L

h
o

ELSEVIER Research Policy 32 (2003) 1443-1462

www.elsevier.com/locate/econbase

The evolution of local production systems: the emergence
of the “invisible mind” and the evolutionary
pressures towards more visible “minds”

Mauro Lombardi

Department of Economics, University of Florence, Florence, Italy

Received 1 September 2001; accepted 1 November 2002

Abstract

The aim of this paper is to propose an explanation of the changes of dynamic matching between systemic properties of local
production systems (LPS) and characteristics of the competitive environment. An evolutionary sequence travelled during the
last three decades by Italian LPS is identified and an explanation of long-term dynamics is based on how information flows and
knowledge are structured within a local environment. The “traditional” pattern of interlocking behaviours of different agents
is defined as cognitive architecture, which evolutionarily emergés/asble mind Evolutionary pressures lead new patterns
of relationships and interlocking behaviours, which we define as a tendency for more visible “minds” to assert themselves.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords:Information asymmetries and recurring interactions; Cognitive patterns; Adaptation; Distributed modularity; Cognitive architecture

1. Introduction tage, emphasising the importance of the geographical
concentration of clusters of firms. The competitive
In the past two decades, the analysis of territorial performance of the latter depends, in fact, on their
agglomeration of firms and economic activities has capabilities of acting as “self-reinforcing systems”.
been enriched by important theoretical and analyt- Arthur (1994)developed an analytical treatment of ag-
ical contributions.Krugman (1991, 1996analysed glomeration economics, demonstrating—on the basis
the factors on the basis of the industrial and urban of important contributions by drawing on the theory
localisation processes: (1) the development of par- of stochastic processes—two significant results: (1) an
ticular conditions of the labour market (local accu- analysis of the economic—territorial processes in terms
mulation of specialised skills); (2) the “thickening” of static equilibrium is inadequate; (2) a theoretical
of economic units capable of producing intermediate schema is needed that assumes a plurality of localisa-
commodities and specialised services; (3) the creation tion patterns, among which a Darwinian-type selection
of economic—productive contexts favourable to the acts with lock-in and path-dependence phenomena.
spreading of knowledgeRorter (1980, 1998put at Other scholars have, instead, made in-depth studies of
the centre of his reflection the systemic nature of the the dynamics through which spatial proximity favours
“diamond”, which is at the basis of the national advan- the production and spreading of knowledge, thus feed-
ing the virtuous circle that is at the basis of noteworthy
E-mail addressmauro.lombardi@unifi.it (M. Lombardi). industrial performancesBgcattini, 1990; Becattini
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and Rullani, 1993; Amin and Wilkinson, 1999;
Noteboom, 1999; Lawson, 199Belussi and Gottardi,
2000a,h Tokumaru, 1999 In several studies on local
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co-ordinating models and mechanisms between units
distributed have emerged during the recent decades.
Following a cue byWang and von Tunzelman

production systems (hereinafter referred to as LPS) of (1998) the focus of this paper is on the third dimen-

small- and medium-size firms, two interesting theses
are argued: (1) “collective efficiency”, i.e. the compet-

itive advantage of clustering firms, derives from the
dynamic combination of external economies and joint
action! and (2) during the evolutionary acceleration

phases of the Marshallian Industrial Districts (here-
inafter referred to as MID), “systemic” entrepreneurs
can play a fundamental role in the creation of new
scale and scope economi@ze(landi, 1996.

In addition to the theoretical reflection syntheti-
cally cited, there is also a vast aggregate of empirical
research Dei Ottati, 1996; Pilotti, 1999, 2000; Coro
and Rullani, 1998; Schmitz, 1999; Storper, 19389

from which have emerged characteristics and proper-

ties taken on by the LPS.
The aim of this paper is to pick up and develop a

sion of a production cyclé that is, how information
flows and knowledge are structured within a local en-
vironment so that production costs are reduced. This
aim is pursued by examining the cognitive aspects of
decision-making processes; indeed above all infor-
mation and knowledge processing procedures have
been considered, with explicit references to concepts
derived from cognitive science.

To this end we employ a general theoretical frame-
work, elaborated on the basis of the following pairs
of concepts: (1) local system/external competitive
environment; (2) systemic properties/environmental
parameters (in other words, features of the inside
environment and exogenous input); (3) endoge-
nous/exogenous input of transformation.

The categories pointed out define a theoretical

line of research, based on an evolutionary conceptual horizon within which the evolution of LPS can be

framework, with particular attention being paid to the
cognitive aspectsLombardi, 2000. We start with

the results of a vast amount of theoretical literature
and first of all the idea that “interlocking features of
the collective order of an industrial agglomeration
constitute essential foundation for regional economic
innovativeness and competitiveness3c6tt, 1998

pp. 157-158). From the point of view here adopted
that implies examination of LPS as systems of col-
lective ordef (Cooke, 1998 p. 16): their evolution

is fostered and influenced by how information and
knowledge flows are created and organised. We will
try to explain the factors which cause the transfor-
mation of LPS from hierarchyinto a closer clus-

ters of interfirm relationship, to the extent that new

1 “Joint action” can be of two types: individual firms co-operating
(for example, sharing equipment or developing a new product), and
groups of firms joining forces in business associations, producer
consortia and the likeSchmitz, 1999p. 469).

2 The concept of systems of collective order is proposed by
Cooke (1998 p. 16) and profitably applied to the analysis of
regional innovation systems in many industrial countries. The
concept here is applied to a more limited territorial scale.

3 Within which “network relationships (are) based on trust, rep-
utation, custom, reciprocity, reliability, openness to learning and
an inclusive empowering, rather than an exclusive and disempow-
ering, disposition” Cooke, 1998p. 9).

described by means of an analysis of the dynamic
matching between systemic properties and incentives
from the competitiveness environment, while the
changes in the “interrelatedness or systemic nature of
economic activity” Maskell et al., 1998pp. 2—-3) are
analysed.

