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Abstract

This paper aimed to provide an analytical and theoretical discussion of the national innovation systems perspective. In
doing so, first, we sketched out some of the economists’ main endeavours in theorizing about the relationship between
technological development and economic progress over the past several decades. Second part of the presentation was
concerned with identifying and describing the driving forces behind innovations; that was, an economic actor’s desire to
gain and sustain competitive advantages. In the third part of the discussion, we presented major theoretical accounts put
forward by the authors of national systems of innovation focusing on the question of which institutional elements shape
the behaviours and interactions of economic actors in terms of innovative performance. Then we reflected on some of the
major policy implications enshrined in the study of national innovation systems.

Key words: National innovation systems; knowledge-intensive economy; technological development; innovation policy.

' Seoul National University, Institute of Management Research. Shillim Dong, Seoul, 151-742, Korea. Tel: +82-2-880-6909; Fax: +82-2-
872-6366. E-mail: yoon.woojin@gmail.com
2 University of Chicago, Booth school of Business. 5807 South Woodlawn Avenue, Chicago, IL 60637. E-mail:ehyun@chicagobooth.edu

ISSN: 0718-2724. (http://www.jotmi.org)
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economia y Negocios



Introduction

From the late 1980s onwards, we have seen a markedly
growing body of literature centred around the concept of,
what has been called, ‘national innovation systems’. Scholarly
work by Freeman (1995), Nelson (1993), and Lundvall
(1998), among others, has been usually associated with this
concept, and indeed these authors have been frequently
credited with inspiring further research interest into this line
of inquiry among both academic scholars and policy-makers.
Most researchers working under the analytical framework of
national systems of innovation appear to subscribe to
Nelson’s (1993) somewhat broad definition of the term,
national systems of innovation, as “
whose interactions determine the innovative performance of

. a set of institutions

national firms” (italic emphasis added). In a similar vein,
Lundvall (1992) describes it as “...
relationships, which interact in the production, diffusion and

the elements and

use of new, and economically useful knowledge... and are
either located within or rooted inside the border of a nation
state.” While there is no single, unanimously agreed
definition of the concept to date (Archibugi et al., 1999, pp.
528-529; Sharif, 2006) amongst those who adopt the
concept, just like many other languages of the social
sciences, in our view, the exact meaning of the concept itself
seems less problematic for the purposes of this discussion.
As such, both definitions are to be followed throughout the
presentation simply because we believe that they both
convey the important points of the concept sufficiently
enough, if not perfectly. Rather, special emphasis will be
placed upon the prevailing themes recurring throughout the
divergent array of writings on this subject. It needs to be
said that this paper is more concerned with exploring the
rationale behind the theoretical and analytical concept of
national systems of innovation.

It can be argued that the approach of national systems of
innovation is profoundly based on three discrete, but
intimately interconnected theoretical premises: first, at the
most basic level, in most of national innovations system
literature technological development is assumed to be the
driving engine behind economic progress. Although this
view is now taken for granted or, at the very least, widely
accommodated amongst many economists as well as
scholars with other academic backgrounds guided by the
tradition of this research stream, it was not until quite
recently that economists have come out with a set of
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plausible explanations concerning the causality of these
two distinct phenomena. Second, the approach of national
innovation systems is firmly grounded on the casual
observation that economic agents,
economies and firms, do innovate predominantly because
they are compelled to do so in order to survive and
succeed in an extremely competitive environment. To
compound this matter further, the recent years have
experienced an accelerating pace of globalisation, which
leads to, at the very minimum, doubling the extent of
competition that domestic firms encounter (Batholomew,
1997; Howells and Michie, 1997; Michie and Prendergast,
1997; Wu and Pangarkar, 2006). Added to this, in recent
years there has been an emerging consensus on the
amplifying value of knowledge in today’s rapidly evolving
world economy (Grant, 1996; Nonaka, 1994). Therefore,
forces of globalisation coupled with the shift of emphasis
towards a
preconditions for our basic understanding of the nature
and characteristics of national innovation systems. Third,

such as national

knowledge-based economy have set

arguably most important for the purposes of this paper,
the approach of national systems of innovation has
fundamental realization that
specifically,

institutional contexts matter when it comes to analysing

emanated from the

institutional configurations, more national
how technological capabilities are built, sourced, diffused,
and harnessed (Edquist, 1997; Freeman, 1995; Lundvall,
1998; Nelson 1993). This premise is also intrinsically linked

to both first and second assumptions denoted earlier.

Having spelled out the main thrust of the national
innovation systems theoretical framework, the question
then arises as to how relevant and useful the analytical
concept of national innovation systems is in enriching our
understanding of real
reasonable to consider that the validity of an analytical

world economies. It seems
framework stems in large part from the extent of its
explanatory power.

throughout the paper, we will attempt to address the

Bearing this criterion in mind
question at hand. Broadly speaking, the above three
prevailing themes on which national systems of innovation

literature rests reflect the overall structure of this paper.

