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1. Introduction

The concept of national systems of innovation (N85t emerged in the early
1990s with the seminal contributions of Lundvall992) and Nelson (1993).
Subsequently it has attracted the attention of mangvation researchers and policy-
makers (Amable 2000; Edquist 1997, 2005; Freemd&v,12002; Mytelka and Smith
2002; OECD 1997, 2002; Saviotti 1996) and has mmdhieved broad international
diffusion in both developed and developing coustii€orrea 1998; Kaiser and Prange
2004; Liu and White 2001; Niosi 1991). However,gress in refining the Sl concept has
been uneven and difficult to assess, given that single definition has yet imposed
itself” on NSI theory and research (Niosi 2002: 291).a#gued previously (Edquist
2005: 201~ 203), there is a need for theoretically based sogbiresearch téstraighten
up the approach- a project to which comparative research on vasetf innovation
systems, as well as determinants of innovation geees within them, can make
particularly valuable contributions.

This article reports on the findings of a compasastudy of ten ‘small economy’
NSIs in Europe and Asia, conducted from 2003 to620@der the auspices of the
European Science Foundations (ESF) and particgpatational science councils. This
study, referred to by participants as the ‘Ten GquRroject’, was initiated some ten
years after the publication of Lundvall's (1992nhd Nelson’s (1993)landmark
anthologies on NSIs, and had the aim of contmigutto further refinement and
elaboration of the NSI concept. Contributors inelddnational research teams in
Denmark, Finland, Hong Kong, Ireland, (South) Kor8&e Netherlands, Norway,
Singapore, Sweden and Taiwan.

Theoretically, the project was informed by the cast between the ‘broad’
conception of NSIs championed by Lundvall (1992)nd a the ‘narrow’ approach
promoted by Nelson (1993), as previously discusseBdquist (1997, 2005). However,
its aim was not simply to replicate and test emgsframeworks but rather to contribute to
further development by adopting a new approach. rédse both of the original
frameworks for studying NSls were focused stroraly'actors’ within the systems, the

! This article is based on the introductory and tadiag chapters for the forthcoming anthology: Eidgu

C. and Hommen, L (Eds.). 2006 - forthcomiBgall economy innovation systems. Comparing

globalisation, change and policy in Asia and Europe. Edward Elgar: Cheltenham, UK.

2 We have adopted the common term countries hetd4dmg Kong is not, properly speaking, a country in
the sense of a nation-state. Formerly a BritishM@r@€olony, Hong Kong was made a Special
Administrative Region (SAR) of the Peojdd&Republic of China by the Sino-British Joint Deat&on of
1984, and assumed that status in 1999. Howevel, 384 Joint Declaration ensured preservation ohdd
Kong's capitalist system aridiay of life’ for 50 years, and this principle is reflectedhia ‘bOne country-two
systemsframework that was subsequently enshrined in gmstitution of the Hong Kong SAR.



comparative framework employed in this project east followed Edquist's (2005)
recent proposals to develop a central focus ondonahtal ‘activities’ within systems of
innovation. The project also sought to counter ¢hicism that NSI analyses pay too
little attention to ‘external’ factors by expligitlitaking into account processes of
globalization. The comparative analysis reportedhis article addresses the complex
relations between growth and innovation, the issw@ésed by globalization, and the
implications for innovation policy. A range of othessues will be addressed in the
forthcoming book (Edquist and Hommen 2006)‘small economynational systems of
innovation. It will include 10 country studies folling the same table of contents, a
theoretical introduction and a concluding compaeathapter.

One of the key questions that we address below etnacthe validity of
competing NSI concepts the aforementionedbroad and ‘narrow approaches to
defining NSIs. For the most part, these two framé&wdave not confronted one another
directly within the research literature. Insteagsaarchers have tended to adopt one or the
other of these two basic approaches, or to elaboratiants of them, without giving
much consideration to the alternative approach.sThundvall et al. (2002: 217, n.2)
have discussed the further development of theirad approach to NSIs without making
many explicit comparisons with th'@arrow approach, except to comment that the
‘broad approach is particularlyrelevant for understanding economic growth and
innovation processes in small counttieSimilarly, Laredo and Mustar (200have
applied the'narrow version of the NSI concept in their internatiosatvey of research
and innovation policies without much consideratainits merits relative to théroad
alternative. It is fair to say that although theotwersions of the NSI concept have
enjoyed a peaceful coexistence, there has beemanlynal dialogue between them. We
will return to this question in the theoretical aission that follows, as well as in our
analysis and conclusions.

The remainder of this article is structured asokell. This introductory section is
immediately followed by an extended theoreticatdssion, which compares theoad
and‘narrow NSI concepts, outlines an activities-based bassmddwork to studying Sls
and identifies key problems to be addressed imareeeon Sls. Subsequently, we discuss
the methods used to operationalize thetivities approach within the Ten Countries
Project. Thereafter, we categorize the ten NSltuded in the project, and develop an
overview of the NSIs. We then discuss some keyiriggl from the project and the main
conclusions that can be drawn from them. Finally,consider policy implications.

2. Theoretical and Practical 1ssuesin Research on NSI's

In this section we outline some central theoretiral practical issues in research
on NSIs. The main theoretical issue, ultimatelyivdeg from definitional differences,
concerns the character and coherence of NSls., whether or not they are truly
‘systemi¢in the sense that the whole has properties didhiom those of its constituent
parts. Practical issues include both the requirésneincomparative research on NSls and
policy questions, particularly the debate on ndeetere versus selective measures.



2.1.'Narrow versusBroad Approaches to Studying NSIs

As discussed elsewhere (e.g., in Edquist and Cleadwi2006), the termational
system of innovation(NSI) wasfirst used in published form by Freeman (1987). He
defined an NSI a&he network of institutions in the public and pteasectors whose
activities and interactions initiate, import, anifuse new technologiés(ibid.: 1)3
Subsequently, Lundvall (1992) and Nelson (1993hhmiblished major anthologies on
NSIs, but used different approaches to the studiN®fs. Nelson (1993) emphasised
empirical case studies more than theory developmestsome of the studies in his book
focussed narrowly on national research and devetoprfR&D) system$.Moreover,
these case studies were not designed to have e siaucture and focus. In contrast,
Lundvall (1992) was more theoretically oriented aodight to develop an alternative to
the neo-classical economics tradition by placinteriactive learning, user-producer
interaction, and innovation at the centre of thalysis.

Lundvall argued thdthe structure of productiémnd“the institutional set-upare
the two most important dimensions tHatntly define a system of innovatidbfLundvall
1992: 10). In a similar way, Nelson and Rosenbd@98) singled out organisations
supporting R&D -- i.e., they emphasised those dsgdions that promote the creation
and dissemination of knowledge as the main soudfegnovation. Organisations
disseminating knowledge include firms, industriadsearch laboratories, research
universities, and government laboratories. Lundvabiroader approach recognised,
though, that such organisations &mbedded in a much wider socio-economic system
in which political and cultural influences as wa#i economic policies help to determine
the scale, direction and relative success of albbvative activities. (Freeman 2002: 195)
Thus, both Nelson and Lundvall defined NSIs in ®rof determinants of, or factors
influencing, innovation processesHowever, they specified different determinants in
their definitions of the concept, presumably rdileg their judgment about the most
important determinants of innovation. Hence, thegppsed different definitions, but
used the same term, reflecting the lack of a gdélgexecepted definition of NSls.

