Technopoles: research, innovation and skills in
comparative perspective

MICK DUNFORD*

1.1 Technopoles, innovations and new technologies

Technopoles are localised complexes of high technology and
innovation-intensive activities and are seen as one of the spatial
expressions of the development of the critical new technologies of the
information age. In the geographical and regional development
literature these innovations are often interpreted on the lines of the
views of Schumpeter as the sources of a new Kondratieff upswing. In
a phase of stagnation and slower growth at the end of the golden age
of the postwar years a cluster of innovations (new goods, new methods
of production, new markets, new sources of raw materials and new
methods of industrial organisation) offers monopoly profits. These
innovations then attract imitators and improvers and lead to the
emergence and rapid expansion of new industries. In a wave of
entrepreneurial fever the innovations diffuse, the demand for related
goods and services increases, and incomes increase in a wave of
expansion- though surplus profits disappear due to increased compettition.

There is however another neo-Schumpeterian explanation put
forward by Freeman, Clark and Soete (1982). What they proposed was
a different causal explanation. In the first place it is not the number
of separate innovations that matters but the interrelationships of
innovations in technological systems that involve substantial inter-
product and inter-process linkages. Several kinds of innovation can be
identified (see Freeman 1988: pp. 9-11). Incremental innovations
which produce a continuous flow of modifications to existing products
and processes can be differentiated from radical innovations which
involve qualitative shifts: examples of the latter include the develop-
ment of nuclear reactors for electricity generation or the changeover
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from cotton to nylon. Incremental and radical innovations can occur
in relative isolation. But where a constellation of technically and
economically interrelated radical innovations that affect whole indus-
trial sectors occurs, Freeman speaks of a change in a ‘technology
system’, and where changes in technology systems have pervasive
effects on the whole of economic life and involve major changes in
the capital stock and skill profile of the population, following Perez,
he speaks of new ‘techno-cconomic paradigms’. A new techno-
economic paradigm is a set of best practice rules and methods chosen
from a range of technically feasible combinations of innovations. The
diffusion of steam and electric power are historical examples, and
innovations in microelectronics, computers and telecommunications a
contemporary one. Second it is the existence of clusters in the diffusion
of innovations rather than clusters of innovations that is the critical
cause of the upswing,

These ideas do offer significant insights into the development of
capitalist societies. It leads to an interpretation of the postwar boom,
for example, as ‘the simultaneous explosive growth of several major
new technologies and industries, particularly electronics, synthetic
materials, drugs, oil and petro-chemicals, and (especially in Europe and
Japan) consumer durables and vehicles’ (Freeman, Clark and Soete
1982: p. 20), and to the view that one of the central factors shaping
the events of the 1970s and 1980s is the development of information
and communications technologies. At the same time the causal
connections between technical change, structural change and eco-
nomic growth help explain employment change at national and regional
levels.

There is however a need to explain why new products and processes
and new technology systems emerge at particular moments, why a new
set of innovations do not occur as soon as a technological system
matures, and why structural adjustment is so drawn out. Indeed one
of the central difficulties with Schumpeter’s concept of creative
destruction is that it implies that the devaluation of old industries and
products and a wave of investments of new technical and organisational
innovations is automatic: a ‘hidden hand’ will lead to a way out of the
crisis. The radical uncertainties that actors face at present, as well as
the experience of earlier crises suggest that the situation is far more
complex.

To start to develop answers to some of these questions Freeman and
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Perez have argued that in years of crisis there is a2 mismatch between
new technological developments and institutional and social structures
(skill structures, management practices, industrial relations and so on),
The extent of the mismatch differs from one nation to another, with
the result that some economies are far more successful than others,
What this perspective suggests is that attention should be paid to
comparative analyses of the institutional conditions in which inven-
tions and research and development occur and to the success of
different institutional conditions in stimulating the diffusion of
technologies, '

It seems to me that technopoles can be analysed in similar ways.
Technopoles are clusters of innovative activities and spatial expres-
sions of processes of innovation but their dynamism and the dynamism
of the territories of which they are a part depend upon the strength of
their innovative activities and their success in the diffusion of
innovations into the economies that surround them. At this point
however it is important to make two distinctions. A set of innovative
activities could prove dynamic because of their success in attracting
resources: one could create cathedrals in the desert simply by
concentrating resources upon a few advanced activities. Attention
should therefore also be paid to the extent to which the resources
devoted to innovative activities are translated into a flow of innova-
tions. A distinction should be made in other words between resource
inputs and the output of innovations. There is however a second
distinction between outputs which create localised opportunities for
monopoly profits and innovations which are systemic and whose
diffusion creates added value in a wide range of activities.!

The resource inputs into technopoles, their success in the transia-
tion of inputs into outputs and the extent to which the outputs are
systemic in character and are diffused depend however on their
institutional setting and on the social relations that characterise them.

1.2 Technopoles: activities, spaces and social relations

A technopole is made up of a set of productive and periproductive
activities and a stock of often dedicated buildings and infrastructures.
It is therefore helpful to think of them as spatial systems that involve
two elements:

* ‘within-place’ economic (productive and periproductive)
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activities and ‘between-place’ exchanges, movements, com-
munications and logistic operations. These activities cluster
together in part because the existence of similar locational
requirements (labour market requirements and infrastructural
conditions). Colocation may also stem however from the fact
that different establishments are connected with one another
in a social division of labour and the consequent existence
of synergies, external economies and economies of geographi-
cal proximity; and
« 3 built environment made up of ‘adapted spaces’ (buildings
adapted for particular uses) and ‘channel spaces’ (networks
for the transport of people and goods, computer and
telecommunication networks for the transmission of infor-
mation, and networks for the distribution of water, gas and
S0 oh)
Technopoles can therefore be interpreted in the same way as other
urban structures (See Figure 1) as the outcome of a two groups of
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processes; one creates physical infrastructures and other built forms;
and the other allocates activities to specific sites on the other.