The argumentation unfolds as follows.$®ection 1
the theoretical framework which is employed in the
following analysis is explained. ISection 2 on the
basis of the proposed theoretical framework, funda-
mental systemic properties of the traditional config-
uration of LPS are highlighted: in other terms they
show self-organisation processes and can be defined
complex adaptive systems depending on how infor-
mation flows are organisedfopositions 1, 2 and)3
In Section 3the following thesis is treated: discon-
tinuities of competitive environment lead to changes
of systemic properties of LPS; in fact, they transform
from modular systems of distributed productive ca-
pacity into structures based on purposely-designed
co-ordination structures. In the last section, a possible
future evolutionary scenario is proposed.

4 The other two being “the labour processes (how the labour
force is constituted and co-ordinated) and capital processes (how
the equipment is likewise)”Wang and von Tunzelman, 1998
p. 810).
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2. The evolutionary sequence of the LPS of fundamental factors for the formation of a local
productive potential: (1) incentive for the diffusion of
Exclusively empirical researches on LPS do not ex- suppliers, thank to phase economies of scale which
ist, because these cannot be reduced to mere statisticaspur the division of labour among firms on the basis
collections of elementsBfusco et al., 1997p. 37). of an expansion of the market; (2) the formation of
In fact, they are complex entities within which social, human capital, which is necessary for all phases of the
economic, institutional and geographical factors are production cycle; (3) spin-off activities; (4) the pro-
so closely entwined that the very definition of the unit ducing of demonstrative effects and, thus, incentives
of analysis is quite difficul®. However, defined, the  towards imitative processes at a local le¥el.
systems of small firms share relevant features, even if There can be different genetic processes on the ba-
it is necessary to remember that the “youngest” LPS sis of the LPSBelussi and Gottardi, 20003,Bilotti,
(above all in southern Italy) sometimes show peculiar 1999 and of the MID Becattini, 1989; Bellandi, 1989,
characteristics. The first fundamental element, which 1996; Dei Ottati, 1998%° (A) local accumulation of
has been pointed out in many survéys the disconti- abilities and competencies in artisan units and an in-
nuity that occurred during the late 1980s and that was crease in the latter as a result of an increase in de-
prolonged over the following decad&nioncamere mand; (B) resorting to production decentralisation by
(1995 p. 24), for example, describes the transition of large firms; (C) crises and break-ups in well-structured
industrial districts from a “model of intensive growth  production entities, with the subsequent triggering of
to a model of extensive growth”. The same study a growth in the population of firms at a local level.
drafts a kind of “life cycle hypothesis” based on seven According toViesti (2000) a cluster consolidates by
evolutionary phaseS,which in turn are essentially —means of three parallel processes: “an increase of the
connected with the transformation of the competitive number of firms; larger division of labour among firms,
environment. The concluding point of the analysis is thanks to more collaboration and commercial relation-
the classification of clusters on the basis of the pro- ships; horizontal widening of the range of products,
posed scheme, which is also adopted by the researchtogether with more intense competitioigsti, 2000
relative to seven hundred firms belonging to 15 indus- p. 37). Thus, the evolution of industrial districts hinges
trial districts ©miccioli, 200Q. Following Porter’s upon changes in the competitive scenario: the passage
approach Porter, 1998 Viesti (2000) points out an from searching for static economies of scale to dy-
evolutionary path for Italian clusters (or industrial namic economies of scale is crucial, as competition
districts) by describing actual phases of competitive requires new competitive capabilities. Changes are so
evolution. First of all, this author defines five basic relevant that real discontinuities have occurred within
condition$ for the birth of an industrial district. He ~ LPS, as many surveys demonstrate, trough a decrease
then describes the role of “leading” firms during the in the number of firms and employees within many
transition to a real industrial district, i.e. the creation local systems over the past two decades.
Whatever the genetic process, on which we shall not

5 For local systems, and industrial districts in particular, the first dwell in this work, it is possible to identify a sequence

definition of the unit of analysis from a statistical point of view

was elaborated bgforzi (1991) Recently,Cannari and Signorini 9 1t is worth recalling that, in some ltalian areas, the develop-

(2000) suggested a different classification for the local production ment of local system occurs on the basis of the expansion of a

systems. pre-existent artisan (social) network within which competencies
6 Unioncamere (1995pei Ottati (1997) Viesti (2000) Signorini and skills have been accumulated, triggered by input stemming

(2000) Belussi (2000)Chiarversio and Micelli (2000).azzeretti from local and external principals.

and Storai (1999)Tamberi (2001) 10 | this paper, we shall use the concept of local production sys-

7 The seven evolutionary phases are: phase specialisation, inte-tems, basing ourselves on the general properties present in various
grated system area, de-localisation, hierarchies based on internaltypologies of local productive micro-universes. The choice is based
growth, management consolidation and merges, hierarchies basedon the concept of local systems (LS), composed of sub-systems
on external growth, and new market strategies. (LPS, institutional infrastructures, cultural and political shared val-

8 These are: the existence of production factors and resources, ues, etc.). Different mixes of links between sub-systems and dif-
pre-existing technological capability, the role of leading firms, the ferences in the composition of each sub-system foster varied forms
dynamism of a local demand, and appropriate institutional actions. of LS.
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of phases travelled by Italian LPS, even if with tem-
poral cadences that are not completely homogeneous
In fact, it is possible to identify a morphological ho-
mogeneity between the different types of LPS, with
changes that are connected to the emergence of cer
tain factors, that have produced evolutionary stresses
to the point of inducing similar responses.

There are essentially three phases that can be de
tected within the typical evolutionary sequence: (1)
expansion; (2) standstill and transition; (3) resumption
on the basis of new models of systemic functioning.

The first consists of a long growth period that at
times is impetuous and of intense diffusion, in a lim-
ited territorial sphere, of entrepreneurial initiatives that
are essentially based on “virtuous” combinations of
three elements:

1. An accumulation of skills and techno-productive
competencies on the basis of traditional produc-
tion methods, thanks to high-frequency interac-
tions among subjects or entities operating in local
contexts. An important consequence of this is the
progressive consolidation of local labour markets,
on the inside of which the passage of persons
from one firm to another has constituted a fun-
damental propulsive mechanism in determining
two important aspects: (a) the enrichment and
continual variation of skills and competencies;
(b) the local diffusion of a techno-productive cul-
ture that is subject to incessant, incremental-type
innovations.