Nelson and Lundvall not only offered definitions M&ls that focussed on their
components (e.g., main actors and institutions r@t@tions among them). They also
expressed fundamental differences of opinion comniegrthe structural integrity of NSIs.
Lundvall (1992) stressed the continuing importan€eNSls, even under conditions of
increasing globalization and regionalizatien trends that challenge the unity and
coherence of national systems. One of his mainraegts for this position was that

3 Freeman here meatmrganisationsin the sense of players and tioistitutions in the sense of rules. In
addition, we currently use the term innovationsdad of technologies implying that we include new
creations also of a non-material nature, e.g. semproduct innovations and organisational process
innovations. Finally, it is interesting to note tira1987 Freeman had already pointed out Hutivities'
carried out by the organisationsee below in this article.

* This emphasis is crystal clear from Nelson andeRberg (1993, p.4Y:..the orientation of this project
has been to carefully describe and compare, artd tmderstand, rather than to theorise first e t
attempt to prove or calibrate the thebry

® Their definitions of NSIs do not include, e.g.nsequences of innovation. This does not mean that
innovations emerging in Sls do not have tremengoungbortant consequences for socio-economic
variables such as productivity growth and employrreon the contrary. Moreover, distinguishing
between determinants and consequences does ok, exclude feedback mechanisms between them.



current processes of change and transformation beushderstood in relation to thad
ordef upon which they act i.e., the pre-existing pattern ofinteraction between
institutions and economic structure. at the national levél(ibid.. 4). A further
implication is that since thé&old ordef conditions these evolutionary processes, it is
likely to be reflected (and thus partly continuéd)distinctive national trajectories. In
contrast, Nelson (1993) acknowledged that NSIs haweled to exhibit institutional
continuity over time, but nevertheless expressedsiderable scepticism about the
overall coherence or consistency of NSIs in terrhandustrial structure. Thus, he
guestioned whethéthe concept of a national system [makes] senseaday$, given
pronounced sectoral differences ‘iitne system[s] of institutions supporting technical
innovatiod and the growth of strongtransnationdl institutions in many fields of
technology (1992: 350). A key implication of thisd of reasoning is that NSIs may
ultimately be largely reducible #msembles of sectoral systems of innovation (SSIs).

In order to test these rival propositions of the wviginal approaches to studying
NSIs, we require a definition of NSIs that enconggasboth thebroad and ‘narrow
definitions discussed above. A more general dédmibf an Sl includesall important
economic, social, political, organizational, ingtibnal and other factors that influence
the development, diffusion and use of innovatiqegiquist 1997: 14)f an Sl definition
does not include all factors that influence innawatprocesses, one has to argue which
potential factors should be exclude@nd why. This is quite difficult since, at the geat
state of the art, we do not know the determinamt;n@ovation systematically and in
detail. Obviously, then, we could miss a great thgadxcluding some determinants, since
they might prove to be very important once theestat the art has advanced. For
example, 25 years ago, it would have been nataraixtlude the interactions between
organisations as a determinant of innovation pseEssBoth the relationships among the
factors listed and the actions of both firms andegoments are included in the general
definition above. This definition, moreover, is damental to théactivities approach to
studying Sls (Edquist 2005; Edquist and ChamindifPthat we now turn to discuss.

2.2, An Activities-based Framework for Comparing S

Everyday language and the scientific literaturee gg common answer to the
guestionWhat is a system?, focussing on three featurel@tegn 2002). First, a system
consists of two types of constituents: componemd eelations among them. The
components and relations should form a cohereniayhath properties different from
those of the constituents. Second, the system Haaction -- i.e., it is performing or
achieving something. Third, it must be possibl@igcriminate between the system and
the rest of the world -- that is, it must be poksito identify the boundaries of the
system® Obviously, for empirical studies of specific syste one must know their
extension.

Making the Sl approach more theory-like does najuire specifying all
components and all relations among them. At preseist not a matter of transforming
the Sl approach into a general theory of innovatiart one of making it clearer and more
consistent so that it can better serve as a basigeherating hypotheses about relations

® Only in exceptional cases is the system closebdrsense that it has nothing to do with the séte
world (or because it encompasses the whole wdrlkig. the SI approach, general systems theory niight
considered an approach rather than a theory.



between specific variables within Sls (which midig rejected or supported through
empirical work). Even the much more modest objectiv specifying the main (rather
than all) functions of Sls, their activities andrgmonents, and the key relations among
the latter would represent a considerable advddsed in this way, the S| approach can
help to develop theories about relations betweeniip variables within Sls.

As indicated in the foregoing discussion of defomtl issues, as well as in other
sources (e.g., Niosi 2002: 291, Table 1), themmmseto be general agreement in the
literature that the main components in Sls aretuigins and organisations — among
which firms are often considered to be the mostortgnt organisations. However,
particular definitions specify different sets ofstitutions and organizations and,
moreover, specific set-ups of institutions and aorggtions vary among systems.
Consequently, comparative research on Slis is dadiffigult. Even if we can bypass
definitional disputes to some extent by adoptingoamnibus definition of Sls including
all determinants of innovation processes, we afewéih the problem of functional
equivalence -- i.e., the “many ways countries mayetbp ... to organize what some
would argue are ‘functionally equivalent’ activiie(Kogut 1993: 7). For example, the
activity of R&D can be performed by different orgeations, such as universities, public
research organisations and firms. Our solutionhis particular problem has been to
develop a central focus on such activities.

Generally, the main doverall functionof Sls is to pursue innovation processes:
that is, to develop and diffuse innovations. What wom here on, calactivities in Sls
are those factors that influence the developmedt difiusion of innovations. In this
sense, we use the term activities as equivaledgéterminants of the innovation process.
Since the late 1990s, some authors have addressedsirelated to specification of
activities influencing the overall function of $(&alli and Teubal 1997; Johnson and
Jacobsson 2003; Liu and White 2001; Rickne 2008)afgued elsewhere (Chaminade
and Edquist 2006), we can broadly distinguish fousin approaches to analysing
activities in Sls.

To start with, Edquist (2005), Furmanal. (2002) and, though to a lesser extent,
Liu and White (2001) focus on activities linkedtte innovation process as su€h.e.,
activities needed to turn an idea into a new producprocess. A second approach,
represented by the work of David and Foray (199%) dohnson and Jacobsson (2003)
concentrates on activities linked to the knowledgeduction process- i.e., how
knowledge is created, transferred, and exploitegreHhere is a strong emphasis on
channels and mechanisms for knowledge distributidmnrd, some researchers (e.g.,
Borras 2004) try to identify the activities of differemtganisations that have an impact in
the innovation system. Finally, a fourth line o$earch focuses on innovation policy. The
main question pursued is which activities (and piggtions) in SIs can be stimulated by
public intervention. The OECD (2002) and other iin&tional organisations follow this
approach.

INSERT TABLE 1 ABOUT HERE.
Clearly, there is no consensus as to which aawighould be included in an Sl

and this provides abundant opportunities for furttesearch. In Table 1 we present a
provisional list of ten priority activities that weave adopted as a basis for systematic



comparison of Sls. This list of activities is basedthe literature (reflecting the research
approaches mentioned above) and on our own knowladgut innovation processes and
their determinant. It is structured into four theimacategories: (i) the provision of
knowledge inputs to the innovation process, (itnded side activities, the (iii) provision
of constituents of Sls, and (iv) support services innovating firms. This list is
provisional and will be subject to revision as dumowledge about determinants of
innovation processes increases. In addition to taokectivities that is likely to be
important in most NSIs, there are activities that ery important in some types of Sls
and less important in others. For example, thetioreaf technical standards is critically
important in some (sectoral) systems, such as mo&iécommunication's.