There is therefore a need to consider the property development side
of high-tech activities as Malézieux (1991) does in his account of the
development of new industrial spaces in the Paris region. Malézieux
shows how image-conscious zones of multi-purpose developments
were established at nodes of the region’s communications networks.
At first these zones were set up in line with demand in areas designated
for these uses in structure plans. However from the mid-1980s, supply-
side factors assumed a leading role, supply started to exceed demand,
and a whole series of imbalances were created between the develop-
ment of economic activities zones and infrastructural provision.
Several factors explain these changes: controls were relaxed, compe-
tition amongst local authorities increased, and an industrial property
development system assumed the leading role. In short there was an
absence of adequate planning which led to overproduction and
jeopardised the development of zones that were more remote or less
well equipped. At the same time imbalances were created between the
distribution of economic activities on the one hand and the develop-
ment of communications and other infrastructures on the other.
Congestion and environmental degradation werre among the not-
unexpected consequences. What is more where the absence of adequate
public action and planning allows unplanned and speculative land
development and real-estate processes to unfold a whole series of social
costs are generated which may act as a constraint on technopolitan
development. In the end Jaissez-faire approaches, speculative and
unplanned urbanisation, a lack of investment in social and physical
infrastructures, a lack of environmental protection, low taxes and a lack
of industrial policies generate, it seems, imbalances and disequilibria
that will act as major obstacles to the economic ‘success’ of those
regions that have tied their destinies to them.

In a similar way the character, speed and direction of development
of technopolitan activities will depend on the institutional framework
and the social relations which shape them. The organisation of work,
and the size, structure and interrelationships of industrial firms all vary
from one place to another as does the role of the state. New technologies
do not impose new sets of social relations, The success of different sets
of technological and social choices will however be reflected in
unevenness in the character, speed and quality of development, while
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what happens in areas that are more dynamic will in the end have an
important impact on ones whose growth is slower. What [ shall argue
however is that in a number of areas relevant to the development of
technopoles markets fail and more organised and collaborative
relations of partnership are required. Included are the support of
research and development, the development of industrial policies, the
creation of skills, the relationships among firms and among activities,
and the character of the wage relation. The international and
interregional differences in these domains can be viewed as elements
of different experiments in the construction of new institutional
structures and new modes of regulation. A mode of regulation is of
course multidimensional: it involves methods of wage and income
determination, credit mechanisms, market structures, and so on. In this
article only five elements will be considered: the institutionalisation of
research and development, state-industry relations, vocational educa-
tion regimes, inter-firm relations and the wage and employment
relations. In each case there is no new hegemonic set of answers Instead
there is a series of experiments whose outcomes have yet to be
determined.

2.1 The organisation of research and development.

The first technopoles identified were in the United States: Silicon
Valley and Route 128 near Boston. These two developments were very
large (Chanaron, Perrin and Ruffieux 1988: 7-8). In 1955-84 240,000
jobs were created in Silicon Valley. Another 100,00 were anticipated
in 1984-90. The two largest public laboratories Lawrence Berkeley and
Livermore employed 3,000 and 7,600 respectively. More than 3,000
firms were created in a 300 hectare area. In scale therefore it is very
large (and many times larger than European technopoles). They also
received large sums of public money - associated with major national
and international civil and military scientific research programmes. In
1984 California received $2.8 billion of the $5.3 billion spent on public
research. In Silicon Valley 30,000 researchers and engineers (12.5 per
cent of employees) work on space and arms projects, 44 per cent ($32.5
billion over 5 years) of the Star Wars programme was to be spent in
California.

In general firms underinvest in R&D because of the indivisibility
of R&D, its inappropriability which makes it difficult to establish clear
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property rights and to control its diffusion and use and its uncertainty
(Arrow cited in Komninos 1992: p.89). In these conditions private
returns lie below social benefits, In high technology sectors the volume
of research and development costs is often immense so that the
valorisation of these initial outlays requires very high sales volumes:
in other words research and development activities are characterised
by major economies of scale as the creation of the first product
involves a very large fixed cost.

These characteristics of research along with the significance of
research for innovation suggest that attention should be paid to
different national research frameworks and their impact upon
technopolitan development. The organisation of research is very
different in the United Kingdom, France and Germany.

« In the UK research policy formation, funding and performance
are all dispersed. The principal centres of public sector
research are the universities (which are financed by general
university funds and five research councils along with
charities, other government departments, the EC and indus-
try and where almost all civil public research is done) and
defence establishments (responsible for Ministry of Defence
but not defence development which is performed by defence
firms). There is no single ministry of research,

+ In France the situation is almost the mirror image of that in
the UK, as there is a strong central ministry for research
{Ministere de la recherche et de la technologie), strong central
control, and strong public research laboratories (mainly the
CNRS but also INRA and INSERM laboratories in which
much public research is conducted and which provide
research facilities for university teachers for fundamental
research and government research laboratories and agencies
including those for atomic energy (CEA), space (CNES),
telecommunications (CNET) and defence. The support for
these establishments reflects the high political priority for
science and technology in France. (In recent years attempts
have been made to strengthen research in universities and
grandes écoles).

* West Germany differs in that the German political system is
federal in character. The German research system does
however have major features of the French and UK systems,
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but much more in addition. On the one hand jithas a powerful
federal ministry of research (Bundesministerium fiir Forschung
und Technologie) and a whole range of powerful research
establishments and institutes (the largely independent Max
Planck institutes and large government research centres). On
the other it has a dispersed and independent university system
whose research is well supported by general university funds
from Federal and Land governments and research council
(Deutsche Forschungsgemeinschaft) grants. In addition there
are the Fraunhofer Institutes for applied research financed by
the Fraunhofer Society, government and industry (Atkinson,
Rogers and Bond 1990).

Expenditure also varies (see Table 1). The total expenditure on R&D
of all types in the UK (£9.7 billion at market exchange rates in 1987/

TABLE 1

R&D expenditure and government budget appropriations in the UK
(1987/8), France (1987) and West Germany (1987) in £ billion at market

exchange rates

UK France  West Germany

Government expenditare 4.12 6.82 7.19
Government civil R&D appropriations’ 2.40 4.67 6.43
Government defence R&D

appropriations! 2.23 2.66 0.93
Industry 4.70 5.16 11.57
Total? 0.68 12.83 18.36

1. Total budgetary figures differ from the figures for public expenditure given in the

first row.