. Competitiveness partially based on price. The low
barriers to entry and exit, widespread comple-
mentarities between competition and rivalry have
nourished micro-behaviours oriented at the search
for greater productivity and higher efficiency, with
consequently low levels of costs. An important
corollary of these dynamics has been: the creation
of a division of labour among firms or local mar-
kets for sub-contractors, the offer of half-finished
goods and stage productidh.In this process,
competition and co-operation are intense and at the
same time entwined, because these have been nour

11 For example, the traditional division of labour among firms in
Prato: “.. in the industrial district there are two different kinds
of firms: the ‘final firms’ which have direct connection with final
markets, and ‘stage firms’ or subcontractors which specialise in
one or a few production stagesDé¢i Ottati, 1996 p. 49).
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ished among other thing by the workers’ mobility
within the local techno-economic environment.
Capabilities of satisfying a fragmented and variable
demand, for which response strategies to shock and
exogenous stimuli were effective.

3.

The three elements are common to LPS that have
even non-marginal differences, if we think of the fact

that MID prevails in Tuscany, as do other forms of
LPS in the north-east.

The second phase of the evolutionary sequence be-
gan when the LPS underwent a standstill which in-
terrupted a long expansion process. In almost all the
areas considered, above all during the 1980s, there
appeared discontinuities, both technological and also
relative to demand and to the problems generated by
a competitive scenario that has been made more com-
plex and turbulent by the appearance of new sources
of competitive advantage.

Scholars have described phenomena that are rele-
vant for the purposes of our analysi3qj Ottati, 1995,
1996; Coro et al., 1998; Guerra, 1998)

1. Internationalisation of the production cycle produ-
ces a reduction in self-containment (&etion 2.
2. The changes underway in international competi-
tion erode the base of the traditional competitive
advantage of LPS, that are founded on an orig-
inal combination of incremental variations and
practical-manual knowledgeCpro and Rullani,
1998) At the same time, spatial proximity is
always a less decisive element, since today the
capacity to manage global information flows is
progressively more important for firms.
There is an unprecedented increase in formal and
informal groups of firmg?

12 From the studies previously indicated, precise structural trends
can be clarified which dominate the current surveys of LPS: (1)
in Prato, a progressive acceleration and an consolidation of the
phenomenon of the formation of formal (vertical and horizontal)
groups of firms occurred, with the reorganisation on more stable
bases of inter-firm relationships that previously had been very much
“looser” and less selectiveDgi Ottati, 1996) In the Montebelluna
sports systemGoro et al., 1998pp. 118-119), the “organisational
model of growth based on outdoor networks” became dominant,
while alternative models of business growth coexisted. The creation
of organised groups of units in accordance with two typologies
also characterised the production areas of furnit@eefra, 1998

pp. 170-174), ceramicBini Calza and Bosco, 2000and chairs
(Tamisari, 200D
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4. A period of transition is underway, from an al- Another point to consider is the profound change
most automatic co-ordination to more conscious in the competitive environment: the competitiveness
forms of government or of planned co-ordination, based on factors other than price has become always
in order to deal with the new challenges that have more important; first of all the presence on the markets
arisen in competitive dynamics. In some areas of depends not on reactive behaviour respect to shocks,
the north-east, there is a “hierarchical evolution of but rather it depends on anticipatory strategies capable
local networks” Gottardi, 2000. of “endogenising” the demand, in the sense of assum-

ing its changing parameters of behaviour by means of

a system of information flows to the point of integrat-

ing physical and informational input dynamically and

interactively.

1. areshaping of the local production potentials, with A fundamental implication of the transformations
a reduction in the number of firms and employees; described is the following: the information flows and

2. an increase in the imports of components and the data processing change as a result of the fact
half-finished products from other (domestic and that the interaction circuits and operational feedbacks

The events described have set off a transition pro-
cess that is characterised everywhere by the following
phenomena, even though not to same extent:

international) LPS; come about on a larger scale than the local one, and
3. changes in the mixes of technologies used, raw ma- are connected to changes in role and function of sub-
terials worked, and goods produced; jects and production units. A change in the techno-

4. the possibility for larger firms to acquire qualita- organisational configuration of LPS is, therefore,
tive and quantitative flexibility of the production closely linked to new information and physical flows.
potential, thanks to computer-related technologies.  On the basis of the analysis made, we can synthesise
In this way, some traditional systemic properties the recent evolution of LPS as follows:
of LPS become obsolete and new success factors
emerge, so the traditional set of competitive advan-
tages are radically modified (s&ection 3. 5

1. the formation of hierarchical networks of firms with
significant leadership phenomena;

. changes in the division of the labour and in the
In short, the LPS have undertaken strategies of re-  techno-productive configurations;

sponse and structural adjustment in answer to exoge-3. new types of interactions with the markets and

nous shocks: diversification and a rise in the quality of  therefore of both the mechanisms of acquisition

the products, restructuring of relations between firms,  and processing of the data and also the formulation

progressive internationalisation of the production cy- of strategies.

cle, changes in the division of labour and distribu-

tion of the competencies during the various production

phases® 3. The evolutionary dynamics of the traditional
Transformations have naturally been realised in ac- | ps;: the emergence of the “invisible mind”

cordance with differentiated degrees of intensity and

extension, with consequently differentresultsinterms  apgor describing the evolutionary sequence, we shall

of the breadth of the production apparatus and of M- yeyelop the analysis to identify fundamental factors

ployment. for an explanation of long-term dynamics. To this end,

it appears useful to start from an identification of the

m@mple, the changes in firms typologies are directly basic properties, i.e. the distinctive characteristics of

connected with the formation of the groups: in Prato, the final LPS_aS systems. Here, we have adopted the method-

firms accentuated the separation process between specialised func0logical approach, based on the concept of system. We

tions (commercial, financial, co-ordination), while there occurred start from the operational definition of system, elab-

a growing technological differentiation between the stage firms. grated by AShb)Jlfl since it allows us to give a first
A multiplicity of types of firms can be identified in Montebel-

luna (networks, specialised sub-contractors, complementary units)

and in the furniture area (groups with leaders, small autonomous 14 Ashby (1952 p. 15) defines system as “any variable selected
firms, specialised suppliers, and sub-contractors). set of variables”.
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representation of aggregate behaviour of a richly con-
nected set of entities. Since all objects (above all,

M. Lombardi/Research Policy 32 (2003) 1443-1462

network, cluster, etc. within which rivalry, emulation,
imitation (Kash and Rycoft, 2000 competition and

social phenomena) can be represented by means ofco-operation co-exist and proliferate.

an infinite number of variables, an investigation must
have as its starting point a selection of the relevant el-
ements in accordance with a particular point of view,

that has been made plain ever since the beginning.