The activities-based approach to Sls suggested dmze not imply that these
systems are or can be consciously designed or gdan®n the contrary, just as
innovation processes are evolutionary, Sls evolver dime in a largely unplanned
manner. Even if we knew all the determinants obirations processes in detail (which
we certainly do not now, and perhaps never wilg, would not be able to control them
and design olbuild’ SIs on the basis of this knowledge. Centralisaatrob over Sls is
impossible and policy can only influence their Sjameous development to a limited
extent.

2.3._Applications to Public Policy

Thus far, we have argued that attivities-basedframework enables us to
address some longstanding theoretical debates mongehe character and dynamics of
Sls. We have additionally argued that one of tlagnradvantages of such a framework is
to provide a basis for systematic international parisons that can avoid the pitfalls of
structurally based or actor-oriented NSI definigom what follows, we will advance the
claim that arlactivities-basedramework is also very useful for identifying aaslsessing
policy issues within Sls. We will argue in partigulthat this framework- and, more
generally, the systemic approach on which it isedasis superior to the conventional
‘market failuréapproach to specifying and evaluating the grodadpolicy intervention.

As discussed elsewhere (e.g., Edquist 1997; Ed@@etd), market failure in
mainstream economic theory implies a comparisowden conditions in the real world
and an ideal or optimal economic system. Howewvenovation processes are path
dependent over time, and it is not clear which pailh be taken as they have
evolutionary characteristics. We do not know whettiee potentially optimal path is
being exploited. Moreover, the system never aclsi@giilibrium. For these reasons, the
notion of optimality is irrelevant in an innovatiaontext. It follows that we cannot
specify an ideal or optimal system of innovatiowl atherefore, comparisons between an
existing system and an optimal system are not blessand— as a corollary- it is not
meaningful to talk about optimal policies. Therethg notion of market failure loses its
meaning and applicability.

Instead of market failure, researchers followingyatemic approach often speak
of systemic problem$In contrast to the conventional approach outliabdve, the main
focus of the systemic approach is the complex aateyns that take place among the

" The activities in this sectoral system of innowatare discussed in Edquist (2003).
8 This means that the systemic approach decreasesid@bree of rigour and formality. It specifies
‘problemson an empirical basis and in a pragmatic wanot by referring to a formal model.



different organisations and institutions that cduast the system of innovation. From this
perspective, policy makers need to intervene irsg¢hareas where the system is not
functioning well. The rationale for innovation poli should therefore be based on
‘systemic failures or problemsather than ormarket failures (Chaminade and Edquist,
2006; Edquist 2001; Edquist and Chaminade 2006)arety of systemic problems are
mentioned in the relevant literature (Smith 2000pdlthuis et al. 2005), referring to
deficiencies in infrastructure and organisationabpabilities, evolutionary obstacles
rooted in risk and uncertainty, institutional h@sl(both regulatory and cultural) faced by
innovative actors, and barriers (cognitive and Qthie effective networking. These
various kinds of problems commonly point to ingtdnal and organizational issues that
can not be conceptualized or addressed exclusinelgrms of the (ideal) operation of
market mechanisms. Instead, they identify bottlesecdiscontinuities, gaps and
inconsistencies that refle¢the contextually specific nature of innovation Eeses
(Smith 2002: 1477).

As argued elsewhere (Edquist and Chaminade 2006)attivities framework
for analysing Sls proposed above can fruitfullyused for innovation policy purposes,
since the activities that influence innovation @eses in Sls provide a useful point of
entry into policy analysis. Thereafter, one camiig the organisations performing the
activities and examine the relations among therfierQthere is not a one-to-one relation
between organisations and activities, since a icelimd of organisation can perform
more than one activity and many activities can imyomore than one category of
organisation. With respect to innovation policy, wen analyse the division of labour
between private and public organisations with régarthe performance of each of the
activities in innovation systems and determine Weethis division of labour is justified
or not. Key questions regarding the grounds foicgointervention are, first, whether
there exists a systemic problem not spontaneowd)ed by private actors and market
forces (i.e., firms and markets fail to achieveegiyublic policy objectives) and, second,
whether government bodies or public agencies hageability to solve or mitigate the
problem (Edquist 2001). The policy discussion atheaoint should focus on changes in
the division of labour between the private andghblic spheres and on changes in those
activities already carried out by the public agesciThis includes not only adding new
public policy activities but alse and not least importantly -- terminating others.

As noted above, one of the main differences betweementional (or mainstream
economics) and systemic approaches to innovatiditypds that the conventional
approach begins by trying to define an ideal orinogk market model, whereas the
systemic approach focuses on interactions amongctimstituents of an innovation
system, and compares existing systems with eadr.oflinese two approaches tend to
define problems very differently, and they alscoramend different overall strategies for
problem-solving. One of the main differences betwd® two approaches is therefore
reflected in current debates on non-selectirsus selective innovation policies. In this
respect, current understandings of innovation gaie divided into two main camps. A
non-interventionist“laissez-faire version... [which] signals that the focus should be on
‘framework conditionsrather than specific sectors or technolojiesmpetes with a
“systemic version... [for which] a fundamental aspect becomes the reviewing and
redesigning of the linkages between the parts effitmovation] systefn(Lundvall and
Borrds 2005: 611). From the systemic perspectiveguation policy— like most other



public policy -- is naturally selective, since evpolicies that try to avoidpicking
winners by addressing market operations in general tengractice to favour certain
sectors, often preservirghe existing structure of productiband already established
technological trajectories (Edquist 2001: 22425).

The question then becomes in whdihection or in whichrespects the innovation
policy is— or should be- selective? Most large firms in established seabsroduction
pursue lobbying intended to make public actors stppeir own sectors and firms. New
and nascent sectors normally do not include stamigrs and can therefore not pursue
lobbying in an effective way. However, public inmdon policy intervention is generally
more justifiable in new sectors or in new operaian established sectors, since
“problems that are not solved or mitigated by private orgations are more frequent in
these contexts. This argument can be supportdetifotiowing way:

* Private organisations and markets have the greptebtems in handling
new activities where uncertainty and risk are largéstsuch operations
there is a strong risk that firms will underinvestR&D, or abstain from
development activities since it is unclear if thesea market for the
potential new products. Publicly financed R&D, pabitechnology
procurement, or incubation activities can mitigstieh problems.

* There is empirical evidence that suggests thatelaogle and radical
technological shifts rarely take place without teepport of public
intervention— not even in the USA (as opposed to incrementalvation
in established sectors). Carlsson and Jacobss&@)bh@ve shown this for
technological breakthroughs in electronics, sendoators, and genetic
engineering in the United States and Sweden. Mo\{&0905) has shown
that publicly funded R&D in combination with publitechnology
procurement has played a crucial role in developieng high-tech SSis in
the United States (and thereby in the world). EXesy@are computer
hardware, computer software, large aircrafts, bimelogy and the
Internet

* A small intervention at an early stage in an infimraprocess can have a
very large effect. The NMT 450 mobile telephonynsiard is an example.
A large intervention at a mature stage often hasrg small effect. (An
example was the Swedish public support to the sigyndustry in the
1970s and 1980s. The support for NMT 450 was aleafthundred man-
years and led to the emergence of a global industngre Nordic firms
are leading. The support to the shipyard industgogbed 0.5 percent of
the Swedish GDP over a 10-year period, but did hete any lasting
results. The difficult thing is tdpick and support winnetsbut avoid
“supporting losefs(in terms of sectors, technologies, and produ&sl,
this is the challenge for innovation polieyas well as for firm strategy.

Thus, lobbyism often seems to work for an innovafiolicy that should not be
pursued. Instead the support should be channellegpérations and sectors where risk
and uncertainty are largest. Innovation policy stiqulay the role of a midwife- not
provide support towards the end of life. This regsithat policy-makers and politicians
have a sophisticated analysis at their disposalyedsas a high degree of integrity, to
counter-balance lobbyism.