2. The total includes expenditure by government and industry and expenditure aboad.

Source: elaborated from Atkinson, Rogers and Bond 1990, vol. I, pp. 24-26
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88) was only about three-quarters of that in France (£12.8 billion in
1987) and half of that in Germany (£19 billion in 1987). The figures
for the UK are also less at purchasing power parity exchange rates and
as a percentage of GDP. Of UK government expenditure almost one-
half is spent on defence. (The public civil budget of Germany is nearly
three times as large as that of the UK and the French is twice as large).
83 per cent of UK defence budget is for development: while defence
research may have some value for the civil economy defence
development does not and yet it accounts for four-fifths of the total.

.German industry (£11.57 billion) funds much more research than UK
industry (£4.7 billion) and French industry (£5.16 billion) (Atkinson,
Rogers and Bond 1990).

The central role of research and development expenditure in the
development of regional complexes of innovative activities makes
these variations in expenditure and the structure of research significant
determinants of the size, number and character of UK, French and
German technopoles. Variations in the level and composition of
expenditure help explain, for example, why the phenomenon is less
pervasive in the UK than in France, while the central role of French
government research institutes helps explain why the CNRS, CEA,
CNET, CNES and similar organisations figure so prominently in the
main French technopoles such as the Scientific City south-west of
Paris, Grenoble and Toulouse.

These variations are however a result of differences in the quantity
of inputs into R&D and not of the quantity and quality of outputs.
(There are of course indicators of research output such as the number
of patent applications in the US which show US firms losing ground
to the Japanese and European firms improving slightly with Germany
gaining, Britain losing and France more than holding its own).
Moreover the evidence considered does not deal with the conversion
of the inventions that result from research into innovations nor with
the diffusion and transfer of innovations and the adjustment of skills
and working practices which actually lead to productivity growth and
increased competitive advantage.

Some attention has however already been paid to the significance
of regional innovation and technology transfer systems for regionat
dynamics. Morgan (1992) has shown for example how German regions
liave characteristic national advantages in the spheres of education,
training, R&D and capital markets, At the heart of the success of some
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German regions such as Baden-Wiirttember lies, he argues, its
collaborative approach to innovation, with: (1) co-operation between
firms in the same sector and between buyers and suppliers; (2) an
innovative support infrastructure (with the Steinbeis Foundation for
technology advice and transfer, the Chambers of Industry and
Commetce for business information, the Fraunhofer Gesellschaft for
technical consultancy and the Max-Planck Institutes for fundamental
research); and (3) the Land government’s tripartite model of collabo-
ration between state, industry and science. Alongside these intra-
regional networks the regional authority has helped forge a number of
regional alliances of which the most important is the ‘Four Motors’
network of Baden-Wiirttember, Lombardy, Rhéne-Alpes and Catalonia
(see Morgan 1992; Dunford 1991). In the French case a co-ordinated
national attempt at intra-regional technology transfer was set in motion
with the establishment of Regional Innovation and Technology
Transfer Centres (CRITT).

2.2 Industrial policy systems and technopoles

A second important determinant of technopolitan development is
the scope and character of government industrial policies. As in the
case of research and development there are important differences in
the character and extent of state intervention in industry. In the US
and UK government defence programmes amount to industrial
strategies for high-tech industries. Indeed it has been estimated that
some 20 per cent of US federal spending ($8000m) goes to electronics,
and pays for 35 per cent of electronics sector activities (Stoffaes 1984).
In other countries (such as Japan and France) there are active strategic
industrial policies for non-defence industries. Indeed a director-general
of the Japanese Ministry of International Trade and Industry (MITI)
once said that the ‘philosophy underlying the industrial policy of Japan
is the principle of free competition in the market place’. He
nevertheless identified three spheres in which this dictum did not
apply: public goods and services, such as social capital and industrial
infrastructure; international relations and the environment; and
‘achieving optimal resource allocation from a long term dynamic view
point’. The identification of the first two areas of state action is
characteristic of Jaissez-faire approaches. However his final point
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effectively means that while the market is effective as a mechanism
of short-run resource allocation and distribution it fails as a mechanism
for the organisation of production and long-term modernization
(Fukukawa, cited by Freeman 1987: p. 32).)

In mixed and capitalist economies institutional structures and
strategies give different weights to interventionist and neo-liberal
ideologies and methods. Zysman (1983: pp. 7 and 91-3) has distin-
guished three technical-political strategies aimed at shaping national
development: state-led, market-led, and negotiated tripartite. Variations
in the role of the state are a result of a variety of factors including the
structure of industry, administrative organisation and the character of
the ruling political coalition. Also important, however, are the
mechanisms through which money and credit are allocated, as they
shape not only corporate strategies but also the capacity of the state
to act. According to Zysman (1983: pp. 18 and 55-75) three varieties
of financial system can be dentified: a capital market with market
determined prices, a credit-based system with critical prices adminis-
tered by the state, and a credit-based system in which financial
~ institutions are dominant.

Selectivity and discretionary control over the use of credit are
essential instruments for a state seeking to guide industrial develop-
ment (see Zysman 1983: pp. 75-95). Where a capital market dominates
state interventionism is likely to find itself blocked. In the second type
of financial context, executive discretion is considerable and state-led
industrialisation facilitated, while in the third, the state has some
discretion through negotiations with institutions supplying industrial
credit.

In the German case a negotiated tripartie model goes hand in hand
with a credit-based system of industrial finance In the French case the
financial system was state-controlled and adjustment state-led. In the
UK what predominated was a cosmopolitan capital market and an
ambiguous industrial development mechanism. Attempts by UK
governments to establish an interventjonist framework and to shape
industrial adjustment were unable to overcome the obstacles the
financial system placed across the path of interventionism. Since 1979,
however, a market-driven path consistent with the character of the
country’s financial mechanisms and the strength of rentier interests
has been followed.

