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Philippe Larédo and Philippe Mustar
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PUBLIC SECTOR RESEARCH:

A GROWING ROLE IN INNOVA TION SYSTEMS

This artide highlights three converging trends that 'public sector
research' has experienced over the last decade. Looking especially
at France, the discussion draws attention to the growing centrality
of universities, the blurring of relationships between types of
research institutions and types of research activities, and the
development of 'research collectives' as a central organisational
feature now emerging throughout Europe.

1- INTRODUCTION

Universities and government laboratories today face a paradoxical situation. On the one hand,
proponents of the new mode of knowledge production proclaim the end of the university's
leadership, if not monopoly,l in Research, as even fundamental research becomes driven by
'problem solving'. On the other hand, those who advocate national systerns of innovation insist
on a central role for higher education in the new knowledge economy.2 Government
laboratories similarly face the sarne apparent contradiction: privatisation has been on the political
agenda in many countries/ whilst public debates focus on how best to ensure public safety in
relation to the environment, health, and food. In a recent analysis of research and innovation
policies,4 we have highlighted the importance of changes that have taken place in the last
decade. Most, if not all, the trajectories we observed converge upon the growing role and
importance attached to 'public-sector research'.5 During the last decade, universities have
grown in importance, and the troubled times of government laboratories have ended. Both types

I Michael Gibbons et al.,]be NeW Productjon ofKnowledge (London: Sage, 1994)

2 Richard Nelson (oo.), National Innovation Systems (Oxford: Oxford University Press, 1993); Bengt-Áke

Lundvall (ed.), Nationallnnovation Systems: Towards a Theory oflnnovation and Interactive Learning. (London:

Pinter Publishers, 1992), Charles Edquist (oo.), Systems of Innovation: Technologies. Institutions and

Organizations (London: Pinter Publishers, 1997).

3 Deborah Cox, Philip Gummett and Kate Barker (eds), Government Laboratories. Transition and Transformation

(Amsterdam: lOS Press, 2001).

, Philippe Larédo and Philippe Mustar (eds), 2001, Research and Innovation Policies in the New Global

Economy. An International COPlParative Analysis (Cheltenham: Edward Elgar, 2001).

5 Jacqueline Senker J., 'lntroduction to a Special Issue on Changing Organisation and Structure of ElUUpean

Public-Sector Research Systems', Science and Public Policy, 27 (6), (2000), 394-396.
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of institutions have become critical, both to finns (as evidenced by the exponential growth of
collaborative agreements) and to public authorities, whether national, 'regional' or European.
Why is this so?
This article argues that the new interest in public-sector research - in Europe and the United
States - is explained by two factors. First we are seing a progressive but radical repositioning of
science and technology policies away from the direct support of large firms, and towards small
and medium enterprises (SMEs). Second, we are finding that public authorities rely more and
more upon public-sector research for the implementation of new policy objectives. Public sector
research has continued, but not in traditional forms: both universities and government
laboratories have undergone significant transformations. In this article we have chosen to show
how this process has taken place in one country - France, in the last fifteen years. Even if this
supplies only a single case, it does highlight the questions that such developments pose to
policy-making more generally, particularly in relations to the changing role of universities, the
convergence between universities and government laboratories, and the emergence of new
'research collectives'. In questioning the classical assirnilation made between types of
institutions and types of research - i.e. universities and fundamental research, and government
laboratories and applied research - we argue that Europe is witnessing a progressive
decentralised, bottom-up, transformation which is introducing a unique diversity in the practice
of research.

2- FOUR TRANSFORMA TIONS IN THE EUROPEAN ST&1 LANDSCAPE

In recent years, OECD has reported a shrioking role of public expenditure on R&D in most
OECD countries. Even in France, which is known for its large public expenditure,6 private
expenditure has become more important tban public spending on research. Part of the
explanation for this movement involves the reduction of Defence research and the quasi-
disappearance of large programmes, alongside an increasing focus on SMEs and collaborative
programmes, with the emergence of new public authorities and 'territorial' specialisations, and
new interest in research on public issues.

2.1- REVISITING TIIE ROLE OF MILITARY R&D AND OF LARGE PROGRAMMES

The argument most commonly advanced to explain this 'budgetary squeeze' on R&D lies in the
widespread deterrnination to reduce levels of public expenditure. However, this argument --
which may apply in some national situations (such as the UK) -- is insufficient to explain the
more general movements that are now being observed. This change was seen first in western
countries that traditionally had large military R&D expenditures. In the 1990's, these saw a
large decrease.7 This means tbat a large fall in public R&D can occur alongside a significant

~cf. Franvois Chesnais, 'The French National System ofInnovation', in Richard Nelson (ed.), OR. cit.

7 In the US, this decrease did not touch the research part of this effort, and the diminution observed has only

brought back the level of public expenditure to what it was at the beginning of the 1980' s (Bany Bozeman and

James Dietz, 'Trends in the United States: Civilian Technology Programs, Defence Technology and the



••••••••••••••••••••••••••••••••••••
increase in public, non-military R&D expenditure. Furthermore Japan, where prívate R&D
represents three-fourtb oftotal expenditure, has entered, since the passage of a new Basic Law
in 1995, a reverse cycle, and airns at doubling its public research expenditure and thus at rapid1y
increasing the public share of its knowledge base.

A second explanation for tbis changing pattem deals witb civil 'large' prograrnmes, dedicated to
the development of complex systems at tbe frontiers of technological knowledge. Tbese
programmes were dedicated to energy (especially nuclear energy), telecommunications, tbe
computer and microelectronics industry, aeronautics, and space. Tbe ideology of large
programmes - and tbeir public-private arrangements - was particularly developed in France,
where they were successful in making a number of 'national champions' into firms tbat compete
at a world level. Framatome and COGEMA in nuclear energy, Aerospatiale (now part of EADS)
in aeronautics, ST Microelectronics in electronics, France Telecom and Alcatel in
telecommunications, and Ariane Espace in space are among the best known. Such a list
highlights tbe importance of movements that have taken place. All tbese firrns, which were once
nationalised, have now been prívatised. Quite a few have developed tbeir present positions
tbrough the insertion of national programmes into European wide agreements - Such as Jessi
(within the frame of EUREKA) for ST Microelectronics, Airbus, and tbe European Space
Agency. Furthermore, most of tbese firrns entered into European alliances and mergers which
have greatly reshaped bOtb tbeir identities and tbe relationships tbey entertain witb 'tbeir'
national governments. Tbis movement has been paralleled by a rapid decrease of public funding
(space excluded). Tbis is, at least in France, a second major element in tbe relative decrease of
public expenditure.R Such movements also developed in Japan where large programmes have
lost ground.9

We thus believe tbat tbe decline in military R&D expenditure and large programmes explains
most of the 'budgetary squeeze'. In most countries, otber public R&D expenditure has
increased. What, then, are tbe areas into which public investment is being redirected, and how
is this being achieved?

Deployment of National Laboratories·. in Philippe Larédo and Philippe Mustar (eds), op. cit.). The increase

witnessed following the 2001 events does not change the overall trend, only its relative importance.

& Just as an example, the orders ofmagnitude ofthe TOleofboth components in France are the following. In the

mid-1980's, military expenditures represented around 30"10 of total public R&D expenditure, and within civil

expenditure, large programmes represented around half the total. Today military expenditures are under 20"10 axi

large programmes (or the public institutions that remain, like CEA, the nuclear energy institution) represent

around 25% oftotal civil expenditure (out ofwhich two-thirds are internal expenses, i.e. the usual functioning of

public research institutions). Still the public civil expenditure has remained on a plateau in constant Euros for the

whole decade.
9 Cf. Scott Callon, Divided Sun (Stanford: Stanford University Press, 1995).
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2.2- THREE MAIN FOCI FOR PUBLlC INTERVENTION

Many have asked whether the decrease of large programmes is linked to government
disengagement from industry. The answer is not straightforward. We face three simultaneous
movements. Elsewhere, we have emphasized the rise of a new policy instrument, which we
have called the 'technological programme' .10 Dedicated to the technological competitiveness of
existing industries, such programmes aim at mobilizing different actors to develop collectively
new competences and capabilities identified as critical for the future. The Alvey programme in
Britain was such a programme, which was followed in almost all EU countries. The European
Commission became a major player in this direction, with programmes such as Esprit, Race or
Brite.11 These in turn pushed the Bush and Clinton administrations to create and develop the
ATP ('Advanced Technologies Program') in the United States. Collaborative research is at the
heart of such activities, both for so-called 'pre-competitive' research between competing
companies, and for fostering vertical cooperation between firms and their suppliers or potential
customers. They also actively promoted collaboration between private firms and public
research.12

However, in many European countries, such programmes lost ground in the 1990's. This
outcome was explained by the changing nature of large firms, and was linked to arguments
concerning globalisation. In France, surveys revealed how specifically national characteristics
of large firms have declined, and highlighted the rapid intemationalisation of research and
innovation.13 These evolutions led to a questioning of traditional relationships between large
firms and national policies and to a new policy focus on the innovation capabilities ofSMEs.14

In most countries, new simple, quasi-automatic procedures for supporting innovation activities
have been implemented - such as R&D tax credits in the US and France, assistance in recruiting
researchers and engineers in Germany, fiscal support for investrnent in Italy, and the
mechanism of Aide a l'innovation, a interest-free loan repayable only in the event of commercial
success, initiated in France and now present in more than ten countries. This new policy

ID Michel Callon, Philippe Larédo and Philippe Mustar (eds), The Strateiic Management of Research and
Technology (paris: Economic International, 1997).

11 These dealt with information technology, communication technology and production technology (such as

mecatronics ).
12 For a better appraisal of their role see among others the national impact surveys made on the effects of EU

programmes in different countries, and especially in the UK, Germany and France: Luke Georghiou et aL, ~

Impact of EC Policies for RTD uoon Science and Technology in the UK (London: HMSO, 1993); Guido Reger

et aL, European Technology Policy in Germany (Karlsruhe: ISI, 1993). Philippe Larédo, 'Structural Effects of

EC RT&D Programmes', Scientometrics 34 (3), (1995), 473-487; Philippe Laredo, 'The Networks Promoted by

the Framework Programme and the Questions they Raise about its Formulation and Implementation', Research

Policy, 27, 589-598.

13 For a review of changes witnessed between 1995 and 1999, see Philippe Larédo and Philippe Mustar, 'La

rechen:he, le développement et l'innovation dans les grandes entreprises fran~ises: dynamiques et partenariats',

Education et FonnatioQS, 59, (2001), 21-39.
14 See for France, Bemard Majoie, Recherche et innovation: la France dans la compétition mondiale (paris: La

Documentation Fran~se, 2000).
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approach underlines the increasing reliance on frameworks other than those traditionally
associated with science and technology policy. In this way, fiscal policy, intellectual property
rights, and procurement policies (such as the Small Business Act in the VS) have played new
roles in fostering a favourable environment. Even more important has been the creation of
mechanisms to help SMEs access and use existing public facilities, such as the Manufacturing
Extension Program in the VS and the numerous Technology Resource Centres in most
European countries.
These developments suggest how important public-sector research has become to national
political agendas. What was at first, for government laboratories, a question of rationalisation --
and even, in the VK, of privatisation -- has tumed in many countries into a rethinking of their
role, often entailing massive reorganisation (as in Finland). As Crow and Bozeman point out,
government laboratories have shown a capacity to overcome initial difficulties and remain in the
public sphere.15 At the same time, higher education has grown in importance to public research.
Even in France, where the balance was strongly in favour of research within numerous
govemment laboratories (and especially, within the CNRS), there has been a dramatic change in
less than two decades. There are now twice as many full-time equivalent researchers in French
universities than in the CNRS (30,000 against 14,000), which means that, in personnel terms,
the ratio is now four to one. For new positions, the ratio for the last five years (1997-2001) has
been over lOto l!
The growing importance of public-sector research is also visible in most new initiatives for
fostering economic growth. Many countries have developed policies to link universities to
industry (such as the British LINK prograrnme). For instance, in France, 'national
programmes' have been replaced by 'national networks' where public support is limited to
assisting public-sector research participation in réseaux nationaux de recherche technologique.
Everywhere start-ups and incubators (which typically originate from, and are linked to, public-
sector research) have been high on the agenda 16

2.3- TOWARDS 'TERRITORIAL' SPECIALISATION

This triple focus - on technological prograrnmes, support for SME's, and public-sector research
_ is not, however, equally evident in all European Countries. This is explained we believe, by
territorial differences and specialisation between regions, national govemments, and the
European Vnion. For example, the EV is playing a central role in 'technological programmes'.
This role was debated at length in the 1980's. Such is no longer the case. No member country
has as important an 'Information and Communication Technnology' prograrnme as has the EV.
The 'Industrial and Materials Technologies' prograrnme has by far superseded the sum of

15 Michael Crow and Barry Bozeman, Limited by Design: R&D Laboratories in fue US National Innovation

System (New York: Columbia University Press, 1998).

16 Philippe Mustar, How French Academics create High-Tech Companies: Conditions of Success and Failure of

this Form ofRelation between Science and Market, Science andPublic Policy, 24, (1997), 37-43.



••••••••••••••••••••••••••••••••••• t

national programmes on similar issues.17 Moreover, The recent introduction at the EU levelof
research in transport technologies (a stronghold ofnational prograrnmes), in aeronautics, and in
the Galileo space prograrnme are clear markers of a progressive transfer of national
responsibilities to the European Union. This tendency has been reinforced by the fact that
national programmes are increasingly framed within European agreements - such as the
European Space Agency, Airbus and Eurocopter. There is now a tradition of European
consortia being successfully entrusted with large research facilities (CERN AND ESF being
examples). Current debates about direct EU funding of such facilities is another indicator of this
new moving partition of responsibilities.

At the same time, National policies have been undermined by progressive developments at the
sub-national level - that is by regions in France, Italy and Spain, where elected regional
authorities have brought about a redefinition of the institutional landscape. Even the UK is
witnessing a similar phenomenon, with its processes of devolution. Currently, we lack studies
of the policies this movement has produced, and of the ways in which regions have responded.
However, we have pointed to the experience ofFrance in moving from a territorial extension of
national policies to regional policies which regional councils discuss on an equal footing with
central government. 18In Spain, Emilio Munoz has shown how 'autonomous regions', such as
the Basque region, have developed policies for local industry.19 Munoz also highlights the
institutional transfer of universities to regions that is now underway. These elements highlight
two main features of regional policies: their focus upon the higher education landscape,20 and
their assistance to SME innovation through the building of networks and structures (such as
technology resource centres). More and more countries now face a situation similar to that of
Germany, where higher education and research are responsibilities shared between the Federal
Government and the Uinder.21

This double 'squeeze' of traditional national policy prerogatives has been reinforced by direct
links between the EU and regions via so-called Structural Funds. Although these involve only
about half the regions, it is estimated that Structural Funds dedicated to higher education,
research and innovation infrastructure will far exceed the total arnount of the Fifth Frarnework

17 This movement is firrther demonstrated by empirical findings in France. The above-mentioned survey on large

firms shows a systematic presence in EU programmes, while national ones are 1ess and less often mentioned.