The sequencing of the remainder of the paper is as follows:
first, with respect to the first assumption, we shall sketch
out some of the economists’ main endeavours in theorizing
about the relationship between technological development

2
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and economic progress over the past several decades.
Second part of the presentation is concerned with
identifying and describing the driving forces behind
innovations; that is, the economic actor’s desire to gain
and sustain competitive advantages. Also included in this
section is the role of the idea of a knowledge-intensive
economy in reinforcing the perceived need for prompting
innovation efforts. Accordingly, some of the key arguments
of this strand of theory will be outlined to help enhance
our scope for understanding the topic in question. In
parallel, we shall account for the arguments for and against
the relevance of the national aspect of national innovation
systems in this increasingly internationalising world
economy. In the third part of the discussion, we shall
provide major theoretical accounts put forward by the
authors of national systems of innovation focusing on the
question of which shape the
behaviour of and interactions between economic actors in

institutional elements
terms of innovative performance. Then we will reflect on
some of the major policy implications enshrined in the
study of national innovation systems followed by a final
word. Needless to say, the choice of work to be included
in this discussion inevitably reflects our biases of the
important facets of the issue concerned partly due to the
enormity of the literature on this subject matter and partly
due to the limited space.

Economic Growth and Technological Development

As Cantwell points out, there has been a rising convergence
in the use made of the concepts of innovation and
technological development among authors in this subject area
(Cantwell, 1992, p.33). It should be noted that this may well
be a source of confusion for readers, and can be, to a certain
extent, misleading as they are rather two disparate and
distinguishable concepts. For one thing, the concept of
innovation is broader in scope than that of technological
development in that the former encompasses not only
technological innovation but also other kinds of innovation, be
they organizational or institutional. Ambiguity over the
adoption of the terms, to some degree, represents the lack of
consensus in the academic discourse of this kind, which, of
course, helps stimulate a flurry of debate over the topic.
However, a coherent and consistent usage of the key
concepts across the literature is of essence if we aspire to
bring about more fruitful

research outcomes in any
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foreseeable future. This being said, throughout our discussion,
we embrace an extended and now generally accepted view of
technological development (indeed, in most of the national
systems of innovation literature, these two concepts are for
the most part deployed interchangeably) as a multifaceted and
multi-layered process entailing all aspects of change required
in enabling technology Equipped with this
understanding of the concept of technological development,
we now move on to shed light on the key line of economic
reasoning behind the national innovation systems perspective.

advance.

One convenient starting point in this part of the discussion
is to trace back where the national innovation systems
perspective originated in the field of economics, and seek
to uncover major underlying influences at work. At the
very core of the thinking behind the analytical framework
of national innovation systems, as Hauknes (1999, p. I)
acknowledges, are two prominent branches of economic
theories; that is, evolutionary theory and institutional
theory (See, for example, Dosi and Winter (2002) for an
overview of evolutionary theories and Nelson and Sampat
(2001) for an overview of institutional theories). In what
follows, first, we will briefly take account of evolutionary
economists’ explanation of growth and
technological development, and look at the extent to
which the study of national innovation systems hinges on
this tradition of economic theory. The
economic accounts will be tackled later in this discussion,
albeit very briefly, when we explore the third theme; that
is, the importance of taking stock of its institutional
context when analysing a nation’s innovation system.

economic

institutional

Recent evolutionary theorizing on economic growth and
technological change was borne out of a growing
disillusionment or, dissatisfaction at best, with the
empirical performance of the orthodox neoclassical
approach to economic growth (Mulder et al, 2001;
Lundvall, 1998). It is now widely known that the
foundations of the evolutionary models were laid down in
the seminal work of Nelson and Winter (Mulder et dl.,
2001; Nelson, 1993, pp. 513-514; Nelson and Winter,
1982). Simplifying somewhat, the key criticisms labeled
against the dominant neoclassical theory are twofold: 3

3 Part of the criticism of neoclassical models of economic growth
has been superseded by the emergence of the endogenous
growth theory that is still in the neoclassical strand of thinking.
Endogenous growth theory endogenise technological change;
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evolutionary economists, first, ardently argue that the
traditional economic growth theories are built upon too
much stylised, stripped down, abstract assumptions, and
thus treat economic growth as something of “a smooth
process involving a continuous tendency to return to an
equilibrium state” (Mulder, 2005, p. 28). It can be noted
that this sort of criticism is frequently made by a number
of other unorthodox economic thinkers as well. Yet,
detailed discussion of this issue, albeit important, is beyond
the scope of this paper. Second, proponents of the
evolutionary economic perspective are very sceptical of
the fact that in the growth models
technological progress is assumed to be exogenous, and
given, thereby neglecting the very force underpinning the
observable reality of an uneven economic growth (Mulder
et al., 2001). In the parlance of evolutionary economic
theorists, the neoclassical growth theory “explains growth
by simply postulating its existence” (Mulder, 2005, p. 17).
In response to these shortcomings manifested in the
neoclassical analysis of the role of technological change in
economic growth, evolutionary theorists propose a more
realistic description of the complex process of
technological progress based on not some abstract ideas
but real empirical observations.