Arguably, changing the structure of production aaliering technological
trajectories are among the most formidable polibgllenges facing NSIs, given that
when uncertainty and risk are high, the dangerrnakets will under-perform relative to
public policy objectives is particularly great. Fexample, private actors might under-
invest in basic R&D (Arrow 1962) or they might nawvest at all in activities of great
social return but low individual return (e.g., somheigs). High uncertainty might also
prevent the emergence of innovations.

3. Comparing NSIsin the Ten Countries Project

In the literature on Sls, there has been an ong®ingion between, on one hand,
demands for a more structured conceptual framewmuak would facilitate systematic
comparisons and, on the other hand, insistenceecognizing the unique character of
individual Sls. The first position is well represed, for example, in various
contributions orlbenchmarkingby Niosi and colleagues (Niosi 2002; Niosi et1893;
Niosi and Bellon 1994), and it has also been adbpiethe OECD (1997). The second
position has been championed by, among otherstéviiet(2002) who argues for a more
contextually oriented approach to describing Séselal on the principles of historicity,
industrial specificity and geographical specificifjhe NSI literature has not yet fully
satisfied either set of expectations, as NSI preptsxadmit (Lundvall 1999).

In the Ten Countries Project, we tried to strikeatance between these opposing
views of how to study NSIs. On one hand, we pamde&lattention to basic statistics (on,
e.g., educational attainment of the labour foroelustrial structure, and globalisation)
and performance indicators for growth, scientifatiaty (publication), patenting, and
innovation. CIS Il data was used extensively incdesions of the European NSIs, and
parallel data sets were used for their Asian copatés. In addition to work on
indicators, we also followed a common format fosatéoing the ten NSIs, based largely
on the ‘activities framework presented above, as well as includingti@es on
‘globalisation and the economic consequences of innovation fon@uic growth. On
the other hand, however, we required each natisnaly to take the N& historical
background into full account, and we also askedcfoassessment of the RsSparticular
strengths and weaknesses, as well as its past pisbments and future challenges in
innovation policy. Perhaps most importantly, weamaged contributors to identify for
each NSI a central issue, problem, or paradox itheminated its essential character
and these provide central themes in each of thetgoahapters.

In operationalising théactivities framework presented in the foregoing section,
we were determined to avoldaive benchmarking- i.e., ranking the performance of
countries on a set of indicators, while disregagdentirely the'systemi¢ element in the
systems of innovation concept (Lundvall and Tomdm£002). Instead, we followed
what has been called‘@ase-basédpproach to making international comparisons. This
approach develops a central focus on contexts atterps, in order to provide a basis for
generating causal analyses (Ragin 1987). Essentiad analysis first draws out patterns
from within cases, and then compares these pattédrasuse somewhat different
terminology,‘cross-caseanalysis is precededand informed- by ‘within-casé analysis,
and both types of analysis focus on causal relsitiqs.



Prior to focussing on the identification and congam of patterns, we
systematically mapped national contexts. We begath & detailed overview of
economic performance over time, focussing on groptbfiles, the processes and
mechanisms by which economic growth had been aetljeand the linkages between
growth and innovation. We also addressed globazatnd its implications for
innovation as another important contextual dimemsBubsequently, we examined the
performance of NSIs. We used comparative patertatg indicating historical changes
in revealed technological advantage (RTA) to dgtish between countries that had
diversified their technological profiles, and caugd that had not. Thus, our mapping of
national contexts yielded two key dichotomie$ast vs. ‘slow growth andbroadening
vs. ‘deepeningtechnology profiles -- to describe broad pattevhshange over time. By
combining these dichotomies into a four-fold matrive were able to classify the ten
countries into four main groups, as will later ligcdssed in relation to Table 2, below.

To identify and compare patterns, we grouped onratetivities into four broad
categories:knowledge inputs(R&D and competence buildingllemand-side activitiés
(market creation and articulation of quality reguments),‘constituents of innovation
systems (generation of organizations, networks, and iastihs), and‘support for
innovating firms (incubation, financing and consultancy servic®ég further combined
these four categories into two main axes of agtivitne corresponded t&nowledge
inputs vs. ‘demand-side activitiés and the other tdconstituents vs. ‘support for
innovating firms. These procedures provided a compass that coultsdx to chart the
occurrence of problems of inconsisteneyimbalance, mismatch, or tensienin two
main dimensions of activity that are fundamental $gstems of innovation. The first
dimension features the problematic of supply venaled that is conventional to standard
economics and fundamental to the policy discoufsémarket failuré The second is
associated with the evolutionary economics probtemaf diversity creation and the
alternative discourse on institutional and orgaiosal ‘system failure By mapping the
occurrence of what we have called innovation poippblemsin relation to these two
axes, and by investigating their causes in termelationships among activities on both
axes, we identified patterns that lent themseleeotparative analysis.

4. Grouping NSIs by Growth and Technology Development

In this section, we discuss how we arrived at d@malrgrouping of the ten NSiIs,
based on performance indicators compiled for the Teuntries Project particularly
indicators for growth and technology developmernitstF we discuss the countries
growth profiles. Subsequently, we address theiondx with respect to technology
development. Finally, we present a four-fold clasation of the ten NSls.

4.1. Patterns of Growth

Our study was especially concerned with the padtesh growth for these
countries during more recent decades, and it ietbee appropriate here to characterize
the countries according to their growth patternsrdiie past 30 yearsi.e., from 1975
to 2005. Patterns of economic growth related totdre NSIs are shown in Figure 1,
below. The figure, which depicts growth in GDP papita over the 1975 2005 period,
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shows a clear separation between two groups oftgesnwith regard to their growth
patterns.

We can thus distinguish between a first group oé tountries marked bglow
growth and a second group of five countries that havebéek ‘fast growth. The first,
‘slow growth group includes the countries of Denmark, Finlatite Netherlands,
Norway, and Sweden. The secoffdst growth group includes the countries of Hong
Kong, Ireland, Korea, Singapore and Taiwan. Thisuging of the ten countries is
neither surprising nor controversial, correspondiag it does to the well-known
distinction betweercatching up economies and those that are eitffaling behind or
risk doing so (Abramowitz 1986, 1994). In fairndesthe first group ofslow growth
countries, though, they generally appear to havenbleolding and in some cases
improving their positions in recent years, rathem losing ground.

Our findings concerning the ten countriggowth patterns do not bring into
guestion accepted explanations of differentialsateeconomic growth, though they may
provide more support for some theories than foeih For example, the fact that all of
the fast growth countries, despite their long lis&) have undergone profoufrdgime
changeduring the 28 century, through upheavals such as revolution| wiar, and de-
colonization, may support the thesis that econogrmwth is best promoted by the
removal of inhibitory political institutions protBieg the vested interests of traditional
ruling elites (Jones 2003).The various nationadlisti served to highlight, with respect to
‘fast growth countries, that entry into the sangeowth sectdr(the electronics and ICT
industries) can be achieved by very different meaigh regard to'slow growth
countries, the national studies showed that sloawtr can be coupled with very
different sectoral specializations and technolddiegectories.

INSERT FIGURE 1 ABOUT HERE.

4.2. Technology Development

With respect to technology development, a clearsitia can be made amongst
the ten countries in terms of change in the dioectf inventive activity over time. This
division, moreover, cuts across the previously ussed categories dfast growth and
‘slow growth countries.