Nearly all high-tech established SMEs participate in EU programmes. Finally even in public research, 'mixed

research units' between CNRS and Universities find more externa1 resources at EU than at national1evel.

18 Philippe Mustar and Philippe Larédo, 'Innovation and Research Policy in France (1980-2000) or the

Disappearance ofthe Co1bertist State', Research Policy, 31, 1, (2002), 55-72.

19Emilio Munoz, 'The Spanish System ofResearch', in Philippe Larédo and Philippe Mustar (eds), oo. cit

20 The geographical partition ofuniversities on the territory makes them 'proximity' public-research capabilities

as opposed to government laboratories or national research institutions which are far from being equally spread on

the national territory.
21 lt should be noted that a similar movement is being observed in the USo The amount that states spend on

techno1ogy policy (excluding university support) is rapidly growing and was in 1998, for the fust time, more

important than the expenditure of the NSF.
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Programme. In Portugal, these funds, have had a central efTect, in renewing the institutional
landscape (bringing over 100 new institutions, many in a bridging role) and in very rapidly
increasing the stock of qualified engineers and scientists (providing nearly 6000 new Ph.D.
fellowships over a decade). 22

These movements bring us to speak of 'territorial specialisation'. This specialisation is not a
question of exclusive responsibility, since previous developments have shown that all aspects
are dealt with at alllevels. However, the mix ofpriorities difTers at each level and enables us to
identify specific 'foei'. This leaves open the well-known and poorly addressed question of ca-
ordination. Ca-ordination, however, requires that each level recognise its own goals, as well as
others', and stops considering others at 'arm's length'. It also requires us to rethink the
appropriate nature offuture policy, and the corresponding instruments relevant to each level of
government.

2.4- RESEARCH IN THE PUBLIC INTEREsT

The question then becomes - what role is left to national S&T policies? The recent developments
just presented point not to shrinking public intervention, but to a split in what was previously
the sole responsibility of national governments. The answer also entails a redefinition of
national public intervention which, at least in France, has de Jacto taken place, even though the
views expressed by policy-makers have hardly changed. The focus is now on two inter-
connected responses: the shaping of public-sector research, and the development of research in
the public interest.
It is rather paradoxical to stress such an issue. State involvement in research activities is an old
story, if only for military reasons. In the nineteenth century, the building of railways and
bridges and the need to ensure travelers' health and safety drove to the development of specific
scientific services. Hygiene in cities was also such a field where policies were developed
alongside the work done by scientists. Even, in agriculture, extension services played a major
role long before the Second World War.
The 1970's and 1980's, obsessed with industrial competitiveness, revealed a kind of policy
blindness towards such issues.23 It required a number of crises in public health -- AIDS, Ebola
fever, contaminated blood, and the mad cow disease - and in the environment -- nuclear safety
and the handling of nuclear wastes, nitrates and drinking water, tanker wrecks and oil pollution,
and numerous scandals around the dumping of industrial wastes - to bring about a shift in
policy priorities. In the EU, research policy has responded with the adoption of a 'problem
solving' approach for most ofthe 'Key Actions' ofthe Fifth Framework Programme. The issue
is no longer that of technological competitiveness ~, but rather that of finding global

22 Luisa Henriques, National S&T Policy in the Globalisation Era, Portugal as a Researcb Laboratory,

(LisbonlParis: CSI, mimeo, 2000).
23 Tbe war against cancer lost by Nixon (as wel1 as tbe failed altemative energy programmes) migbt bave played a

significant role since, even witb an ever increasing budget allocated to the NIH througb tbe 1980's, tbe idea tbat

tbis could provide an altemative rationale to tbe Cold War one was rejected by most US policy analysts.
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answers to recognised problems. The priority is no longer one of developing 'precompetitive'
activities, but rather of proposing 'demonstrations' which render visible to citizens and their
representatives, solutions to identified problems.
This change in perspective has much in common with the development of a 'Mode I1' approach
to research and development, as it involves very ealry on in the process, stakeholders, users,
and public authorities.24 Most of the time this also requires ad hoc tailoring of the space in
which such options are experimented.25 For this, the traditional models of sectoral research no
longer apply. That is, it is no longer a question of a 'customer-contractor' relationship -- as
proposed by Lord Rothschild in his famous report -- nor is it a question of delgating tasks to
mission-oriented government laboratories, whose job it is to apply research to the problem at
hand. In France, heated public debates have driven to the adoption of new structures. The
response to nuclear waste and AIDS has proven exemplary of this change. Crisis after crisis
have produced ad hoc solutions, at a distance from both central administration and wel1-
established research institutions.26

3- PUBLIC-SECTOR RESEARCU: CONVERGING TRENDS

These four trends - questioning the role of military research and large programmes, focusing
public support to industry on 5MB innovation capabilities, developing a territorial specialisation
in public intervention and reestablishing research in the public interest as a major priority -
highlight both the changing focus and priorities of research and innovation policies. National
studies have traced the massive transformations that most countries have experienced during the
1990's. These transformations are institutional in most European countries, if only because of
the emergence ofthe European Union, and in Japan which is witnessing reforms as significant
as those introduced by the Meiji restoration in the 1870's and by those that followed the second
World War.27 In the US, Mowery argues that similar transformations (with the exception of
military R&D) have taken place in a stable institutional environment.28 These transformations
mean that a more central role is being assigned to public-sector research. Centrality is not only

24 Michael Gibbons et al., op. cit.

25 Bruno Latour has proposed the wording 'collective experiments' to qualifY these processes in which the

shaping of new products and services is not confined to industry design offices (even sumnmded by a fuw
heterogeneous spokes-persons) but requires effective participation of numerous actors who collectively explore

and progressively co-shape the feasibility of a want-to-be innovation.

26 AIDS gave rise to a specific non-profit organisation, ANRS, supported by most research institutions and in

charge of elaborating, piloting and funding the national research action, including clinical trials. On the contrary

nuclear waste research has been the object of a law which defines three parallel options to be developed

independently by tbree institutes, their progress being monitored by a specific parliamentary commission.

27 Yukio Sato, 'The Structure and Perspective of Science Technology Policy in Japan', in Philippe Larédo and

Philippe Mustar (eds), op. cit.

28 David Mowery, 'Tbe US National Innovation System after the Cold War', in Philippe Larédo and Philippe

Mustar (eds), op. cit.
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financial, it is also, and mainly, linked to the role given to public-sector research in new policy
initiatives, may these address SME innovation capabilities or societal problems.
At the same time, it is important to recognise that, in their shaping of public-sector research,
national systems do differ. The status and role of universities vary from one country to another,
and the role of 'national' and 'government' laboratories cannot be easily understood without a
knwoledge of their historical evolution. Path dependency plays a large role in explaining the
specificity of public structures. Still, there are converging developments, notably in the growing
centrality of universities in the public research landscape, and in the progressive decoupling of
certain types of institutions and research activities. Taking the case of France will help clarify
the main features we see emerging in public-sector research -: its growing 'grass roots'
diversity, and its independence from earlier institutional affiliations.

3.1- THE GROWING ROLE OF UNIVERSITIES

France is generally considered to have marginalised the research role of its universities by
developing fundamental research through the CNRS. It has also been active in the creation of
mission-oriented government laboratories. Well before the Second World War, French
universities were considered weak in research. The CNRS, established in 1939 after two
decades of discussion, chose after the second world war to develop its own laboratories. CNRS
now employs 26,000 persons and over 14,000 researchers. It is by far the largest European
institution dedicated to fundamental research. But can we still speak of it as a stand-alone
institution? The answer is clearly 'no' -- for two main reasons. As early as the 1960's, the
CNRS recognised that it had a role to play in relation to uníversity research. It developed the
concept of équipe associée which later evolved into unité mixte de recherche (UMR). Today,
four-fifths of CNRS research units are 'mixed' between CNRS and the universities; they are
located on university campuses and employ over four-fifths of all CNRS personnel. The
consequence is that the 1200 units that comprise CNRS now mobilize over 60,000 persons,
each unít havung on average more uníversity staff than CNRS researchers. Within the units
overall, the centre of gravity is shifting towards the universities, with more than 10 recruitments
to university positions for every one appointment made by the various organismes de recherche
(i.e., THE CNRS and all other government laboratories).29
Whilst there continue to be debates about the appropriate division of time between research and
teaching, and disagreements about the definition of 'full-time' research for the enseignant-
chercheurs,30 these two movements highlight the changing balance that is taking place in the

29 The reader should be reminded tbat both CNRS resean:hers and enseignant~-chercheurs are civil seIVants

recruited at junior level (after tbeir Ph.D. thesis). Helshe should be reminded that the terminology adopted to

qualify higer education staff - i.e. enseignants-chercheurs - translates tbe fact tbat, by status, they are supposed to

undertake both activities (teaching and research) on an equal footing, and thus do not have, unlike in some Anglo-

Saxon countries, to buy back their teaching time from the University to undertake research activities.

30 The reader should also be reminded tbat full-time researchers are supposed, by status (through tbe 1982 law

which tumed tbem into civil servants), to devote time to expertise, dissemination and transfer of results

(including teaching!) and to the management of research activities. A study made at INRA (CSS, Bilan de la
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French academic research landscape. This change has also produced new contractual procedures
- contrats quadriennaux, four-year contracts - between the Ministry and each university. Begun
in 1988, today more than 900!o of ministry Funds allocated to university research are channeled
through these contracts, which also take into account the CNRS's UMRs. In a way, CNRS has
tumed into a new type of research agency for university research - new, because it supports
collective structures instead of individual projects, and because it allocates personnel rather than
money. One could argue, when looking at debates about career paths in the U S, 31 that this is
specifically adapted to the changing knowledge environment. Even in a country famous for
partitioning public research, the role ofthe universities has come to the fore.32

3.2 - PUBLIC-SECTOR RESEARCH: INSTITUTIONAL DIFFERENTIATION

BUT CONVERGING ACTIVITIES

It is longstanding practice to associate government laboratories with 'applied' or
'mission-oriented' research. This derives in part from the famous linear model of innovation,
according to which different types of research activities are assumed to require different
competencies and organisational settings, so that it is necessary to establish specific institutions
to apply the basic knowledge developed by fundamental research to the problems of a particular
sector. When the problems were industrial, France created 'technical centres', paid for by the
profession; where the problems concemed the public interest, France established 'goverment
laboratories'. This approach was conceptualised by policy-makers who, in the 1970's, spoke of
the 'three circles' of research (Le fundamental research, applied research and industrial
development). Still today, these government laboratories - including the research institutions
created to accompany large programmes - 33 represent around 20,000 researchers and
engmeers.
In 1982, most of these laboratories changed status, being turned into EPST (établissements
publics a caractere scientifique et technologique).This change had a dual effect on the dynamics
of these institutions. First, their budgets were taken from their sectoral ministry; and given to
the Ministry ofResearch, which assumed de Jacto responsibility for them. This change was all
the more significant as the sectoral ministries had not developed programmes large enough to
enable them to enter, as in the UK, customer-contractor relationships with client institutions.
Second, researchers were transformed into civil servants and made subject to career roles

campagne, INRA internal document, 1996) showed that tbese otber activities represent, on average, half of

researchers' time, putting them tbeoretically on a near to equal footing to enseignant~-chercheurs in terro of time

devoted to direct research activities.
31 See Paula Stephan and Sbaron Levin, 'The Critical Importance of Careers in Collaborative Research', Revue

d'Economie Industrielle. 79, (1997), 45-61.

32 Readers knowing the French situation could argue tbat tbis does not take into account the very specific nature

of French Grandes Eco/es. On the contracy, tbe movement has even been greater for them. It is enough to

mention that, in tbeir areas of intervention (mainly engineering sciences), they deliver over 20% of all Ph.D.s

awarded in France with 6% oftbe total higber-education workforce.

33 Such as CEA for nuclear, ONERA for aeronautics or INRIA for computer and information S&T.
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similar to those OF CNRS staff. Even though 'knowledge transfer' was part of A researcher's
duties, career evaluation focused on traditional criteria Fifteen years later, this has produced a
clear trend towards academic research, and evaluation practices and diversified career paths are
now the subject of considerable debate.
Some institutions did not participate in the changes of 1982, remaining or being turned into
EPICs (établissements publics a caractere industriel et commercial). Tbis was the case of CEA
(the french atomic energy agency) and of IFREMER ( in charge of ocean research) which
together employ significant numbers of researchers. However, they have de Jacto behaved in
the same way, mixing early recruitrnent (at junior positions) with life employment (as for civil
servants).

How has this development influenced research? Tbe experience of INRA illustrates the massive
repositioning which has taken place in a single decade. In INRA, it was common to find teams
active in innovation interacting closely with the agricultural world - in, for example, developing
a new variety of chicory that transformed the national and European market, or helping in the re-
creation of a traditional cheese, like Beaufort.34 Today, such teams, which Joly and
Mangematin call 'technical centres' serving given professions, are seldom found.35 Tbeir
survey, undertaken in 1993-1994, show tbat most teams have 'mutated', developing other
logics, linked to the creation of generic tools or to 'specialised basic research'. Tbis does not
mean that they withdrew from economicaUy productive activities. However, they did experience
a changing relation with the economic world. Tbis changing relation is based upon new
partnerships, in which professional associations are being replaced as privileged partners by
large firms (individually or grouped in ad hoc clubs) with their own research facilities. Tbese
new relationships rely mainly upon contractual terms which take into account the
professionalism of both partners. Tbis means tbat co-operative research tends to privilege
relations between equals, and tbat it is up to the intemal capabilities of firms to master and
mobilise the results deriving from the academic work developed by INRA researchers. INRA as
an institution can no longer be defined by tbe type of research it undertakes, but by tbe domain
upon which its units fOCUS.36

Convergence in research is not only a question of making govemment laboratories more
academic. Tbe process also reflects a changing pattem of university/CNRS relations with
industry. Tbe contracts between units linked to CNRS and industry provide an even clearer
marker of this transformation. Tbese contracts have multiplied by ten in only one decade, and
today average tbree per unit.37 Tbe regional observatory developed by one French region has

34 For an analysis of innovation trends at INRA, see INRA, Les chercheurs et l'jnnovation. Regards sur les

pratigues de l'INRA (paris: Institut National pour la Recherche Agronomique, 1998).

35 Pierre-Benoit Joly and Vincent Mangematin, 'Profile of Public Laboratories, Industrial Partnerships ¡nj

Organisation of R&D: The Dynamics of Industrial Relationships in a large Research Organisation', Research

Policy, 25 (6), (1996), 901-922.
36 For a further development of tbis argument, see Philippe Larédo, 'Government I.,aboratories or Public

Institutions ofProfessional Research? The Case ofFrance', in Deborah Cox et al. (eds), op. cit., 114-127.

37 Philippe Mustar, Les Chiffres Clés de la Science et de la Technologie (paris: EconomicalOST, 1998).
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shown that industrial contracts represent over 30% of the non- permanent resources of all
research groups present in the region.38 There is thus more and more difficulty in differentiating
research groups merely by their institutional affiliation. More and more, they tend to follow a
similar trajectory -- mixing academic research, which gives rise to publications, and contracts
with external partners, including not only industry but also the whole range of public authorities
- from regions to mE EV.We have used the term 'collaborative academic research' to describe
this new relationship.

