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Summary. Ð Research on industrial clusters in developing countries is increasingly
concerned with how their competitiveness evolves and changes over time. This article
shows what analytical shifts are needed to unravel the technological underpinnings of
clusters' longer-term competitiveness. Building upon an understanding of technological
learning in large-scale ®rms, we stress the need to focus on systems of knowledge ac-
cumulation, rather than just production systems. With this in mind, future research
should investigate clusters' active capabilities for generating and di�using knowledge,
and their openness to external sources of knowledge. A conceptual framework to guide
investigation of these aspects of cluster knowledge-systems is presented. Ó 1999 Else-
vier Science Ltd. All rights reserved.

1. INTRODUCTION

For those with interests in the technological
and organizational underpinnings of the long-
term process of industrialization, research on
industrial clusters in developing countries has
moved into an intriguing transition phase. For
several years this ®eld of research has concen-
trated on various aspects of the comparative
morphology of clusters, but recently it has be-
come increasingly concerned with questions
about the dynamism of clusters and their
longer-term competitiveness. Rabellotti (1995,
p. 229), for instance, has stressed the impor-
tance of ``...comparing trajectories and stages
of development instead of snap-shots.''
Humphrey (1995) has emphasized the impor-
tance of moving ``from models to trajectories''
in the analysis of clusters; and indeed Schmitz
(1995, p. 9) found that ``the most interesting
conclusions emerge from tracing changes over
time''Ða view recently well illustrated by
Meyer-Stamer's (1998) exploration of path de-
pendency in industrial clusters in Brazil.

Research on clusters has also begun to give
explicit attention to the ``technological'' aspects
of dynamism. Although they might not use that
term, authors have turned at least some of their
attention to questions about the rates and
sources of change in the designs and quality
levels of the products produced by clusters and
in the characteristics of the materials, processes
and organizational arrangements used to pro-
duce and market them. Growing interest in
these aspects of technological change does not
mean however that there is general agreement
about the importance of the technological di-
mension of cluster dynamism. Nor is there any
consensus around either the key issues to ex-
plore or the conceptual basis for any such ex-
ploration. A broad aim of this paper is
therefore to stimulate and guide interest in this
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technological dimension, by highlighting some
of the most important questions that are as yet
unanswered and by suggesting a conceptual
basis for further research.

The current situation is reminiscent of a very
similar phase of transition in the closely related
®eld of research on technological change and
dynamic competitiveness in the large-scale sec-
tor of industry in developing countries. Many
of the uncertainties, limitations and di�culties
currently confronting research on the techno-
logical dynamism of clustered industrial pro-
duction were evident about 25 years ago in
what was then an emerging ®eld of research on
technological change and learning in individual
large-scale enterprises in developing countries.

Research since then built up a body of un-
derstanding which fundamentally altered the
previously dominant perspective on technolog-
ical change and industrialization. We suggest
that research on clustered small-scale produc-
tion in developing countries is part way through
a similar conceptual transition. So far however
it has shown few explicit links with research on
the technological dynamism of the large-scale
industrial sector in developing countries.1 In
this paper we speci®cally try to strengthen those
links, hoping to contribute to the development
of understanding about the technological di-
mension of the longer-term evolution and
competitiveness of industrial clusters.

In Section 2 of the paper we compare the two
bodies of research, attempting to locate the
perspectives which are currently dominant in
research on clusters on the spectrum of shifting
perspectives about technological change in
large-scale industry which has developed since
the 1970s. Then in Section 3 we outline several
conceptual issues about knowledge systems and
technological capabilities which seem impor-
tant in developing a deeper understanding
about the technological dynamism of industrial
clusters in developing countries. In doing so, we
draw initially on the previous body of research
about technological change in large-scale in-
dustry, but that is only a starting point. We
then try to move beyond that to address some
of the more speci®c characteristics of techno-
logical change in clusters. Finally in Section 4
we build on that conceptual discussion to out-
line a taxonomy of key features of the organi-
zational basis of technological dynamism in
clustered industrial production, and we illus-
trate how this might be developed as a basis for
comparative analysis of change in cluster
``knowledge systems'' and its relationship to the

long-term sustainability of cluster competitive-
ness.

2. TECHNOLOGY AND
INDUSTRIALISATION: CHANGING

PERSPECTIVES

(a) Technology, dynamism and large-scale
industry in developing countries: an earlier

transition

Until the late 1960s there was little interest in
understanding industrial technological change
in developing countries. This was partly be-
cause the process of technological change was
presumed to be largely absent, occurring al-
most entirely in the industrialized world. It was
also because, in the tenets of ``mainstream''
growth economics, technology was embodied in
®xed capital and technological progress was
therefore achieved by the fairly straightforward
process of capital accumulation. Consequently,
since the industrially advanced countries were
the producers of most of the capital goods
needed for industrialization, any problem
about achieving long term technological pro-
gress in industry was largely a problem about
generating the savings and international capital
¯ows needed to acquire externally sourced
capital goods.

From that perspective, the technological role
of local industry was essentially passive, in-
volving merely the adoption and routine oper-
ation of externally supplied technologies.
Curiously, this view was also held by the ``de-
pendency'' school of thought which described
the reliance of ``peripheral'' developing coun-
tries on imported capital goods as ``technolog-
ical dependence,'' correspondingly emphasizing
the virtual absence of any signi®cant innovative
activity in Third World industry. These views
about the irrelevance of any signi®cantly cre-
ative industrial technological activities in de-
veloping countries rested on several
presumptions about the nature of technology
and technological change.

ÐTechnology was identi®ed almost exclu-
sively with machinery (capital goods). Tech-
nological change was therefore seen either as
development of new kinds of machinery
(technological ``innovation'') or as acquisi-
tion and installation of new machinery
which had already been developed elsewhere
(the ``di�usion'' of technology).
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ÐA sharp distinction was drawn between
technological innovation and technology dif-
fusion. One was considered technologically
creative; the other was seen as involving
merely the passive ``adoption'' of innova-
tions created by others.
Ð``Modern'' industry in developing coun-
tries was seen as typically acquiring almost
all its capital goods from suppliers in the in-
dustrialized world. If there was any produc-
tion of industrial capital goods in developing
countries, that involved merely the techno-
logically passive replication of machinery de-
signs originating in the industrialized world.

From this stylized ``1960s'' perspective, any
locally generated industrial technological
change in developing countries was seen as es-
sentially minor and adaptive, involving little or
no technological creativity. The main techno-
logical tasks were merely to acquire, and learn
how to use, available technologies, and the only
``technological capabilities'' needed were those
for undertaking such routine investment and
production activities.

For any social scientist interested in creative
aspects of the process of industrial technologi-
cal change, this perspective suggested that there
was little signi®cant to observe. Thus, concerns
about policy relating to technological change
tended to focus on ®nancial and informational
``gaps'' that obstructed or distorted the ¯ows of
capital-embodied technology. Fortunately, not
all social scientists accepted that perspective
and, starting from the early 1970s, a growing
number began to explore the realities of tech-
nological change in large-scale industry in sev-
eral developing countries, especially in the
larger and more industrialized countries such a
Brazil, Argentina, Mexico, Korea and India.
Twenty-®ve years later this research has accu-
mulated a large body of understanding which
suggests a very di�erent stylized picture from
that outlined above.

First, analysis of change in a ®rm's produc-
tion technology must encompass much more
than just its machinery-embodied technology.
Technology is a much more complex bundle of
knowledge, with much of it embodied in a wide
range of di�erent artifacts, people, procedures
and organizational arrangements. These em-
bodiments of knowledge include at least:
product speci®cations and designs; materials
and component speci®cations and properties;
machinery and its range of operating charac-
teristics; together with the various kinds of

know-how, operating procedure and organiza-
tional arrangement needed to integrate these
elements in an enormously variable range of
di�erent production systems. Moreover, as
these elements of technology are highly inter-
connected, improvement in something as
``simple'' as product quality may require
changes to be made across several linked ele-
ments of the bundle, e.g., in machine hardware
or operating procedures, the organization of
production ¯ows, or the speci®cation and
treatment of materials.