Over and above these differences which are rooted in the
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differences in economic structures, political frameworks, and hegemonic
blocs there are common elements rooted in mode of operation of
capitalist societies. In particular in all epochs of crisis capitalist
entrepreneurs seek more fluid ways of holding money wealth, while
indirect costs associated with land and other kinds of speculation
increase, In the 1960s the share of banking capital in value added
increased, as did rentier incomes. In the 1970s the concepts of an
aggressively assertive economic liberalism and of rentier perspectives,
which reflected the interests in particular of the holders of money
capital, gained ground, and in some nations achieved a hegemonic role.
The ascendancy of these concepts was however not just 2 result of the
increasing weight of their usual advocates such as commercial
capitalists and financiers, owners of small enterprises, and individuals
with incomes made up of interest, rents and dividends (van der Pijl
1984: pp. 8-20). Owing to the difficulties of accumulation the concepts -
of economic liberalism also gained ground in the ranks of industrial
capitalists. The differences between the German, French and UK cases
(and indeed between different places in these countries for the relative
weight of rentier and productivist ideolgies also depends on the relative
weights of productive, financial, commercial and landed strata in
different cities and regions) are therefore differences of degree and in
the relative weight of different social classes rather than differences
of kind.

These distinctions nevertheless play an important role in explaining
the differences observed in the development of the UK and French
high-tech industries. Successive French governments have adopted
strategic plans for the national electronics sector (see Table 2), and
these actions have played a major role in the development of French
technopoles. On the one hand strategic plans (Plan Composants, the
plans to develop a filigre électronique in the early 1980s and so on)
have provided resources that have fuelled technopolitan growth. On the
other the existence of regional professional interests permitted local
responses to these initiatives? In the case of the UK the attempts at
intervention in the 1960s and especially in the 1970s through the
medium of the National Enterprise Board gave way to disengagement
in the 1980s (see Table 2) - ending with the sale of INMOS to SGS-
Thomson - and a very strong emphasis on the attraction of inward
investment which itself is an important determinant of the different
character of high-tech development in the UK.
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TABLE 2
State intervention: aid for and reorganisations of the French, German and
UK electronics sectors,

France
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Source: data for 1968-80 from Dosi 1981, p. 94 updated.
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2.3 Technopoles and education and training

The position of a society in wider divisions of labour, the diffusion
of innovations and its development potential depend also on its skills
and human resources. Skills are not, however, an independent variable
but stand in a reciprocal relationship with other economic decisions.
Whether new technologies are used for diversified high-quality
production or rationalised mass production depends, for example, on
the skill profile of the population, while a society associated with high
skill levels will tend to have high wages, a relatively even distribution
of income, relatively equal life chances and an effective social welfare
Systern.

In order to provide skills three broad strategies exist. First there are
market-oriented approaches in which individual self-interest is relied
upon to get individuals to invest the time, effort, and money required
for the acquisition of marketable qualifications to which firms can add
job specific skills. A second approach is centred on the view that work
and learning should occur in conjunction with one another and
involves the social imposition and regulation of vocational training
schemes agreed in tripartite negotiations. The German vocational
training schemes are an example of this approach. Third vocational
education can be provided by the state. In the French case, for example,
most engineering training is provided in publicly funded vocational
schools (or lycies professionnels), and with the exception of a small
number of apprenticeships decisions about the provision of places are
made by the Ministry of Education.

Skills and training comprise another area in which unregulated
market mechanisms are, in fact, self-destroying and under-developing.
High skills are a collective resource whose existence is a precondition
for productive activities whether public or private. As Streeck (1987)
has shown, however, the provision of skills is subject to a prisoners’
dilemma problem where the optimal outcome for all requires co-
operative, co-ordinated behaviour of all but where, for individuals, co-
operation is too risky and the potential rewards of non-co-operation are
too great.

The prisoners’ dilemma is a classic example of a two-person non-
constant sum game. The payoff matrix adapted to a consideration of
a situation in which firms are deciding whether to train or not instead
of the classic situation - in which two prisoners must decide whether
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to confess or not to a crime where there is insufficient evidence for
a conviction unless one of the prisoners turns state’s evidence - is set
out in Table 3. The first figure in each cell is the financial gain for firm
1 and the second is the payoff for firm 2. In this game there is a unique
equilibrium where each firm chooses not to trainand receives a payoff
of two units each. Neither of the other strategies is an equilibrium for
if one firm trains or is expected to train it is in the interest of the other
not to train and to poach its rival’s workers, while if one firm does not
train the optimal strategy for the other is not to train either lest it lose
the workers it trains to its competitor. The critical feature of this game
is that the equilibrium outcome is worse for both players than a joint
strategy in which both agree to train. The optimal solution is to agree
on and enforce a joint strategy as co-operation increases the welfare
of all players. The need for enforcement is however critical for the two
players play the game independently and even if they agree on a joint
strategy it is stil] in their individual interests to break the agreement.

As a result, therefore, of the existence of a free contract job market

TABLE 3
The skills' dilemma
Firm 2
Not-train Train
Firm I Not-irain | (2,2) 10,1)
Train | (1,10) (5.5)

firms invest less in training than is in their own interest. The reason
why is that skills are a collective resource. A firm’s investment adds
therefore to a pool of skills on which others, including its competitors,
can draw. Various factors qualify this situation, but in general firms
tend to provide firm-specific skills. Transferable and non-transferable
skills are however interdependent, and so a firm that confines itself
to the creation of non-transferable skills will under-develop them.
Knowledge also, on which a more active involvement of workers
depends, is kept from them in part for similar reasons. A market-
oriented approach which is weak in creating dedicated skills will,
concludes Streeck, fall far short if it is asked to create skills as cultural
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resources which will appear to rational decision-makers as excessive
qualifications. Yet the central role of generalised and polyvalent skills
and the need for skills that can be used in as yet unknown ways
transform skills into cultural resources of central importance.

The self-interest of firms on which market models rest cannot
therefore be relied upon to achieve the desired results. Nor will the self
interest of individuals lead them to choose to acquire the required skills
not just because of the inappropriateness of financial rewards but
because of market failure. The reason why is that individuals acquire
fundamental skills when they are young and when they are least able
to accept the long deferral of gratification that is the essence of an
investment, since it presupposes certainty about what one will value
in the years to come, and this certainty is itself a product of an
individual’s social and personal identity which in young people is in
a process of formation. Young people whose personal identity has not
yet been formed lack ‘the crucial properties and capacities needed for
rational decision-making of a neoclassical kind’ (Streeck 1987).