3.3- STRATEGIC CHOICES MADE AT THE 'GRASSROOTS' LEVEL OF RESEARCH UNITS

These trends towards convergence do not, in themselves, imply homogeneity. For example, the
Anjou observatory has identified seven different profiles, which cross disciplinary and
institutional borders.39 A study of 400 European laboratories working in human genetics,40
arrives at a similar conclusion, identifYing four 'activity profiles', describing the different ways
in which laboratories mix academic research, training activities, and outputs that are geared
toward public issues or linked with industry. This study showed that these 'activity profiles'
bear only a limited relationship to the institutionnal affiliation oflaboratories. Similarly, as far as
the mix of research activities is concerned, there is no clear relationship with the country in
which these laboratories are located. 41 It is too early to generalise such results. What is
important to note, however, is the growing diversity of such 'research collectives' - i.e. the
operational structure in which research activities take place - and tbat diversity cannot be
systematically assimilated with institutional affiliation. Thus, it is not because a laboratory is
affiliated to CNRS or/and to a university that it performs 'fundamental' research. Nor is it
because the institution is described as mission-oriented, that it focuses on 'applied' research. As
policymakers like to say in the Anjou region, laboratories are the 'enterprises' of research. It is
thus normal to see diversity both in type (small vs. large firms), in positioning (mass vs niche
markets), in production (generic vs tailored) and in performance. All make unique choices
which must be monitored and evaluated in their own terms, and not simply by looking at their
institutional affiliation. This entails a radical shift about our conception of public-sector research
__a shift whereby institutions (whether CNRS, universities or government laboratories) must be

38 AURA (Angers), Deuxieme Rapport de I'Observatoire de la Recherche Angevine, 1999.

39 For the methodology used by the Observatory and the main results arrived at, see Philippe Larédo and Philippe

Mustar, 'Laboratory Activity Profiles: An Exploratory Approach', Scientometrics, 47, 3, (2000), 515-539.

40 Jacqueline Senker et al., European Comparison of Public Research Systems, Final reoor!, TSER Programme

(Brighton: SPRU, 1999). For a summary of results, see Philippe Larédo, 'Benchmarlcing of R&D Policies in

Europe: Research Collectives as an Entry Point for Renewed Comparative Analyses', Science and Public Policy,

28,4, (2001), 285-294.
4\ Activities should not be confused with resources gathered: the same study shows clear linkages between the

country of origin and the ways through which laboratories access their resources.
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taken as an 'intermediary layer' ,42 whose role is to foster the shaping of the operational
research structures, whether they be called laboratories, research units (as in France), institutes
(as in Germany) or centres (as is becoming common in the US).

3.3- GoVERNANCE ISSUES WITHIN PUBLIC-SECTOR RESEARCH

Contrary to the assumptions ofthose who foresse the coming of 'Mode 11' research practices in
which traditional universities are largely overtaken, this changing landscape puts the universities
at the very centre of future developments. However, the universities are themselves changing.
In France, the rise of 'research units' had as a consequence a progressive decoupling of
activities - with departments in cbarge of teaching activities, and research units in charge of
research by enseignants-chercheurs - and a progressive hybridization of management with the
involvement of resarch institutions on top of universities themselves. EIsewhere, the NSF's
engineering centres in the United States, the new centres established by the research councils in
the UK, or the policies of the Dutch NWO demonstrate new structural approaches to
management of research. Furthermore, smaller countries like Sweden, Finland and Norway
have developed a policy to promote 'centres of excellence', while the Dutch government has
initiated a policy of 'Top Technology Institutes'. All these call for a transformation in the ways
that public-sector research is governed. Seen from a laboratory perspective, three new sets of
questions are emerging.
- First, there are questions dealing with equipment. We can hypothetise that the more a
laboratory requires 'heavy' equipment, the more it will be dependant on the non-university
institution tbat supports it, be it the CNRS or a research council, or any domain-oriented
institution (like INRA). This calls for a re-defmition of the modes of intervention of domain-
oriented institutions. It does not diminish their role in developing in-house research capabilities,
but it redefines the borders between what is done within university structures and what remains
largely beyond the scope of universities.
- Second, the changing role of universities goes hand in hand with the increasing role of
'regional' authorities. In any given locality, universities provide the most likely facilities for
'proximity' public research, and are thus a central focus in the endeavour to foster innovation
among local firms. Whatever the prevailing institutional affiliations of universities, we should
thus witness an increasing involvement of regions (including the individual States in the US and
the Liinder in Germany) in the strategic management of universities and the shaping of their
research. The economic diversity of regions should be reflected in differentiation and diversity
among universities. The work within the Anjou region tends, for example, to show tbat the
traditional divide between 'research' and 'non research' universities is no longer relevant.
Research activities are or will be present in most, if not all, universities, but the relevant mix of
laboratory 'activity profiles' can easily differ, and with it, the nature of the universities'
response. Those research universities which compete scientifically on a world level, and care
little about regionalL issues, will become only one configuration among many, and will

42 Barend Van der Meulen and Arie Rip, Mediation in the Dutch Science System, Research Policy, 27, (1998),

757-769.
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probably - rather like global firms, in relation to employment - represent only a limited share of
the entire public research and training enterprise.
- Third, there are questions of governance aside from relations with research councils (and their
equivalents) and regional authorities. The universities will see many changes in their relations
with the external world Laboratory studies have shown the importance of privileged relations
with an external partner, be it a large firm, a non-profit organisatio,n or a public priority
prograrnme. There has been a tendency to enter into a longer term more structural relation, as
is with 'mixed laboratories' between CNRS and some firms, or with public labotarories located
on the premises of non-profit organisations. In a way, laboratories that have had EU contracts
on the same topic running through three successive Framework Prograrnmes are de Jacto in the
same position. The same applies to laboratories involved in long-term 'problem-solving'
prograrnmes managed by agencies such as ANRS for AIDS or ADEME for energy saving and
environment-friendly technologies in France. Privileged 'customers' are thus another source of
diversification between laboratories. From this analysis, national and European priority
prograrnmes face a new challenge, of developing instruments to enter into durable relationships.
The choice made by the sixth EU Framework Programme to focus its funding on multi-annual
'networks of excellence' and 'integrated projects' can be interpreted as a response to the need to
establish new relationships.

The internal re-organisation of universltles, their relations with research councils and
government laboratories, their articulation with regional innovation policies, and the rethinking
of instruments for national and EU 'problem solving', are developments tht are accompanying
the convergence of public-sector research around its new operational structures.

4- CONCLUSION

This paper has highlighted the growing role of public-sector research, linked to changes that
have taken place - principally in Europe - during the last decade. These changes have occured
in a wider context of disengagement by governments in Europe from large military and civil
prograrnmes. This probaly translates to the evolving industrial world scene where large firms
are seen by national governments as more and more 'global', less and less a source of new
employment, and probably no longer the major national source of new high-tech, radical
innovations. At the beginning ofthe 21s1 century, we see a progressive repositioning of science
and technology towards supporting SME's and grass-roots developments in new high-tech
firms. Policies have been both direct (including financial support and tax incentives), and
indirect, through the mobilisation of public training and research facilities. Public-sector
research has also experienced a political rediscovery, in hopes of finding solutions to growing
problems of health, environment, and safety. As partners in this process, universities have
grown in importance, as have government laboratories. However, both have undergone
significant transformations in the ways in which their research is performed Taking France as
an example, we have shown convergences in the ways research activities are performed, with
the rise of 'research collectives'. This leads us to the conclusion that the traditionally close
association between universities and fundamental research, on the one hand, and that between
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government laboratories and applied research, on the other, no longer holds, and that we must
look to the future evolution of public-sector research as a broader canvas on which to project
and describe their future relationships.
Against this changing framework, using France as a casestudy, we have identified four major
issues. Two address the governance of research activities - the internal organisation of
universities, where research activities are being separated from teaching in research 'collectives';
and where increasing hybridisation with other research public bodies (research councils and
government laboratories) is forcing a rethinking of their respective roles. The other two issues
go hand in hand with the emergence of the regions and the European Union in the research
enterprise, and with territorial specialisation. In a growing number of European countries,
policy for Higher education and research is being shared between national and regional
governments; and in nearly all countries, regional innovation policies are booming. This has
been concomitant with a growing interest among national govemments and the EU on 'problem
solving' policies, moving public-sector research away from individual project, and increasing
the number of centres and networks of excellence.
These movements question our prevailing approaches to public research. How will the growing
interest in the collective dimension of research activities impact on our over-dominating
individual approach to science (symbolised by nobel prices)? Similarly, the growing
differenciation between research and training activities will no doubt question the solely
research-Ied criteria that organise university career paths. In most conceptualisations, from
mode 11to the triple helix43, public policy is seen as one and assimilated to national govemment;
how can one assume such unicity when faced with three and even four different public
authorities44 acting on the same territory and which have no over-arching reason to share the
same objectives and can easily enter into competition about the priorities set? If we assume, as
we do, that public-sector research is growing in importance as a policy response to new
challenges faced, the questions multiply about the implementation of this policy priority. This
advocates for putting very high on the research agenda of science studies, issues relating to the
dynamics, organisation and management of public-sector research.
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Abstract

The Triple Helix ofUniversity-Industry-Government Relations is compared with alternative models for
explaining the current research system in its social contexts. Communications and negotiations between
institutional partners generate an overlay that increasingly reorganizes the underlying arrangements. The
institutionallayer can be considered as the retention mechanism of a developing system. For example, the
national organization of the system of innovation has historically been important in determining competition.
Reorganizations across industrial sectors and nation states, however, are induced by new technologies
(biotechnology, ICT). The consequent transformations can be analyzed in terms of (neo- )evolutionary
mechanisms. University research may function increasingly as a locus in the "laboratory" of such knowledge-
intensive network transitions.

1. Introduction: From the Endless Frontier to an Endless Transition

The "Triple Helix" thesis states that the university can play an enhanced role in innovation in increasingly
knowledge-based societies. The underlying model is analytically different from the Nationa1 Systems of
Innovation (NSI) approach (Lundvall 1988 and 1992; Nelson 1993), which considers the firm as having the
leading role in innovation, and from the "Triangle" model of Sábato (1975), in which the state is privileged
(cf. Sábato and Mackenzie 1982). We focus on the network overlay of communications and expectations that
reshape the institutional arrangements among universities, industries, and governmental agencies.

As the role of the military has decreased and academia has risen in the institutional structures of contemporary
societies, the network of relationships among academia, industry, and government have also been
transformed, displacing the Co1d-War "Power Elite" trilateral mode of Wright Mills (1958) with an overlay of
reflexive communcations that increasingly reshape the infrastructure (Etzkowitz and Leydesdorff 1997). Not
surprisingly, the effects of these transformations are the subject of an international debate over the appropriate
role ofthe university in technology and knowledge transfer. For example, the SwedishResearch 2000 Report
recommended the withdrawal of the universities from the envisaged "third m ission" of direct contributions to
industry (see Benner and Sandstrom, this issue). Instead, the university should return to research and teaching
tasks, as traditionally conceptualized. However, it can be expected that proponents of the third m ission from
the new universities and regional colleges, which have based their research programmes on its premises, will
continue to make their case. Science and technology have become important to regional developments (e.g.,
Braczyk et al. 1998). Both R&D and higher education can be analyzed also in terms of markets (Dasgupta
and David, 1994).

The issues in the Swedish debate are echoed in the critique of academic technology transfer in the U.S.A. by
several economi sts (e.g., Rosenberg and Nelson, 1994). The argument is that academic technology transfer
mechanisms may create unnecessary transaction costs by encapsulating knowledge in patents that might
otherwise flow freely to industry. But would the knowledge be efficiently transferred to industry without the
series ofmechanisms for identifying and enhancing the applicability ofresearch findings? Howare
development processes to be carried further, through special grants for this purpose or in new firms formed on
campus and in university incubator facilities?

The institutional innovations aim to promote closer relations between faculties and firms. "The Endless
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Frontier" ofbasic research funded as an end in itself, with only long-tenn practical results expected, is being
replaced by an "Endless Transition" model in which basic research is linked to utilization through a series of
intennediate processes (Callon 1998), often stimulated by government.

The linear model either expressed in tenns of "market pullo or "technology push" was insufficient to induce
transfer ofknowledge and technology. Publication and patenting assume different systems ofreference both
from each other and with reference to the transfonnation of knowledge and technology into marketable
products. The rules and regulations bad to be reshaped and an interface strategy invented in order to integrate
"market pull" and "technology push" through new organizational mechanisms (e.g., OECD 1980; Rothwell &
Zegveld 1981).

In the U.S.A., these programs include the Small Business Innovation Research program (SBIR) and the Small
Bussiness Technology Transfer Program (STTR) ofthe Department ofDefense, the Industry/University
Cooperative Research Centers (IUCRC) and Engineering Research Centers (ERC) of the National Science
Foundation, etc. (Etzkowitz el al., 2000). In Sweden, the Knowledge Competency Foundation, the
Technology Bridge Foundation were established as public venture capital source, utilizing the Wage Earners
Fund, originally intended to buy stock in established frrms on bebalf of the publico The beginnings of a
Swedish movement to involve academia more closely in this direction has occasioned a debate similar to the
one tbat took place in the U.S. in the early 1980s. At tbat time, Harvard University sought to establish a finn
jointly with one of its professors, based on bis research results.

Can academia encompass a third m ission of economic development in addition to research and teaching?
How can each of these various tasks contribute to the mission of the university? The late nineteenth century
witnessed an academic revolution in wbich research was introduced into the university mission and made
more or less compatible with teacbing, at least at the graduate level. Many universities in the U.S.A. and
worldwide are still undergoing tbis transfonnation of purpose. The increased salience of knowledge and
research to economic development has opened up a third m ission: the role ofthe university in economic
development. A "Second Academic Revolution" seems under way since W. W. II, but more visibly since the
end of the Cold War (Etzkowitz, forthcoming).

In the U.S.A. in the 1970s, in various Western European countries during the 1980s, and in Sweden at present,
tbis transition has led to a reevaluation ofthe mission and role of the university in society. Similar
controversies have taken place in Latin America, Asia, and elsewhere in Europe. The "Triple Helix" series of
conferences (Amsterdam, 1996; Purcbase, New York, 1998; and Rio de Janeiro, 2000) have provided a venue
for the discussion of theoretical and empírical issues by academics and policy analy sts (Leydesdorff and
Etzkowitz, 1996 and 1998). Different possible resolutions of the relations among the institutional spheres of
university, industry, and government can help to generate altemative strategies for economic growth and
social transfonnation.

2. Triple Helix Configurations

The evolution of innovation systems, and the current conflict over which path should be taken in
university -industry relations, are reflected in the varying institutional arrangements of university -industry-
government relations. First, one can distinguish a specific historical situation which one may wish to label
"Triple Helix l." In this configuration the nation state encompasses academia and industry and directs the
relations between them (Figure 1). The strong version of this model could be found in the fonner Soviet
Union and in Eastern European countries under "existing socialism." Weaker versions were fonnulated in the
policies of many Latin American countries and to some extent in European countries such as Norway .