neoclassical

The empirical findings of the
perspective on the sources, procedures, directions, and
efforts of technological development can be summarized as
follows: first, innovative efforts are characterized by
varying degrees of appropriability and uncertainty about
the technical and commercial outcomes (Dosi et al., 1990).
It is worth noting that these characteristics of innovation
have attracted a good deal of attention, especially, from
the contemporary literatures of strategic management and
innovation studies as they tend to have a direct bearing on
firm-level strategising (Afuah, 2002; Pisano, 2006; Teece,
1986). Put differently, these salient features of innovations

recent evolutionary

invoked such questions as how firms can best leverage
uncertainty inherent in an innovative activity, how firms
can continue to profit from their innovations, among many
others. In this discussion, again, we are not very much
concerned with innovation processes at the micro-level

Arrow endogenise technology by assuming that the growth rate
of the effectiveness of labour is a result of workers’ cumulative
experience in producing commodities, or in other words, the
result of learning by doing (Mulder et al., 2001, pp. 168-175).
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although we recognize the important role played by a firm
or firms as a prime locus of innovation within a national
innovation system. Naturally, we are in need of research
efforts aiming at integrating both micro- and macro-levels
analysis in order to fully grasp this complex phenomenon.

Second, it is now readily understood that technology
embodies a certain degree of tacit knowledge that is local
and cumulative (Kogut and Zander, 1993; Nonaka 1994).
Third, it also follows that innovations typically result from
learning processes  of
organizations, and in turn knowledge building and problem-

search and individuals or

solving activities are ingrained in organizational or
behavioural routines. This dimension of technological
development now features prominently in national
innovation systems literature. Especially since early 1990s,
many researchers have been grappling with knowledge and
learning aspects of an innovation system, and have started
to delve deep into this issue by heavily relying on analytical
and conceptual tools borrowed from other fields of inquiry
such as organizational learning, epistemology, behaviour
psychology, and the like. We will be taking up this issue at

some length later in the discussion.

Fourth, exponents of the evolutionary economic theory
hold that technologies develop along relatively ordered
trajectories within the boundaries of the organizations and
technological paradigms as a result of three characteristics
just discussed. Here, technological paradigms, according to
Dosi et al. (1990), refer to “... a collective framework that
determines the R&D practice and the pattern of
technological development on the basis of a dominant
design of an artefact...” Consequently, “... technologies
may well get locked-in to paradigms, implying a certain
degree of path dependency and irreversibility”.* This is a

* Path dependency implies the role of historical events in
determining the adoption of technologies. Innovation and
diffusion of technologies displace older technologies imposing
irreversible losses to the agents that are locked-into outdated
technologies, in line with this, the existence of vested interests
among agents specialized in the old technologies may cause
resistance to the adoption of new technologies and hence slow
down technological progress (Mulder et al., 2001). Even where
the existing standard is inherently inferior, replacing it may be
exceedingly difficult. The case of typewriter keyboard is classic.
The standard QWERY arrangement was invented in 1873. It was
designed to slow the speed of typing to prevent the typing bards
on mechanical typewriters from locking together. In 1932, the
DSK was patented and was shown to offer considerable gains in
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very important point not least because it has some crucial
policy implications connected to what kind of policy
measures at both micro- and macro levels are necessary in
order to induce and trigger a certain class of technological
development. Also, intrinsic in this notion of evolutionary
trajectories of technological change is the appreciation that
the context of technological development needs to be read
in order to make better sense of it.

The evolutionary view, taken together, can be said to
exemplify a Schumpeterian perspective on economic
growth and technological progress (Hauknes, 1999; Mulder
2001; 1995).5 Still, it is subject to
considerable debates whether the evolutionary theory is

et al, Nelson,
better positioned to expose the complex process of
technological change in a satisfactory manner compared to
other economic growth theories. Nevertheless, it is not
our intention here to weigh the merits and demerits of
each economic assertion in any depth. The evolutionary
camp’s claim that they offer a more sophisticated
microeconomic foundation for explaining macroeconomic
patterns, however, may prove valid in so far as such fertile
research projects as national innovation systems approach
continue to surface under its influence. It is within this
context that we now turn to the next part of the
presentation pertaining to the second theme of the
national innovation systems perspective.

