainly on the science base.  

As compared to the original approaches, today we would emphasize even more the importance of human resources. While globalization means that both codified knowledge moves quickly the most localized resource remains people – and their tacit knowledge, their network relationships and their accumulated organizational experiences. Therefore all parts of the innovation system that contribute to competence building are becoming increasingly important for national performance.

This points to the need for reforms of the ordinary education system, training and retraining activities to give a stronger ‘learning capability’ to all categories of workers. But it is equally important to design labor market institutions so that they support life long learning through the career paths that they foster. Perhaps most important, there is a need to see the workplaces as ‘learning sites’ rather than as ‘production sites’.
In some areas more competition and market mechanisms may help stimulating firms to move in these directions while government offers them the right ‘framework conditions’. But the market is no patent solution and in many instances organizational change and competence building can be promoted only through non-market institutions and sometimes there might even be a need to challenge the prerogative of owners to decide everything within their organization.

Relevance for the NSI of RoK?

What follows are some very preliminary observations and proposals. I hope that they can be debated and qualified at the Forum.

In some respects Korea has a ‘big-country’ specialization and a scale intensive industrial structure. It is also interesting to note that several authors emphasize speed (Lee 2006), learning (Viotti 2001) and diffusion (Mathews 2000) as the particular strengths of the RoK innovation system. While it is also pointed out that as compared to Taiwan most of the innovation takes place in a small number of big firms (Choung 1998). It thus seems as if the diffusion of knowledge and the interplay between STI and DUI-learning within the big firms works exceptionally well. It would be interesting to pursue comparative analysis of the use of management techniques supporting learning and of workplace practices in order better to understand this apparent absence of a ‘paradox’. It is also worth considering if the in house speed is enough in the globalizing learning economy. If not, efforts to make the over all framework for industrial dynamics more supportive for vertical inter-firm interaction might be called for.

Given the framework we have presented and some superficial insight in the working of the RoK-innovation system some possible tasks for innovation policy could be:

a. To support the STI-competence in SME’s for instance by supporting them in hiring academic personnel.

b. To promote the diffusion of good organizational practices throughout the whole economy – through experience groups, education and consultancy.

c. Gradually to create the cultural, technical and legal basis for a deepening of the vertical division of labour, including outsourcing of knowledge intensive business services.

d. To renew academic and other forms of training with the aim to promote creativity and the capacity to link scientific knowledge to the solution of practical problems.

Wider policy implications of the learning economy might be to install ‘flexicurity’ in the labor market. Flexicurity refers to a situation where workers are expected to be willing to change jobs frequently and where public sector supports or insurance systems reduce the risk for workers to run into economic problems doing so. The increased flexibility already installed in the labor market might, if combined with more state supported security,y lie the foundation for creating more jobs characterized by ‘discretionary learning’ and this is the kind of jobs that need to become more frequent as the Republic of Korea moves into post-industrial innovation.  This needs to be combined with public efforts to stimulate life-long learning.

Finally, the potential of women’s creativity and contribution to innovation might be exploited by gradually changing the gender culture in education, labor markets and the business world.
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� By focusing the attention on science and the role of universities in innovation both the idea of a Mode 2 knowledge production (Gibbons et al 1994) and of Triple Helix (Etzkowitz and Leydesdorff 1995) have contributed to the distortion. The fact that science becomes increasingly important for more and more firms in different industries – including low-technology ones – does not imply that experience-based learning has become less important for innovation. It has become crucial to bring innovations, including science-based innovations, to the market speedily and speed will reflect organisational learning, industrial networks as well as employee participation and competences. What we will refer to as DUI-learning below.


� Some scholars have argued that the innovation system concept is less relevant for less developed economies and proposed instead ‘national learning systems’ (Mathews 1999 and Viotti 2002). We agree with them on the need to change the focus toward learning but not that it implies that we give up the innovation system concept rather we propose to return to the original versions of this concept.


� Actually this story has some parallels with how major innovations occurred and develop. Put briefly, Friedrich List may be seen as the Babbage and Christopher Freeman as the Shockley of the NSI-concept. The parallel efforts at different locations to develop the conceptualisation may be found also in the development of the NSI-concept.


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


� 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).