Subsequently we will sharpen the analysis by apply-
ing a precise concept, largely employed in different
scientific fields: (1) The complex systems are “com-
posed of different interacting sub-system&uglle,
1992 p. 95). (2) The complex systems are “made up
of a large number of parts that interact in a non-simple
way” (Simon, 1962p. 468).

In particular we will develop the idea of the cen-
trality of information, tightly connected to specifiable

From this it follows that there are widespread
micro-behaviours that are oriented at those values
and, at the same time, are subjected to different types
of changes as a result of the incessant cognitive ex-
changes between local agents. Other boundary con-
ditions are the existence of barriers to entry, in the
sense that for a series of reasons it is very difficult for
outside firms to be installed within a given context,
while a complete fitting up can be realised only after
long interactive dynamics with local subjects. The
phenomenon described is a consequence of the preva-
lently endogenous nature of the training process for
an LPS, and is evidently connected with the capacity

structural relations, i.e. interactions between agents to be inserted within the fabric of stable relationships

and entities which exercise functions: “Organised sys-

tems are characterised by structural relationships that

require information for their specification” icken,
1987 p. 40). We would also like to enrich this ap-

characteristic of a local system on the whole.

As far as point 2 is concerned, the LPS is distin-
guished by whatSimon (1962)defines as “higher
frequency dynamics”, due to the interactions be-

proach by means of analysis of the typology of inter- tween local agents, while there are “lower frequency
actions and the role of many subjects in processing dynamics”, due to the interactions with outside
different types of information. Applying this theoreti-  subjects. In the preceding paragraph, we have re-
cal framework to LPS implies that those are viewed as ferred to the intense competitive dynamics and to
input—output systems, composed of sub-systems (pro-the co-operation between entities operating in the
ductive units), carrying out activities within the vari- micro-universe. The high intensity of the localised
ous phases of the production cycle, which in turn can interactions therefore constitute an important variable
show different degrees of territorial dispersion. that is representative of the LPS.

Following the proposed theoretical framework we  As for point 3, which is logically connected to the
choose some representative variables of LPS: previous point, we must keep in mind that the typol-
ogy of the information flows is relevant. Information
referring to a system may in general be separated into
system information, that is inherent in its basic struc-
ture (Langlois, 1983p. 594), and parametric informa-

As far as point 1 is concerned, one of the most im- tion, that refers to its operational parameters, that is,
portant boundary conditions is the sense of belong- to the performance of tasks in a given environment.
ing to a community of agents (individuals and firms) The information hierarchy is, therefore, a constituent
who operate in a given territory following more or element of any sort of system, and has as a general
less explicit rules of behaviour, like trust, loyalty, reci- validity the principle that information is neither an en-
procity, reputation. Shared values are then at the ba-tity nor an object, nor a set of homogeneous units sub-
sis of the sense of belonging, which allows scattered ject to selection. Rather, it is “inherently relational,
people to behave as a community or self-organising a mapping between two or more sets of events
Information, if it properly maps to the internal states
of a system, can selectively trigger sets of behaviour”
(Buckley, 1983 p. 602).

In the cases of LPS, the distinction between the
two types of information is sufficiently defined, on the

1. boundary conditions;
2. types of interactions among components;
3. the typology of information flows.

15 The analytical path here proposed aims at giving concrete
content to a quite abstract theoretical framework, being aware of
the need to distinguish between “a conceptual and a real system”
(Cooke, 2001 p. 953).
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Exogenous input (demand
parameters)

Final Firms

Informational Divide

More distributed units

Less distributed units

Fig. 1. Final firm (FF): entities which possess hidden informatibrformational divide exogenous input are unknown within LPSltering
agents(FF) spread only operational parameters, that is characteristics of materials and components of the good to be produced.

basis of a precise taxonomy of agents: (1) final firms

(4) interpretation of signals stemming from markets

(see notes 5 and 7), de facto “transducers” of signals and other agents (buyers, representativédh this

extracted from the market and, thus, possessors of hid-

den information; (2) static firms, routine producers,
satellite firms; (3) system integrators, like the final
firms and the local institutions which perform relevant
systemic functions, like the production of social and
collective services or public goods in genefal.

Only final firms have a knowledge of the markets:
the existing opportunities; their predictable trends;

perspective the final firms are strategic agéfitthe
data by them acquired is not shared with other local
agents. Thus, this data is “hidden information” for the
LPS and is transformed into operational parameters,
i.e. into the characteristics of materials and compo-
nents of the goods to be produced, for activation of the
local productive potential, thanks to the development
of localised high-frequency interactions occurring in

characteristics of the demand. The general model is the course of the specification process of these pa-

depicted inFig. 1, where the horizontal axis shows

the density of local economic space on the basis of the

number of the different types of competing entities and
the vertical axis depicts the degree of agglomeration
of production entities. The information flows unfold
as follows. Final firms acquire information by means
of four types of activity: (1) exploration of opportuni-
ties in different markets; (2) acquisition of information
about possible demand input; (3) experimentation of

relationships with external operators and local agents;

16 This is a general taxonomy. Further types of agents can be
picked out thanks to the analysis of each LPS.

rameters. IrFigs. 2 and Jthe axis are the same as in

17 Information, exploration, experimentation, interpretation are
considered essential ingredients of a strategy within a complex
horizon byLane and Maxfield (1997)

18 The term is employed with reference to the concept of strat-
egy proposed byChandler (1987 pp. 48-49): “A strategy can

be defined as the determination of the fundamental goals and
long-term objectives of a firm, the choice of action criteria, and
the type of allocation of the resources necessary to implementing
the objectives”. The extensive use of the concept is aimed at cap-
turing the role of the final firms in determining the guidelines for
activating the local production apparatus and the distribution of
labour among the various units.
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Final firms (strategic
agents)

Informational divide

Local firms

Fig. 2. Market information (hidden) is transformed into orders for specific production phases on the basis of multiple and sometimes
overlapping links between final firms and locally distributed units.