The alternative approach that Streeck favours involves a reintegration
of learning and work, a treatment of learning as socialisation and as
an obligation, and the social regulation of firms. In the view of Streeck
enterprises in the West as in the East should be places of learning as
well as places of production. But if the acquisition and development
of skills can only occur in conjunction with work within the firm, and
if the firm does not have the rational motivation to fulfil this role of
its own accord, regulation, of the kind embodied in the West German
vocational training system, is required.

Skill shortages exist in all societies but are most acute in the US
and UK where market models prevail. In West Germany and in Japan
with their community and corporate institutions shortages are less
severe, as they are in France where state intervention is the order of
the day. '

In a recent study Ray (1988) pointed out substantial differences in
the training and roles of electrical (and mechanical} craft workers and
technicians in France and Britain. Over three-quarters of French
electricians hold the equivalent of a City and Guilds Part II certificate
or better compared with 44 per cent in Britain. The most striking
differences occur at skilled worker level. What is also important,
however, is the fact that in Britain electrical technicians are employed
in laboratories, drawing offices and as junior managers whereas their
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French counterparts are also employed on the shop-floor in process
control and maintenance functions.

In 1984 over four times as many gained craft qualifications in
France as in Britain: 32,000 against 7,000. At technician level the
French trained nearly half as many again: 14,000 against 9,000. ‘France
is now level with Germany in numbers of craftsmen trained each year
in electrical work, (while ... France trains only half as many mechanical
craftsmen as Germany) ... In 1975 Britain trained around half as many
as France to craft and technician standards ... [In 1975-82 the rate of
expansion was similar in the two countries] .. By 1987, despite the
financial support provided to apprentice training by the YTS subsidy,
numbers qualifying in Britain were 60 per cent below the peak of 1982,
having declined even more sharply than employment in the industry’
(Ray 1988: pp. 64-5). In 1987 the French lead had increased from a
factor of two to a factor of three: the French trained three times as many
qualified craftsmen as Britain to standards which are as high and often
higher than equivalent British qualifications.

Skill requirements interact with the volume of employment and the
profile of jobs: the evidence on skill structures seems to indicate
significant differences in the quality of jobs, in the character of the
work relationships and in the potential for development different
European countries,

2.4 Technopoles and inter-firm relations (inter-firm relatio'ns,
firm-financial institution relations)

Another characteristic of the new industrial order is the develop-
ment of networks as a third form of governance alongside markets and
hierarchies: for certain activities network structures - designed to
secure new forms of integration/synergy within and between firms can
overcome the rigidities of the vertically-integrated hierarchy on the one
hand and market imperfections on the other. In a network mode of
resource allocation transactions occur through networks ‘of individuals
or institutions engaged in reciprocal, preferential [and] mutually-
supportive actions [... where the] parties are mutually dependent upon
resources controlled by another, and [.. where] there are gains-to be
had by the pooling of resources’ (Powell, cited in Morgan 1992).

Within firms shorter product life cycles, a need to speed up the
commercialization of R&D and accelerate its amortization or amortise
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it over a sequence of products create strong incentives to create intra-
firm synergies and integrate the value added chain within the firm from
R&D through production and marketing to after-sales support. At an
inter-firm level network modes of economic organisation are associated
with strategic alliances, joint-ventures, producer-user and producer-
supplier relationships. As Morgan shows direct and regular producer-
user contacts improve the transfer of information and knowledge and
allow the capture of learning-by-using effects. At the same time total
quality control and integration of the value-added chain involves the
establishment of complete supply chains (first-, second- and third-tier
suppliers) committed to zero defect objectives. The advantages of this
type of strategy are among the factors that lie behind the development
of strategies of longer-term and more co-operative relationships of
producers with their (core) suppliers variously called collaborative
manufacturing, co-makership and upstream management.

Strategies of this kind are however not easy to develop in market
environments in which there are always short-term gains to be made
from opportunistic behaviour. Strong producer-user and producer-
supplier linkages have been one of the defining features of the
JTapanese, German and Swedish economies. What the relative success
of these economies shows therefore is the possibility of success in
situations where these strategies are adopted.

The development network structures is associated with strategies of
vertical-near integration or vertical near-disintegration. With their
development power relations do not disappear. Indeed the networks
vary in character and in the degree of asymmetry in the relationships
between participants. As Leborgne and Lipietz (1990) have shown
near-integration can assume scveral forms from vertical subcontract
relations to horizontal partnerships and strategic alliances, with
intermediate oblique variants of near-integration (see Figure 2).In each
case the network of relations among firms can be either territorially
dense, as some authots anticipate, ot territorially disintegrated. While
progressive network structures do make for successful firms and
economies, there is no guarantee that progressive network structures
will win out. The identification of successful network strategies does
however help inform discussions of regional development strategies.
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Figure 2:
Strategies of integration
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2.5 Technopoles, industrial relations and work organisation

There are a number of ways in which systems of industrial relations
shape the development of technopoles. To cite just one example
consider the question of the extent of horizontal relationships within
enterprises, Throughout the post war era there was usually a division
between R&D, production and marketing. Often there was a geographi-
cal division between them. Always ther was a cultural and social
division. (This divide date from the development of electric power
when separate R&D departments were established in electrical
engineering and chemicals companies. It spread from US and German
electrical and chemical firms to the rest of world shaping the
possibilities of product and process innovation. The Japanese on the
other hand sought to reintegrate mental and manual work and to
reintegrate R&D, production and marketing. In electronics Japanese
firms’ R&D departments regard the factory as a laboratory: products
cannot be redesigned without the help of processes. This teintegration
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of formerly separate jobs plays a major role in the diffusion of
innovations as diffusion requires scientific and technical competence,
creativity, learning by using and learning by doing, It is the fact that
technopoles rest on the division of these tasks - to the extent of
excluding all stages beyond the design of prototypes either through
rules of membership or through their effect on land values - that lies,
in the view of some critics, at the root of their limited impact on the
wider regional economies in which they are situated. At the same time,
however, there is some evidence of differences in the speed of diffusion
of key processes in a number of different countries in the 1960s to the
1980s (Ray 1984). As far as the countries considered in this article are
concerned one of the main findings was that the UK was often one of
the first countries to introduce an innovation yet often the last to .
diffuse it through the potential population of adopters. Swedish,
German and Japanese firms, in which there is a closer integration of

" mental and manual work, were on the other hand the quickest to diffuse
innovations through entire industries.