Second, there is no sharp distinction between
innovation and di�usion. Very few components
of production technology are simply acquired
``ready-made'' and then brought into use ac-
cording to standard ``recipes'' which are iden-
tical to, and replicated from, previous
applications. Even in cases where the intro-
duction of some element of new technology
involves a fairly close approximation to such
noncreative technology ``adoption,'' the inter-
actions with other elements of technology in the
production system typically requires creative
problem-solving and innovative re-con®gura-
tion of at least some elements in the overall
production system. Furthermore, ®rms do not
acquire the capabilities to generate these cre-
ative changes spontaneously merely from the
experience of doing production, as implied by
notions of learning curves. Indeed, studies of
infant industries (e.g., Bell, Scott-Kemmis and
Satyarakwit, 1982) have demonstrated that the
performance of production systems may not
increase at all over time, and can easily stagnate
or decline over the long-run.

Third, external sources of technology are not
limited to machinery suppliers. Customers, for
instance, may be much more important sources
of technology, providing not just knowledge
about product speci®cations but also a wide
range of other elements (e.g., operating proce-
dures and know-how, or knowledge about
materials properties).

More positively, research has identi®ed a
wide spectrum of technological changes which
do not ®t the common focus on ``step-jumps''
based on new knowledge derived from for-
malized Research and Development (R&D),
requiring substantial investment in new facili-
ties for their implementation. This spectrum of
other kinds of technological change encom-
passes, for instance, those which involve (a)
improvements to existing production systems,
rather than investment in complete units of new
production capacity; and (b) knowledge inputs
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drawn largely from existing stocks rather than
from recent R&D.

These types of change account for a very
large proportion of all technological change
and, in technologically dynamic ®rms and in-
dustries in both developing and developed
countries, continuing streams of such change
typically stretch out over long periods through-
out the lives of production systems. Their
cumulative economic signi®cance over these
periods is typically very large. Moreover, they
do not emerge spontaneously as a ``by-prod-
uct'' of the routine production operations of
®rmsÐas in simpler conceptions of ``learning-
by-doing''. They are generated with very sub-
stantial inputs from the change-generating
resources of the technology-using ®rms them-
selves (Hollander, 1965; Dahlman and Fonseca,
1987; Enos, 1997).

To sum up, from this ``1990s'' perspective,
technological change is not simply something
which ®rms choose and ``buy-in'' from outside.
On the contrary, it is rooted in a speci®c set of
change-generating resources or capabilities
which are located within the structure of tech-
nology-using ®rms. Consequently, the learning
processes which contribute to building and
strengthening those capabilities are seen as
playing an important role in the long-term dy-
namism and sustainability of industrial pro-
duction.

This also means that for those interested in
understanding industrial technological dyna-
mism in developing countries, there is after all
something to observeÐapart from the acquisi-
tion of externally sourced machinery. More-
over, these processes of technological change
and capability accumulation exhibit wide dif-
ferences between ®rms, industries and econo-
mies, with some of these di�erences apparently
associated with di�erent long-term paths of
economic performance.

There is, however, an important issue which
until recently was given only limited attention
in the literature on technology and large-scale
industrial development: the inter®rm, network-
based nature of the processes of change and
technological learning. While the importance of
the individual large ®rm's own change-gener-
ating capabilities has been emphasized, it has
also been recognized that technological change
usually depends on externally sourced inputs.
More recent perspectives have therefore come
to emphasize the importance of this dual
structure of internal change-generating re-
sources and links to external sources of tech-

nologyÐboth other ®rms and more specialized
knowledge-generating organizations like uni-
versities or R&D institutes. Such combinations
of internally organized capabilities with exter-
nal knowledge resources, and the links between
them, have come to be described as industrial
``innovation systems,'' ``technology systems'' or
``knowledge systems''Ða profusion of concepts
derived largely from research in the industrial-
ized world in the last decade or so.2

While these systemic perspectives have re-
cently been seen as important for understand-
ing the technological dynamics of late
industrialization, there has only been limited
empirical research about how these networked
knowledge systems emerge and evolve in the
speci®c context of large-scale industry in de-
veloping countries. On the other hand, of
course, understanding the development of net-
worked structures has been the ``bread and
butter'' of research on clustered small-scale in-
dustry in developing countries. That is a major
reason why the transition of interest in this ®eld
of research toward issues about technological
dynamism is potentially so fruitful. If future
research on industrial clusters can combine a
focus on the inter®rm networked structures and
relationships, with an exploration of the
change-generating resources and learning pro-
cesses occurring within technology-using ®rms
and cluster institutions, then we may move
closer to understanding the basis of techno-
logical dynamism and the sustainability of
competitiveness in clusters.3

(b) Technology, dynamism and industrial
clusters in developing countries

It is di�cult to re¯ect in a short commentary
the inevitable heterogeneity of views and per-
spectives within a ``®eld'' of research. Never-
theless, even a sketchy attempt to do so here
may be useful in highlighting some of the key
issues which we will develop further in
Section 3 of the paper. To provide a clear
framework for this, we have focused on the
recent doctoral research of six authors. While
four of them are contributors to this Special
Issue, this article refers to their doctoral theses.
Key features of these studies are summarized in
Table 1.

All these studies are concerned with issues
about change and dynamism over relatively
long periods. There are, however, wide di�er-
ences in the key aspects of change given most
attention and, at a broader level, there is little
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Table 1. The investigation of technological dynamism in selected cluster case studies a

Case study Main focus of inquiry Investigation of technological change and its determinants

Nadvi (1996)
Surgical
Instrument
Manufacture
Sialkot, Pakistan

Relations between
economics of
clustering, local social
identities and
international
competitiveness.

Used questionnaire-based survey of 57 ®rms. A few technology-related
questions, but not the main focus (~5% of questionnaire): What new
technologies and equipment adopted in past ®ve years? General sources
of technical innovations? Changes in the way production is organized and
controlled? Sources of information for process innovation and product
designs?
There is however, limited discussion of the results of these questions.
Qualitative evidence from detailed case-studies is ambiguous about
technological advantages of clustering relationships. Relates clustering to
improving organization and quality standards.

Tewari (1996)
Light-engineering
Industry Ludhi-
ana, India

Patterns of small-®rm
growth, including
their dynamism and
incorporation into
national and export
markets.

Explored the social and historical origins of the vibrancy of Ludhiana's
industry. Interviewed 117 ®rms, but details of methodology and
questionnaire not available. Little quantitative analysis of results. Ample
qualitative evidence provided for mechanisms which aid rapid di�usion
of technical changes through the cluster, and lower entry barriers.
Extols ``innovative adaptability of Ludhiana's small ®rms.'' Does not
address the key question of how new knowledge and skills for managing
technical change (innovative adaptability) are acquired.

Sandee (1995)
Rural Roof-tile
Manufacture
Karanggeneng,
Indonesia

Longitudinal study,
exploring processes of
technical changeÐin
particular, how
innovations di�use
through a village
cluster.

Six-year study of innovation di�usion among 34 producers, distinguish-
ing between early, late and non-adopters. Highlights disadvantages to
those excluded from networks of information and credit. Demonstrates
advantages of clustering where collaboration is necessary due to scale-
economies (indivisibility of capital goods).
Comprises a detailed investigation of the closing of a particular
``technological gap,'' but not if and how this is part of a process of
deepening technological capabilities (to close future/wider gaps). Sources
of technological change (innovation) are treated as exogenous. Con-
cerned with how the use of innovations di�uses, rather than with the
capabilities of adopters.

Rabellotti (1995)
Footwear
Industry Leon/
Guadalajara,
Mexico

Analysis of the
economic e�ects
arising from the
linkages existing
among economic
agents within clusters.