... ---_ ...•~. "'..~
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State

Industry Academia

Figure 2. A "laissez-faire" Modelof University-
Industry-Government Relations

A second policy model (Figure 2) consi sts of separate institutional spheres with strong borders dividing them
and highly circumscribed relations among the spheres, exemplified in Sweden by the noted Research 2000
Report and in the U.S. in opposition to the various reports ofthe Government-University-Industry Research
Roundtable (GUIRR) of the National Research Council (MacLane 1996; cf. GUIRR 1998). Finally, Triple
Helix III is generating a knowledge infrastructure in terms of overlapping institutional spheres, with each
taking the role ofthe other and with hybrid organizations emerging at the interfaces (Figure 3).

Figure 1. An Etatistic Model of University-
Indus -Government Relations

Figure 4
The overlay of communications and expectations at
the network level guides the reconstruction of
institutional arran ements

Figart3
111!? Tripi~Heitx JIOtiel Ofr.:l1h·t'rsi'ry-Iri.1USrry-Goremment TeimiciE

Tri-Iateral oetworks ao
h~'bridorganizations

The differences between the latter two versions of the Triple Helix arrangements currently generate normative

Figure 3
The Triple Helix Model ofUniversity-Industry-
Government relations
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interest. Triple Helix I is largely viewed as a failed developmental model. With too little room for "bottom
up" initiatives, innovation was discouraged rather than encouraged. Triple Helix 11entails a laissez-faire
policy, nowadays also advocated as shock therapy to reduce the role of the state in Triple Helix l.

In one form or another, most countries and regions are presentIy trying to atta in some form of Triple Helix
111. The common objective is to realize an innovative environment consisting of university spin -<>fffirms,
tri-lateral initiatives for knowledge-based economic development, and strategic alliances among firms (large
and small, operating in different areas, and with different levels oftechnology), government laboratories, and
academic research groups. These arrangements are often encouraged, but not controlled, by government,
whether through new "rules of the game," direct or indirect fmancial assistance, or through the Bayh-Dole Act
in the US.A or new actors such as the above mentioned foundations to promote innovation in Sweden

3. The Triple Helix of Innovation

The Triple Helix as an analytical model adds to the description of the variety of institutional arrangements and
policy models an explanation of their dynamics. What are the units of operation that interact when a system
of innovation is formed? H0'Y can such a system be specified?

In our opinion, typifications in terms of"national systems ofinnovation" (Lundvall 1988; Nelson 1993);
"research systems in transition" (Cozzens et al., 1990; Ziman 1994), "Mode 2" (Gibbons et al., 1994) or "the
post modern research system" (Rip and Van der Meulen 19%) are indicative of flux, reorganization, and the
enhanced role of knowledge in the economy and society. In order to explain these observable reorganizations
in university-industry-government relations, one needs to transform the sociological theories of institutional
retention, recombinatorial innovation, and reflexive controls. Each theory can be expected to appreciate a
different subdynamic (Leydesdorff 1997).

In contrast to a double helix (or a coevolution between two dynamics), a Triple Helix is not expected to be
stable. The biological metaphor cannot work because ofthe difference between cultural and biological
evolutions. Biological evolution theory assumes variation as a driver and selection to be naturally given.
Cultural evolution, however, is driven by individuals and groups who make conscious decisions as well as the
appearance of unintended consequences. A Triple Helix in which each strand may relate to the other two can
be expected to develop an emerging overlay of communications, networks, aod organizations among the
helices (Figure 4).

The sources of innovation in a Triple Helix configuration are no longer synchronized a priori. They do not fit
together in a pregiven order, but they generate puzzles for participants, analysts, and policy-makers to solve.
This network of relations generates a reflexive subdynamics of intentions, strategies, and projects that adds
surplus value by reorganiziog and harmonizing continuously the underlying infrastructure in order to achieve
at least an approximation of the goals. The issue of how much we are in control or non -control of these
dynamics specifies a research program 00 innovation.

Innovation systems, and the relationships among them, are apparent at the organizational, local, regional,
national, and multi-nationallevels. The interacting subdynamics, that is, specific operations like markets and
technological innovations, are continuously reconstructed like commerce on the Internet, yet differently at
different levels. The subdynamics and the levels are also reflexively recoostructed through discussions and
negotiation in the Triple Helix. What is considered as "industry", what as "market" cannot be taken for
granted and should not be reified. Each "system" is defined and can be redefined as the research project is
designed.

For example, "national systems of innovation" can be more or less systemic. The extent of systemness
remains an empirical question (Leydesdorff and Oomes 1999). The dynamic "system(s) of innovation" may
consist of increasingly complex collaborations across natiooal borders and among researchers and users of
research from various institutional spheres ( Godin and Gingras, this issue). There may be different dynamics
among regions. The systems of reference have to be specified analytically, that is, as hypotheses. The Triple
Helix hypothesis is that systems can be expected to remain in transition. The observations provide an
opportunity to update the analytical expectations.

4. An Endless Transition

http://users.fmg.uva.nl/lleydesdorff/rp2000/ 18/05/05

http://users.fmg.uva.nl/lleydesdorff/rp2000/


The infrastructure ofknowledge-intensive economies implies an Endless Transition. Marx's great vision that
"all that is solid, melts into air" (Berman 1982) underestimated the importance of seemingly volatile
communications and interactions in recoding the (complex) network system. Particularly, when knowledge is
increasingly utilized as a resource for the production and distribution system, reconstruction may come to
prevail as a mode of "creative destruction" (Schumpeter 1939 and 1966; Luhmann 1984).

Can the reconstructing forces be specified? One mode of specification is provided by evolutionary economics
in which the three functional mechanisms are: technological innovation provides the variation, markets are the
prevailing selectors, and the institutional structures provide the system with retention and reflexive control
(Nelson 1994). In advanced and pluriform societies, the mechanisms of institutional control are again
differentiated into public and private domains. Thus, a complex system is developed that is continuously
integrated and differentiated, both locally and globally.

Innovation can be defmed at different levels and from different perspectives within this complex dynamics.
For example, evolutionary economists have argued that one should consider fmns as the units of analysis,
since they carry the innovations and they have to compete in markets (Nelson and Winter 1982; cf. Andersen
1994). From a policy perspective, one may wish to define "national systems of innovation" as a relevant
frame of reference for government interventions. Others have argued in favour of networks as more abstract
units of analysis: the semi-autonomous dynamics ofthe networks may exhibit lock-ins, segmentation, etc.
(e.g., David and Foray 1994). Furthermore, the evolving networks may change in terms ofrelevant
boundaries while developing (Maturana 1978).

In our opinion, these various perspectives open windows of appreciation on the dynamic and complex
processes of innovation, but from specific angles. The complex dynamics is composed of subdynamics like
market forces, political power, institutional control, social movements, technological trajectories and regimes.
The operations can be expected to be nested and interacting. Integration, for example, within a corporation or
within a nation state, cannot be taken for granted. Technological innovation may also require the reshaping of
an organization or a community (Freeman and Perez 1988). But the system is not deterministic: in some
phases intentional actions may be more succesful in shaping the direction of technological change than in
others (Hughes 1983).

The dynamics are non-linear while both the interaction terms and the recursive terms have to be declared.
First, there are ongoing transformations within each of the helices. These reconstructions can be considered
as a level of continuous innovations under pressure of changing environments. When two helices are
increasingly shaping each other mutually, co-evolution may lead to a stabilization along a trajectory. Ifmore
than a single interface is stabilized, the formation of a globalized regime can be expected. At each level,
cycles are generated which guide the phasing ofthe developments. The higher-order transformations
(longer-term) are induced by the lower-order ones, but the latter can seriously be disturbed by events at a
next-order system's level (Schumpeter 1939; Kampmann et al. 1994).

Although this model is abstract, it enables us to specify the various windows of theoretical appreciation in
terms oftheir constitutive subdynamics (e.g., Leydesdorff & Van den Besselaar 1997). The different
subdynamics can be expected to select upon each other asymmetrically, as in processes of negotiation, by
using their specific codeso For example, the markets and networks select upon technological feasibilities,
whereas the options for technological developments can also be specified in terms of market forces.
Governments can intervene by helping create a new market or otherwise changing the rules of the game.

When the selections "lock-in" upon each other, next-order systems may become relevant. For example,
airplane development at the level offums generates trajectories at the level ofthe industry in coevolutions
between selected technologies and markets (e.g., Nelson 1994, cf. McKelvey 1996). Nowadays, the
development of a new technological trajectory invokes the support of national governments and even
internationallevels (like the EU), using increasingly a Triple Helix regime (Frenken and Leydesdorff,
forthcoming).

We have organized this theme issue about the Triple Helix ofUniversity-Industry-Government Relations in
terms ofthree such interlocking dynamics: institutional transformations, evolutionary mechanisms, and the
new position of the university. This approach allows us to pursue the analysis at the network level and then to
compare among units of analysis. For example, both industries and governments are entrained in institutional
transformations, while the institutional transformations themselves change under the pressure of information

http://users.fmg.uva.nl/lleydesdorfflrp2000/ 18/05/05

http://users.fmg.uva.nl/lleydesdorfflrp2000/


and communication technologies (ICT) or govermnent policies. Before explaining the organization of the
theme issue in detail, however, we wish to tum briefly to the analytical position ofthe Triple Helix model in
relation to other non-linear models of innovation, like "Mode 2" and "national systems of innovation."

5. Non-linear models ofinnovation

As noted, non -linear models of innovation extend upon linear models by taking interactive and recursive
terms into account. These non-linear terms can be expected to change the causal relations between input and
output. The production mies in the systems under study, for example, can be expected to change with the
further development of the inputloutput relations (e.g., because of economies of scale). Thus, the unit of
operation may be transformed, as is typical when a pilot plant in the chemical industry is scaled up to a
production facility.

By changing the unit of analysis or the unit of operation at the reflexive level, one obtains a different
perspective on the system under study. But the system itself is also evolving. In terms of methodologies, this
challenges our conceptual apparatus, since one has to be able to distinguish whether the variable has changed
or merely the value of the variable. The analysis contains a snapshot, while the reality provides a moving
picture. One needs metaphors to reduce the complexity for the discursive understanding. Geometrical
metaphors can be stabilized by higher-order codifications as in the case ofparadigms. The understanding in
terms offluxes (that is, how the variables as well as the value may change over time), however, calls for the
use of algorithmic simulations. The observables can then be considered as special cases which inform the
expectations (Leydesdorff 1995).

Innovation, in particular, can be defmed only in terms of an operation. Both the innovator(s) and the
innovated system(s) are expected to be changed by the innovation. Furthermore, one is able to be both a
participant and an observer, and one is also able to change perspectives. In the analysis, however, the various
roles are distinguished although they can sometimes be fused in "reallife" events. Langton (1989) proposed
to distinguish between the "phenotypical" level of the observables and the "genotypical" level of analytical
theorizing. The "phenotypes" rema in to be explained and the various explanations compete in terms of their
clarity and usefulness for updating the expectations. Confusion, however, is difficult to avoid given the
pressure to jump to normative conclusions, while different perspectives are continuously competing, both
normatively and analytically.

Let us first focus on the problem of the unit of analysis and the unit of operation. In addition to extending the
linear (inputloutput) models ofneo-classical and business economics, evolutionary economists also changed
the unit of analysis. Whereas ne<relassical economics focused on markets as networks in terms of
inputloutput relations among individual (rational) agents, evolutionary economists have tended to focus on
firms as the specific (and bounded) carriers of an innovation process. Both the unit of analysis and the unit of
operation were changed (Andersen 1994; cf. Alchian 1950).

Lundvall (1988, at p. 357) noted that the interactive terms between demand and supply in user-producer
relations assume a system of reference in addition to the market. The classical dispute in innovation theory
had, in his opinion, referred to the role of demand and supply, that is, market forces, in determining the rate
and direction of the process of innovation (cf. Mowery and Rosenberg, 1979; Freeman, 1982, p. 211). If,
however, the dynamics of innovation (e.g., product competition) are expected to be different from the
dynamics ofthe market (e.g., price competition), an altemative system ofreference for the selection should
also be specified. For this purpose, Lundvall proposed "to take the national system ofproduction as a starting
point when defming a system ofinnovation" (p. 362).

Lundvall added tbat the national system ofproduction should not be considered as a closed system: "the
specific degree and form of openness determines the dynamics of each national system of production." In our
opinion, as a frrst step, innovation systems should be considered as the dynamics of change in systems of both
production and distribution. From this perspective, national systems compete in terms of the adaptability of
their knowledge infrastructure. How are competences distributed for solving "the production puzzle" which is
generated by uneven technological developments across sectors (Nelson & Winter 1975; Nelson 1982)? The
infrastmcture conditions the processes of innovation which are possible within and among the sectors. In
particular, the distribution of relevant actors contains an heuristic potential which can be made reflexive by a
strategic analysis of specific strengths and weaknesses (Pavitt 1984).
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The solution of the production puzzle typicaIly brings government into the picture shifting the dynamics from
a double to a triple helix. The consequent processes of negotiation are both complex and dynamic: one
expects that the (institutional) actors wiIl be reproduced and changed by the interactions. Trilateral networks
and hybrid organzations are created for resolving social and economic crises. The actors from the different
spheres negotiate and defme new projects, such as the invention of the venture capital fIrm in New England in
the early post-war era (Etzkowitz, forthcoming). Thus, a Triple Helix dynamics of
University-Industry-Government Relations is generated endogeneously.

Gibbons et al. (1994) argued that this "new mode of the production of scientifIc knowledge" has become
manifest. But: how are these dynamics in the network arrangements between industries, governments, and
academia a consequence of the user -producer interactions foregrounded by Lundvall (1988)? Are national
systems still a relevant unit of analysis? Since the new mode of knowledge production ("Mode 2") is
characterized as an outcome, it should, in OUT opinion, be considered as an emerging system. The emerging
system rests like a hyper-network on the networks on which it builds (such as the disciplines, the industries,
and the national governments), but the knowledge-economy transforms "the ship while a storm is raging on
the open sea" (Neurath et al., 1929).

Science has always been organized through networks, and to pursue practical as well as theoretical interests.
Centuries before "Mersenne", was transmogrifIed into an Internet site, he was an individual, who by visits and
letters, knitted the European scientifIc community together. The Academies of Science played a similar role in
local and national contexts from the 16 th century .

The practical impetus to scientifIc discovery is long-standing. Robert K. Merton's (1938) dissertation
reported that between 40-60% of discoveries in the 17th century could be classifIed as having their origins in
trying to solve problems in navigation, mining, etc. Conversely, solution of practical problems through
scientific means has been an important factor in scientifIc development, whether in German pharmaceutical
science in the 17th century (Gustin 1975) or in the British sponsored competition to provide a secure basis for
navigation (Sobel, 1995).