3 Conclusion

In this article I have argued that the dynamics of technopoles and
the speed and character of the diffusion of innovations which underpin
competitive advantage depend upon investments in research and
development, the character of strategic industrial polices aimed at the
support and diffusion of advanced technologies, investment in
education and skills, the development of network structures to secure
new forms of partnership and of integration/synergy within and
between firms and the character of systems of industrial relations. In
all of these areas there are situations in which markets fail and where
collaboration has advantages over competition. The extent and the way
in which national and regional economies and societies seek to adapt
to these challenges and the modes of regulation they choose differ, and
it is these variations that help explain the comparative dynamics of
technopoles and the success of innovation diffusion. These factors are
not however mutually independent. To be effective strategies with
respect to technology must be intimately related with industrial
policies and training policies for there are significant interdependencies
between them.
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References

1. This consern with diffusion leads to an important distincion between science parks which have very
modest effects on local and regional industrial development and projects whose central goa! is the
diffusion of new technologies itito local economic activities. Oulu University in Finland is an example
of the latter. Situated in the centre of an area of forests, mining, and chemicals and metals, a decision
was matke to develop electrical engineering as a priority sector and a public applied electronics research
institute was set up. An attemp was made to link these initiatives and to concentrate electronics on local
industries. Graduates got jobs in local industries, and the instrumentation of these industries proved
an impertant source of local employment, while the industries themselves were very successful.

2. See, for example, the very interesting discussion by Rousier (1992) of the way in which the
development of engineering education, research-industry relations and international collaboration in
Grenoble contributed to the creation of a local scientific and technical culture. The existence of this
professional structure allowed Grenoble to respond for example to the national programme to develop
a filiere électronique in the early 1980s and to develop a White Paper on electronics in Grenoble (Groupe
de reflexion sur le Developpment de I' Electronique dans la Région Grenobloise 1982).
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Teyvondles: Tvyrgroua ekéraon tng Egevvag, g
Kawvotopiog, ko tov Ewduxevosov

MICK DUNFORD*

O texvomorers oumoteholy ywpud oupmiéypate SpaoTnowTT®V
WmMIg TeXvoroyiag xouvOTORIXOD XagaxTHgo Hon Bewporvior wg JALCE
and TG YWQIKES MOQPES TNG AVAMTUENS TOV TEXVOROYLDY CLYPUNG TS
TANQOPOQUHNG EmOXNG. Ze TEQLOdOUS XPioNg MapaTNEOvYTaL CLOVRUETQIEG
avaueco ong veeg texvohoyiés eEeAifelg won omg Beouuxsc wou
HOLVOVIKES BOMES (ELOLKOTNTEC, SLOYELQLOTIXNES TmOUHTIXEC, EQYUOLONES
oxgoeg, xAm.). H éntaon g aovupetpiog dapégel ané XWOa OF YUpC:
O OO TEQLOYI OF TEQLOYM, UE ATTOTEAEOUE XAMOIES OLKOVORLES Vet Eiven
TLOAY) IEQLOCOTEQO METUXHUEVES aTtd ahheg. To YEYovos uTd UmodeLxvie:
0L Ba mEEMEL Ve EESTUOTOUY GUYXRQUTLKG OL Beopirée npounobécelc ota
mhctiowe. Twv omoiwv ouviehovvron n Epswvo xow AvamTuEn xou oL
XGLVOTOULES %01 1) WavOTNTA SEPORETNGY auvBimamy oTyv mpowdbnon
xa Suddoon g Texvoroyias. Etor o duvoponde tav texvomdreny kol
TWV MEQLOYWV OTIG omoleg avixouy eEaQtdral amd Trv oyl Tov
XOVOTOMXMY BQOTNQLOTATIY Kot TV EMTUYY Sidyuon Tove oIV
nepbaiiouoa oKy olxovopia.

2to onuelo autd amoutovviow dvo devxpwicels, Eva atwvoho
XOLVOTOXWY dpaoTmgLoTiitwy uirogel vor amodelyBel Suvapuxd Adyw tne
EAENG OQwY: harogei Snhadi] xaveis va Snpiovgymoes “nabedouxotc vaolg
otV £0NUO” omAd UYXEVIQdvVOvTag mOgovg of Alyeg moowOnuéveg
deaotnoroTntec. Tgéme eddh var eEetaotel av oL A6oL ov dioyetetiovian
OTIG KOLVOTOULXES HOXOTNOLOTNTES UTOGOTHV VO HETAPOAGTOVY OE pLet QO
xavotopv. Bivow howtdy avoryxaio va Suxywolotel 1) elopof tov TOQUIV
QL0 THY EXQOT TWV RAUVOTOMLDY, YGO)XEL Opag %0 ot Sevteon dudwouom
QVaEdD OF ExQOEC oL omoisg. dMuovgyolv tommG Euxaugiec v
ROVOTwALKG %EQON e OE HOLVOTOMIES OL OMOiEg £XOVTUL GUOTNXG
X0QuxTNEa dmovgyolv moooulbépevy ofic oe €va evpy paouc
doaoTMELOTHTWV. ATIS vt THY GITOVM, 1) TEXUTITA X0L O TIQOCAVOTOMOHOS
TV XRAVOTOPRGY dQOOTRoWTTTWY eEQQTdVTIOL 0t 10 Beopund mhaiow
xa ug Rowvovinég oxfoes. H opydvwon egyaoiag, to péyeoc, 1 dopn
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%0 OL SLIOUVOECELS TV EMYELOTIoEWY Siapegouy and TEQLOYT) OE TEQLOYN
#ofe emiong xow 0 @OMOG TOY npdtovg. Ou véeg TEXVOAOYiEG BEV
emballowv Toug véoug TEOLOUG nowvovixev oyfoeov. H emtvgia
SUHPOQETLNCV TEXVOROYIRMY KO HOWOVIHAV EMACYDY AvTavOXhGTo
GVLO0. GTO YCQOXTIQOL, TIY TEXUTTAL Ko TNY TOWTTC TG avamTUENS,
gvéd 6T oupBoiver oTig md duveunes NEQLOYES EYEL EMUTTACELS OTIG
MEQUOXES XOMMAGYY QUBKGY aVOITTUENG.