Structured questionnaire-based survey of 50 ®rms in Mexico and a
similar number in Italy. Supplemented by nine detailed case-studies.
Technology-related questions few, along same lines as Nadvi (above), but
there is minimal discussion of the results.
Technological performance is seen as very poor, but this is associated
simply with the lack of a domestic capital goods sector. There is little
exploration of why these clustering ®rms capabilities to manage the
opportunities and threats created by technical changes are so weak.
Addresses need to study the ``system's capability to grow and innovate
in'' conclusions.

Cawthorne
(1990) Cotton
Knitwear
Industry
Tiruppur, India

Labor processes
under amoebic capital
accumulation in a
cluster of mainly small
®rms.

Intensive research based on detailed case-histories of 25 sample ®rms,
focusing principally on capital accumulation and labor processes.
Explicitly rejects technological factors in explaining recent expansion and
export success.
Argues convincingly that stimuli for technological change are external,
but does not investigate factors that in¯uence the cluster's technological
capability to respond to market stimuli. Questions whether Tiruppur
industry can continue to compensate with cheap labor for what it lacks in
technical sophistication. Anecdotal evidence presented suggests it cannot.

Visser (1996)
Garment
Manufacture
Lima, Peru

How clustering helps
small ®rms perform
core functions of
production, transac-
tions, innovation and
risk management.

Carefully conceived and structured questionnaire-based sample survey of
130 ®rms including (uniquely) two non-clustered control groups. One (of
four) research questions is: ``do local networks add technological
knowledge to the local environment?'' The survey analysis dwells
however on relationship between productivity performance and static
linkage-e�ects.
The kind of linkages which might have dynamic-e�ects are found to be
absent or only incipient. Conceptual emphasis on dynamic functions of
the ®rm, and dynamic linkage-e�ects of clustering, but no direct attempt
is made to measure technological development.

a Source: Abstracted from Albu (1997).
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consensus about the phenomena described as
``dynamic''. Nevertheless, all six studies are
concerned with issues about ``innovativeness''
in some form or other. None of them is cen-
trally focused on questions about technological
change, but all of them do address such ques-
tions in some form: in other words, their inte-
rest in ``innovativeness'' is concerned in some
degree with change in the characteristics of the
products, processes and production organiza-
tion of the clusters examined, and all the studies
make more than just incidental reference to
these kinds of change.

This does not, of course, mean that all the
authors identi®ed the presence of signi®cant
technological change in the clusters they ex-
amined. It was apparently weak, intermittent or
absent in some; and in the case of the knitwear
cluster in Tiruppur, for instance, Cawthorne
(1990) explicitly rejects the idea that techno-
logical factors could explain the rapid expan-
sion of output and the considerable export
success.

Independent of how much they emphasize
technological change in their studies, some as-
pects of the authors' underlying perspectives on
technological dynamism can be roughly located
on the stylized ``1960s±1990s'' transition out-
lined above. None of them is consistently and
clearly located at the 1960s end, although, some
of them in some respects are nearer that end
than the other. This can be illustrated with
reference to three issues: a common emphasis
on the introduction of machinery within a rel-
atively narrow perspective on what constitutes
``technological change''; a preoccupation with
technology ``di�usion'' as the main intracluster
process contributing to technological change;
and limited interest in the nature of intracluster
capabilities for generating innovation or in the
factors which may in¯uence whether and how
those capabilities are accumulated.

(i) Technology as machinery, and the limited
scope of ``technological change''

An emphasis on technology as machinery is
quite pervasive in the studies. This is probably
most evident in Sandee's research on tile mak-
ing in Indonesia and least evident in Visser's
study of garment-manufacturing in Lima.
Others are more ambiguous. For instance, with
reference to the products produced by the tex-
tile industry in Tiruppur, Cawthorne (1995)
notes that ``. . .the quality of such garments has
improved beyond recognition over a 10-year
period. . .'' (p. 46). But she then also notes that

there is relatively little technological change or
improvement in the industry as a whole in Ti-
ruppur (p. 49). This apparent contradiction
seems to arise because the author's comments
about technological change were almost en-
tirely concerned with machinery, while the im-
provement in product quality was not identi®ed
as ``technological.''

Ambiguity is also shown in Nadvi's fasci-
nating study of the long-term evolution of the
surgical instrument cluster in Sialkot (1996). A
large part of the study is concerned with issues
of product quality, and the manifold forms of
technological change underlying quality. In
particular, Nadvi emphasizes the importance of
what he calls ``soft technologies''Ðaspects of
the procedures and organizational arrange-
ments used in production. When questions
about technology and technological change are
directly addressed, however, machinery and its
acquisition tend to occupy center-stage. This
emphasis is continued in a subsequent paper
based on the research: ``In an industry reliant
on traditional knowledge and metalworking
expertise, the adoption of new technologies has
been relatively simple in that the logic of new
machinery can be easily understood'' (Nadvi,
1997, p. 6).

Rabellotti also is concerned at one level with
di�erent kinds of technological change, but a
large part of her treatment of this issue focuses
on machine-centered changes. Indeed, she
seems to identify capital goods production as
the heart of the technological change process
and its absence as a major reason for the ob-
servation of limited technological innovation:
``...the lack of a domestic industry specialized in
the production of machinery for the shoe sector
is probably the main drawback to increasing
technological co-operation and introducing in-
novations'' (Rabellotti, 1995, p. 144).

Our emphasis on this type of ambiguity is not
just de®nitional nit-picking. The issue has im-
portant implications for the conclusions one
can draw from these studies about the nature of
technological change in clusters. If it were un-
ambiguously evident that the researchers had
explicitly sought to assess technological change
on the basis of a consistent and broad concept
their conclusions would carry considerable in-
terest and weight. In particular, observations
about technological change in clusters being
limited to machine-centered forms of change
would highlight important aspects of the
``narrowness'' of the technological change
process taking place. For instance, if Cawt-
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horne's conclusions about the limited signi®-
cance of technological change and improve-
ment in Tiruppur do re¯ect a careful
demonstration that rapid growth in output and
exports had little or nothing to do with change
in the speci®cations of products, processes,
materials or production organization, it would
be an important and revealing ®nding about
the nature of the dynamism underlying the
development of at least this particular cluster.
On the other hand, the ambiguous conceptual
and methodological basis of the result leaves
one wondering whether the conclusions merely
re¯ect the approach taken in observing ``tech-
nological change and improvement.''

(ii) The role of extracluster innovation and
intracluster di�usion

Several of the studies reviewed here throw
interesting light on aspects of technological
change generated by ®rms inside the cluster.
Indeed, this descriptive material seems to allow
comparison across the studies, suggesting for
instance that there is considerable variation in
the relative importance of sources of technol-
ogy inside and outside the clusters.

In some cases, external sources appear to
have played a large or even dominant role. For
instance, in Nadvi's (1996) study of the Sialkot
surgical instrument cluster, links with foreign
buyers were important sources of technological
change, as illustrated by the case of German
®rms which ``sent out metallurgical engineers
for periods of up to three months to train the
Sialkot partner ®rm in quality control and
production engineering'' (p. 117). More strik-
ingly, US consultants played a major role in
enabling ®rms in the cluster to raise product
quality and overcome the threat to their con-
tinued existence posed by a US embargo on
Sialkot instruments on account of their poor
quality. External buyers were also critically
important in the initial introduction of new
hand-press machinery in the tile-making cluster
studied by Sandee (1995).

In other cases, extracluster sources of new
technology seem to have been much less im-
portant. For instance, Rabellotti's study of
Mexican shoe manufacturers suggests that
buyers played a much less signi®cant techno-
logical role, though this seems to have re¯ected
a limited implementation of change derived
from any source rather than a di�erent relative
importance of technology sources within and
outside the cluster. In other cases however, in-
ternally generated change seems to have been

the main driving force behind continuing im-
provements to products and processes. For in-
stance, Tewari emphasizes that the key reason
for the successful growth of the Ludhiana
metalworking cluster was the innovative
adaptability of the small ®rms themselves. In
particular, their cost-cutting process improve-
ments and low-cost adaptation and replication
of machinery allows small ®rms to upgrade
their production processes at a relatively rapid
rate and low cost.