The so-caIled "Mode 2" is not new; it is the original format of science before its academic institutionalization
in the nineteenth century. Another question to be answered is why "Mode 1" has arisen after "Mode 2": the
original organizational and institutional basis of science, consisting of networks and invisible colleges (cf.
Weingart, 1997; Godin, 1998). Where have these ideas, of the scientist as the isolated individual and of science
separated from the interests of society, come from? "Mode 2" represents the material base of science, how it
actuaIly operates. "Mode 1" is a construct, built upon that base in order to justify autonomy for science,
especiaIly in an earlier era when it was stiIl a fragile institution and needed a11the help it could get.

In the U.S.A., during the late 19th century, large fortunes were given to found new universities, and expand
old ones. There were grave concerns among many academics that the industrialists making these gifts would
try to directly influence the universities, by claiming rights to hire and frre professors as well as well as to
decide what topics were acceptable for research and instruction (Storr, 1953). To carve out an independent
space for science, beyond the control of economic interests, a physicist, Henry Rowland, propounded the
doctrine that if anyone with external interests tried to intervene, it would harm the conduct of science. As
President of the American Association for the Advancement of Science, he promoted the ideology of pure
research in the late 19th century. Of course, at the same time as liberal arts universities oriented toward pure
research were being founded, land grant universities, including MIT, pursued more practical research
strategies. These two contrasting academic modes existed in parallel for many years.

Decades hence, Robert K. Merton posited the normative structure of science in 1942 and strengthened the
ideology of "pure science. " His emphasis on universalism and skepticism was a response to a particular
historical situation, the need to defend science from corruption by the Nazi doctrine of a racial basis for
science and from Lysenko's attack on genetics in the Soviet Union. Merton's formulation of a set of norms to
protect the free space of science was accepted as the basis for an empirical sociology of science for many
years.

The third element in establishing the ideology of pure science was, of course, the Bush Report of 1945. The
huge success of science in supplying practical results during World War II in one sense supplied its own
legitimation for science. But with the end of the war at hand and wanting to insure that science was funded in
peacetime, a rationale was needed in 1944 when Bush persuaded President Roosevelt to write a leUer
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commissioning the report (Bush 1980).

In the first draft ofhis report, Bush proposed to follow the then current British method of funding science at
universities. It would be distributed on a per capita basis according to the number of students at each school.
In the contemporary British system of a small number of universities, the funds automatically went to an elite.
However, if that model had been followed in the U.S., even in the early post war era, the flow of funds would
have taken a different course. The funding would not only have flowed primarily to a bi-coastal academic elite
but would have been much more broadly distributed across the academic spectrum, especially to the large
state universities in the Midwest.

In the time between the draft and the final report, the mechanism for distribution of government funds to
academic research was revised and "peer review" was introduced. Adapted from Foundation practices in the
1920s and 30s, it could be expected that "the peers," the leading scientists who would most surely be on those
committees, would distribute the funds primarily to a scientific elite. The status system of U.S. universities
that had been in place from the 1920s was reinforced.

Tbis model of "best science" is no longer acceptable to many as the sole basis for distribution of public
research funds. Congresspersons who represent regions with universities that are not significant recipients of
research funds have disregarded peer review and distributed research funds by direct appropriation, much as
roads and bridge s are often sited through "log rolling" and "pork barrel" processes. Nevertheless, these
politically directed funds support also serious scientific research and instrumentation projects. Even when
received by schools with liUle or no previous research experience, these "one time funds" are typically used to
rapidly build up competencies in order to compete witbin the peer review system.

Indeed, when a leading school, Columbia University, needed to renew the infrastructure of its chemistry
department, it contracted with the same lobbying f1flD in Washington OC as less well-known schools.
Through public relations advice, Columbia relabeled its chemistry department "The National Center for
Excellence in Chemistry." A special federal appropriation was made and the research facilities were
renovated and expanded. To hold its faculty, the university could not afford to wait for the slower route of
peer review, and likely smaller amounts of funding.

Increasing competition for research funds among new and old actors has caused an incipient breakdown of
"peer review," a system that could best adjudicate within a moderate level of competition. As competition for
research funds continues to expand, how should the strain be adjusted? Some propose shrinking the research
system; others suggest linking science to new sources oflegitimation such as regional development.

6. Tbe Future Legitimation of Science

It is nowadays apparent that the development of science provides much of the basis for future industrial
development. These connections, however, have been present from the creation of science as an organized
activity in the 17th century. Marx pointed them out again in the mid-l9th century in connection with the
development of chemical industry in Germany. At the time, he developed a thesis of the growth of science-
based industry on the basis of a single empirical example: Perkins researches on dyestuffs in the UK leading
to the development of an industry in Germany.
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The potential of science to contribute to economic development has become a source of regional and
international competition at the turn of the millenium. Until recently, the location of research was of little
concern. The relationsbip between the site where knowledge is produced and its eventual utilization was not
seen to be tightly linked, even as a first mover advantage. Tbis view has changed dramatically in recent years,
as has the notion that high-tech conurbations, like Route 128 and Silicon Valley, are unique instances that can
not be replicated. The more recent emergence of Austin, Texas, for example, is based in part on the
expansion ofresearch at the University of Texas, aided by state as well as industry and federal funds.

Less research intensive regions are by now well aware that science, applied to local resources, is the basis of
much of their future potential for economic and social development. In the U.S.A., it is no longer acceptable
for research funds to primarily go to the east and west coasts with a few places in between in the Midwest.
The reason why funding is awarded on bases other than the peer review system, is that all regions want a share
of research funding
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The classic legitimation for scientific research as a contribution to culture stiIl holds and military and health
objectives also remain a strong stimulus to research funding. Nevertheless, the future legitimation for
scientific research, which wiIl keep funding at a high level, is that it is increasingly the source of new lines of
economic development.

Newly created disciplines are often the basis for these heightened expectations. Such disciplines do not arise
only from the subdivision of new disciplines from old ones, as in the 19th century (Ben David and CoIlins,
1966). New disciplines have arisen, more recently, through syntheses of practical and theoretical intere sts. For
example, computer science grew out of elements of older disciplines such as electrical engineering,
psychology, philosophy, and a machine. Materials science and other fields such as nano-technology that are
on every nation' s critical technology list were similarly created.

The university can be expected to remain the core institution of the knowledge sector as long as it retains its
original educational mission (Etzkowitz, Webster, Gebhardt, and Terra, this issue). Teaching is the
university's comparative advantage, especially when linked to research and economic development. Students
are also potential inventors. They represent a dynamic flow -through of "human capital" in academic research
groups, as opposed to more static industriallaboratories and research institutes. Although they are sometimes
considered a necessary distraction, the turnover of students insures the primacy of the university as a source of
innovation.

The university may be compared to other recently proposed contenders for knowledge leadership, such as the
consulting firmo A consulting company draws together widely dispersed personnel for individual projects and
then disperses them again after a project, solving a client's particular problem, is completed. Such firms lack
the organizational ability to pursue a cumulative research program as a matter of course. The university's
unique comparative advantages is that it combines continuity with change, organizational and research
memory with new persons and new ideas, through the passage of student generations. When there is a break in
the generations, typically caused by a loss of research funding, one academic research group disappears and
can be replaced by another.

Of course, as firms organize increasingly higher level training programs (e.g., Applied Global University at
the Applied Materials Devices Corporation, a semi<onductor equipment manufacturer in Silicon Valley) they
might in the future also, individually or jointly, attempt to give out degrees. Companies often draw upon
personnel in their research units, as well as external consultants, to do some of the teaching in their corporate
universities. Nevertheless, with a few notable exceptions, such as the RAND Corporation, they have not yet
systematically drawn together research and trainÍDg into a single framework. However, as the need for life-
long learning increases, a university tied to the workplace becomes more salient.

7. Implications of tbe Triple Helix Model

The Triple Helix denotes not only the relationship ofuniversity, industry and government, but also internal
transformation within each of these spheres. The university has been transformed from a teaching institution
into one which combines teaching with research, a revolution that is still ongoing, not only in the U.S.A., but
in many other countries. There is a tension between the two activities but nevertheless they co-exist in a more
or less compatible relationship with each other because it has been found to be both more productive and cost
effective to combine the two functions.

The Triple Helix overlay provides a model at the level of social structure for the explanation of "Mode 2" as
an historically emerging structure for the production of scientific knowledge, and its relation to "Mode l."
First, the arrangements between industry and government no longer need to be conceptualized as exclusively
between national governments and specific industrial sectors. Strategic alliances cut across traditional sector
divides; governments can act at national, regional, or increasingly also at internationallevels. Corporations
adopt "global" postures either within a formal corporate structure or by alliance. Trade blocks like the EU,
NAFT A, and Mercosul provide new options for breaking "lock -ins," without the sacrifice of competitive
advantages from previous constellations. For example, the Airbus can be considered as an interactive
opportunity for recombination at the supra-nationallevel (Frenken, this issue).

Second, the driving force of the interactions can be specified as the expectation of profits. "Profit" may mean
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different things to the various actors involved. A leading edge conswner, for example, provides firms and
engineers with opportunities to perceive "reverse salients" in current product lines and software. Thus,
opportunities for improvements and puzzle-solving trajectories can be defined. Note that analytically the
drivers are no longer conceptualized as ex ante causes, but in terms of expectations that can be evaluated only
ex post. From the evolutionary perspective, selection (ex post) is structure determined, while variation may be
random (Arthur 1988; Leydesdorff and Van den Besselaar 1998).

Third, the foundation of the mode1 in terms of expectations leaves room for uncertainties and chance
processes. The institutional carriers are expected to be reproduced as far as they have been ftmctional
hitherto, but the negotiations can be expected to 1ead to experiments which may thereafter a1so be
institutionalized. Thus, a stage model of innovation can be specified.

The stages of this model do not need to correspond with product life cycle theory. Barras (1990), for
examp1e, noted that in ICT "a reverse product life" cycle seems to be dominant. Bruckner et al. (1994)
proposed niche-creation as the mechanism ofpotentiallock-out in the case of competing technologies. A
successful innovation changes the landscape, that is, the opportunity structure for the institutional actors
involved. Structural changes in turn are expected to change the dynamics.

Fourth, the expansion ofthe higher-education and academic research sector has provided society with a realm
in which different representations can be entertained and recombined in a systematic manner. Kaghan and
Barett (1997) have used in this context the term "desktop innovation" as different from the laboratory model
(cf. Etzkowitz, 1999). Knowledge-intensive economies can no longer be based on simple measures of profit
maximization: utility functions have to be matched with opportunity structures. Over time, opportunity
structures are recursively driven by the contingencies of prevailing and possib1e techno10gies. A laboratory of
knowledge-intensive developments is socially available and can be improved upon (Etzkowitz and
Leydesdorff 1995). As this he1ix operates, the hwnan capital factor is further developed a10ng the 1earning
curves and as an antidote to the risk of technologica1 unemp10yment (Pasinetti, 1981).

Fifth, the model also explains why the tensions need not to be resolved. A resolution wou1d hinder the
dynamics of a system which lives from the perturbations and interactions among its subsystems. Thus, the
subsystems are expected to be reproduced. When one opens the b1ack-box one frnds "Mode 1" within "Mode
2," and "Mode 2" within "Mode l." The system is neither integrated nor completely differentiated, but it
performs on the edges of fractional differentiations and local integrations. Using this model, one can begin to
understand why the global regime exhibits itse1f in progressive instances, while the local instances inform us
about global developments in terms of the exceptions which are replicated and built upon.

Case material s enab1e us to specify the negative selection mechanisms reflexive1y. Se1ection mechanisms,
however, remain constructs. Over time, the inference can be corroborated. At this end, the function of
reflexive inferencing based on available and new theories moves the system forward by drawing attention to
possibilities for change.

Sixth, the crucial question ofthe exchange media -economic expectations (in terms ofprofit and growth),
theoretica1 expectations, assessment of what can be rea1ized given institutiona1 and geographic constraints-
have to be related and converted into one another. The helices communicate recursively over time in terms of
each one's own codeo Reflexively, they can also take the role of each other, to a certain extent. While the
discourses are able to interact at the interfaces, the frequency ofthe externa1 interaction is (at 1east initially)
lower than the frequency within each helix. Over time and with the availability of ICT, this relation is
changing.

The balance between spatial and virtual relations is contingent upon the availability of the exchange media
and their codifications. Codified media provide the system with opportunities to change the meaning of a
communication (given another context) while maintaining its substance (Cowan and Foray 1997). Despite the
"virtuality" of the overIay, this system is not non the fly": it is grounded in a culture which it has to reproduce
(Giddens 1984). The retention mechanism is no longer given, but non the move": it is reconstructed as the
system is reconstructed, that is, as one of its subdynamics.

As the technological culture provides options for recombination, the boundaries of communities can be
reconstituted. The price may be felt as a loss of traditional identities or alienation, or as a concern with the
sustainability of the reconstruction, but the reverse of "creative destruction" is the option of increasing
development. The new mode ofknowledge production generates an End1ess Transition that continuously
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redefines the borders of the Endless Frontier.

8. The organization of the theme issue

As noted above, this issue is organized in three main parts, addressing (1) institutional transformation, (2)
evolutionary mechanisms, and (3) the second academic revolution. Each part contains five contributions.

In Part One ("Institutional Transformations"), Michael Nowak and Charles Grantham open the discussion with
a paper about the impact ofthe Internet on incubation as an institutional mechanism for technological
innovation. The increased complexity of the process induces reflexivity about the choices to be made, and
human capital becomes increasingly crucial for carrying the transformations.

The failure of the "opening to the market" as an answer to the state-dominated economies in the former Soviet
Union, because of the neglect of the knowledge-intensive dimension, is discussed by testing three models
against each other in Judith Sedaitis' paper entitled "Technology Transfer in Transitional Economies:
Comparing Market, State, and Organizational Frameworks." The author concludes that processes of transfer
in these cases can be understood at the intermediate network leve!.

Norma Morris, in "Vial Bodies: Conflicting Interests in the Move to New Institutional Relationships in
Biological Medicines Research and Regulation," discusses normative issues that arise when the borders are no
longer defmed institutionally and governmentally. The case of the EU places the role of safety regulation at
national and transnationallevels on the agenda. In a paper entitled "The Evolution ofRules for Access to
Megascience Research Environments Viewed from Canadian Experience," Cooper Langford and Martha
Whitney Langford document what it means for the organization of Canadian science that government and
industry relations are deeply involved in this enterprise. Are the Kudos-norms ofMerton (1942) increasingly
being replaced by a new set of norms (Ziman 1994)? If so, what are the expected effects on reward systems
and funding? In a contribution to the latter question, Shin-Ichi Kobayashi argues that a third form of funding
can be distinguished nowadays (in addition to peer recognition and institutional allocation). The author
develops the new format using the metaphor of the audition system for the performing arts.

Thus, not only the institutions themselves are tranformed, but also their mechanisms oftransformation. These
evolutionary mechanisms are central to the second part ofthe theme issue. The contribution from the Aveiro
team (Eduardo Anselmo de Castro, Carlos José Rodrigues, Carlos Esteves, and Artur da Rosa Pires) retums to
the impact of ICT on changing the stage. How can institutional arrangements be shaped to match the options
which telematics provide? How can a retention mechanism be organized as a niche or a habitat for
knowledge-intensive developments?