Competitiveness, Globalisation and the

Importance of Knowledge

Here we aim to identify and describe the driving forces
behind innovations; that is, an economic actor’s desire to

typing speed. The QWERTY keyboard has persisted because
people were locked-into it and its enormous network effects
were reinforced by the investment of millions of people in touch
typing and manufacturers in keyboard layouts (David, 1985).

5 Schumpeter (1934) pioneered the theory of economic
development and new value creation through the process of
technological change and innovation. He viewed technological
development as discontinuous change and disequilibrium resulting
from innovation and identified several sources of innovation
including the introduction of new products and new production
methods, the creation of new markets, the discovery of new
supply sources and the reorganization of industries. He (1942)
introduced the notion of creative destruction noting that
following technological change certain rents become available to
entrepreneurs, which later diminish as established practices in
economic life (Amit and Zott, 2001).
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gain and sustain competitive advantages. Also included in this
section is the role of globalisation and the idea of a
knowledge-intensive economy in reinforcing the perceived
need for prompting innovation efforts. We have shown in
the preceding section that there has emerged a general,
although not unanimous, agreement over the positive impact
of technological advance on economic development. This
then begs another question of why technological advance
ever occurs in the first place. In other words, what
motivates and prompts economic actors to relentlessly
pursue technological advance. Most scholars in this area of
research tend to address this question in terms of a
mounting pressure of competition. While discussing
competitive advantages at the firm-level seldom causes little
controversy, the notion of national competitive advantages
has raised some doubts among economists. Krugman
(1994), most notably, argues against the concept of
competitiveness at the national level altogether. He puts it
“... the idea that a country’s economic fortunes are largely
determined by its success on world markets is a hypothesis,
not a necessary truth; and as a practical, empirical matter,
that hypothesis is flatly wrong. That is, simply not the case
that the world’s leading nations are to any important degree
in competition with each other, or that any of their major
economic problems can be attributed to failures to compete
on world markets”. In arguing so, he displays some empirical
evidence for the apparent lack of significance of trade
performance for living standards in the US, and asserts that
the same results hold for the European countries and Japan.
In addition, he succinctly pinpoints that obsession with
national competitiveness is dangerous, and can escalate into
unnecessary trade conflict. Subsequently, his argument
against the idea of a nation’s competitiveness has invited
sizeable attention from both academic researchers and
policy practitioners.

little
dissension, in effect, has come to light pertinent to the

Krugman’s acute contention notwithstanding,
existence of national competitiveness. Whether the concept
of national competitive advantages is warranted or not is
apparently more of an empirical question. Nevertheless, it is
worthwhile to note that what matters most, especially to
policy-makers, may not be actual competition per se, but
rather, their perception of competition, be it actual or
potential. efforts to

competitors by gaining and sustaining competitive advantage

Hence conscious outperform

are most likely to remain intact.
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On the other hand, Porter (1990)
interdependent, mutually reinforcing attributes of a nation

designates four

as the major determinants of competitive advantages. They
are |) factor conditions, such as the availability of skilled
labour force and infrastructure, 2) demand conditions for
the products of the industry, 3) related and supporting
industries, and 4) firm strategy, structure and rivalry.
National competitiveness, he goes on to argue, resides in
the extent of pressure which these four intertwined
factors exert on firms to invest and innovate. Thus, while
the competitiveness of firms will obviously reflect the
degree of successful management of firms
themselves, their competitiveness is also unavoidably
contingent upon the country-specific conditions within
which they operate. Implicit in this argument is that the
competitive advantage of firms and of the economies as a
whole is something, which is and can be built up by
conscious and deliberate policy actions. In parallel, Nelson
notes that a strong belief has lingered on inside circles of
academia and policy makers that technological prowess is a
key source of competitiveness (Nelson, 1993).

internal

So far, we have looked at two opposing views on the idea
of the competitiveness of a nation. In brief, whereas it is
still susceptible to much more debates whether the
concept of national competitiveness as such is duly
qualified or not, there exists little disagreement over the
view that identifies competition as the force pushing
technological development forward. Having recapped the
points made so far, now the attention needs to be diverted
to a more important issue for the aims of this paper;
namely, how the theoretical insights of national innovation
systems permit us to better apprehend a complex process
of innovation in this ever-increasingly evolving global and
knowledge-based economy.
intricate question, first, we highlight the existence of
inherent tension between the internationalising trend of

In unravelling this rather

technology and the continued relevance of national
frameworks. And in order to assist our understanding of
far-reaching effects on the study of innovation of the
increasing emphasis on the so-called a knowledge-based
economy or a learning economy, a brief review of some
principal matters persistently appeared in the knowledge-

based view of the firm will be introduced (Grant, 1996).