To capture the direction of inventive activity otane, we constructed statistical
profiles indicating historical change in patternis revealed technological advantage
(RTA), measured in terms of patenting activity wreimg during the period from 1980 to
2001 (Bitard et al. 2006: Figure 32)These'technology profilescovered eight of the
ten countries, excluding only Hong Kong and Singapdhey were examined in terms
of whether or not patenting activity over the whaeriod had maintained the same

® These profiles were originally produced as an addm to the followingdindicator repottfor the project:
Wang, K. Tsai, M.-T., Luo, | Y.-L., Balaguer, AHung, S.-C., Wu, F.-S., Hsu, M.-Y., and Chu,YY .-
2003. Intensities of scientific performance: Pudtiicn and citation at a macro and sectoral levelioé
countries. Working Paper. Science and Technolofprimation Centre- National Science Council. Taipei,
Republic of China.
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pattern of specialization as indicated for thetfssb-period, from 1980 to 1986, or
developed new areas of specialization in more tesgnperiods.

On this basis, we were able to divide the natigeehnology profiles into two
distinct groups. One on hand, there is a group afntries that have significantly
‘broadened their technological profiles: Finland, Norway, Sle@, and Taiwan.
Although they are not covered by thtechnology profile’s other evidence from the
country reports indicate that Hong Kong and Singamhould also be included in this
group, due to their recent initiatives to develgoneéstic biotechnology industries. On the
other hand, there is a group of countries that leatbeer maintained their earlier patterns
of specialization or narrowed them: Denmark, Irdlahe Netherlands, and South Korea.

4.3. Patterns of Change over Time in NSIs

By combining the distinction between countries thatl either'broadenedor
‘maintained/narrowéd their technological profiles with the previouslyiscussed
distinction betweerfast growth and‘slow growth countries, we were able to sort the ten
NSiIs into four main groups. These groups are shawiable 2, below.

INSERT TABLE 2 ABOUT HERE

Grouping the NSIs according to these two sets &gmaies enabled us to specify
four distinctive patterns of recent historical charamong the countries. The summary
account of the national studies that follows in tiext section is organised according to
this scheme.

5. Patternsof Activity in NSIs

In the following section, we provide brief accoumtsthe patterns of activity
characteristic of the four groups into which the &SIs were divided, as discussed
above. We are unable to provide detailed and cdmemsve accounts of all ten cases,
and therefore rely on brief summaries of the natliostudies prepared for the Ten
Countries Project. For each cell of the four-foldtnx illustrated in Table 2, we describe
and analyze the pattern of activity within NSlsferang to two main axes of activity:
‘knowledge inputs- ‘demand-side activitiésand‘constituents- ‘support for innovating
firms’. Due to space limitations, the discussion heres st address all the NSls equally
but focuses on selected cases. Sweden is treatetbading example of ‘alow growth
country that has broadened its technological mofdnd Taiwan as it$ast growth
counterpart. Among countries that have instead elesgp their technological profiles,
The Netherlands represerdgiw growth countries and Kore'fast growth countries.
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5.1. Technology Broadening and Slow Growth: Swediemway and Finland

Sweden, like Finland and Norway, has successfuibatened its technological
profile under— and in response to -- conditions of slow growtli.al these countries,
however, Sweden may have made the least progresscimological diversification.
Recent and fairly dramatic Swedish advances incbaenunications and other fields
such as Medical Electronics actually extend earfipecialization patterns and only
appear to bénew from a longer-term perspective. In contrast, Fidls breakthrough in
Telecommunications is much more recent, as is Ngeveapid progress in Medical
Electronics. Of all three countries, however, Sweddains the broadest overall profile.

Sweden has experienced an ongoing imbalance betteersupply of and
demand for innovations or innovation inputs, patacly R&D. The‘Swedish paradox
refers essentially to low pay-off in terms of nesgucts from very large investments in
R&D and innovation. This problem can be attributedseveral causes: globalization
resulting in commercialization of Swedish innovasoabroad, ineffective technology
transfer from research organizations to commemgpglication by firms, and a sectoral
allocation of R&D investment favouring industriestiwlow innovation intensity. The
dominance of incumbent large firms (MNCSs) is a cannthread in all these lines of
explanation.

Sweders extensive support for innovating firms and eneapurial start-ups has
resulted in only modest rates of new firm createmd only moderate success in
strengthening specialization in fast growthggh tech industries. New firm creation and
inter-firm networking remain dominated by largenfs, and institutional arrangements
(in e.g., labour markets and taxation) also sudtendominance of large firms, many of
them based in industries with low innovation inignsThere is considerable lack of fit
between‘constituents and ‘support, such that the ultimate beneficiaries of the tatte
appear to be those least in need. The overallrpatteevolution in Sweden is one of
gradual tradition from an innovation system domedaby large mechanical engineering
firms to one in which science-based and informaimdansive sectors will feature more
prominently, but large incumbent firms are unlikedybe displaced by new entrants.

Similar dynamics can be observed in the other taontries. Norway exhibits
little entrepreneurship in science-based and in&ion-intensive sectors. Thus,
extensive provision of support for innovating firfinas brought poor results, due to the
restrictive investment climate and structural nigidbored by the dominance of large firms
in the resource-extraction and transportation sesvisectors. In Finland, public-sector
support for innovation, networking arrangements] arstitutional reforms have been
geared mainly to the successful development amanationalization of large firms such
as Nokia. Entrepreneurial small firms have beenhmess well provided for.

5.2. Technology Broadening and Fast Growth Taiv&ndapore and Hong Kong)
Taiwan is our leading example of a country that hesadened its technology
profile under conditions of - or leading to - ragidonomic growth. Indeed, it may be the
only verifiable example, given the lack of corres@mg data on the apparently similar
cases of Singapore and Hong Kong. In Taiwan, bmiagehas occurred primarily
through dramatically increased patenting in th&lfedf Semiconductors and Electronics.
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As in the Swedish case, though, Taiwan has be@redntthis field for some time, and it
is only from a very long-term perspective thatahstitutes anew specialization.

Taiwaris rising rate of investment in R&D has been charaxtd by the fast
growth of business expenditure on R&D and a drammatirease in patenting. Similarly,
the strong expansion of Taiwanese post-secondaiyatidn has increasingly focused on
ICT-related scientific, engineering and technickills Balance between supply and
demand has obtained, since these developmentsiesre driven by the upgrading of
firms in high-tech manufacturing sectors. Thesmgirexcel in production for high tech
markets, drawing their competitive advantage fronanafacturing and process
innovation skills.

As it reaches the limits of factory automation ahe adoption of advanced
production techniques as a competitive strategyudh, Taiwan now confronts
mismatches on th&onstituents-supporaxis. These issues reflect the need of existing
firms to diversify, through product innovation bdsen independent scientific and
engineering capabilities. For Taiwanese firms &akrout of the trajectory that they have
established for themselves as technology folloveeid'second movetsit has become
necessary to reform existing institutions for poditon of intellectual property and
develop forms of R&D collaboration that facilitaippropriation of innovation.

Similar patterns emerge in the cases of SingapaleHong Kong, both of which
have recently diversified their pattern of innovatactivity by investing in the emerging
field of biotechnology. In Singapore, recent ina@ain indigenous R&D within targeted
fields of science and technology have not been Imedtdy the commercialization of
indigenous intellectual property in correspondirggters -- especially on the part of
entrepreneurial high-tech start-up firms. HistdhcaSingapore has concentrated on
developing labour force competencies and skillgl & main R&D inputs have come
from technology-intensive foreign MNCs with localpeyations. Singapore has
successfully reconfigured public and private inritra capabilities several times over
the past decades, through institutional reformsdahges in the provision of support to
innovating firms. However, there has been littleer@ private-sector response to the
current build-up of support services targeting @mteneurial high-tech SMES. Prospects
for developing indigenous R&D and innovation capgbiremain uncertain, and
technological entrepreneurship in strategic seatensains low, due to cultural factors
(risk aversion), gaps in institutions and organaat (a lack of mechanisnibridging
R&D and seed investment) and the conservatism alatinira small domestic market. In
Hong Kong, support for innovating firms largely nmfgrces the dominant producer
services trajectory by developing consultancy sexwiand financing ICT projects, but
incubation targets the nascent biotechnology imglusthis divided focus indicates
possible future tension and conflict between esthbtl and emerging industries. All
three cases reveal the difficulties of diversifioatin the face of path dependency.