While the Portuguese team focuses on the regionallevel, Susanne Giesecke takes the analysis to the level of
comparing national governments in her contribution entitled "The Contrasting Roles of Government in the
Development ofthe Biotechnology Industries in the U.S. and Germany." She notes the counter-effective
policies of German governments which have operated on the basis of assumptions about previous
developments. Policies have to be updated in terms of bottom-up processes and thus come to be understood in
terms of reflexive feedbacks (instead of control).

Rosalba Casas, Rebeca de Gortari, and Ma. Josefa Santos from Mexico combine the issues of regional
developments and differences between the technologies involved by cross-tabling them for the case of
Mexico. These authors focus on what they call "the building ofknowledge spaces." How is the
interrelationship between knowledge-intensity, industrial activity, and institutional control shaped in terms of
inter -human and inter-institutional relations? What is the function of shared culture, values, and trust? Is the
region a habitat for the technology, or the technology a precondition for restructuring the region?

In a contribution entitled "The Triple Helix: An Evolutionary Model of Innovations," Loet Leydesdorff uses
simulations to show how a "lock-in" can be enhanced using a co-evolution like the one between regions and
technologies. A third source ofrandom variation, however, may intervene, reversing the order in a later stage
and leading to more complex arrangements of market segmentation (that is, different suboptima). A
mechanism for "lock-out" can also be specified.

Koen Frenken takes the complexity approach one step further by confronting it with empirical data in the case
of the aircraft industry. Using Kauffman's (1993) model of "rugged fitness landscapes" he shows the working

http://users.fing.uva.nl/lleydesdorff/rp2000/ 18/05/05

http://users.fing.uva.nl/lleydesdorff/rp2000/


of a Triple Helix in different phases of this industry (cf. Frenken and Leydesdorff, forthcoming). The model
can be extended to account for the additional degree of freedom in international collaborations to develop new
aircraft. The failure of Fokker Aircraft, for example, can be explained using these concepts: one cannot bet on
two horses at the same time, since the markets are fiercely competitive, technological infrastructures are
expensive, and leaming curves are steep.

In the third part of the issue, we turn to the Second Academic Revolution. In their contribution entitled "The
Place ofUniversities in the System ofKnowledge Production," Benoit Godin and Yves Gingras argue against
the thesis that the university would have lost its salient position in the university-industry-government
relations of "Mode 2." Using scientometric data, they show that collaboration with academic teams is central
to the operations of the networks which transfonn this knowledge infrastructure. Although based on Canadian
data, the argument is made that this holds true also for other OECD countries.

From another world region, Judith Sutz reports about university-industry-government relations in Latin
America. These young democracies, on the one hand, wish to free themselves from the limitation ofthe
so-caBed "import substitution" regime by opening up to the market. On the other hand, the connections are
then established through the world system, and regional infrastructures tend to remain underdeveloped. The
issue will be central to the Third Triple Helix Conference to be held in Rio de Janeiro, 26-29 Apri12000.
How can social, economic, and scientific developments be networked at the regionallevel? What does niche
management mean in an open system's environment?

In a contribution entitled "Institutionalizing the Triple Helix: Research Funding and Norms in the Academic
System," Mats Benner and Ulf SandstrOm take a neo-institutional approach to the transformation ofthe
university system in Europe. How does the system react (resist and embody) institutional transformation and
neo-evolutionary pressures? In a further article, Eric Campbell and his colleagues raise the question ofhow
this affects research practices in terms of "Data Withholding in Academic Medicine." Can characteristics of
faculty denied access to research results and biomaterials be distinguished?

In a final article, Henry Etzkowitz, Andrew Webster, Christiane Gebhardt, and Branca Terra substantiate their
claim that the transformation of the university system is a worldwide phenomenon. In addition to research
and higher eduction, the university nowadays has a third role in regional and economic development because
of the changing nature of both knowledge production and economic production. While a "hands off' may
have been functional to previous configurations, the exigencies of today demand a more intensive
interrelationship. As noted, a Triple Helix arrangement that tends to reorganize the knowledge infrastructure
in tenns of possible overlays, can be expected to be generated endogenously.
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Abstraet

On tbe basis of a categorisation of ways in wbicb tbe generated knowledge is transmitted, this paper
explores the impact ofthe different forms oftbe globalisation oftecbnology on developing countries.
Through travelling, media, scientific and tecbnical workshops, Internet and many other cornmuni-
cation cbannels, globalisation allows tbe transmission of knowledge at a mucb greater pace tban in the
past. However, tbis does not automatically imply tbat developing countries succeed to benefit from
technological advances. On tbe contrary, tbis will strongly rely on the nature of the technology and of
the policies implemented in botb advanced and developing countries.
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1. Introduction
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based cornmodities is constantly increasing in world trade [2], foreign direct investment (FDI)
by transnational corporations (TNCs) is an important vehicle for the transmission of
innovation across the world [3], transborder scientific and technological cooperation is
absorbing more energies and resources of governments and firms ["'¡']. New opportunities are
now opening to benefit from the available stock of knowledge. But how important are they
for less developed countries (LDCs)? Are they participating in these flows or are they rather
staying aside and obsetving them? How are their technological capabilities affected by the
considerable increase in the flows of knowledge?

The aim of the paper is to:

• Define the globalisation of technology with the use of a new categorisation.
• Report some evidence on the degree of developing countries' participation ID the

globalisation of technology.
• Discuss the relevance and impact of the globalisation of technology on developing

countries, and its implication for their development strategies and policies.

The specific form and extent of technology globalisation for developing countries bears
important consequences for their government action, and implies an especially active attitude
towards innovation policies. lt will in fact be argued that the globalisation of technology
offers new opportunities for development, but that they are by no means available without
deliberate effort to absorb innovation through endogenous leaming.

This paper is organised as follows. The next section reassesses the concept of technology
which informs this paper, since we believe that this is particularly important to design
appropriate strategies and policies. Section 3 reports a taxonomy on the different forms that
the globalisation of technology can take; this will help us measure the significance of
globalisation and assess the various strategies undertaken by governments and firms. Section
4 documents to what extent developing countries are taking part in the globalisation of
technology; although the evidence available is still unsatisfactory, it clearly emerges that the
buIk of technological activities is produced in and exchanged among the most advanced
countries. The Section 6 discusses the advantages and the disadvantages of the strategies
available to developing countries 10 bridge their technology gap, and to integrate themselves
among the more innovative and dynamic nations.

2. Lessoos learnt 00 the oature of techoology

Economists have often studied technology with the tools of analysis of competitive
markets. Thus, if technology is studied like any other cornmodity, and if markets were freely
working and perfect competition prevailed, then no problem of technology transfer would
pose. Technology (from whatever source) would be easily and instantaneously transferred and
utilised. The efficiency of its use would only be a matter of ensuring the conditions for
efficient resource allocation in the context of exogenously determined technological alter-
natives. Technology policy would only consist of government sponsorship of institutes that
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collect, process and disseminate technical information, justified as a provision of public
goods. This theory descends from two assumptions: (i) technology consists simply of a set of
techniques wholly described by their 'blueprint'; (ii) all techniques are created in the
developed countries, from which they flow at no or low costs to developing countries (for
a recent reaffirmation of this old belief, see Rcf [5]).

However, several authors recognised, already a few decades ago, the special features of
technology and technological change, leading to a perception of technology in more complex
terms (see Nelson [55]). Thus, first of all, no existing technique is completely expressed by
the sum and combination of their material inputs and the codified information about it In fact,
much of the knowledge on how to perform elementary processes and on how to combine
them efficiently is tacit, not easibly embodied, nor codifiable or readily transferable, and 'a
firm will not be able to know with certainty all the things it can do, and certainly will not be
able to articulate explicitly how it does what it does' (Nelson [(1]. p. 84).

This means that technology is not simply a set of blueprints, or of instructions, that if
followed exactly will always produce the same outcome. Although two producers in the same
circumstances may use identical material inputs with equal information available, they may
nonetheless employ two really distinct techniques due to their different understanding of the
tacit elements. Thus, techniques are sensitive to specific physical as well social circumstances
(Evenson and Westphal [7]. p. 2212).

Moreover, technology is not instantaneously and costlessly accessible to any firm: a firm
does not simply select the preferred option from the freely available international technology
shelf, as there may be obstacles and difficulties in obtaining the desired technology. Simply
choosing and acquiring a technique does not imply operating it efficiently ('at best practice').
Individual firms do not have a complete knowledge of all the possible technological
altematives, their implications and the skills and information they require. The individual
flfm does not know the entire production curve, iIlustrating an infinite number of alternatives,
as neo-classical theory assumes. To the extent technologies are tacit, firm production sets are
fuzzy around the edges (Nelson [6]. p. 84).

Understanding technology in these more complex and realistic terms implies that tangible
and intangible investments in technology are required whenever technology is newly applied.
This applies to domestic as well as foreign imported technologies. Each firm has to exert
considerable absorptive efforts to leam the tacit elements of technology and gain adequate
mastery. This is at the opposite extreme from the neo-classical premise that technology, as
well as productive inputs and outputs, is perfectly known. This knowledge is not instanta-
neously and costlessly available to all firms, and technology transfer poses substantial
problems of adaptation and absorption that are related to investments in technological
capability, i.e. the complex array of skills, technological knowledge, organisational structures,
required to operate a technology efficiently and accomplish any process of technological
change.2 This dynamic technological effort implies a process of learning that is qualitatively

2 References on the theory of technological capabilities include Bell and Pavitt 1) 11, Enos 191, Fransman and
King 1:"21,Katz 112 j, Lall 11' I and Pack and Westphal I)j l·
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different from the traditional 'leaming by doing', as it involves an active attitude. Leaming
may be pursued in a variety ofways [X]and the passive 'leaming from operating' is only one
possibility.

A powerful way of learning is by training within producing frrms. This has the
disadvantage that training will probably stay at a level below what would be socially optimal,
because of the well-known problem of incomplete appropriability of its results, but in-firm
training will be more appropriate as the firm will provide exactly the kind and quantity of
training necessary for the absorption and advancement of technology (Enos [9]. p. SO).
Furthernl0re, leaming itself has to be leamt, as it is a highly specialised process, that involves
the organisation of the accumulation of technical knowledge [10].

In addition, even if the need for learning efforts is acknowledged, investing in leaming
does not ensure success. This is due to the stochastic nature of the learning process, which is
influenced by the external environment and by firm's actions, and results from dependence
on historical circumstances, entrepreneurial skills and luck. Therefore, different firnlS may
reach persistently different levels of efficiency and dynamism also in competitive markets
[II].

Within this broader context, technology transfer becomes an important issue that has to be
assessed jointly with a country's capability to make use of technology, absorb it and adapt it
to local conditions. In other words, technology transfer links foreign technology access and
acquisition to its efficient use for economic development, and to the catching up of the
relatively technologically backward countries [7].

Thus, the access to and acquisition of foreign advanced technology, by itself, is not
sufficient to ensure local technological and industrial development. Several other elements are
needed. An additional central component of a country's industrial development policy
strategy is technological effort oriented to the absorption, adaptation, mastery and improve-
ment of technology. This itself implies a continuous process of technological change
[12.13.54.62].

Once this notion of technology is accepted, it is much easier to understand that the
globalisation processes have distinctive features in the technology domain, and that there is
no reason to assume that globalisation will provide benefits to all regions and agents. In
particular, it emerges that globalisation changed the transmission of know-how in the
following ways:

• The codified component of knowledge can be transferred at low or negligible costs from
one part to another part of the world. This ¡s, however, not necessarily good news for
developing countries since in order to benefit from codified knowledge, the receiving
agent should already know the code and have the capabilities to use it effectively. And
codes are increasing in complexity along with the increase in importance of codified
knowledge.

• The tacit component of knowledge continues to be less mobile and transferable, since it
still requires important face-to-face interactions. There is abundant evidence that, in spite
of globalisation, the generation of knowledge in specific fields tend to concentrate in
"hubs" where competencies agglomerate [14.15].
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• The core of innovating firms is moving from trading embodied innovations to disembodied
innovation. As shown by Naomi KIein [J 6], large corporations with managerial, financial
and technological advantages tend to profit from their ideas, trademarks, expertise and
technological innovations, while contracting out the production. This has substantial
implications for the generation and transmission of know-how, which tends to become
much more dependent on intellectual property rights (lPR). In turn, it is creating a new
international division of labour where "wet-ware" and "soft-ware" are generated in the
North, and "hard-ware" is localised in the South.

The next section presents a taxonomy of the globalisation of technology which may help
identify the various forms to exploit and acquire know-how.

3. A taxonomy of the globaUsation of technology

In the last few years, too many heterogeneous phenomena have been lumped together
under the label of 'globalisation of technology', and the concept has thus lost much of its
significance. We thus attempted r 17.1X]to find our way in such labyrinth by identifying three
main categories:

l. The international exploitation of nationally produced technology;
2. The global generation of innovation;
3. Global technological collaborations.

The aim of this taxonomy is to c1assify individual innovations according to the ways in
which they are produced, exploited and diffused internationally. Innovations are therefore
classified according to the method in which they are generated. Both at single enterprise
and at national levels, the categories are complementary, not alternative. Enterprises,
especialIy large ones, may generate innovations following alI the three procedures
described. From a historical point of view, these categories emerged in three different
stages, even though the second and the third added to, rather than substituted, the oldest
one. The categories of this taxonomy and the main forms through which the three processes
manifest themselves are shown in Tahk 1 (for an empírical assessment in advanced
countries, see Rl:f. [1X]).

3.1. The international exploitation oftechnology produced on a natiollal basis

The first category includes the attempts of innovators to obtain economic advantages by
exploiting their technological competencies in markets other than the domestic one. We
have preferred to label this category 'international' as opposed to 'global', since the players
that introduce innovations preserve their own national identity, even when such innovations
are diffused and marketed in more than one country. Firms may opt for a variety of
strategies in order to obtain economic returns from their innovations in foreign markets.
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Table 1
A taxonomy of tbe globalisation of technology

Categories Actors Fonns

Intemational exploitation
of nationally produced
innovations

Profit-seeking firms
and individuals

Global genera/ion of
innovations

Multinational finns

• Exports of innovative goods.
• Sale of licences and patents.
• Foreign production of innovative

goods intemally generated.
• R&D and innovative activities

botb in the home and tbe
host countries.

• Acquisitions of existing R&D
laboratories or greenfield R&D
investment in host countries.

• Joint scientific projects and
R&D networks.

• Scientific exchanges,
sabbatical years.

• International flows of students.
• Joint ventures for specific

innovative projects.
• Productive agreements witb

exchange of technical information
andlor equipment.

Global techno-scientific
collaborations

Universities and public
research centers

National and
multinational finns

Source: adapted from Archibugi and Michie 11 -: •.