Undoubtedly, the economic life has become global on a
hitherto unprecedented scale as testified to by rapidly soaring
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trade and investment volumes across national borders
(Batholomew, 1997; Howells and Michie, 1997; Metcalfe,
2001). Added to this, the role of transnational corporations
has been extensively stressed in altering the face of the world
economy in the direction of globalisation (Batholomew, 1997;
Cantwell, 1992). Ohmae (1990) is often quoted to argue that
“... national borders are losing their meaning as economic
”, and technology is becoming a product of what he
calls ‘interlinked economy’ (Batholomew, 1997; Howells,
1997). While some advocates of globalisation concede,
although somewhat unwillingly, that global integration and
local differentiation may not stand at the opposite ends of the
single continuum, the recent years have observed the growing
divide arising between proponents and opponents of
globalisation (Baker et al., 1998; Hirst and Thompson, 1999;
Westerfield, 2004). Against this backdrop, as Archibugi et al.
(1999, pp. 533-534) point out, the whole concept of enduring
national differences, particularly in innovative capabilities,
shaping national innovative performance has been intensely
challenged by those who underscore the internationalisation
of many of our economic activities. For example, sceptics of
the national aspect of the national innovation systems
framework contend that the phenomenal growth of
international R&D networks signal the convergence of

frontiers

technological capabilities across countries. It is, to a large
extent, a matter of detailed empirical study whether or not
the heightening of cross-national R&D activities through
various kinds of arrangements including joint ventures,
strategic alliances, consortia, renders the notion of durable
their technological capabilities

national differences in

redundant.

At this point, it will be of great use to briefly outline some
of the methodological and analytical issues surrounding
empirical studies of this subject matter. First, while the
conventional approach to measuring and quantifying
innovative performance at an aggregate level, which is
primarily based on a simple input and output method, say,
R&D expenditures vs. number of patent produced, has
been gradually abandoned by researchers working in this
field, no plausible alternative methods have as yet taken its
place.® This, critics would argue, often leads to a weakening

¢. Freeman points out “... purely quantitative indicators such as
R&D expenditures as a proportion of GNP or patent statistics
are rough measures innovative activities, they do not in
themselves explain how these activities led to higher quality of
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of the analytical power of the national systems of
innovation framework or the whole systemic approaches
for that matter. Nonetheless, the recent years have seen a
series of ongoing research efforts, which attempt to
remedy precisely this kind of problem by bringing together
the various set of indicators corresponding to each
innovative activity.

A Second issue is of level of analysis, which has a direct
bearing on our topic. Over the past decade the national
systems analysis has been extended to different levels
including supra-national and sub-national as well as
sectoral and technological. What is central here is to
note that there remain substantial industrial and regional
variations even within the national innovation systems.’
While some would still argue for the supremacy of one
level of analysis against another on methodological as well
as substantive grounds, it has been incrementally
recognized that innovation systems analysis at different
levels may not necessarily incompatible, but rather
complementary, serving various uses and purposes of
analysis. In the global vs. national argument, without an
extensive empirical backing it is no doubt difficult to
judge the validity of each analysis against another.
Although, to a certain extent, the dichotomy of global vs.
national seems inevitable, there is a need to shift the

focus towards a more integrative approach. Batholomew

new products or processes, to shorter lead time and to more
rapid diffusion of technologies ...” (1995, p. 15).

7. Nelson (1993) also points out that there are important inter-
industry differences in the nature of technological change, the
sources and how the involved actors — upstream and
downstream firms - are interrelated to each other. Technical
advance in industries engaging in producing a complex system in
terms of the number of the critical components - such as an
aircraft - tends to proceed through a combination of
improvements in components, and modifications in overall system
design to exploit this, punctuated by occasional introduction of a
radically new system. The integration of component and systems
innovation activities generally involves some combination of
independent initiatives mediated by the market, contracting and
cooperation. Whereas technical advance in the industries
producing fine chemical products, from synthetic materials to
pharmaceutical, involves the introduction of discrete new
products, that are subject to the discovery of new uses by
producers or users. Other industries that are engaged in bulk-
producing activities evolve relatively slowly in terms of
innovation, and technical change in those fields usually means
improved, or sometimes new, ways of producing the product
concerned.
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(1997) argues that the central question is how country-
specific innovation systems are intertwined within the
global system and the particular characteristics of national
systems of innovation form the basis for complex
interdependence in the global system.