Engivo wov 95h0 va Toviow sivan &1L o 0QLOpEVES TEQLOYES OL OTOIES
auvSEOVTaL [E TV VOTTTVEN TEYVOTOAEWY, 1) YO anmotuyydver xobdg
ATOLTOUVTCH TIEQLOGOTEQO OQYUVIDUEVES ROL gukhoyrég oxgoes ouvegyaolog.
Eddh MEQUAUpGEVOVTOL M VITOOTHQEY TS Boevvag oL AVERTUENG, 1)
epappoyt  Gropapavinng moMTxfc, M Onmovgyic deBothiow, O
SLACVVOEGELS CIVGHIECD, OTLG ETLYELQNOELS KOl SpaoTNOWTNTES %OL O
YAPUARTIQOS TV wobwTay ayéoewv epyaoiog. h debvelg nan
SULTTEQLPEQELONEG DUOPODES OVTAIY TV FUVIOTWOMY Logovy va Bewenboly
(¢ GTOLYEI0 DLOPOQETLHAY TELQOMOTLONWY YL TV HOTOOKEVN) VEWY
BEopLHEY SOWGY KoL VEQY TROTTWY pvBwone. Evag tedmog UBLoNg Eivan
PuoXa TOMBIAOTATOG: TEQLMABAVEL ueBédoug mpoadlogiopoy wabny
X0l ELOOSTATOY, TOTOTXOUS PNYeVIBHOUS, dopéc ayopds, ®Am. ZTO
apbpo  eEerdtovion avahunixd TEVTE otoueior M Beopomoinon TG
Egevveg a0 Avantugng, ol ayéoelg xpatovg-Blounyaviag, ot TpdmoL
gnoyyeMLoTkTg exstoidevong, oL SLETUELONOLORES TYECELS KO OL mobwTég
OYE0ELS EQYOLOLAG. Z€ Hoyyuict TEQUTTWOT BEV VPIOTETON £VEL VED NYEPOVIHO
oUVORO aITaVTACE@Y. AVTIDETa VIAQYEL W OE\QC: TIELOUUOITLORMY PE
AMPOODIOQLOTA OXOPO, OTOTEREUATAL

O XevIpIROg QOROS TWY SUTTOVGY YIoL Egeuvva %o AvAgTugn oty
AVAITTUEN TEQUPEQELCRIDIV QUULTAEYIETMV KOUVOTORADY doaoTnoroTiTeV
#0BLOTA TO MPOg TV DOTAVGOY KOL TOV NPOCUVOTOMONG TNG EQEVVOS
ONUAVTLRES TOQUUETQOVS TOV REYEBOLG, TOU YUQOXTIQN %Ol TOV aQLBpot
1v Teyxvondiewv ot Todhia, ™) Tepnavia ko 10 Evopivo Baoilero.
Meourég oITd UTEG TIS Suapopé eivan WuoiTep EVIOVES. And T o
TAEVOG 1) 0QYEveo TIG épEVVeS Elvar TOM) SLPOQETLHY OF K(BE YOO
AmS T dhkn dLagéQouy ok dSaumdves. 1o Evopévo Baoikeo n OUVOALXKT
Somdvn v E&A (£9,7 . pe Tuég ayopds To 1987/88) fav mepimoy
ota 3/4 g avtictoung damdvng oty Fodhia (£12,8 duo. to 1987) xoL
10 1/2 e Teouaviag (£19 do. 1o 1987). Alapopés o0 EnLnedo KoL TN
SUVBEDT TV SOTOVGDY JITOQOVY VUL £ENYNOOUY, Y10t TOQUOELYI, TO YTl
oL TEXVOOAEL; Elvon MYOTEQO suadedopévec ovo Evopévo Baothew omd
ot otny Tadhio, V) 0 HEVIQIKOG pONOG TV HQUTLHAY EQEUVITLRMV
xévrpwv ot Fodhia eEnyel To yweti 1o CNRS, CEA, CNET, CNES oL
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dia mopdpowe LogUpate moobdhhovicn oOTg uvoutepes ohhaxég
TEYVOMOAELS Omog oty Emotnuovixnn IToin voto-dutikd Tov Iapioiov,
) Drpevopmh xon v Tovkolk,

Mo deUiTEQT KEVIQLXY] OUVLOTAGY TNG UVATTTUENS TEXVOTOAE®MY Elvon
O OHOTOS KOl O YOUQOXTNQEUS TS BLopunyovixig AOMIKNE M onoic
CVTUTTOXPIVETOL OTO YEYOVOE OTL M ayopd lval odUvapt] amEvavTL oty
EMTEVEY BEATIOTNG RUTOVOUNG TWV TAgWY GE PoxgompdBeopn dSuvapixn
FTEOONTLXT). ZVPPWVA UE TOV Zysman Keoodlogilovion TOELS TEXVIXES KoL
TOMTIHEG OTQUTIYLKEG PE GTOYXO TIpY EBVIXN AVATTTUEN: HEGW TG XQUTIXNG
TOQEPBRONE, HECH TNG CYORAS KO LEOW TG TOUUEPOVS DLUTTDAYUATEVOTS.
Awpopéc oTov QOAO TOU XQATOUS GUVOEOVTOL PE JLUPODES OTOUS
POVIOROTE PECGH TV ONOIWY TO YOO KL OL TUOTWOELS XUTAVELOVTOL
%O SLOPOPPOVOUY OYL POVO TIG OTRUTNYIXES TOV EMLYELPNOEWY ChAG Ko
TV WXOVOTNTQ Tou xpatoug va Opdoel. Toeg mogalioyés Tov
XONUATOOOTIXOY CUCTNUOTOS WIOQOUY VO ZEOCOLOQLOTOVV: 1] Qyopd
XEQPUAGIOU e TYEC OV TEOOOPILOVIOL OTNV GYOQd, TO MOTWTHO
OUOTTUO. PE KOUTHG DLEVOUVOPEVES TULEG, HOL EVOL TILOTWTIXG CUGTINX
Omov xugopxovy Ta yompatodonrd woltpata Ta dogpopenxd avtd
CUOTIHUGTO EXOUV ONIROVTLXOTATES ENLTTMOELS TTEVE 0TIV QVEITTUEY ToY
TEYVOTTOAELOV.