The oldest form which firms have used to profit from their innovations in overseas markets
is to trade products with a technology-based competitive advantage. New products and
processes have often been exempted from trade restrictions since the importing countries
were not able to generate competitive domestic altematives, or to device timely restrictions to
trade. It is however well known that exporting technology-intensive products provides an
advantage to the exporting countries (for example, in terms ofmore stable prices, higher rents
and profit margins, and positive and dynamic extemalities), and that in tum the importing
countries increase their know-how dependence unless they are able to bridge the gap in
competencies.

Exports are not the only form to exploit frrms' technological advantage in overseas
markets. Another way is to transfer their know-how to foreign firms, for example, by selling
licences and patents. This form of technology transfer would however require that the host
country firms already have the capital equipment and the capabilities to exploit new ideas and
devices into production. lt is likely that in the long ron the importing country will be able to
move upstream in the value-added chain, and to become able to generate autonomously at
least part of the know-how relevant for production.

There is a third important form of exploiting the innovation generated at home in overseas
markets: to install POI productive facilities in host countries and produce in loco new
products and processes. Of course, we consider here only production plants in host countries
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which do not contribute significantly to the generation of the know-how, but that simply
replicate and produce already designed artefacts. Ir, on the contrary, the host country plants
significantly contribute to the design of the products and processes, we move from the first to
the second category of this taxonomy.

3.2. The global generation of i1l1lOvations

The global generation of innovations includes innovations generated by single proprietors
on a global scale. Only innovations produced by multinational enterprises fit into this
category since it requires the existence of intemational but intrafirm R&D labs and technical
centers. The authentic global generation of innovations requires organisational and admin-
istrative skills that only firms with specific infrastructure and a certain minimum size can
attain. This can be achieved both through the acquisition of existing laboratories or with
greenfield investments in host countries.

The determinants and impact of TNCs have been widely studied over the last years (for
reviews, see Rds. [19,20]). Bartlett and Ghoshal [21] have singled out three main strategies
ofTNCs.

3.2.1. Center-for-global
This is the traditional 'octopus' view of the TNC: a single 'brain' located within the

company headquarters concentrates the strategic resources: top management, planning, and
the technological expertise. The 'brain' distributes impulses to the 'tentacles' (that is, the
subsidiaries) scattered across host countries. Even when some overseas R&D are undertaken,
this basical1y focuses on adapting products to the needs of the local users.

3.2.2. Local-/or-local
Each subsidiary develops its own technological know-how to serve local needs. The

interactions among subsidiaries are, at least from the viewpoint of developing technological
innovations, rather weak. On the contrary, subsidiaries are integrated into the local fabrico This
may occur with conglomerate firms, but also in the case ofTNCs which follow a strategy of
technological diversification through tapping into the competence of indigenous firms.

3.2.3. Local-for-global
This is the case ofTNCs that, rather than concentrating their technological activities in the

home country, distribute R&D and expertise in a variety of host locations. This allows the
company to develop each part of the innovative process in the most suitable environment:
semiconductors in Silicon Valley, automobile components in Turio, software in India. The
effectiveness of such a strategy relies on intense intrafirm information flows.

3.3. Global technological collaborations

In recent times, a third type of globalisation of innovative activities has made a forceful
entry into the scene. This, in some ways, is intermediate to the two preceding categories.
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Technological collaborations occur when two different firms decide to establish joint ventures
with the aim of developing technical knowledge and/or products. Three conditions need to be
respected: (i) the joint venture should be something more than an occasional and informal
collaboration; (ii) fums preserve their ownership; (iii) the bulk of the collaboration is related
to sharing know-how and/or the generation of new products and processes (see Mowery l22 L
p. 3.:1-7).

We have witnessed an increasing number of agreements between firms for the joint
development of specific technological discoveries 1.23.2-+ l. Such collaborations often take
place among firms of the same country, but in many cases they involve frrms located in two
or more countries, thus emerging as authentically global ventures.

These forms of collaboration for technological advances have promoted a variety of
mechanisms for the division of costs and the exploitation of results. In a way, the need to
reduce the costs of innovation-and to cope with its increasing complexity-has created new
industrial organisation forms and new ownership structures, which today are expanding
beyond the simple technological sphere.

lt was not the private sector that discovered this form of knowledge transmission. The
academic world has always had a transnational spectrum of action: knowledge is traditionally
transmitted from one scholar to another and thus disseminated without always requiring
pecuniary compensation. Since the involvement ofthe academic cornmunity into the business
world is more and more demanded, the forms of diífusion of know-how within Universities
and other public research centers have become of increasing importance for industrial
development.

4. Evidence on developing countries' involvement in the globalisation of technology

The forms of the globalisation of technology singled out in the section above have
significant implications for the national economies. Each of them will have a different impact
on learning and, eventually, on local economic development. This section, on the basis of the
available evidence, documents the involvement of LDCs in each of the three categories
discussed above.

First of all, it is important to stress that LOes' generation of new technologies and
innovations is still negligible. The production of knowledge is heavily concentrated in the
Triad countries, as shown by a variety of converging indicators of scientific and technological
activities. This especially applies to the more formalised forms of knowledge creation.
Although data are not always comparable since countries collect them according to different
criteria, the evidence is so strong that it does not depend on the indicators selected. Some
evidence based on bibliometric indicators and patents granted in the USA are reported in
Tahk 2.

Scientific papers appeared in the joumals monitored by the Institute for Scientific
lnformation show that developed countries concentrate more than 84% ofthe world scientific
production. Oeveloping countries have only marginally increased their participation to the
scientific cornmunity. Scientific articles are classified by country according to the institutions.
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Artieles authored by scientists born in developing countries but working in developed
countries wiIl be classified in the latter group and vice versa. The number of scientific papers
per million population shows much more clearly how the generation of new knowledge is
concentrated in the North and how smaIl is the participation ofthe South. There is a notable
exception, represented by the East Asian Tigers (South Korea, Taiwan, Hong Kong and
Singapore). These countries have managed to generate a scientific output comparable to some
OECD countries.

Table 2 also reports data on patents granted in the USo We have chosen the US since it is
the largest market of the world, and inventions and innovations of a significant nature are
very likely patented there. Patents are assigned to countries on the ground of the home
address of the inventor. As in the case of scientific articles, data do not take into account
the nationality of the inventor, but his/her country of residence only. The data show an even
greater concentration in advanced countries, which in the year 2000 totaled as much as
94% of patents. Although the position of developing countries has improved (passing from
around 1% in 1986 to nearly 6% in 2000), it clearly emerges that legalIy protected
inventions and innovations are stiIl mainly generated in the North.

Again, it is remarkable to notice that only a minuscule number of developing countries-
again the East Asian tigers-have managed to bridge the gap. These countries concentrate a
much higher number of patents than their share of scientific publications, further revealing the
technical and industrial orientation of their innovative activities. If we exelude the East Asian
tigers, it is quite clear that developing countries are not bridging the scientific and
technological gap with developed countries.

One crucial issue is to identify what is the contribution of talents coming from developing
countries to the scientific and technologicaI activities developed in the North. As already
mentioned, statistics on scientific publications and patents do not allow to further disag-
gregate between the contribution provided by nationally born and foreign-bom scientists and
engineers. However, some data are available for the United States. In 1999, as much as 27%
of the doctorate holders in science and engineering in the United States were foreign-bom,
with peaks of 46% and 45% in Computer Sciences and Engineering ([25], pp. 3-29). The
USA long-term attraction of intellectual capital from all over the world is continuing. Much
of this labour force was trained in the USA, especially at the doctoral level.

Certainly, this labour force would have provided a larger contribution to the knowledge-
base of their country if they had been allowed to have professional opportunities at home.
However, many of these scientists and engineers lacked opportunities in their nations. In
many developing countries, the obstacle is not the lack of individual scientific and
technological talents, but the lack of appropriate institutions and infrastructures.

On the other hand, we cannot argue that this brain drain from developing to developed
countries (and most notably to the United States) has produced only disadvantages for
developing countries. In fact, foreign-born scientists working in North American institutions
often continue to have a preferential tie with their own country and provide the link for
upgrading the social, scientific and technological capabilities at home. The countries which
experienced the most spectacular growth in their Science and Engineering (S&E) capabilities
are also those with the higher number-in proportion-of scientists and engineers working
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abroad. There are 37,900 S&E doctorate holders born in China and 30,100 born in India in
the United States. However, the number of S&E doctorate holders working in the United
States born in smalI countries such as Korea and Taiwan is, in proportion, much higher and
equal to 4500 and 10,900, respectively ([25]. App~ndix rabie 3-52). The evidence reported in
the following parts of this paper wiIl refer to countries' institutions and countries of residence
of scientists and engineers and not to their country of origino

The discussion above on the nature of technology has pointed out that R&D and
formalised knowledge-generating institutions do not represent the only component of
technological change. We are weIl aware that papers and patents reflect mainly the formalised
component of scientific and technological knowledge. The making of national technological
capabilities also requires the ability to diffuse, assimilate and imitate the knowledge generated
in other countries. Other indicators of the available ski lIs, such as the education level, show
that the gap between developed and developing countries is somehow smaller (see Rd'. [26].
ral1le A2.2; see also Rd~ [27]). But, above alI, they show the existence of great differences
within developing countries. lt is certainly noteworthy that countries having better skills and
education indicators also report a remarkable and growing share of R&D and patents.

4.1. Evidence on the inte17lational exploitation of technology produced on a national ba..<;is

Concerning trade in technology-intensive products, received theory would lead us to
expect an international division of labour where developing countries export raw materials
and low skills products, and rely on advanced countries to import high-tech products.

rabie 3 shows export growth and shares for industrial and developing countries.
Developing countries have uniformly higher growth rates for all manufactures, expected
given their smaller starting base. However, what is less expected is that their lead rises with
technological complexity, to reach its peak for high-technology exports ([2X]. Chaptcr 2,
[57]). Are the data a statistical artefact, reflecting the relocation by TNCs ofsimple processes
in high technology industries? Or, do they reflect genuine local capabilities, which implies
considerable skill formation and technical effort? The explanation is a mixture.

Table 3
Growth and shares of manufactured and high-technology exports

Growth mtes 1980-97 (% p.a.) Deve10ping country shares (%)

1985 1995 Change
in share

World Industrialised Developing Difference:
countries countries developing -

industrialised

All exports 7.0 6.5 8.5 2.0
Total manufactures 7.9 6.8 13.5 6.5
High-technology exports 11.4 9.8 21.2 11.4

Electronic 13.0 10.9 21.7 10.8
Other High Tech 8.4 7.9 17.3 9.4

25.0 26.9 1.9
14.7 24.0 9.3
10.2 27.1 16.9
13.4 33.1 19.7
4.3 8.3 4.0

Source: adapted from Lall and Pietrobelli 12XI.
Industrialised countries include Israel and Central and Eastero Europe. Developing countries include the new
NICs (lndonesia, Malaysia, Philippines, Thailand), Turkey and South Africa.
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A significant part ofthe growth ofhigh-tech exports reflects the spread oflow technology
assembly. At the same time, such assembly in the developing world is highly concentrated,
so that the figures reflect the success of a few countries. Among these, there are two groups.
First are those that depend almost wholly on TNCs to export sophisticated products as
part of integrated global production; these include Malaysia, Thailand, Philippines, Mexico
and China. Second, there are a few that have built up competitive capabilities in domes-
tic enterprises and spawned their own intemational networks, led by Taiwan and South
Korea [29J. These countries have started as imitators of Westem technological capabilities,
but certainly they canoot be regarded any longer simply so. In 1999 they registered, 3693
and 3562 patents, respectively, in the United States ([30]. Arp~lldix Tabk 6-12), becoming
the fifth and seventh countries in the world in terms of their patent production. These data
alone prove that they trade products that embody a strong endogenous technological
component.

However, the spread of high-technology manufactures and exports to the developing world
is clearly confined to very few countries, as Tahk 4 confirms, with the bulk of South Asian
and African countries still excluded by such transformation.

4.2. Evidence on the global generation of innovations

TNCs have a limited propensity to base their R&D and innovative aCÍlvltles in host
countrics. The quantitative evidcncc based on R&D and patcnts [1X] indicates that not
more than 10% of TNCs' technological effort is carried out in host countries. And not
more than 1% of the technological activities generated by TNCs of the North comes from

Table 4
Sbares of regions in developing world exports: manufactures and high-tech manufactures

1985 1990 1995

Total mallufactured exports
East Asia 66.5 74.0 75.3
South Asia 5.2 5.0 3.7
Latin America and the Caribbean 19.4 13.9 15.2
North Africa and Middle East 4.9 4.6 3.6
AII Sub-Saharan Africa 4.0 2.5 2.2
Sub-Saharan Africa les s Soutb Africa 1.2 0.8 0.5

High-technology exports
East Asia 90.1 94.2 90.5
South Asia 1.2 1.1 0.6
Latin America and the Caribbean 5.8 4.1 8.0
North Africa and Middle East 0.7 0.3 0.6
AII Sub-Sabaran Africa 2.2 0.4 0.3
Sub-Saharan Africa less South Africa 0.2 0.1 0.0

Source: adapted from Lall and Pietrobelli 12~l.

North Africa and the Middle East includes Turkey but excludes Israel, which is counted as part of the industrial
world.
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subsidiaries based in the South ([31]. p. (7). In other words, developing countries collect
the crumbs of the transnationals' innovative activities.

lt is rather clear that TNCs do not find it convenient to locate technological activities in
developing countries, in spite of the significant wage differentials. But although these cases
are sporadic, it is insightful to focus on them, since they might illustrate what the conditions
are for a successful strategy. In this case, some significant lessons can be gathered not only
by the East Asian NICs, but also by the lndian experience [32-,4]. Some leading TNCs in
the field of information and cornmunications technologies (including Texas Instruments and
Microsoft) have found it convenient to start up R&O facilities in India. This has bcen
facilitated not only by wage differentials, but also by: (i) the presence of good Universities,
(ii) the (related) availability of qualified engineers and (iii) the existence of a fabric of related
activities.

lt is of course very difficult to draw causal links among the various factors which have
facilitated the birth of knowledge-intensive industrial clusters in developing countries. In
many cases, the presence of an important TNC active in a new field might generate
extemalities and induce the public sector to give prominence to associated Faculties and
other public research centers. Take the example of Bangalore, where Texas Instruments
opened already in 1985 an R&O center specialised in design circuits, which now employs
500 engineers. In the absence of a counterfactual, it is difficult to assess if a hub of
excellence would have existed in the area without this initial decision. Still, if Bangalore is
today an area where many firms are active in Information and Cornmunication Technologies
(lCTs) and software, this is also because there have been active public polices, and mainly
those that have made qualified engineers available, to assist and reinforce the specialisation
in the field.

We may ask if and when firms in developing countries may find it convenient to locate their
R&O and innovative activities in developed nations. There is some evidence that large
companies from LDCs find it useful to own selected establishments in developed countries
since these are finalised to assimilate best-practice techniques that they then transfer also to
domestic production. Thus, data on the United States show that South Korea has a number of
establishments in the country larger than advanced countries such as the Netherlands, Canada
and Switzerland ([35]. p. 30R). Not surprisingly, this investment is concentrated in computer
hardware, telecornmunications and electronic components, where Korea already enjoys a
strong specialisation at home. This supports the view that technology-intensive FOI by
companies based in developing countries, if any, is mainly meant to reinforce the expertise
already existing at home.