Thus, the studies appear to have observed
di�erent types of technological change. In sev-
eral cases the observations were made through
a research lens with a high enough level of
resolution to detect at least some of the ®ne
details of locally generated incremental inno-
vation. In this respect they are far removed
from the 1960s perspective on technological
change which, presuming that locally generated
innovation would be absent, emphasized the
role of technology di�usion as the dominant
technological change process.

On the other hand, one cannot be totally
con®dent in using these observations to draw
conclusions about intercluster variation in the
relative importance of di�erent sources and
processes of technological change. One won-
ders again about the extent to which the ap-
parent di�erences are more a re¯ection of
di�erent approaches used in the research. With
the methodologies still in a rather opaque and
idiosyncratic phase of development, such
questions are not easily answered by the reader,
and the potential insights from cumulating
comparative analysis must be largely forgone
for the time being.

This doubt is reinforced by a curious contrast
within this body of research. On the one hand,
as summarized above, several studies identify
internally generated change as important in at
least some of the clusters and externally ac-
quired technology as a major source of change
in most of them. Yet, when analysis shifts to
draw more general conclusions, for example,
about the in¯uence of clustered production on
the process of change, little attention is given to
either of those processes, and interest is focused
almost exclusively on the di�usion of existing
technology among ®rms within the cluster. For
instance, despite the evident importance of ex-
ternal linkages as sources of technology in most
of the clusters studied, only Nadvi investigates
how these actually assist industrial clusters in
developing the means to e�ect technological
change. We explore this issue further in the
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discussion of ``open'' and ``closed'' knowledge
systems in Section 3(c).

(iii) Intracluster technological capabilities
Perhaps the most important contribution

made by research on technological change in
the large-scale industrial sector in developing
countries has been its clari®cation of the central
role of speci®c resources (people, knowledge
and organizational arrangements) as the drivers
of technological change. In particular, the
pervasive signi®cance of these resources has
been emphasized. They are not merely con-
centrated in a few supply centers for innova-
tions but, blurring the boundary between
innovation and di�usion, they are widespread
and deeply rooted across the whole spectrum of
®rms in technologically dynamic industries and
supply chains.

Given the apparent importance of these re-
sources, considerable e�orts have been made to
understand how they are accumulated and, es-
pecially important, how key characteristics of
these resources change as technology-following
®rms and industries in developing countries
evolve along trajectories of increasingly com-
plex technology to ``catch up'' with interna-
tional technological frontiersÐfor instance,
Hobday (1995) on the electronics industry in
several Asian countries, or Kim (1997) on large
chaebol operating in several industries in Ko-
rean. To a lesser extent, e�orts have been made
to understand why these innovative techno-
logical capabilities are accumulated in di�erent
ways and at di�erent rates across ®rms and
industries (Katz, 1987; Bell and Pavitt, 1993).

It is in this area where research on industrial
clusters in developing countries is still perhaps
closest to the ``1960s'' perspective. As summa-
rized in the right-hand column of Table 1, most
of the studies reviewed here gave no attention
to the nature of the knowledge-resources and
other capabilities underlying the technical
change observed in the clusters. None raised
questions about how such change-generating
capabilities were acquired and accumulated.
This neglect of the resource base for techno-
logical dynamism seems to arise partly because
research on clusters has emphasized the im-
portance of inter®rm links within spatially
concentrated groupings. Intra®rm issues have
attracted much less attention, inevitably in-
volving only limited e�orts to identify and un-
derstand the speci®c resources underlying
technological change. This trend has been re-
inforced by perceptions of passive technology

di�usion, rather than creative technical change,
as the dominant intracluster process contrib-
uting to technological dynamism.

3. KNOWLEDGE SYSTEMS AND
TECHNOLOGICAL CAPABILITIES

In this section we explore a number of con-
ceptual issues which seem important in moving
forward to build a deeper understanding of the
technological dynamism of industrial clusters in
developing countries. These issues hinge
around three important distinctions: between
``production systems'' and ``knowledge sys-
tems'' involved in clustered industry; between
``knowledge-using'' and ``knowledge-changing/
creating'' elements within knowledge systems;
and between ``open'' and ``closed'' knowledge
systems.

(a) Production systems and knowledge systems

Leaving aside their spatial structure, the key
characteristics of industrial clusters have usu-
ally been de®ned in terms of the materials they
use and the goods they produce. For instance,
``horizontal'' clusters are typically de®ned by
the similarity of the ®rms products; and in
``vertically'' linked clusters it is the ¯ows of
materials and goods which constitute the key
linkages. When attention has turned to tech-
nological change in clusters in developing
countries, these materials-centered structures
and ¯ows have usually remained at the center
of the analysis, both de®ning the system to be
observed and describing its key characteristics.
For example, it is not uncommon to consider
how the density of linkages concerned with
goods and materials might in¯uence the di�u-
sion of technology.

Yet technological change is essentially a
knowledge-centered process. It is knowledge
stocks within ®rms and knowledge ¯ows to
them, between them and within them which
underlie change in the types of goods they
produce and the methods they use to produce
them. We will call these stocks and ¯ows of
knowledge the ``knowledge system,'' and assert
that it is the structure and functioning of that
knowledge system which generates technologi-
cal change at particular rates and with partic-
ular degrees of continuity and persistence.
Consequently, an important initial step in try-
ing to understand the varying technological
dynamism of industrial clusters is to develop a
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``map'' of what seem to be the key knowledge
¯ows and processes.

This kind of knowledge-centered perspective
has been emphasized in other related strands of
research, for instance by those who have tried
to examine technological change in ``innovative
milieux'' in Europe. As noted by Lawson (1997,
p. 11), this body of research has sought to
``emphasize the importance of linkages between
®rmsÐlinkages which are not simply concerned
with material transfers.'' This perspective is
developed furthest in Camagni's (1991) explo-
ration of learning processes underlying inno-
vation among networks of ®rms in innovative
milieux.4 It is also central in a totally di�erent
research tradition which has focused on inter-
actions among ®rms and associated knowledge
institutions constituting ``technology systems''
Ðthe institutional basis for industrial technol-
ogy di�usion and innovation (Carlsson, 1995;
Carlsson and Jacobsson, 1997).

These various perspectives all seek to distin-
guish knowledge systems from the associated
materials-centered systems of production and
tradeÐwhat one might call ``production sys-
tems''. This distinction is so fundamental to our
argument that is worth explicating our model
here in more detail.

The production system can be understood to
encompass the product designs, materials,
machines, labor inputs, and transaction link-
ages involved in production of goods to a
given speci®cation. In this sense the concept is
very broad. For example, to describe the ma-
chinery component it might be necessary to
specify the type of equipment, but also the
particular operating settings and maintenance
procedures involved in its use. Materials
speci®cations and purchasing systems, detailed
product designs and blue-prints, particular la-
bor skills and operating routines, speci®c
quality assurance standards, distribution ar-
rangements etc. all form elements of a pro-
duction system. The existence and nature of
trading linkages and contractual arrangements
with suppliers, buyers, subcontractors are also
included in the concept, as might be details of
the physical, social and legal infrastructure
which supports the industry in its current
state.

In another sense, the production system
concept is purposely shallow. It de®nes only the
status quo. A description of the production
system in this sense tells us nothing about the
evolution of the ®rm or cluster it describes: its
history, current trajectory or capacity for future

technological change. Although every work-
shop, factory or industrial cluster is to some
extent an expression of past and present
knowledge embedded in people, organizations
and social institutions, that knowledge stock is
not revealed in a mere description of the pro-
duction system as de®ned above.