� For an overview of the current status of innovation research see the new Oxford Handbook on Innovation  (Fagerberg, Mowery and Nelson, 2005).


� Adam Smith’s major contribution was to link the evolving and increasingly more developed division of labour to the creation of wealth. In Lundvall (2006) I have tried to update his theory so that it becomes more relevant for explaining innovation-based economic growth.


� In the US Richard R. Nelson and Nathan Rosenberg played the most important role in developing the theoretical, historical and empirical understanding of innovation.


� Me and my colleagues in the IKE-group had the privilege to have him as guest professor at Aalborg University for periods and there is little doubt that we all became his apprentices. He is not only an outstanding scholar but also a uniquely generous person.


� 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.


� 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.


� To illustrate, in order to understand the RoK innovation system it is fundamental to understand the co-evolution and unique combination of market forces and political initiative that has shaped the system. At a more micro-level it is important to analyze how and to what degree the national social fabric supports distinct modes of interaction and learning that are well suited to support firms in a context of global turbulence.


� ‘Made in America’ was the outcome of a major research effort organised by scholars at MIT and actually their framework of analysis included dimensions of  the US production system that are crucial parts of the broad version of the innovation system. (Dertoutzos, Lester, and Solow, 1989). 


� To some degree, these differences reflect specificities of the national system from which the analysts orignates. 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.


� 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.


� For an interesting attempt to analyse the character of the knowledge that lies behind different applied fields such as health and education see OECD (2000).


� In the case of RoK the dominance of some major chaebol conglomerates seems to indicate a strong capacity to interact across divisions within organizations and a less strong capacity to interact across organizations. This might reflect the specific forms of trust that characterizes society as well as a certain path dependency in management style. A transition strategy that gradually changes these institutional characteristics and allows a deepening of the vertical division of labor may offer high rates of return for the innovation system as a whole.


� The data originate from a survey of workers in 15 European countries on working conditions gathered by the Dublin Institute for Working and Living conditions. Discretionary learning refers to work situations where workers say that they learn a lot and that they have some freedom to organise their own work. Lean production-learning refers to work situations where workers learn but where there is little discretion left for the worker to organise his/her own activities. Taylorist organisation offers little learning and very little freedom for the worker while simple production gives more autonomy in solving simple tasks that offer little learning opportunities. 


� The pattern shown in Box 5 may be interpreted along two different axis. One is related to the level of development where workers in rich countries are much more engaged in discretionary learning and much less in taylorist production than the less developed economies. The other axis point to systemic differences rooted in historical trajectories such as the UK’s weakness in discretionary learning and relative strength of ‘lean production’ less demanding in terms of collaboration between workers and management. While the first axis give direction for the future development the second shows that there is room for ‘varieties of capitalism’ at the level of work and learning. It is also interesting to note that small countries are those with the biggest proportion involved in discretionary learning. If we take the presence of this form as expressing the need to adjust to international competition this is in line with our general argument on the comparative strength of small countries.


� This debate has triggered strong efforts to link universities to firms in Europe sometimes going as far as seeing the ideal university as ‘innovation factory’.


� After comparing the performance of six countries it is stated that ‘A striking feature is the apparent missing missing link between indicators in A-E and the over all performance indicators in F. This suggests that priorities and biases in the STI-policy system are weakly linked to general economic performance and policies.’ (OECD 2005, p.29,  italics by the author).


� The data in table 2 are from Jensen, Johnson, Lorenz and Lundvall (2007).


� The heading ‘globalising learning economy’ is preferred to the more elegant ‘the global knowledge-based economy’. We want to emphasise that we are still far away from a truly global economy and that what characterises the present era is not so much the use of knowledge but rather the rapid rate of forgetting and knowledge-creation


� In other studies we have shown that ‘learning organisations’ create more and more stable jobs and that they are characterised by less long term sick-leave periods among employees.


� In this context it is damaging to take a national perspective on the innovation system and see it mainly as related to STI-learning and science-based industries. It might for instance lead to the mistaken idea that the ideal state is one where almost all ideas emanating from science should be produced by domestic universities for domestic firms. For a small economy such a perspective is detrimental for innovation and economic progress.


� It is interesting to note that according to our Danish data the small family owned business, often idealized as the safe-haven of entrepreneurship, is the least innovative both in terms of technology and in terms of organizational change.
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