Fig. 1), we look into the activation of a LPS and the
multiple interactions among local agents.

Three information-flow levels thus exist: the first
follows the markets, and is controlled by filtering

between similar and complementary activitl@shis

distinction has been enriched by the latter thanks to
the concepts of horizontal and vertical dimension of
the clusters. The horizontal dimension comprise phe-

agents (i.e. the strategic agents); the second concernsiomena as co-localisation, intense exchanges of infor-

the techno-productive dimension, and derives from in-

mation, variation of knowledge, imitation and recipro-

cessant exchanges of information and knowledge of a cal monitoring, comparing, processes of selection of

practical-professional type (also within loose “teams”
of firms); the third includes the dynamics of costs and
productivity, and is the result of previously-indicated
processes of competition and co-operation.

The existence of a close association between the

superior outcomes. The vertical dimension, based on
“knowledge about product and market opportunities”,
implies information asymmetries among agents with
heterogeneous knowledge endowméefits.

It must be underscored that learning (by means of

second and third points does not prevent each one ofimitation, monitoring, comparing) happens within the

the two from having a multidimensional nature, be-
cause both derive from distinct dynamics of many in-
ternal components. We shall skip the third point, which
has been widely dealt with in the studies previously
indicated, in order to dwell on the second one.

At this point it is worth picking up an approach

19 «Activities which require the same capability for their under-
taking | shall call similar activities” Richardson, 1972p. 888).

“| shall say that activities are complementary when they represent
different phases of a process of production and require in some
way or another to be co-ordinatedRichardson, 1972p. 889).

20 From this point of view LPS can be considered similar—on

proposed by Richardson and subsequently developed, smaller scale—to regional clusters, which are “repositories for

by Maskell (2001) The first introduced the distinction

industry specific skills” Enright, 1999.
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Informational divide

Fig. 3. A look within LPS: the phase parameters, that is how to produce particular goods or half-finished goods matching the demand
requirements, are the results of a locally distributed dynamics, based on the creation and diffusion of technological knowledge inside the

local environment.

horizontal dimension, even if it shows characteristics
which would be worthwhile analysing in greater detail.

developed in the light of the concepts of technol-
ogy, technological paths, and technological systéms

Before developing this theme, we can synthesise the within which LPS are necessarily inserted.

results of the analysis witRroposition 1

Proposition 1. Within traditional LPS there are in-
formation asymmetries between strategic agéimsl
firms), which possess bas{bidden) information and
widespread interacting unitsvhich develop and ex-
change techno-productive information

A growing number of authorsLéwson, 1999;
Maskell and Malmberg, 1999; Becattini and Rullani,
1993 Belussi and Gottardi, 20003,lhave made a
close study of information and data processing within
the LPS, pointing out—within the environment of the
spatial agglomerations of firms and industries—the
fundamental role both of tacit knowledge and the
repeated interactive circuits between tacit knowledge
and codified knowledge (in the wake of the contri-
bution by Nonaka and Takeuchi, 1995The results
of this literature are important, and can be further

From this point of view this concept is impor-
tant: “Technology in-use is an amalgama of artefact,
knowledge and organisationFieck, 2000 p. 257),
while the “couple artefact-activity.. is a dynamic
ensemble of the artefact with the immediate set of
human activities that sustain the use and development

21 There is a huge amount of literature on these therbesi

et al. (1988) BijKer et al. (1987) Carlsson and Stankiewicz
(1991) Tushman and Rosenkopf (199a)e essential references.
More recentlyStankiewicz (2000}istinguishes four technological
regimes (craft, engineering, architectural, research). For the aim
of this paper the craft regime is particularly interesting: “crafts
are generally viewed as traditional technologies. They evolved
slowly through the piecemeal accumulation of experience. In a craft
regime, technology development is typically gradual. Chance and
serendipity thus play a large role.. Technology accumulation
and transmission are centred around the learning and passing on
of the procedural knowledge and skills. That kind of knowledge
is predominantly tacit and requires face to face interaction to be
effectively transferred” (p. 238).
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of the relevant technology”. Following this perspec- terised, in fact, by widespread specialisations, thanks
tive “technological information... is embodied in to the existence of a “multiplicity . of different
techniques—coherent bodies of knowledge which in- nuclei of specialised know-how and approaches to
struct agents how to engage in productioMakyr, production and innovation"Bellandi, 1996 p. 358).
200Q p. 64). On this basis, it is legitimate to con- Active rivalry and spatial proximity favour inter-
sider that, in general, information asymmetries are active dynamics which can trigger off an “original
inevitable and, at the same time, that communication combination of ideas about products, processes and
processes are essential. markets” Bellandi, 1996 p. 358). A main system
The described phenomena can be conceived follow- can be identified within this multiplicity of nuclei of
ing an interesting theoretical approach bgne and competenciesBellandi, 1994, that are professional
Maxfield (1997 p. 174), who introduce the concept and entrepreneurial, around which the process of di-
of the agent and “artefact space”: “We use ‘space’ to vision of labour among units with different degrees of
denote a structured set. For agent and artefact spacespecialisation is developed. The production cycle of
the set consists of all the agents who are involved goods (textiles, clothes, knitwear, shoes, chairs, etc.)
in some industry activity and the artefacts are the is therefore highly decomposable, and the degree of
thing these agents design, make or exchange, while thedecomposability is clearly connected to the intensity
structure is provided by the various kinds of relation- of the interactions.
ships that exist between these agents and artefacts”. The explanation of how a set of entities can give
We can extend the concept by considering that the coherent responses to exogenous impulses seems well
levels of information flows, previously pointed out, founded if we adopt an evolutionary framework in
constitute fundamental dimensions of the agent and describing the cognitive processes within the LPS.
artefact space. Indeed LPS are typical examples of Human brain “is (an) adjuster, not (a) calculator”
co-evolving behaviour of-entities: in general, the  (Margolis, 1987 and human beings are “patterns
end of co-evolutionary dynamics could be chaotic, or- seeking”, whose evolutionary bases lead them to “see-
dered or at the edge of the chaos; in the case of LPSing something, rather than nothing¥argolis, 1987
the long duration of high frequency of interactions p. 39).
among agents produced recurring patterns of actions If knowledge is “the capacity to extrapolate
and convergence on ground values. Indeed the consol-patterns” by recognising similarity and “relating them
idation of local communities are possible only if the to a learnt tacit background’Njghtingale, 1998
set of agents are able to construct “symbiotic” relation- the cognitive processes are founded on the activities
ships and communication devices. Talk, traditions and of “tuning of patterns and cues'™argolis, 1987
templates, patterns or moulds as analysed in particu-p. 71). Analogously, within local techno-productive
lar self-organised system$uyrnbull, 2000 are funda- processes, by which knowledge is developed, interact-
mental components of communication processes. Soing n-entities continually try to tune decision-making
cognitive aspects and mechanisms which can act in patterns with patterns of exogenous impulses. In this
both tacit and codified knowledge are relevant for the way firms and individuals belonging to LPS develop
construction and the permanence of the agent and theand adapt their competencies by means of sequences
artefact space within LPS. of patterns and exogenous cues, transmitted by fil-
Thus, it is important to inquire how the recurring in-  tering agents (strategic entities). These latter act like
teractions among agents produce ordered co-evolvingbinding agents, who behave as key sources of infor-
behaviour. The starting point is the high intensity of mation flows: indeed, within the general constraints
local and bounded interactions: “stage” or phase firms set by the basic information (previously called hidden
(see note 11) and local producers have to solve techni-information) localised interactions develop during
cal problems to match the final demand requirements, problem-solving activity. In the information circuits
by translating them into phase parameters. within LPS, above all in the one concerning the
We have seenthat the LPS is a techno-organisationalspecification of parameters, the high-frequency inter-
configuration based on a peculiar division of labour actions between productive units and subjects take
among units. The production apparatus is charac- place within the framework of a given technological
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system. Interacting entities, which share values and 1. self-containment;