The knowledge system concept on the other
hand, encompasses those ¯ows of knowledge,
stocks of knowledge and organizational sys-
tems involved in generating and managing
changes in the products, processes or organi-
zation of production. Knowledge ¯ows (in a
cluster context) can occur into ®rms from
outside the system, between ®rms (and other
institutions) within the system or indeed inter-
nally within ®rms themselves. All of these var-
ious kinds of knowledge ¯ows may contribute
to the accumulation of those knowledge stocks
and resources often labeled ``technological
capabilities.''5 At one end of a complexity spec-
trum these include the most routine production
capabilities required simply to maintain the
e�ciency of an established production system
given inevitable variations in the characteristics
of materials, labor and customer requirements.
At the other extreme are the most innovative
capabilities required to specify and design new
products, develop novel machines and install
new processes, establish new channels of supply
and distribution.

Knowledge systems and production systems
obviously overlap, but they are not identical.
Actors in one may not be actors in the other.
Similarly, knowledge ¯ows may be carried
along the same channels as those concerned
with market transactions over goodsÐas for
instance in the common case of ¯ows of new
technology into clusters from external buyers of
their products. But it is also very clear that in
some situations goods-centered linkages play
little or no role in creating or di�using know-
ledgeÐas, for instance, in the case of the links
between external buyers and the Mexican shoe
clusters examined by Rabellotti (1995).

Thus although knowledge and production
systems interact with each other, the nature of
this interaction is highly variable. For instance,
in reviewing learning and innovation systems in
technology districts in France, Italy and the
United States, Storper (1993), p. 450) notes that
the mere existence of cluster-type production
systems does not provide an explanation for
their technological dynamism. Instead, he sug-
gests that dynamism emerges from the inter-
action between learning processes and

KNOWLEDGE SYSTEMS AND TECHNOLOGICAL DYNAMISM 1723



production systems. He illustrates how social
processes and institutional structures mediate
that interaction, describing industrial districts
which exhibit greater technological dynamism
as ``learning-rich production systems'' (p. 435).

Understanding why some industrial clusters
in developing countries are ``learning-rich'' and
others ``learning-poor'' would make an impor-
tant contribution to understanding the tech-
nological dimension of their long-term
dynamism. As we have described, an initial step
in that direction is to distinguish knowledge
systems from production systems.

(b) Knowledge-using and knowledge-changing
elements

Most of the issues which are discussed in this
article relate to the processes by which know-
ledge stocks or technological capabilities are
acquired and accumulated. Before addressing
these however, we must also recognize that in a
cluster context di�erent kinds of technological
capability play di�erent (and possibly unequal)
roles in sustaining long-term competitiveness.

(i) Di�erent categories of technological
capabilities

Following Dahlman, Ross-Larson and
Westphal (1987 it has been usual to place
technological capabilities in functional catego-
ries related to the kind of activities which they
facilitate, for instance: production capabilities,
investment capabilities and linkage capabilities;
but often with ``innovation capabilities'' iden-
ti®ed separately from these functional catego-
ries. As Lall (1992, p. 167) illustrated, however,
it is conceptually helpful to locate capabilities
not only horizontally in functional categories
but also vertically according to the degree of
innovativeness of those activities. Lall recog-
nized that for most functions, capability may lie
somewhere on a scale ranging from doing
simple routine activities, through adaptive and
duplicative activities, to more original innova-
tive activities. In this sense ``innovativeness'' is
not a separate functional category of capabili-
ties, but a quality or depth which may be
achieved to di�erent extents in all functional
areas.

When we leave aside the functional catego-
rization, and concentrate on the depth or in-
novativeness of technological capabilities, an
important distinction becomes apparent: some
elements of the knowledge system tend to be
more concerned with using, replicating and re-

circulating knowledge that is already estab-
lished within the production system, whereas
other elements are more involved in acquiring,
creating, processing and accumulating new
knowledge, so that it can be brought into play
in the system. The knowledge-using elements are
involved, for example, in maintaining or ex-
panding capacity using given modes of pro-
duction; training workers in established
operating procedures, or within a cluster con-
text, the imitation of production techniques
used by neighboring ®rms. The knowledge-
changing elements are involved, for example, in
the management of innovation processes; in
product design and development; or in the
search for, selection, adaptation and assimila-
tion of new product or process technology
(from outside the cluster).

Although the concepts of knowledge-use and
knowledge-change illustrate di�erent ends of
the same spectrum, the distinction is important
in analyzing clustered knowledge systems as a
whole. For instance, one ®rm's search for and
adoption of new technology copied entirely
from within the cluster, while indicating some
innovativeness on the part of the individual
®rm, may add little or nothing to the know-
ledge stock of the cluster as a whole. A great
deal of knowledge exchange, use and replica-
tion can occur within a rather inward-looking
cluster systemÐcreating the impression of dy-
namism at the individual ®rm levelÐbut nev-
ertheless leaving the cluster as a whole
technologically static.

(ii) Acquisition of technological capabilities
There are a wide range of processes by which

®rms may add to their knowledge stock. Fol-
lowing Romijn's (1998a) review of studies de-
scribing the acquisition of capabilities, we can
collapse most of these into three general
mechanisms.

First, they may be acquired through various
internal technological activities. These may in-
clude the observation of routine production
activities; the acquisition of knowledge from
undertaking the repair, maintenance or recon-
ditioning of equipment; more systematic re-
verse engineering or experimentation; or more
formally organized technology development or
even applied research.

Second, knowledge may be acquired from
external sources, either relatively passively as a
by-product from various kinds of interaction
with the outside world or from a range of more
deliberate and active search e�ortsÐthough the
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deliberation and activity may sometimes be
more evident on the part of the knowledge
source than the recipient.

Finally, capabilities may be augmented
through various kinds of human capital for-
mation at the ®rm levelÐeither via formal and
informal training activities or simply by hiring
people who already embody the knowledge
being sought.

However one classi®es learning mechanisms
and channels, it is important to recognize the
distinction between strengthening the know-
ledge-using-and-replicating elements and
strengthening the knowledge-changing ele-
ments of the system. For instance, at one level,
internal technological learning in ®rms may
involve simply the transmission of existing
knowledge and skillsÐas, for instance, in the
observation of production operations by new
employees in order to learn routines and pro-
cedures. This ``multiplication'' of existing
knowledge may be used, for instance, to expand
existing levels of knowledge-using capability in
order to support a larger scale of production.
At another level, however, the e�orts of ®rms to
learn from production, or from the repair,
maintenance and reconditioning of equipment,
may add to their deeper innovative capabilities.
This may be extended into more systematic

e�orts to learn from observation, reverse engi-
neering and practical experimentation in order
to enhance capabilities for generating change.

These various sources of skill and knowledge
that contribute to both kinds of learning are
summarized in Table 2, and an important step
in developing deeper understanding about
learning in industrial clusters in developing
countries will be to generate descriptive and
comparative material within frameworks along
these or similar lines. Equally important, re-
search needs to take into account that the rel-
ative importance of di�erent learning
mechanisms changes over time.