5.3. Technology Maintaining and Slow Growth: Thelidglands and Denmark

In the Netherlands, unlike Sweden, there has beesignificant broadening of
the countris technological profile in recent years, and batlvamces and retreats in
patenting have occurred only in areas of spectabdzahat were established at an early
point. Recently, the strongest advances have atumrthe fields of Food and Tobacco,
Biotechnology, and Medical Electronics, all of whiwere already areas of strength for
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the Netherlands in the early- to mid-1980s. A Empattern obtains in Denmark,
perhaps most notably in the fields of Food and Toband Biotechnology.

In the Netherlands, despite very high performandd wespect to knowledge
inputs, innovative activity has levelled off andvate sector R&D has begun to decline,
at least in relative terms, implying diminishingnaend for these inputs. A pattern of
sectoral specialization that de-emphasizes manufagt together with globalization
effects, makes it difficult to improve system penfiance simply by increasing
knowledge inputs. Instead, balancing supply andashelmequires the Netherlands to gear
inputs to emerging growth sectors.

The problems encountered in the Netherlands include levels of
entrepreneurship and inadequate interaction betwagwersities and other public
research organizations and private sector actefigcted in low levels of knowledge
transfer and research commercialization. The divpadtern is one of an impasse bred
by ‘lock-in’ to institutional and organizational arrangemehg serve incumbent firms in
declining (or de-industrializing) sectors bettearithnew entrantsin emerging sectors.
The Netherlands NSI appears to bédaal systerh The universities, most research
institutes, and many public research organizaticai®gr primarily to large incumbent
firms, well established but declining industriesdarelatively old technological fields.
In contrast, only a few organizations provide igpud new firms, industries, and
technologies. Also, creation of new firms, indwesri and technological innovation
platforms is often poorly coordinated with corresgmg forms of support, some of
which are inadequately funded.

Denmark, like the Netherlands, has maintained ¢isdigrthe same technological
profile over the past two or more decades. Itsenurtransition towards a more mixed
mode of innovation combining a science and techgytitriven mode with the traditional
mode based on doing, using, and interacting héarswt entailed any major disruptions.
Against this background, recent policy appearsawehled in a potentially disruptive
direction that may actually become problematic,eshefing on the strength and focus of
initiatives to bring about structural change thhowgforts to strengthen high technology
sectors by promoting university-industry interaotiand the creation of science-based
firms and industries. However, policy makers coaldjue that Denmaik flagging
growth rate makes it imperative to step up thefmtsfand thereby break with tradition.

5.4. Technology Maintaining and Fast Growth: Koaed Ireland

Korea stands out among tHast growth countries as an example of technology
deepening that has also involved a narrowing ofcthntrys technological profile over
time. Koreds profile in the 1980-86 sub-period was much brodldan in the 1994
2001 sub-period. Similar changes have occurreckland, but not to the same degree.

Korea, like Taiwan, has a history of developing teehnological capabilities of
its own large firms. Similar to othé&atching upeconomies, Korea has matched supply-
and demand-side activities by utilizing importecchieology to support a strong
specialization in rapidly growing export marketspecially for‘high tech products.
Increasing globalization of both production and R&p major Korean firms has meant,
however, that efforts to upgrade domestic knowleidgeits will have to be coordinated
with initiatives to strengthen the absorptive cédiyagnd innovative capabilities of small
domestic suppliers to these large firms.
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Liberalization and efforts to promote a more entepurial economy in Korea
have been fairly recent developments. Despitelaggy reforms and the reorganization
or creation of support functions suitable to newntuee businesses, the economy
continues to be dominated by large conglomerates cliaebols have adapted poorly to
liberalization and continue to constrain innovatinatworks, in particular. Thus, a
mismatch of organizations and institutions frustsatsupport for innovating firms.
Generally, the Korean NSI is experiencing a difictransition from large firm
dominance and top-down government steering to pr@neurship, open competition,
and more interactive partnerships between goverhaneah industrial actors. In both the
‘old’ and the'new versions of the Korean NSI, small domestic firnaséntended to be
disadvantaged, but the latter benefits new venbwsnesses while threatening more
traditional SMEs.

A similar problem arises in Ireland, albeit in teda to foreign, rather than
domestic MNCs. In activities related ‘@onstituentsand‘support, the Irish NSI has, on
one hand, bolstered inward investment by embedébngign MNCs within local or
regional clusters of inter-related firms, and, ba dther, promoted the formation of new
firms, the development of innovative capabilitiesid effective innovation networks
within indigenous industries. Success in the laitpe of effort appears to have depended
greatly on the degree to which there has beenrdfisant overlap with the former type.
The predominance of foreign MNCs has ensured higdgradl consistency in Irelarsl
NSI, such that its main strengths are based onrakgts of different kinds of activities
that support this industrial order. Thus, e.g.eimn MNCs based in Ireland constitute
important sources of demand for indigenous firmd$iose innovation and growth
performance has been improved by vertical linkaghk thhem. Small indigenous firms in
traditional industries outside this virtuous cirodgnain the NS$ weakest components.

6. Comparative Analysis

In this section we relate the foregoing overviewtlsd ten NSIs to the theoretical
and practical issues that we raised at the outs&ection 2). The main theoretical issue,
related to the different perspectives advancetbimad and‘narrow definitions of NSIs,
concerned the character and coherence of N&&s, the question of whether or not they
exhibit truly ‘systemi¢ properties, even in the context of increasing agliahation.
Practical issues included both the requirementsoohparative research on NSIs and
policy questions, particularly the debate on ndedee versus selective measures. The
discussion below focuses on primarily on policyuess However, it also seeks to
demonstrate the utility of dactivities approach for comparative research on Sis.

6.1. NSI Coherence under Globalisation

We begin by returning to our original point of depae, the concept of NSlis. As
noted at the outset, there has been ongoing, albeierstated, rivalry betweébroad
and‘narrow conceptions of NSls. In addition to defining N8iferently, they expressed
fundamental differences of opinion concerning thiegrity of NSIs. Representing the
broad approach, Lundvall (1992) argued that NSlalev@ontinue to pursue distinctive
national trajectories, even under the homogenimfigence of globalization processes.
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The narrow approach implicitly questioned this posi based on Nelst(1992) view
that NSlIs could largely be reducedetsembles of sectoral systems of innovation (SSIs).
On these questions, evidence from the ten counmesstigated in this project
generally favours thébroad perspective on NSIs, rather than tiarrow one. The
national studies have shown that although econ@rowth can be based on different
patterns of sectoral specialization and trajectoidé technology development, most
countries have moved, or attempted to move, irdttextion of greater specialization in
rapidly expandinghigh technologysectors, in order to achieve or maintain highgate
economic growtH? However, examination of the countries that havenbenost
successful in this endeavowr i.e., the ‘fast growth countries— reveals that their
respective entries into (in almost all cases) #maeshigh-tech sector (i.e., electronics)
have been accomplished through very different exgias and mechanisms. Some, like
Korea and Taiwan, have focused on developing domishs capable of competing in
the global market, whereas others, like Ireland é@mutil recently) Singapore, have
focused mainly on attracting foreign MNCs and prang‘innovation by invitatioh
Further, the evidence on globalization effects a¢ve growing diversity in the
technological trajectories that botast growth and‘slow growth countries have chosen
to pursue, even within the same sectors. In ICTufaturing, for example, Sweden has
increasingly become a centre for R&D, whereas Taiiias mastered and refined
sophisticated production technologies and Hong Kbag focused on co-ordination,
adding high-value-added services to regionally #asternational production networks.
Both Denmark and The Netherlands have developathgitis in biotechnology, but
while the former has benefited from internatior@laboration, the latter has experienced
diminishing returns. Rather than converging, thelsNi our study have established
distinctive roles within an increasingly differeattd international division of labour.
Moreover, these roles tend to be consistentss sectors, as demonstrated by the cases
of countries as widely different as Sweden and HKngg. Thus there is considerable
evidence to indicate that globalization does notleMNSlIs or render them incoherent.