intensely exchange information, can produce recur- 2. information hierarchy;

ring patterns of behaviour only if they are able to 3. high-intensity of local and bounded interactions.
recognise “similarity spaces'Nightingale, 1998 in-

side the artefact and the agents space. So they have t?h
make wide use of the representational structures that
are at the basis of the communications processes of
tacit and codified knowledg@.

Important contributions drawn from cognitive
science WKinsky, 1974; Karmiloff-Smith, 1992;
Margolis, 1987 show that specific mechanisms are
in operation during the cognitive processes, and the
problem of the representation of knowledge in a struc-
tured form cannot be eliminated: the Minsky frandés,
Karmiloff-Smith’s representational redescriptions
(1992)24 and the cognitive cycle on which the “pat-
tern cognition” of Margolis is based, describe dynam-
ics based on complex and entwined sets of tacit and
codified knowledge. The problems indicated are the
subject of growing interest also in the economics lit-
erature Denzau and North, 1994; Noteboom, 1999 o

- . . variability.
to indicate the importance of analysing the structures The different types of information, and participation
essentia}l to an understanding qf Whgtever in_formatio_n in numerous circuits, are at the bas,is of the division of
processing 'system. The case in pomt, Fhat Is LPS, is labour at a local level, while the interactions between
pgrn_cularly Important frqm this point of view, because operational entities determine the formation of suffi-
W'thm them the produ_c_tlon (.)f. k_nowledge s at the _ba- cient stable relations between different types of firms
sis of a regular cognitive division of labouB¢lussi

and Gottardi, 2000a)tand of dynamic agglomeration (final, stage firm, sub-contractors, subsidiary), i.e.
. regular patterns of interlocking behaviodfsAnalo-
economieslaimberg et al., 1997 . .
. ’ S gously, further aspects are characteristic of LPS, i.e.
We can synthesise the reflections made in this para- : ; e : )
I~ . . the functional differentiation between units belonging
graph by pointing out thesystemic propertiesand : .
. ) S0 . to the local context and the patterns of relationships
logic of the economic—territorial agglomerations con- S . N
sidered. Three properties have been identified: which identify a complex orgamsatpn‘l_’l@ompsom
' ' 1967. Thus, the result of the analysis is that Italian
LPS are typical examples of the complex systems
22 They are necessarily based on representational systems (framesdefined by Simon (se&ection 2. This conclusion
scripts, etc.) that represent the problems to be solved, with more opens up a further perspective for investigation’ cen-
or less cogent constraints placed on the search for values for the yraq gn the analysis of the relations between the

unknowns, i.e. for the parameters to be found for solving technical t f thi t tarti f the “d
and productive problems. components o IS system, starting rrom the “dou-

23 Frames are data structures that describe typical situations and DI€ €nvironment” (internal, external) and from the
are associated with different types of information, relative to nu- adaptation of the latter to the former.
merous reference contexts. An alternative way to define a frame  Animportant question then emerges that needs to be

is to consider it an “aggregate of questions to ask regarding a hy- examined closely: how does the co-ordination between

pothetical situation: specific queries to be raised and methods for the diff t ti its take pl -
dealing with them” {linsky, 1974 p. 123). These representational € difrerent operating units taxe place:

structures are partly formalised in the human mind and partly con-

tain “slots” to be filled in with continually renewed information. 25 The latter are considered byeick (1979)to be the constituent

24 “The representational re-description is a particular process by elements of an organisational structure, a concept that we extend
which human beings show the capacity to generalise, to reason here to the local micro-universe. However, we find here relevant
from the particular to the general, and to use analogy”. aspects of collective order (s&ction 1of this paper).