Third, there has been a call for more systemic approaches
to the study of national innovation systems (Archibugi et
al., 1999; Hauknes, 1999; Lundvall, 1998; Nelson, 1993). To
date,
innovation

one of the most extensive studies of national
systems covering |5 different capitalist
economies is well documented in Nelson (1993)’s edited
volume. Comparative studies of |5 countries that are
categorized into the large market-oriented industrialized
newly
industrializing states to illuminate the overall mechanisms

nations, smaller high-income countries, and
by which technical innovation is supported, enhanced and
shed light on the similarities and differences across those
countries (Nelson, 1993). Interestingly, Liu and White
(2001) argue in their discussion of the Chinese innovation
system that although purporting to analyse systems, “

most scholars have actually focused on the roles of specific
actors and the impact of specific policies and institutions to
explain system-level outcomes — no way to describe
alternative system level structures of which actors and
institutions are only elements and hence no way to make

comparisons among alternative systems”.

In the preceding discussion, first and foremost, we have
looked at a recent surge in the emphasis on innovative
performance, particularly that of a nation, in the context of
intensifying globalisation. Although we have not dealt with
the issue of a current trend towards globalisation of
technology (Archibugi and Michie, 1995) at any length
here, it seems reasonable to say that measurable and
certainly observable global dimension of at least some of
industrial innovative systems should not be overlooked. In
the discussion which follows, we will move our emphasis
into another salient feature of modern economies; namely,
the knowledge-based economy.

Recent hype revolving around the idea of the importance
of knowledge has spurred a great deal of attention on this
issue. Generally speaking, an increasing number of social
science disciplines, let alone the national innovation
systems approach, have shifted their focus towards the

importance of knowledge as a driving force behind broader
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economic changes. In the management discipline, what is
now named as ‘the knowledge-based view of the firm’,
which views the raison d’etre of a firm as knowledge
creation, has started growing as a separate field of inquiry
(Grant, 1996; Leonard-Barton, 1995; Nonaka, 1991, 1994;
Quinn, 1992). The knowledge-based view of the firm can
be seen as a perspective combining insights from the so-
called ‘resource-based view of the firm’ with those from
organizational learning theories (Grant, 1996).
recently, there have been new intellectual developments,
which attempt to synthesize the received findings of
innovation studies into a knowledge-based perspective on
technical change (Carayanis et al, 2000; Asheim and
Coenen, 2005; Hekkert et al, 2007).

More

Here, we will capitalise on some theoretical insights of
relevance from the knowledge-based view of the firm and
the field of organizational learning. Many researchers have
heavily drawn upon Polanyi’s distinction between tacit
knowledge and explicit knowledge in an effort to widen
their understanding of the complex process of knowledge
creation, diffusion and utilization (Coombs and Hull, 1998;
Grant, 1996; Nonaka, 1994; Carayanis et al, 2000).® This
distinction, albeit somewhat blurry, supplants conventional
economists’ rather limited notion of knowledge as public
good with un-rivalriness in its consumption pattern
(Nonaka and Takeuchi, 1995).° Interest in tacit knowledge
has grown rapidly as studies of technological innovation
have increasingly recognized it as an important component
of the knowledge base in innovative activity. To a large
extent, reconceptualising knowledge along this tacit —
explicit dimension enables us to better appreciate

8, Explicit knowledge is readily articulative, codifiable, transferable
and objective whereas tacit knowledge is not easy to articulate,
codify, transfer because it is action-based, experience-based and
embedded in social fabric (Grant, 1996; Nonaka, 1994). The
knowledge of the firm can be analysed along two dimensions; the
epistemological and ontological. The former is concerned with
the manifestation or modes of expression of knowledge, namely,
Polanyi’s distinction between explicit and tacit. The latter is about
the locus of knowledge or the knowing entity within the firm —
knowledge can reside at the level of the individual or the
collective (Nonaka, 1994).

%, Firm which captures and exploits unique and valuable
knowledge capabilities will tend to attract more knowledge
creating assets such as expert employees, thus exhibiting
increasing returns. Non-rivalry means one’s consumption not
diminishing another’s consumption. So knowledge is not
transferred in a formal sense; it is shared (Carayanis et al., 2000).
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multifaceted innovation processes in terms of mobility,
transferability and reproducibility of particular knowledge
in question. From an empirical standpoint, most
researchers are acutely aware that inherent disadvantages
of an empirical research relying on analysis of knowledge
flow processes lie in the practical difficulty of quantifying
the stock of knowledge and its flow with any measure of
accuracy. Batholomew (1997)’s comparative analysis of the
US, UK, German and Japanese systems of biotechnology
innovation systems can be viewed as a partial attempt to
overcome this kind of problem since her analysis of
knowledge

predominantly based on qualitative data.

flows amongst intertwined actors s

Another important facet of tacit knowledge tied to
its
localized patterns of learning and sharing which provide a

“«

innovation is, as Howells (1997) points out,

strong element in this spatial stickiness of innovation and
technology transfer” (italic emphasis added). To put it
another way, the extent to which tacit knowledge
constitutes the knowledge base of an economic agent,
and how it is formed and exploited are overwhelmingly
shaped by the broader social and institutional settings. At
the micro-level, in view of Carayanis et al. (2000), the
knowledge of a firm is socially embedded, rooted in
coordination mechanisms and organizational routines
which in turn are profoundly influenced by societal
institutions such as education and training systems, and
types of labour markets. Thus, the recognition of the
crucial role played by tacit knowledge in the process of
innovation and its embeddedness in a societal milieu
naturally directs our attention to the final of the
discussion.