(c) ``Open'' and ``closed'' knowledge systems

In seeking to explain the economic and
technological performance of clustered pro-
duction, much analysis has focused on the im-
portance of the internal characteristics of
clustersÐfor instance, the characteristics of the
production/market links between ®rms in the
cluster;6 various aspects of the organization
and control of production; the intensity of ac-
tive co-operation among ®rms and the partic-
ular form it takes; or the organizational
mechanisms for the di�usion of knowledge and
skills among ®rms. Considerable attention has

Table 2. Illustrative sources of increased capability in cluster knowledge systems

Sources of increase in knowledge-using
capabilities

Sources of increase in knowledge-changing
capabilities

Intra®rm sources Passive experience of production (``learning
by doing production'')

Generally applicable technological under-
standing gained from undertaking investment
activities (``learning by doing investment'')Active e�orts to adopt or improve speci®c

technologies
Improved practices derived from trial and
error experimentation on speci®c tasks

Generic technological insights gained from
adapting and improving existing technology in
use (``learning by changing'')

Intracluster sources Intracluster mobility of skilled labor Cluster-sourced training in planning, design
and technology management

Cluster mediated training in operating skills
and procedures

Creative collaboration between ®rms and
cluster-based technology institutions

Know-how di�usion between intracluster
producers and users of machinery or
production-related services

Intracluster collaboration in tests and experi-
ments to adapt machinery or develop product
designs

Sources outside
the cluster

Customers and traders knowledge,
speci®cations and product/process advice

Externally sourced training in planning, design
and technology management

Machinery and other input suppliers
operational knowledge, advice and training

On-the-job experience in design and engineer-
ing with machinery and other input suppliers

Externally linked technical advice and
consultancy services

Collaborative testing or technology develop-
ment with technology institutions or ®rms
outside the clusterExternally linked trade and marketing

information services
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also been given to more deeply rooted institu-
tional variables underlying such organizational
aspects of clusters,7 for instance, cultural co-
herence and social identity; the extent and na-
ture of trust relationships; and political
structures and processes. These features of the
internal structure and institutional basis of
clusters are evidently important. But this in-
ternal orientation of analysis may seriously in-
hibit e�orts to explain the longer-term
technological dynamism of clustered produc-
tion.

We have suggested that the characteristics of
knowledge systems associated with clustered
production may be a centrally important in-
¯uence on its longer-term dynamism, and we
have noted how frequently sources of know-
ledge located outside clusters have been identi-
®ed as major contributors to their technical
change and dynamism. In particular, among
the case studies described in Table 1, Nadvi
(1996), Visser (1996) and Sandee (1995) all
emphasize the importance of such external
knowledge ¯ows.

This suggests that key features of the know-
ledge systems of clusters include not just their
internal mechanisms for circulating the know-
ledge already available and for acquiring new
knowledge from the experience of various kinds
of ``doing.'' Possibly more important is their
openness to knowledge ¯ows from outside. A
scattering of empirical material about these
external ¯ows suggests that relatively ``closed''
knowledge systems may be associated with an
inability to sustain competitiveness in the
longer term. For instance, the weak perfor-
mance of Mexican footwear producers de-
scribed by Rabellotti (1995) might be
interpreted in these terms, as might the deep-
ening crisis of the Sialkot surgical instrument
producers until rescued by a large in¯ow of new
knowledge from outside (Nadvi, 1996). More-
over, it is interesting that Tewari (1996), having
given considerable emphasis to the internal
knowledge-circulating and knowledge-accu-
mulating processes among Ludhiana metal-
workers, speculated that it would not be
possible for the cluster to sustain innovation
only on the basis of endogenous incremental
change. At some point it would be necessary to
acquire much more substantial in¯ows of ex-
ternal knowledgeÐto turn outward as she put
it. The importance of this distinction between
relatively ``open'' and ``closed'' knowledge
systems has been stressed in di�erent language,
by Visser (1996, p. 67): ``if both data and

preferences have local origins, path and context
dependence may produce lock-in, cognitive in-
breeding or `entropic death' Camagni (1991, p.
140). External sources of data and experience
are more likely to challenge the receiver, trigger
learning and enhance creativity.''

All this suggests the need to give greater at-
tention to the openness of the knowledge sys-
tems supporting the technological dynamism of
clusters.8 But questions then arise about the
organizational basis for this technological
openness. One of these questions concerns the
size of ®rms which play the role of technolog-
ical ``gatekeepers'' in clusters. Although small
®rms may play this role, it is evident that many
play no part at all in the technological openness
of their clusters On the other hand, large ®rms
within clusters may be critically important in
providing new knowledge inputs for smaller
clustered ®rms. This certainly seems to have
been the case in several industrial clusters in
EuropeÐfor instance, in Baden Wurttemberg
(Cooke and Morgan, 1998; Schmitz, 1992).
Scott (1992) has also highlighted this role in the
case of large systems houses in industrial dis-
tricts in southern California. With reference to
developing countries, Rabellotti (1995) and
Nadvi (1996) stress that large ®rms may come
to play an important role in the production-
systems of industrial clusters, but whether they
play a similarly important role as ``gatekeep-
ers'' in the clusters' knowledge-systems is not
clear.

Technology support organizations may also
play important knowledge ``gatekeeper'' roles
at the boundary of cluster knowledge-systems.
Some of these may be public sector institutes,
with varying degrees of support from local
®rms, which carry out research, or provide
technical or training servicesÐfor instance, the
Metal Industries Development Center in Si-
alkot Nadvi (1996, p. 132), or SITRA in the
Tiruppur knitwear cluster (Cawthorne, 1995).
Others may be collectively created organiza-
tions acting on behalf of associations of ®rms.
Yet others may be commercial organizations
providing services for fees and so virtually in-
distinguishable from industrial ®rms operating
within the cluster system - for instance, the re-
conditioning teams described by Tewari (1996,
p. 176) in Ludhiana. As with large ®rms,
however, variability in their e�ectiveness within
cluster knowledge systems seems to be com-
mon. Some institutes seem to have been highly
successful in bringing new knowledge into
clustersÐfor instance, CITER in the textile
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district in Carpi, Italy (Murray, 1996). Others
have evidently been much less e�ective.

Understanding the roles played by large
®rms, technological ``institutes'' or other orga-
nizations as technological ``gatekeepers'' in
open knowledge systems therefore seems to be
important. E�orts to build that understanding
are likely however to be inhibited by cluster
models which overemphasize the importance of
spatial proximity. Humphrey (1995), for in-
stance, has noted such constraints and sug-
gested setting research on clusters in the
framework of commodity chains, as developed
by Gere� and others. Important elements of
knowledge systems are likely to run through
such chains and may therefore span far more
than ``local'' distances. Indeed, the spatial di-
mensions of the knowledge systems associated
with clustered production may radically change
as the clusters evolve, and research that is too
tightly bounded by concepts of spatial prox-
imity may be unable to reveal such patterns of
geographical re-structuring.

4. THE ORGANIZATIONAL BASIS OF
TECHNOLOGICAL DYNAMISM: A

FRAMEWORK FOR EXPLORATION

This section seeks to provide a framework for
future research. As stressed by Schmitz (1995,
p. 24) future research on industrial clusters
needs an approach which is dynamic, compar-
ative, and includes external linkages. Our key
point in Section 3 was that if research is to re-
veal technological dynamism, a re-focusing is
also needed from production systems to
knowledge systems.

In seeking to explain di�ering paths of tech-
nological dynamism, it is not clustering per se
that seems to be the most relevant issue. Rather
it is the properties of what we have called the
knowledge systems associated with clustered
production that are likely to be most relevant,
and more speci®cally the kinds of organiza-
tional and structural characteristics of know-
ledge systems we have discussed. These may
well be in¯uenced by various aspects of clus-
tering, but they may also vary widely across
clusters which are very similar in other respects.
Consequently, exploration of the relationship
between clustering and technological dynamism
needs to center on the mediating role of these
organizational characteristics of knowledge
systems. In this last section of the paper we
therefore take a few tentative steps toward the

development of a framework for comparative
analysis of the organizational basis of the
technological dynamism of clustered industrial
production in developing countries.

(a) Key organizational characteristics of cluster
knowledge systems

We outline here a framework of organiza-
tional characteristics9 which may provide at
least some of the elements of a taxonomic
framework for comparative analysis. As indi-
cated in Table 3, this framework deals sepa-
rately with the two di�erent processes
distinguished earlier: the di�usion and replica-
tion of knowledge within clusters, and the ac-
quisition and generation of knowledge which is
new to the cluster. Important organizational
characteristics of these two processes are listed
under column A.