There also exists a general form of functioning for

e system: from the external environment (markets)
are extracted the signals (demand parameters), that
are subsequently translated into general constraints
from which the specifications produced by the in-
ternal environment drive. We are therefore dealing
with a general adaptive logic which is expressed in a
myriad of differentiated micro-behaviours: search for
technical-productive solutions, widespread interac-
tions by following certain rules (explicit and implicit).
The overall coherence (that is the coherence with hid-
den information) is guaranteed by both the cogency
of the system information and also by the necessary
respect for the rules that are at the basis of the sense
of belonging. In short, we find that macro-behaviours,
expressed in adaptation, are realised thanks to
sets of micro-behaviours centred on a limited
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From the previous description of the techno- ing units, requires that the aggregate of the interacting
organisational configuration, it follows that the LPS agents and of the production units act as all one or-
is a complex system, viewed as a hierarchical set of ganisation in function of the objective, identified in
nested systems, with the hierarchy founded on the terms of goods with determined characteristics and
typology of the information possessed and on the in required quantities. In this regard, we extend the
intensity of the interaction between components. thesis Baldwin and Clark, 199y relative to com-

Within the complex system§imon (1962)distin- plex products divided into sub-systems: for a “nearly
guishes the decomposable ones, the final componentslecomposable” system to function efficiently, there
of which are simple particles (as in gases), and the needs to be holders of “hidden information”, with
nearly decomposable ones “in which the interactions reference to the basic characteristics that each module
among sub-systems are weak, but not negligible” must respect. At the same time, there must also be
(Simon, 1962 p. 474). The local micro-universe of visible information concerning the rules and sets of
LPS is characterised by two different types of dynam- behaviour to be followed so that the overall system
ics (that of higher frequency, inside the sub-systems; reaches the objective. “Modularity is a general sys-
that of lower frequency is associated with larger tems concept” $chilling, 2000, and includes both
systems, such as, for example, the outside environ-a wide range of ways in which the components can
ment), and can therefore be conceived of as a nearly be separated and combined, and also the intensity of
decomposable system. In the case of LPS, it is legit- the connections between them, in addition to the con-
imate the claim that the topology of the interactions straints placed on their operativeness. In traditional
between agents influences the aggregated regularityLPS, in fact, the existence of hidden information and
(technical standards, specifics of materials and prod- visible information is noticeable: the former includes

ucts), and can reproduce in its own interior groups
that are both very close (cliquish structure) or ex-
tremely loose (random links). This multiplicity of

relations between units indeed favours the triggering
of a decentralised industrial creativity, by means of
a production cycle organised in such a way as to
achieve a given objective by means of distributed
tasks and functions. Therefore, the division of labour

characteristics of demand, the typology of products,
market trends; the latter comprises rules of behaviour,
specialised know-how and technological knowledge
that are diffused and continually renewed in deter-
mining specific parameters capable of satisfying the
constraints imposed by hidden information. From this
point of view, the role of the final firms as binding

agents is essential. There exists a fundamental differ-

among units is nothing more than a “modularization” ence, compared to what is claimed by the traditional
of the process, with production phases (or “stage” literature on the modularity of systems: in those stud-
firms) developed in accordance with competencies ies, properties and rules of connection between the
accumulated on site and subject to a constrained modules are determined “from the top”; in LPS, mod-
variability.2 ular organisation is the product of the adaptive logic
The modularity is an important characteristic of with respect to the market and to the constrained
LPS: the production of final good is divided into strat- variability, nourished endogenously. Adaptation
ified sub-components, which in turn have character- distributed modularity and bounded endogenous vari-
istics and parameters that are determined by interac-ability define arevolutionary systepwhich is benefit
tive structures that are at times “cliquistCg¢wan and of a unifying centre, as it is evident from how the pos-
Jonard, 1999 in some other cases much more casual, sessors of hidden information (final firms) perform the
and at other times relatively less free. role of system integrators, i.e. the function of a general
The decomposability of the production cycle into link between distributed modules. In this representa-
modules, carried out in relatively independent operat- tion of LPS as evolutionary systems, the possibility
of a further decomposition of the modules, consist-

26 Within this perspective, phenomena of redundarBgliandi,

1994) and duplication and extreme diversification of competen- 27 With this expression, we refer to the on-site accumula-
cies, in addition to a decentralised industrial creativity, can occur tion, diffused in a local sphere of specialised competencies and
contemporaneously. knowledge.
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markets, short-term coalition, long-term relation-

variable manner, also takes on relevant importance ship, vertical integration), we propose here the
in accordance with the evolution of the competencies self-organising convergence between parameters, rep-

and interactions between units and agéfts.

resentative of the production phases. The convergence

Thus, the result of the analysis is that, in responding is fostered by the frequency and the intensity of in-
adaptively to the signals extracted from the market, the teractions among agents exchanging different types

specification of the parameters inherent in the produc-

of information.

tion cycle occurs by means of repeated feedbacks and By setting the local micro-universe in perspec-

reiterated cycles of exchanges between variable rou-

tines. We define this type of process aganlutionary
emergence of parameter$his means that selective
dynamics occurs within a potential of available solu-
tions, the dimensions of which depend on the activity
of a search for technological and productive solutions,
even if within the limits set up by hidden information.

The conclusion of the previous analysis is thus given
by Proposition 2

Proposition 2. Systemic properties evolutionary
characteristics and the particular mechanisms of
distributed information processing lead us to define
traditional LPS as selective systemsased on the
evolutionary emergence of parameters

Within LPS, agents use sets of goal-seeking be-

haviour in the search—by means of interactions—
for solutions to technical and productive problems. In

tive, the techno-organisational configuration can be
understood as a cognitive architecture, consisting
of input and output units and of transformation
functions characteristic of each of these. Competi-
tion and co-operation, spatial proximity and rivalry
are complementary phenomena that are intrinsic
to a system subject to endogenous and exogenous
shocks3®

The cognitive architecture described, consisting of
distributed competencies that are connected by means
of the congruency of parameters, makes it possible to
find an answer to relevant theoretical questions: how
did it arise? In what forms is the co-ordination between
sets of goal-seeking behaviour realised?