6.2. An‘Activities-basedPerspective on Policy in NSIs: Problems and &tiat

We now turn to policy issues, which we initiallysdussed in Section 2.
Following our more general argument that our prepoactivities framework facilitates
the comparative study of NSIs by circumventing pheblem of‘functional equivalence
we argued more specifically that this frameworkvites an especially useful point of
entry into policy analysis. Following this approacte can identify the organisations
performing the activities and examine the relati@among them, focussing on the
division of labour between private and public origations and trying to determine
whether it is justified or not. This kind of analys we explained, requires the
specification of policyproblems and the assessment of organisational problemrgplvi
capabilities. Further, we pointed out that conwmral (or mainstream economics) and
systemic approaches to innovation policy differ moiy in how they define policy
problems- i.e., ‘market failuresin the former approach anslystem failuresin the latter
— but also in their strategies for solving such peais. The conventional mainstream
economics approach recommenti®n-selective strategies that address framework

19 Here, specialization is measured in terms of ceangroduction structure, not in terms of patemtin
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conditions, whereas the systemic approach promutas ‘selective strategies focused
on particular linkages within a given NSI.

Our discussion of analytical procedures in Sec8autlined how the occurrence
of policy problems could be mapped onto two maiesarr dimensions of essential
activities in NSls: The first axis ofknowledge inputsand ‘demand-side activities
highlights problems of supply and demand, which tanconceptualized asnharket
failures. The second axis dtonstituentsand ‘support for innovating firnisfeatures
institutional and organizational problems that t@nthought of asystem failures. We
used this scheme to identify and compare the oecaer of policy problems in NSls

For most of the countries in our study, the modtractable problems of
innovation policy took the form of issues arising the axis of activities concerned with
the ‘constituents of innovation systems and the provision ‘sfipport for innovating
firms’. This is perhaps unsurprising, given that marketds— or public interventions
aimed at clearly identifiable market failures -nche expected to achieve or restore
balance along the other main axis ‘liowledge inputsand ‘demand-sideactivities.
Mainstream economists have been fairly successiulidentifying specific policy
instruments that can be used to addresarket failures whereas proponents of the
alternative, systemic approach have not made aimpiogress in specifying instruments
to addresssystem failures(Mytelka and Smith 2002).

A perhaps more surprising observation is that wséhcountries where serious
mismatches or inconsistencies do arise on the daxlsnowledge inputsand‘demand-
sidé activities, they can be traced to causal factosso@ated with the axis of
‘constituents and ‘support for innovating firms This finding indicates that the main
challenge facing NSIs is that of creating diversity.e., escapinglock-in" into well-
established production specializations and teclyicdd trajectories by launching new
alternatives. In contrast, the more familiar pesh$ of providing adequate factor inputs
and ensuring competitivéramework conditionsappear to be issues whose solution is
much easier. These considerations lead, in tur@rgaments for selective innovation
policies, which in contrast tdrameworK policies, are more closely associated with
‘system failure’s

Returning to the most problematic cases amongdsiba/ growth countries, the
evidence from both Sweden and the Netherlands stgppocritique of non-selective
policies. Historically, Swedish innovation policiésve reinforced the dominance of
large firms and industries characterized by lowoiwation intensity, and have also
supported high levels of investment in educatiod B&D. More recent policies have
emphasized providing support to start-up firmsdiesce-based sectors, but othawn-
selective reforms have promoted the globalization of Sweésienajor industrial firms
while maintaining their dominant position withinetmational economy. New firms and
new industries have therefore developed slowlyteoms favourable to incumbent actors.
In the Netherlands, past and present policiescticetowards increased competition, on
one hand, and higher levels of public-private m#ion, on the other, seem too broadly
framed to accomplish a fundamental reorientationtred NSI. The main question
concerning interaction in the Netherlands NSI,,dggarguably not one dhow much?
but ratherwhat kind? Non-selective policies that overlook such issaresliable simply
to reproduce the existing system and perhaps as®éts main strengths.
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Strong support for the necessity of selective jpdie and also clear indications
of the problems entailed in developing and impletimgnthem— emerges from the most
problematic cases amorifast growth countries. Korea exemplifies the limidas of
policies addressinghe markeétin general. Liberalization was a necessary resptmshe
financial crisis of the 1990s, and involved theraduction of reforms that were both
wide-ranging and comprehensive. However, Korean icpohakers apparently
underestimated the difficulties of implementati@sg evidenced, e.g., by the relative
underdevelopment of new arrangements for finanammgvation. Further, continuing
problems with the output and organization of botiblig education and public sector
R&D indicate that the extent and pace of reformehaot been sufficient and may need to
be redoubled in certain areas. The Taiwanese daswdtes the difficulty of designing
selective policies. Historically, Taiwaninnovation policies have succeeded in fostering
competitive OEM/ODM firms in ICT manufacturing. Myaaspects of the NSI have been
geared to this effort- e.g., the public sectarrole in building competences in strategic
areas through a variety of mechanisms for techyotbfjusion and learning. However,
the past achievements of Taiwanese innovation ydlaove also contributed to current
problems of lock-in, and policymakers now face thallenges of developing stronger
indigenous R&D capabilities and strengthening tPied of domestic firms.

The cases cited above are not exceptional, insgasimilar findings occur in
other national studies. For instance, the Norwegas®e supports the same conclusions as
the studies of Sweden and the Netherlands, an&itigaporean case develops insights
similar to those articulated in relation to Taiwdn.Norway, past innovation policies
were directed towards breaking out of the exispagern of industrial and technological
specialization by focusing on selected science¢basd information-intensive industries,
and corresponding research fields. However, thedeigs were not supported by
accompanying reforms in areas such as taxationtteydwere also undermined by an
economic downturn during the early 1990s. More mégéenovation policy has shifted
towards a non-selective approach that implicitlwolars established sectors and
incumbent firms, especially in terms of support R&D. In the case of Singapore,
innovation policies have evolved with the NSI, tally leading its development.
However, the achievements of past policies¥MC-leveraging economic developmeént
may have reduced policymakesgsope of action in recent efforts to build up gehous
innovation capabilities. Although the policy shifiwards investment in R&D has had a
positive impact on R&D intensity and innovative feemance, policies geared towards
promoting high-tech entrepreneurship have not egaimilar success thus far.