Drawing on fragments of empirical material
scattered through the literature on industrial
clusters and knowledge networks, we then in-
dicate under column B how each of these or-
ganizational characteristics may take di�erent
forms in speci®c situations, suggesting in each
case a continuous dimension of variation. For
instance, with respect to the main basis for
knowledge di�usion within a clusterÐRow (1)
in Table 3Ðwe identify two ends of a spectrum
as follows.

ÐAt one extreme, spatial proximity, rather
than any actively structured organizational
mechanism, is the main basis for di�usion,
and knowledge ¯ows between organizations
in a cluster, largely as an unintended ``by-
product'' of other activities. Similarly,
knowledge ¯ows between people within
®rms largely through unstructured learning
mechanisms (``by watching,'' etc.). In other
words, knowledge di�usion arises as a ``pas-
sive'' externality derived from the spatial
clustering of production activities and their
technological similarity. Visser's clothing
cluster in Lima seems to have many of these
characteristics.
ÐAt the other extreme, the movement of
knowledge between agents is to a large ex-
tent managed purposefully as an activity in
its own right, and organizational structures
have been deliberately created to achieve
that di�usion. These may include both ar-
rangements and activities within ®rms (e.g.,
formally organized training schemes which
acquire knowledge from outside the ®rm
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and di�use it among employees), and ar-
rangements which act as di�usion channels
between ®rms (e.g., training institutes or de-
sign/market intelligence organizations).
Thus, knowledge di�usion is ``actively''
sought and managed, and part of this active
management is likely to rest on deliberate
cooperation among actors (e.g., in creating
and supporting a design/market intelligence
organization). Some of the Third Italy clus-
ters demonstrate this form of organization
(see, for instance, Murray, 1996).

Similar spectra of di�ering organizational
forms underlie the acquisition and generation
of new knowledgeÐillustrated in the lower half
of Table 3. For instance, with respect to intra-
®rm learning mechanismsÐRow (7)Ðwe can
distinguish between two ends of a spectrum as
follows.

ÐAt one extreme, ®rms play a very limited
role in either acquiring new knowledge from
outside the cluster or generating such new
knowledge themselves. If they do acquire
new knowledge from outside the cluster,
they do so ``passively''Ðfor instance, acquir-
ing it as a ``by-product'' from transactions
such as selling products to customers. Simi-
larly any new knowledge generation within
the ®rm is likely to consist of limited exten-
sions of existing knowledge arising ``passive-
ly'' as a result of learning-by-doing routine
production tasks. Corresponding to these
passive learning processes, there are few spe-
ci®c organizational arrangements within
®rms designed explicitly to acquire or gener-
ate knowledge. Several of the clusters in tra-
ditional industries in developing countries
appear to demonstrate this form of organi-
zational arrangement.

Table 3. Di�erences in the organizational basis of clusters' knowledge systems

A. Organizational
characteristics

B. How the characteristics vary

With respect to intra-cluster knowledge di�usion and replication
(1) The basis for di�usion
among small ®rms

Spatial proximity and ``passive''
externalities

 ÿÿÿÿÿÿ! Structured and ``active''
co-operation

(2) The dominant
``direction'' of knowledge
¯ows

Horizontal: between ®rms
producing similar gods

 ÿÿÿÿÿÿ! Vertical: through user-
producer links and
production chains

(3) The role of technology/
training Institutes

Non-existent or crisis-
driven/intermittent

 ÿÿÿÿÿÿ! Pervasively and
consistently important

(4) The role of large ®rms Unimportant  ÿÿÿÿÿÿ! Pervasively important
Composite of 1±4 above Unstructured and ``passive''  ÿÿÿÿÿÿ! Structured, cooperative

and ``active''

With respect to acquiring or generating new knowledge
Within a low total of new knowledge
acquisition:

Within a high total
of new knowledge
acquisition:

(5) Knowledge sources
internal/external to cluster

High proportion originating
outside the cluster

 ÿÿÿÿÿÿ! high proportion origi-
nating inside the cluster

(6) Channels for external
sourcing

Limited and informal channels  ÿÿÿÿÿÿ! Pervasive informal
channels plus organized
``gatekeepers''

(7) Role of ®rms in
learning

Firms' role relatively small  ÿÿÿÿÿÿ! Firms' role relatively
large

(8) Type of ``learning'' High proportion as a ``by-product''
from doing

 ÿÿÿÿÿÿ! High proportion
generated by purposeful
search

Composite of 5±8 above Unstructured, undirected and
``closed''

 ÿÿÿÿÿÿ! Structured, purposeful
and ``open''
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ÐToward the other extreme, ``active'' learn-
ing processes based on speci®c organization-
al structures within ®rms account for a
relatively large proportion of the total ¯ow
of new knowledge that is either acquired
by, or generated within, a cluster. For in-
stance, at least in some degree, ®rms develop
and create their own designs (rather than
copying wholesale the existing speci®cations
of other ®rms products), and they do so on
the basis of some degree of organizational
specialization within the ®rm (e.g., there ex-
ists a person or even a ``department'' which
has the specialized role of ``designing''). Sev-
eral of the Third Italy clusters seem to exhib-
it this form of organizational arrangement
for acquiring and generating new know-
ledge.

We suggest that these kinds of di�erence in
organizational form are likely to be highly
correlated, and this permits the construction of
more aggregated composite categories of or-
ganizational di�erence. For instance, with re-
spect to knowledge di�usion (upper half of
Table 3), clusters in which knowledge is dif-
fused primarily in the form of passive exter-
nalities are also likely to be clusters in which a
large proportion of those externalities arise in
the form of ``horizontal'' knowledge ¯ows be-
tween ®rms producing similar goods, while the
di�usion role of technology/training institutes
and large ®rms is limited. A composite syn-
thesis of these forms of organizational ar-
rangement for di�usion might be described as
organizationally ``unstructured and passive.''
In contrast, in other clusters which have de-
veloped more specialized organizational struc-
tures, the organizational form might be
described as organizationally ``structured, co-
operative and active.''

Similarly, there is likely to be a close corre-
lation between di�erences in the organizational
characteristics underlying the acquisition of
new knowledge (lower half of Table 3). Some
clusters will acquire and generate relatively low
total ¯ows of new knowledge in any period,
and a large proportion of this ¯ow is likely to
be acquired from outside the cluster via rela-
tively few channels which are mainly informally
organized. At the same time, in such clusters
little new knowledge will be acquired or gen-
erated by learning within ®rms, with most of
that arising ``passively'' as a by-product from
various kinds of doing. A composite charac-
terization of this combination of organizational

forms might be described as organizationally
``unstructured, undirected and closed.''

Conversely, a cluster in which a relatively
large proportion of a large total ¯ow of new
knowledge originates internally, is also likely to
be a cluster where there are pervasive informal
processes for acquiring knowledge from outside
the cluster, together with more formally struc-
tured ``gatekeeper'' arrangements for doing so.
This combination is likely to be associated with
a large proportion of the internally generated
new knowledge being produced within ®rms,
with much of that arising from purposeful
search activities undertaken in relatively spe-
cialized organizational structures. This combi-
nation of organizational forms might be
described as organizationally ``structured, pur-
poseful and open.''

(b) Knowledge systems and the long-run
evolution of clusters

The taxonomic propositions summarized in
Table 3 provide a framework for cross-sec-
tional comparative analysis of the knowledge
systems underlying technological dynamism in
industry clusters in developing countries. This
framework is summarized in a di�erent way in
Figure 1 where the vertical and horizontal axes
re¯ect respectively di�erence in the organiza-
tional basis for (i) intracluster knowledge dif-
fusion and (ii) the acquisition/generation of
new knowledge.

We suggest that comparative analysis within
this framework would con®rm two broad em-
pirical propositions about clusters in more
``traditional'' industriesÐthe kinds of cluster
which have been the subject of most research so
far. First, the organizational bases of the
knowledge systems could be relatively un-
structured and passive with respect to know-
ledge di�usion, and undirected and closed with
respect to creating and acquiring new know-
ledge. Second, however, there could neverthe-
less be considerable di�erences between clusters
within that southeast quadrant of the ®gure.