4.3. Evidence on global technological and scientific collaboratiolls

Technology agreements have become an important and growing channel to transfer know-
how across countries. Quantitative information reports that strategic technological partner-
ships among firms have increased from 212 in 1980 to 574 in 2000 ([251, Appcndix Tahk 4-
39). A substantial share ofthese agreements involves firms based in different countries. How
are developing countries exploiting this source of knowledge transmission? Narula and



874 D. Archibugi. e Pietrobelli / Technological Forecasting & Social Change 70 (2003) 861-883

•••••••••••••••••••••••••••••••••••

Sadowski [36] report some data on the total number of strategic technology partnering (STP).
More than 93% ofthe recorded STP in 1987-1994 involve countries based in the developed
world only. The share of agreements in developing countries is negligible, and equal to less
than 7%. Moreover, 91% ofthe recorded STP are North-South: firms in developing countries
undertake agreements mainly with firms in developed countries (rabk -"). Pietrobelli [37]
reports similar evidence.

The countries more involved in these collaborations are the East Asian Nles, which alone
absorb more than half of the agreements (even if their share has slightly declined between
1980-1987 and 1987-1994). Equally important and dramatically increasing is the par-
ticipation of Eastem Europe, which has nearly tripled its share of agreements after the fall of
the Berlin wall. Africa and Latin America record a negligible and decreasing participation in
STP.

lt is certainly no surprise that, given the small amount of resources devoted to
technology, developing countries are also marginal in technological collaboration. lt is,
moreover, a worrying signal that the few collaborations that involve devcloping countries
are likely to be North-South rather than South-South. This also questions the nature of the
technological activities carried out. There are some research agendas which are specific to
developing countries and that are likely to be dismissed by developed countries.

A slightly different outcome emerges from global collaborations in science rather than
in technology. The share of intemationally co-authored scientific papers provides a way
to measure them: they have increased from 7.8% of the total in 1986-1988 to 14.8%
in 1995 - 1997. As expected, the distribution of intemationally co-authored papers
follows closely the distribution of published papers reported in rabie 2 (since intemation-
ally co-authored papers are a subset of scientific papers). The share of intemationally co-
authored papers by developing countries has increased substantially, reaching nearly 20%
of the total. By looking at the distribution among countries, it emerges that other parts of
the world, and not only the East Asian tigers, are involved in scientific collaborations
(Tahk (1).

Table 5
Newly established strategic technology alliances in developed and developing countries, 1980-1994

1980- 1987 1987 - 1994 Annual average
growth rate (%)

5.49 6.89
4.2
5.0

Percentage of STP in developed countries
Percentage of STP in developing countries
ofwhich
Eastern Europe
East Asian NICs

94.5 93.1

0.7
3.5

2.5
3.8
0.2
0.3

92.19

n.a.
n.a.
n.a.
n.a.
n.a.

Latin America 0.3
Other Asia and Afiica 0.9

Percentage of STP of developing countries 90.29
involving firms in developed countries

STP: strategic technology partnering.
Source: elaborarion on Narula and Sadowski 1.1(,:.



Developed countriesH

Developing countries
ofwhich
Eastem Europe
East Asiab

Latin America
Other Asia and Africa

Total co-authored scientific papers

84.2
15.8

80.8
19.2

12.2
18.5
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Table 6
Co-authored scientific papers in developed and developing cOlmtries, 1986-1997

Percentage scientific papers co-authored

1986-1988 1995-1997

Annual average
growth rate (%)

5.7
0.9
2.5
6.7

100.0

8.9
2.1
2.9
5.3

100.0

26.9
44.7
17.4
8.3

13.2

Sourcc: elaboration on National Sciencc Foundation 1:<0 ¡.

a OECD (22) plus IsraeL
b Taiwan, South Korea, Hong Kong, Singapore.

The UNDP (126]. p. 9X) reports some significant cases of research activities which have
been generated in the South and for the South: Thailand's drug to fight malaria, Cuba's
meningitis vaccine, Bangladesh oral rehydration therapy, Brazil's basic computer, India's
wireless Internet access are some of the examples reported. There is no need to over-
emphasise these success stories. As already seen above, the scientific and technological
innovations developed in the South are still negligible compared to those developed in the
North. What is here at stake is that some significant South-generated breakthroughs are
possible, and they might be beneficial for other regions of the South as well. But so far, they
have not led to increasing South-South cooperation, exchange of know-how, diffusion of
expertise and best practice methods.

5. Strategies for technological and industrial development

The evidence reported is incomplete and fragmentary, but the conclusion emerging is
straightforward: developing countries have a marginal participation in the generation and
diffusion of technology. They participate to a minimal extent to the globalisation of
technology, and differently from what occurs in trade and fmance. Globalisation is offering
new technological opportunities, but these are not seized by developing countries. There is, of
course, the remarkable exception of the East Asian NICs. These countries continue to be,
even from the globalisation of technology viewpoint, the only case of a successful catching-
up strategy in technological capacity as well as in income levels.

The taxonomy here reported might hopefully help policy analysis. lt emerges that the label
"globalisation of technology" includes a heterogeneous set of phenomena, each of which
could lead to different policy implications. We are here rnainly addressing the North-South
knowledge flow, and given the scientific and technological muscles of the two areas, this is
naturally the most significant component of technology transfer. How could the South benefit
from these flows in order to start off and improve its own autonomous competencies? To
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on low wages; some Indian frrms, for example, have managed to penetrate Western markets
selling software services and products [32]. An increased open economy generally leads
domestic firms to upgrade their technological capabilities [44]. This has been possible
because of some key characteristics of the industry (such as the standardisation of the
product, the low cost of data transmission, the technical possibility of daily exchanges
between suppliers and purchasers). Indian firms do not sell their products to final consumers,
but rather they have become specialised suppliers for developed countries' firms. This would
have not been possible without the existence of specific engineering expertise in India, and
without the links with some developed countries' firms. This example indicates that if an
appropriate market niche is identified, and this is combined to existing and potential
capabilities, and to crucial links in developed countries' markets, it is possible to acquire a
market share in technology-intensive industries even in the most developed countries.

5.2. The policy implications ofthe global generation ofinnovations

There is a wide literature on the nations' advantages and disadvantages associated to FDI
[45]. The issue here at stake is how the South can benefit from the FDI ofthe North in terms
of acquisition and dissemination of know-how and incentives to locallearning. Once foreign
production facilities are accepted in the country, it is certainly an advantage if they also
include a technological component since the latter will generate externalities which are
beneficial for the whole economy. Substantial investments by foreign frrms in a country do
not occur in the absence of some negotiations between the firm and the host govemment.
Government policies have therefore an important role to use FDI as a learning opportunity,
and as a channel of technology transfer.3

Developing countries have adopted a variety of strategies vis a vis TNCs' investments.
Some countries, such as South Korea and Taiwan, have traditionalIy preferred to pursue a
strategy of industrial development based on national firms [15.46 l. This has required the
active attitude of governments opening altemative channels ofknowledge flows, for example,
by fostering scientific and technical collaboration with developed countries at the highest
degree available, while simultaneously investing in technological capabilities and infra-
structures at home [39.4 7]. Many other countries, including South Africa, Chile, Brazil, India,
Malaysia and Thailand, have encouraged foreign firms to operate in the country and have
tried to use them for acquiring productive, managerial and technological expertise. In some
cases, however, these governments willing to accept FDI in their territories have not given
enough emphasis to linking it to the building of local technical competencies, whenever they
implicitly assumed that the latter are directly and automatically associated to production. In
other words, in some cases, industrial policy through FDI has not been linked to technology
policy through FDI. While certainly production involves the mastering of certain technical
know-how, there is a specific technological component within FDI that can be negotiated.

3 UNCTAD I(,¡ :, with its Investment Polie)' Reviews, is making an interesting effort to help developing
countries' governments in designing and implementing the appropriate policies to attract and benefit from FDI.



Cross-border technological collaborations, in industry and in the academic cornmunity,
appear to benefit both the parties involved since they allow an increase in learning and an
exchange of information. Each country has an advantage to become a junction of techno-
scientific information. In order to be engaged successfuIly in these collaborations, it is
however relevant to have appropriate institutions, and in particular, firms with a sufficiently
sophisticated technical expertise to be of interest for potential partners.

As in any marriage of convenience, one of the partners may get greater benefits than the
other one. In principIe, the partner that has more knowledge has more to teach but is also
quicker in learning. As we have seen, firms ofthe South are involved in coIlaborations mainly
with partners from the North. This is hardly surprisingly given the worldwide distribution of
scientific and technological capabilities. In general, it seems that coIlaborations provide better
learning opportunity for the South than FOl, since they aIlow to start a learning process
within South-based firms and institutions, and they are more likely to set up "two-way"
knowledge and technology flows [37.4X]. However, it is unlikely that the partner from the
South will be the one to drive the technological agenda. On the contrary, the partner from the
North may steer the direction of research and technological development towards its own
interests.

This provides an incentive to increase the number of collaborations among firms in the
South. There are a few significant cases where firms and public institutions in the South have
generated innovations which are addressing problems specific to developing countries (a
selection of significant cases is reported in UNDP [26J. p. 9X). These innovations could be
disseminated among Southem countries, and the best vehicle to do is to use cross-border
scientific and technological coIlaborations. But it is unlikely that this wiIl occur without
active policies to support and promote local firms and other research organisations. The role
of intemational organisations can be vital in order to achieve multilateral, rather than bilateral

••••••••••••••••••••••••••••••••••••
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Multinational corporations can decide to locate either at home or in the host country many
skill-intensive functions, including R&D and technical laboratories, engineering units,
standards setting and implementing units. The more the FOl includes these activities, the
more it is likely that the host country will benefit from useful- and learning-enhancing
extemalities.

In other cases, the localisation of one or a few TNCs has generated an endogenous net of
local firms supplying or imitating what the TNCs do. The experience of some "hubs" in
developing countries would illustrate this point [26 J.

An excessive concentration oftechnology-intensive activities in the hands offoreign TNCs
would have the disadvantage to increase the dependence on the strategic choices of foreign
frrms and sometimes even to obstacle the growth of domestic firms. Govemments keen to
host FOl should therefore not only negotiate the presence of a technological component, but
at the same time adopt policies to allow other parts of the economy outside the foreign firm to
benefit from the expertise developed. A policy fostering extemalities and spillovers is
therefore desirable.

5.3. The policy implications of global technological col/aborations



• Promoting collaborations between
national fmns and leading firms in
the field.

• Incentives to selected FOI in the
country and to their learning-
enhancing modes of operation.

• Negotiations on imports with
foreign firms.

• Multilateral agreements on IPRs
and licences.

• Providing real incentives to the
location of new innovative
activities with foreign capital.

• Upgrading S&T infrastructures
and institutions.

• Supply qualified workforce.
• Monitoring the technological

strategies and location choices
ofTNCs.

• Associate TNCs centers to hubs of
specific knowledge and industrial
firms located in developing countries.

• Scientific exchange programmes.
• Student flows to developed countries.
• Incentives to intemational scientific

projects.
• Participation to international S&T

organisations.
• Oeveloping infrastructures

for techno-collaborations
(scientific parks, consortia, etc.).

• Promoting University/industry
linkages and their international reach.

• Participating to international
organisations for technical and
industrial collaborations.
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collaborations, and of a South-South nature to spur research relevant to LOes' industrial and
technological development.

Another important form of knowledge acquisition is by training human resources in
dcveloped countries. Many developing countries provide financial facilities in order to allow
some talented students to study in Universities abroad. This is a successful strategy to acquire
expertise, especially when this is strongly embedded in human skills. This strategy has,
however, also its risks: it often happens that the most talented students of the developing
countrics, sent to study abroad at taxpayers' expenses, decide to stay abroad. In fact, more than

Table 7
Strategies for developing countries for the access and use of international know-how

International exploitation
of national innovations

Categories Targets Instruments

• Achieve lower foreign dependency
and fill technology gaps

• Increase learning relevant to
national industry

Global generation
of innovations by TNCs

• Obtaining competitive supply
prices of technology-intensive
products

• Obtaining IPRs at fair conditions
• Use TNCs to enhance national

technological capabilities

• Benefit from local technological
activities of TNCs

• Oisseminate TNCs expertise locally

Global techno-scientific
collaborations

• Use the foreign acadernic community
to upgrade the scientific competence
of the nation

• Allow the country to become a
junction of technical and industrial
information

• Apply knowledge to production



6. Conclusions
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80% of PhO students in the United States in natural science and engineering from China and
India plan to remain there ([49]. \ 01. 2. Tahk 2-34). This implies a transfer of talents from
deve10ping 10 developed countries, rather than the contrary, as it would be necessary. lt is not
surprising that the governments of many developing countries, inc1uding Indonesia and
Thailand, provide grants to their students to study abroad under the condition that they will
return to work in their native country. The magnitude of the "foreign legion" (that is, scientists
and engineers born in the South but working in the North) is so relevant that developing
countries should consider institutional policies to link the Oiaspora to their native homeland.

In addition, LOCs governments may actively raise the attractiveness of local employrnent
oftheir foreign-trained talents by encouraging TNCs to locate their S&T departments abroad,
and employ them there. This has recently occurred in the electronics and software sectors,
especially in India [33]. Tahk 7 recapitulates the policy implications of our analysis.

Globalisation offers a new opportunity for knowledge dissemination, but this does not
mean that all the nations and institutions will equally benefit from it. On the contrary, it seems
that the institutions that have managed to benefit most from globalisation are those that
already are at the core of scientific and technological advance.

Oeve1oping countries are not automatically exc1uded from the advantages. They can
benefit from globalisation of technology if they implement active policies designed to
increase leaming and improve access to knowledge and technology !3')]. A few success cases
have been pointed out here. A larger number of successful cases are presented by Concei~ao
et al. [SO]. We are aware that these cases, unfortunate1y, represent an exception, not the mle,
and that huge parts of the world are not benefiting yet from the opportunities offered by
technological change and its globalisation. However, the few success stories can be
instructive in order to indicate a suitable development strategy.

We have also argued that the three categories of the globalisation of technology require
different leaming strategies, and therefore that, if a country has a choice, it might have good
reasons to prefer one form to another. In particular, we have argued that the import of
foreign technology, either embodied or disembodied, has a negligible leaming impact per se,
unless when accompanied by local policies to promote leaming, human capital and
technological capabilities. Public policies should therefore try to induce foreign firms to
move from exporting their products to producing locally, and transferring a technological
component.

Furthermore, it is often more advantageous for a developing country to set up interfirm
strategic technological agreements than simply hosting production facilities of foreign firms.
Public policies should therefore also try to "upgrade" FOI to strategic technological
partnering. We have argued that collaborations among public and business organisations
can provide substantial benefits to deve10ping countries. Policies at both the national and
intergovernmental levels should therefore consider these collaborations as a preferential
channel to transfer and acquire technological competencies.
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