Tacit knowledge, Interactive Learning and
Institutions

In what follows, we seek to combine the theoretical
insights of the evolutionary economic perspectives and the
knowledge-based view of the firm that we have reviewed
throughout the previous discussion into a coherent whole
in an attempt to understand the broader context where
the concept of national innovation systems resides. What
seems striking in terms of these two different perspectives
and the national innovation systems approach is the degree
of commonality they all share in their emphasis on the
importance of institutional context, or more generally, of
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societal context. In Hauknes words (1999, p.l), the

«

innovation systems literature “...reflects Marx’s broad

”

conceptions of the economy as a social process... ”. In
hindsight, it is not surprising that the research agenda of
the national innovation systems approach has been
multidisciplinary in scope as it is predicated on the very
belief that a full-fledged understanding of economic
behaviours and its driving forces can not be achieved
without appropriate consideration of a wider social setting.
The research into the national systems of innovation has
been also mirrored in the study of what has been referred
to as ‘social systems of production’, which in turn has been
deep-seated in the wider study of the evolution of
capitalism. Hollingsworth’s (1997) comparative analysis of
the social production systems of US, Germany and Japan
can be viewed in this light. It is worthy of a mention that it
can be rather arbitrary and artificial to describe a national
system of innovation as something neatly separable from
its production system, and economic system more broadly.
Nelson (1993) also argues that it seems inevitable that
analysis of innovation in a country often would get drawn
into discussion of industrial relations systems, financial
system, government policies that span from monetary,
fiscal, industry, science and technology, education. It is not
easy to draw a clear line around those aspects of a nation’s
institutional structure that are concerned predominantly
with innovation in a narrow sense. Lundvall (1998)
addresses this concern by highlighting that to focus on a
specific aspect of economic life can result in more fruitful
research outcomes than to adopt a seemingly all-
encompassing concept (Lundvall, 1998).

Next, we offer an institutional account of national
innovation systems in a brief manner, and then move on
to the recent emphasis on the importance of interactive
learning in innovation. In general, literature on national
innovation systems has sought to link national institutions
to the innovative performance of firms and national
1995; Lundvall, 1998; Nelson,

1993).'"° The institutional theorists define institutions as

economies (Freeman,

1%, Nelson (1993) argues how technological capabilities are
advanced extends far beyond those directly impinge on
innovation. The character and effectiveness of a nation’s system
of schooling, training, and retraining not only shape the supply of
skills, but also affect the attitudes of workers towards technical
advance. So too do the industrial relations system — the relations
between labour and management, patterns of bargaining and

ISSN: 0718-2724. (http://www.jotmi.org)

J. Technol. Manag. Innov. 2009, Volume 4, Issue 3

“systematic patterns of shared expectations, taken-for-
granted assumptions, accepted norms and routines of
interaction that have profound effects on shaping the
motivations and behaviour of interconnected social
actors” (Chang, 1994, p.84; for more detailed account on
institutional theories from various perspectives, see
DiMaggio, 1998; DiMaggio and Powell, 1991; Dosi and
1998; Hodgson, 1988; North, 1991;). This

definition, to a great extent, is consistent with what is

Coriat,

used in the national innovation systems literature. In her
study of biotechnology innovation systems of different
countries, as mentioned earlier, Batholomew (1997, p.
243) patterns in
biotechnology R&D are primarily shaped by the
configuration of country-specific institutional features ...
and the particular path of technological
development in turn reinforces country-specific patterns
of organization...”. For instance, she
individualistic, commercially-oriented and self-sufficient

“

illustrates  that national

national

shows how
characteristics of US socio-political institutions motivate
or hamper innovative activities of the US biotechnology
industry as opposed to those of UK, which are more
pluralistic but much less commercially-oriented.