H 0éon mog xowvaviag otnv gvputepn duaigeon NS egyaoiag, 1
Budyuom TV KOUVOTOUDY KAl OL SUVATOTNTES AVATITUENC TOVS eE00THOVTOL
eniong amd 1o avBpmmyvo duvopxo xou TS vadgyovoeg deEldtyies. Ou
SeELdTNTES 1oL M HATAPTLON AMOTEAOTY Jat TEQLOYT GO OL X ovIopol
TNE AYOPGS ELVOL TIPUKTUHG UTORUTACTOOPLROL KO AELTOUQYOUY QVITTLXG
My g UmaeEnG evig Timou “Suifupatog Tov puiacpévor”, Blieipeg
SeELOTNTOV UGEYOUV OE OAES TIG KOLYVIEG OAAG ElVOL MEQLOOOTEQO
évroves otlg Hvopéves Tlohteies uow 1o Hveopévo Booliewo dmov
EMKQUTOLY TO NOVIEAD 0yopac. Xt Avnnn Deppavia #ow v Iamovic
1€ TLS KOLVOTIHEG XOW KOQMOQUTIOTIXEG Mapadooes ov eAelpels elvan
Aydrepo cobapég, dmmg xaw otn Cadhia dmov ) xoatixn magéuboon eiven
£VIOvI.

Eva diho yopaxtnowonnd e véag Suopnyovinne TtoEng eivon m
avaxTuEn duthov wg evdidpeon poogpn duoixnong avdpteod oty ayopd
KO TNV LEQUOYIL YLO OQLOPEVES QOOTNOIOTITES TC diXTY, oxedurouéva
t¢ta. wote vo eEdo@oiilovv véeg LORQES OLOXANOWONG/OUVEQYELUS
AVAPESA OTLG EMYELONTELS (LITOQOVY Vit UrspBOTY 1000 TUS axapies Twv
ROOETOTMOLNUEVIY LEQUQOYLUOV 000 X%OL TG OTEAELES TNg ayopds. To
MAEOVEXTAIOTA CQUTMV TOV OTQUINYLNGV UIOTELOVY JAQyoOvIES Ol
OTOLOL BOLEROVICL TG OO TIY CVOUTTUEY EQLOOOTEPO UOREOMEOBEC®@Y
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OYECBUIV CUVEQYROLG avaueou OF TTOQOLYIYYOUS HaLL Gaomwg mpounBevtis,
ota mhaiow peddduv yveatwy wg CUITTOIQAY@YT} KOL OUVOMRY G TLQOG
g myée duoreipuon,.

YrGpyovy TEAOG, OQLOPEVOL TQOTIOL PE TOUG 07TOlOVC T CUCTIPOTO
TV EQYOOLOXMDY BLOPNYOVINGDY TYECEWY SUIOPPUVOUY TIV OVOITTUEN
TQV TEXVOTOREWY HOL TNV TOXUTIFTE Sidppuoms g TEXVOLOYIOG. Yooy
noomolee eVOEIEELC YL TG dLapopEs 0TV TaXYTNTA duddoong Baouudv
SLadraoudy oe SpoeETIéS XWpes artd T dexaetic vov 1960 fomg
dexaetio tou 1980, To Hyvopévo Booiheio yio modderyno, eve Miay
ouyve T TIG MRMTES XOQES OTNY wobétnon pog texvoroyias, frav
QVOUECT OTLS TEAEVTOiES OOV apopd T didyvon Tovg aToug mBavoug
amodéntec. Ov Soumdinég, Teppovinés xon lamaviuég EITLYELOTIOELS
avTiBeTO, OOV UTAOYEL OTEvOTEQT OAOXMIQWOT TS davonTixng ®ou
YELQOVONTIXTG EQYUOIAS, mOdELHviovIaL TovTates otn duddoon Tng
wowvotopiog oe ohéAngo 1o Sropiovind atotnua. H TrwoQEN OQI.?;OV‘I:IJ(DV
TYEOEWY OVGPESE OTIV EQEVVC, TO OYEBLOOKG %ou Ty TEpoywyY Héoa
OTIG EMYELONOELS HOL 1) ETCLVEVOWPATOON TG SLIVORTLATIC HOU YELQOVOLTIXAG
ggyaoiag mov xagommgu@ow 1o Tomovixd, Teopovad o Zowmdind
QUOTHRATA BLOUNYOVLREY OYECEWY s’gmmw i SLapopie 0T duduon Tng
xouvotomiog, xofag 1 dudpuon omoitel EMIOTIIOVIXT] 0L TEXVIAT]
HavOTITA, dNILoVEYRITNTE, EXpddNoN Héca a6 TN Yefon ®oL eumepioL
TTpaypanixd. oxQLBds eneidy o TeXvonoAes otnifovran ot daigeom
TOV MOQUEVGD GUVIOTWORY, GUMPEVOL TOUMIYLOTOV UE OQLOUEVOUS
HOUTIKOUG OVAAUTEG, OL ETLTTIELS TOUS OTIG TeQUBGI.OVOES TTEQUPEQELCXES
OLHOVONIES ELVOIL OVOYXOOTIXG TIEQLOQIOUEVES.
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