It is tempting to argue that these di�erences
are associated with di�erences in the long term
technological dynamism and sustainability of
clusters. That might be so, but might also be
too simplistic. The e�ectiveness of di�erent
kinds of knowledge system is contingent on
basic characteristics of the particular industries
and technologies involved. The importance of
such contingent variables has been noted in
research on industry clusters and innovation
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networks in the industrialized countriesÐfor
instance, the importance of the stage of the life
cycle of a cluster's product/technology
(Audretsch and Feldman, 1996). In the context
of developing countries, two other kinds of
contingent variable seem especially impor-
tantÐthe complexity of technology involved in
that product sector and the cluster's distance
from the international technological frontier.

ÐThe underlying ``complexity'' of technolo-
gy in any product sector is likely to have a
signi®cant in¯uence on the kind of know-
ledge system needed to support high rates
of technological dynamism. For instance,
the technological dynamism needed to sus-
tain the competitiveness of a spatially clus-
tered network of ®rms supplying
components and services to the automobile
industry or the oil industry will depend on
a knowledge system that is much more orga-
nizationally structured and active than the
system needed to sustain the competitiveness
of a cluster of rattan furniture producers.
ÐWithin any particular product sector, the
distance behind the international technologi-
cal frontier at which the cluster is operating
will also have an important in¯uence on the
organizational form of a cluster's knowledge

system. When a cluster is operating far behind
the frontier, there will exist a large body of ex-
isting knowledge which can be acquired and
di�used to contribute to rapid technological
dynamism. This will depend on a knowledge
system with organizational characteristics
which are very di�erent from those needed
to generate, acquire and di�use knowledge
when ®rms are closer to the international
frontier. For instance, as ®rms in the electron-
ics industry in Korea and Taiwan closed up on
the international technological frontier, they
developed knowledge systems with increas-
ingly structured organizational mechanisms
to support increasingly active processes for
knowledge acquisition and di�usion, with
those systems involving both greater internal
knowledge generation and greater openness
to external knowledge sources (Kim and Tun-
zelmann, 1998). In e�ect, they moved in a
northeasterly direction across Figure 1.

Consequently, as illustrated in Figure 2, one
must disaggregate observed intercluster di�er-
ences in knowledge systems into three compo-
nents:

(i) knowledge system di�erences arising from
di�erences in the complexity of technologies

Figure 1. Di�ering organizational forms of knowledge systems in industrial clusters: traditional industries in developing
countries.
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in that product sector (i.e. di�erences be-
tween A and C or between B and D in Fig-
ure 2)
(ii) knowledge system di�erences arising
from varying distances from the internation-
al technological frontier (i.e. di�erences be-
tween A and B or between C and D in
Figure 2)
(iii) knowledge system di�erences that may
contribute to di�ering e�ectiveness in sus-
taining the technological dynamism of clus-
ters with similar technologies operating at
similar distances from the international fron-
tier (i.e. di�erences within the areas A, B, C
and D).

(c) Concluding questions

The framework we have presented in this
section, illustrated by Table 3 and Figure 2,
suggests a number of interesting areas for fu-
ture research.

Understanding more about the knowledge
system di�erences of clusters with similar tech-
nologies operating at similar distances from the
international frontier, should yield useful con-
clusions about policy in the relatively short term.
But insights into change over time provided by
the framework outlined here may be just as in-

teresting and useful as those derived from cross-
sectional di�erences. In particular, it would be
illuminating to be able to answer even simple
questions about the paths of change that are
sketched as A ) B and C ) D in Figure 2.
These trajectories are likely to underlie Pyke and
Sengenberger's ``high road'' to competitiveness.

In particular, it would be helpful to know
whether clusters knowledge systems evolve
along the lines suggested in Figure 2 as they
move closer to the international frontier in their
existing areas of technology. If so, how does
this organizational evolution take place, what
factors in¯uence it, and does the rate at which it
is pursued by clusters signi®cantly a�ect their
rate of technological development and long-
term sustainability?

As this evolution takes place, do the charac-
teristics of e�ective knowledge systems continue
to di�er between clusters based on more and
less complex technologies? If so, what processes
of organizational change might be involved if
clusters seek to move along ``super high roads''
such as A ) DÐsimultaneously shifting their
production into more complex areas of tech-
nology and narrowing the distance from the
international frontier within those areas?

Finally, the framework outlined in this paper
prompts questions about yet longer-term evo-

Figure 2. Change in the organizational forms of knowledge systems in industrial clusters: di�ering technologies and
contexts.
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lution in the organizational basis of local
knowledge systems. As clusters move in a
northeasterly direction across Figure 2, moving
toward increasingly active, organizationally
structured and open knowledge systems, does
the importance of spatial proximity become
progressively less important for the e�ective

functioning of those systems? In other words,
as clusters catch up with the international
technological frontier, and as they shift pro-
duction into increasingly complex areas of
technology, does clustering become less im-
portant for the e�ective functioning of their
knowledge system?

NOTES

1. One striking exception is Romijn (1998a, b).

2. See, for instance: Camagni (1991), Carlsson (1995),

Carlsson and Jacobsson (1997), Coombs et al. (1996),

Edquist (1997), Freeman (1991), Lundvall (1992) and

Nelson (1993).

3. We are deliberately selectively concerned here with

micro-level processes behind technological change in

industrial production systems. Factors at meso- and

macro-level (e.g., the nature of regional and national

innovation systems, economic policy and regulatory

frameworks) clearly also in¯uence the characteristics of

these systems. Our interest here however, lies in under-

standing the processes of learning and change occurring

within localized production systems. Speci®cally we use

research on knowledge systems associated with large

integrated ®rms to suggest new approaches to the

analysis of these processes in systems comprising clusters

of smaller ®rms.

4. It is striking how much of the work on ``innovative

milieux'' has been concerned with the characteristics of

the materials they use and what they produce, rather

than with issues about how they acquire and use

knowledge in order to innovate. Camagni (1991) is an

exception.

5. Technological capabilities can be thought of as

bundles of complementary skills and knowledge which,

together with the organizational structures in which they

are embedded, facilitate particular activities in the

production system. They include knowledge which is

embodied in people, codi®ed in manuals and blueprints,

or embedded in organizational arrangements and pro-

cedural routines. Many of the organizational structures

in which those resources are located are private to the

®rm, but they may also be shared or collective in the

sense that they are embodied in creative linkages with

and between other ®rms and institutions.

6. Given the signi®cance of spatial proximity as a core

de®ning feature of industrial clusters, it is surprising how

little systematic attention has been given to the spatial

characteristics of these links. Does the geographical

distance they span have any signi®cant bearing on how

e�ectively clusters function? This issue has been more

systematically addressed in a few studies of industrial

clusters in the advanced industrial economies (e.g.,

Lawson et al., 1997).

7. We follow here the kind of distinction between

`organizational' and `institutional' dimensions of inno-

vation systems suggested by Edquist and Johnson (1997):

institutions refer to things that pattern behavior such as

routines, norms, shared expectations, and the ground

rules for economic behavior; organizations refer to more

speci®c and concrete formal structures, usually con-

sciously created with explicit purposes (e.g., ®rms, tech-

nical institutes, training centers, business associations).

8. An interesting step in this direction has been taken

recently by Kim and Tunzelmann (1998) who suggest

that an important feature of the electronics industry in

Taiwan was not just the dense patterns of knowledge-

centered interaction among local and national networks

of predominantly small ®rms. It was also the fact that

this ``internal'' system of knowledge ¯ows was strongly

coupled via speci®c institutional arrangements into an

international knowledge system.

9. We use the term ``organizational'' here in the same

sense as indicated in note 7 above, so distinguishing

organizational from ``institutional.'' But we do not use it

in a way which includes the speci®c ``organizational''

aspects of industrial production itselfÐe.g., JIT produc-

tion methods.
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