Within the literature of national innovation systems,
Lundvall’s work (1998) has been particularly influential in
stressing “the specificity and interconnectedness of societal
institutions bearing on the processes of interactive learning
and innovation” (Archibugi et al, 1999; Hauknes, 1999).
Lundvall (1998) claims that the innovative capacity of an
economic entity is a direct function of its learning ability
and it can be in large part attributable to the density and
quality of learning networks within a system of innovation.
From this standpoint, it is readily observable that the flow
of knowledge, especially that of tacit nature, tends to face
fewer impediments within a social milieu that is easily
accessible, spatially concentrated, and in which constant
and repeated interaction is encouraged. Another important
aspect is that, according to organization learning theory,
entails all

the effective interactive

participants

learning process

to have similarly structured absorptive

negotiation, dispute resolution, and degrees of mutual
commitment of firms and workers. Financial markets and the
dominant mode of corporate governance also have strong
bearings on the technical activities that are feasible and that
managers choose to undertake.
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capacities (Bogenrieder and Nootebook, 2004; Cohen and
Levinthal, 1990; Greve, 2005).

Several authors draw on the concept of social capital to
illuminate how to build and maintain effective learning
networks vital to successful innovative activities in the
increasingly knowledge-driven business environments (e.g.
Dhanaraj and Pharke, 2006). It is argued that trust and the
realization of mutual benefits accrued from cooperation
among different participants can be geared up for a wave of
successive collaboration, and thus tend to lead to an
effective learning. Here, it is worth looking at how
cooperative behaviour and interactions, other than arm’s
length relationship with markets, that run counter to its
basic premise of individuals as highly self-seeking beings
driven by instrumental rationality, are explained in the
mainstream economic theory. In the view of mainstream
economists, because knowledge is often dispersed unevenly,
pure competition, which deters economic agents from
sharing knowledge, leads to sub-optimal outcomes. They go
on to argue that treating one’s apparent and potential rivals
as complementors, seeking to cooperate with them and well
managing those relationships can turn a zero-sum situation
into a positive sum situation. Furthermore, in the language
of transaction cost economics, “strong form of trust
provides a more efficient and effective basis for a

cooperative relationship, as it decreases reliance on
governance mechanisms with high transaction costs but
provides comprehensive  protection  against
opportunistic behaviour” (Carayanis et al., 2001)."" As noted
in the above discussion, however, this rather over-simplistic
view of the dynamics of social process often causes

uneasiness among critics (Lundvall, 1998).

more

In summary, from the perspective of national innovation

systems, as Batholomew stresses, country-specific

' Trust refers to mutual expectations regarding consistency in
behaviour and full revelation of relevant information and to
loyalty in difficult times. Like any form of collective action,
collaboration is also subject to opportunistic behaviour by some
members. This can degenerate into another form of competition
with each trying to maximize its gains but minimizing the sharing.
One way to guard against such opportunistic behaviour is to
approach the knowledge sharing as an exchange rather as a
transfer — two way transaction where involved parties benefit in
an approximately equal fashion — reciprocal — the existence of
some norm of reciprocal behaviour — implying a level of strong
form trust exists among participants (Carayanis et al et al., 2001).
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innovation trajectories are shaped, or at least influenced,
by the structural components of its society, which
profoundly affect the accumulation and diffusion of
knowledge required for industrial innovation (Batholomew,

1997). Links between knowledge and innovative
performance can be scrutinised by “... focusing on firm-
specific routines which stabilize certain bodies of

knowledge and then embed them in the shared
understanding within the firm...” (Coombs and Hull, 1998,
p. 238). At the foundations of the multifaceted innovation
processe is the significance of the dynamic relationship

between individual and collective learning (Lundvall, 1998).
Conclusion

At the outset, we have set out to provide an analytical and
theoretical discussion of the national innovation systems
perspective. On balance, with an understanding of the
positive correlation between technological development
and economic growth informed by the evolutionary
economic perspective, we have explored two key factors
behind current emphasis on industrial and technological
innovations; namely, increasing forces of globalisation and
shift toward a knowledge-intensive economy. In tandem,
recent stress on the importance of tacit knowledge has
given rise to a substantial body of literature that is focusing
on knowledge flows and learning networks within a
national innovation system among different economic
agents including university research labs, public R&D labs,
industrial R&D labs, foreign R&D labs, and the like. We
have described major theoretical insights on which these
new intellectual developments build, especially in relation
to the knowledge-based view of the firm and organizational
learning theories. Metcalfe (2001) elegantly puts this entire

“«

theme, the ceaseless economic movement and
transformation across time and space, which is capitalism’s
defining feature, follows from the nature of knowledge
accumulation in general and the institutions that shape the
growth and application of scientific and technological and

social knowledge in particular...”.

In the final analysis, it should be noted that implicit in the
majority, if not all, of the literature on national innovation
systems is that there is a need for active government
involvement, nationally, locally and even globally, in terms
of industrial policy, in general, and innovation, science &
technology, education and regional policies, in particular.

10
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This,
contentious

in turn, potentially evokes one of the most
issues in the modern economic debate;
namely, the free market vs. government intervention.
Unfortunately, this topic is outside the scope of this

discussion.
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