7. Conclusions

The findings discussed in the foregoing sectionnpdb the fundamental
importance of path-dependent processes of co-ewnlut i.e., “mutual expansion of
complementary social institutiohsvia coalescence arounthational specificities in
organizing principles(Dosi and Kogut 1993: 253, 258) -- in the ongaileyelopment of
NSIs. The innovation studies literature has mamfigcussed co-evolution in terms of
interaction among the variables of technology, stdal structure, institutions, and
demand (Nelson 1994letcalfe 1998)but has lately sought to develop more finely-
grained accounts of how various elements of a systeinnovation develop over time
through mutual adaptation (Malerba 2004: 30). Aldyathe‘activities approach that we
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have followed in describing and analyzing thimall economyNSiIs in the Ten Countries
Project is particularly well suited to this purpobmlike other approaches to the study of
innovation systems, which typically focus on eletsgractors, and structures, the
activities approach directs attention towards teddmental mechanisms and processes
by which systems of innovation are constituted einange over time, given thé&ocial
systems [must] temporalize their elements as aei@nts (Luhmann 1995: 293).

We do not claim to have produced a definitive actaf co-evolution in NSls
within the Ten Countries Project, but merely to dawdicated its fundamental
importance. As we shall now discuss, that imporaiscnowhere more evident than in
relation to the design of innovation policy. Atetlsystem level, innovation policy
informed by an evolutionary perspective entailsratiting to assess, influence, and lead
(i.e., co-ordinate) complex processes of changedswtlopment, rather than trying to
“impose predetermined outcorh@gth a focus on individual innovations (Metcalf@9b:
31). On one hand, as we have argued, this reqaisedective approach; on the other, it
demands grasping the dynamics of co-evolution aeg &omplementarities among
different aspects of an NSI.

In all ten of the NSIs covered by this study, pgiakers have, without
exception, proclaimed the adoption of tfgystems of innovationapproach as a
framework and guide for future innovation policys Already noted, however, there are
widely differing views within the policy-making camunity on whatinnovation policy
consists of, and the same might also be said dfytbieems of innovation approach, which
is often used'more as a label than an analytical to@dquist 2005: 202). Certainly,
there are often wide discrepancies in policy betwdlee rhetorical and practical
expressions of a systems of innovation approacis. @dint is strikingly demonstrated by
the case of Norway. Norway currently fackke issue of deciding between a broad
approachversus a more targeted approdcliGrgnning et al. 2006: Section 7.3).
Implicitly, the ‘broad approach appears to invoke the systems of inmmvatbncept in
calling for a‘holistic’ policy framework. However, it remains vague aspecific policy
measures, expresses an underlying philosophjgerieral upgradirig avoids setting
priorities, and reverts at least partially to a#n view of the innovation process. All of
this is highly incompatible with a systems of inatien approach, as demonstrated by the
Norwegian study (ibid.), which incorporates a catianalysis informed by a systemic
perspective that proposes a much niangjetedkind of innovation policy for Norway.

In developing a‘performative perspective on organizational change, Feldman
(2003: 749has argued thdit is difficult to bring about change in organizatal routines
when the change is inconsistent with broader utaedsgs about how the organization
operates as these understandings are producecepmdiuced by other performances in
the organizatioh The activities-based approach applied in this manative study of
national systems of innovation leads to similar atesions about the importance of
achieving consistency at the system level. Theeascof specific policy measures aimed
at changing particular activities, or sets of at#@g, within a system of innovation
usually depends on simultaneous adjustments to leongmtary or related sets of
activities within the system. The discussion in theegoing section has cited numerous
examples to this effect, and here we confine oueseto just one more. In Denmark,
where‘low-tech activities predominate and a large population MIES has only weak
networking linkages with the universitie§policies aiming at bringing the national
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system'to the very topin this dimension might not necessarily strengttiensystem as a
whol€’; other technology transfer strategiessich as life-long learnirignay be more
effective in strengthening the innovative capabdit of many firms and sectors
(Christensen, et al. 2006: Section 7). More gehgrahe Danish study shows that
policies aimed at promoting a transition to'saience-basédnode of innovation are
unlikely to succeed in Denmark without taking irgocount the wider socio-economic
setting and other factors contributing to the sasfié operation of the Danish model.

Of course, achieving perfect consistency withintexys of innovation should
never be regarded as an end in itself, since tloaidvbe tantamount to the pursuit of
inertia. Our study abounds with examples of coastthat have excelled in specialising
in certain sectors, technologies, forms of busimeganisation, and modes of innovation,
to the extent that further incremental progresaiglthese well-established trajectories
would be for them the path of least resistancendtd by little or no disruption at the
system level. However, as these same examplesateditis kind of balance or harmony
within a system of innovation may actually be caiessealarm, since it is symptomatic of
‘lock-in’ to pathways whose potential for generating econowelfare may soon be
exhausted. Taiwan may have achieved world-clasgenyas ICT manufacturing, but
now faces strong competitive pressures to develop ihnovative capabilities of
Taiwanese firms in the areas of product innovataesign, marketing and distribution.
Finland may have accomplished a successful lange-léd entry into a key high-
technology sector, but remains highly vulnerabléeinms of both excessive dependency
on electronics and the preponderance of one lamgdtj-national firm. In both NSIs,
change is imperative.

Rather than minimizing systemic change, the prdpsk of innovation policy
should be to channel it in the most potentially aeding directions. Innovation systems,
like other systems, evolve by resolving problemsnagbnsistency- systemic tensions,
mismatches, or imbalances -- and innovation poldiyected towards achieving
fundamental systemic change often requires intnogusuch problems into the system of
innovation, usually through specific policy measuagmed at altering particular aspects,
or sets of activities, within the system. Howemalicy-makers should not be soive as
to expect that these initiatives are liable to seccin the absence of accompanying
adjustments to complementary or related aspectareas of activity. This kind of
balancing act, moreover, may be easier to accomplisthe earlier stages of system
development. As systems evolve over time towardatgr complexity, they may afford
policy-makers progressively less room for manoewvith regard to any given area of
activity.
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Tablel
Key activitiesin systems of innovation

10.

Provision of knowledge inputsto the innovation process

Provision of R&D and, thus, creation of new knowledge, primarily @ngineering
medicine and natural sciences.

Competence building: educating and training the labour force for insion and R&D
activities.

Demand-side activities
Formation of new product markets.

Articulation of quality requirements emanating from the demand side with regard to
products.

Provision of constituentsfor Sl's

Creating and changing organisations needed for developing new fields of innovati
Examples include enhancing entrepreneurship tdereav firms and intrapreneurship
diversify existing firms; and creating new reseascfjanisations, policy agencies, etc.

Networking through markets and other mechanisms, including interactive learnin
between different organisations (potentially) irwesl in the innovation processes. T
implies integrating new knowledge elements devealdpdlifferent spheres of the Sl a
coming from outside with elements already availabléne innovating firms.

Creating and changing ingtitutions — e.g., patent laws, tax laws, environment and ge
regulations, R&D investment routines, etcthat influence innovating organisations 3
innovation processes by providing incentives fat esmoving obstacles to innovation.

Support servicesfor innovating firms

Incubation activities such as providing access to facilities and adrnatise support fof
innovating efforts.

Finance of innovation processes and other activities that can facilitate commédisadion
of knowledge and its adoption.

Provision of consultancy services relevant for innovation processes, e.g., techno
transfer, commercial information, and legal advice.
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Source: Edquist (2005)
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Table?2

Patter ns of Recent Historical Changein 10 National Systems of Innovation

Direction of
Innovative Activity
(1980 - 2001)

Economic Growth Rate
(1975 — 2005)

Slow Fast
Broadened Finland Taiwan

Norway (Hong Kong?)

Sweden (Singapore ?)
Maintained or Denmark Ireland
Narrowed The Netherlands Korea
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Figure 1
GDP per capita 1990 GK $, USA = 100. 10 European and Asian Countries."
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& The term 1990 GK $ refers t8990 US dollars converted ‘@eary-Khamispurchasing power paritiés

Source: Groningen Growth and Development Centre and TheéZence Boardlotal Economy
Database, January 2006, available attp://www.ggdc.net
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