In comparing patterns or institutional structures
which seem not to arise from the intentions of in-
teracting agents, the scholars may in general make
use of two types of explanationblgzick, 1993. The
first is formulated in terms of thmvisible hand and

this way, an extensive and heterogeneous network of it js based on the idea of spontaneous processes that

specialised, functionally-connected routines has devel-

oped.

filter the evolution of the operating units, selecting
them so as to arrive at a solution of equilibrium by

The previous analysis allows to enlarge the set of means of reciprocal adjustments. The second seeks

mechanisms and agents, which accordindetmight
(1999) satisfy the co-ordination requirements among
entities belonging to “disintegrated structures”. Be-

for and discover, behind apparently unintentional re-
sults, intentional designs (the so-callbiiden-hand
explanation. The cognitive architecture being dealt

yond the mechanisms suggested by Enright (spotwith here makes it possible to propose a different

answer to the two questions. The presence of nu-

28 Here, routine is understood to be an aggregate of modules ME&rous complementary and apparently contradictory

of competencies, performed by people who carry out activities

and pursue objectives in a dynamic environment. The concept de-

rives from the many definitions abutine put forward by schol-
ars: “routine is a general term for all regular and predictable be-
havioural patterns of firms..” (Nelson and Winter, 198%. 14);
routines are “patterns of interactions that represent satisfactory
solutions to particular problems™Dpsi et al., 1991 p. 46), or
“highly-programmed decisions’Lpasby, 1976p. 81).

29 The concept of an evolutionary system indicates a peculiar
co-ordination structure within the terms defined khalone and
Smith (1988 p. 422): a “pattern of decision making and com-
munication among a set of actors who perform tasks in order to
achieve goals”.

aspects (i.e. variability and stability) and of certain
patterns of interaction derives from the fact that the
nearly decomposable systems arise like a system-
atic and diffuse search, through trials and errors,
for solutions to adaptive problems. The variability
of the micro-behaviours is therefore functional with

30 Milsum noted that, “The dual processes of co-operation and
competition (are) essential, concomitant but complementary as-
pects of such (living systems’) hierarchical structurellilgum,
1972 p. 147).
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(systemic) macro-behaviours; therefore, redundancy, Proposition 3. Traditional LPS are evolutionary sys-

noise, and random variations nourish a global sta-
bility in the answers. Distributed modularity is thus
essential, because it enables a flexibility which, in
turn, is fundamental in order to have a repertory of
distributed competencies from which to draw for
multiple solutioné! available. The limits to the vari-
ability of the sets of micro-behaviour have a primary
importance, since extreme flexibility would in prac-
tice prevent the solving of adaptive problems. The
acquiring and processing of information and knowl-
edge would be a task greatly superior to the compu-

tems on the inside of which operates an invisible
mind that co-ordinates the components of the local
input—output matrix in order to respond adaptively to
the impulses coming from the market

This type of evolutionary system allows us to en-
rich the classification of the input—output systems by
Storper and Harrison (199Who distinguish between
atomistic producers, process producers, agglomerated
network with mostly smart units, agglomerated net-
work with some large units, dispersed network with

tational power of any agent whatsoever, as the spaceSOme large units. In fact, LPS can be classified as ag-
of the search for alternatives to be evaluated would glomerated networks with stratified agents on the ba-
become extremely large (the so-called “combinatorial Sis of the type of information possessed and the inter-

explosion”).

Considering that the structure of LPS is the unin-
tentional result of the adaptive dynamics, it appears
stimulating to define its architecture as timwisible
mind that derives from processes of self-organisation
that have previously been described in terms of a
selective system with an evolutionary emergence of
parameters. With the expression “invisible mind”
(Lombardi, 1991, 1992we aim to give a synthetic
representation of the self-organising dynamics of in-
formation processing within LPS acting as complex
adaptive systems.

A dynamic intertwining between the physical trans-
formation process of multiple input (chemical, elec-
trical, optical) and the dynamics of data processing
identifies the most complex product of natural evolu-
tion (the human mind§? A similar intertwining, with
lower levels of complexity, characterises LPS, the
representation of which davisible mindsynthesises
the peculiarity of a repertory composed of changing

action processes.

4. Evolutionary pressures towards more “visible
minds’

For decades, the adaptive “modularization” of
LPS has been very effective; however, the empiri-
cal evidence presented iBection 1points out the
fact that relevant changes occurred over the course
of the past 15 years. The analytical framework pro-
posed in this paper makes it possible to explain the
long-term dynamics. The image of the invisible mind
denotes an evolutionarily-patterned architecture, the
result of the double set of high-frequency (inside)
and low-frequency (outside) interactions. The adap-
tive nature of LPS and the “bottom-up” procedure
with which the specific parameters for components of
the product are defined, explain how the continuous
and reciprocal adaptations between units are partic-

competencies, that are organised in order to searchularly suited to environments subject to incremental

for solutions to adaptive problems.
The thesis upheld leads to sustaining the following.

31 LPS showed the ability to timely respond to fragmented and

variable demand and at the same time are able to introduce techno-

logical and bounded flexibility by redefining and mixing different
competencies.

32 The analysis made leads to the discovery of a really surprising
analogy between LPS and the human mind, which is an evolution-
ary result that consists of “a set of evolved information process-
ing mechanisms. .. Many of these mechanisms are functionally

innovations.
In analysing the industrial districBrusco (1991

p. 32) claims: “As the district has neither a vertex
nor a hierarchical structure, it is much more com-
plex to introduce new technologies. Industrial dis-
trict is characterised by a strong sluggishness. It pro-
ceeds by absorbing technology in a deep, personal,
and creative way, but it is very difficult to move a
vast amount of people, not only workers, but the en-
tire competence of a community. Industrial district

specialised to produce behaviour that solves particular adaptive fac€s now the problem of how to acquire new tech-

problems” {Tooby and Cosmides, 199p. 24).

nologies...".



M. Lombardi/Research Policy 32 (2003) 1443-1462 1457

A survey by Nomisma (1989)emphasised the example,Belussi and Gottardi (2000a,lijstinguish
problems caused by the links between information between static, evolutionary and strong evolutionary
flows and dynamics of investment: since only spe- paths, followed by a certain number of LBSOne fact
cific units are owners of market information, while is undeniable, however, in many realities, profound
techno-productive information are instead widespread changes lead to an emergence of diversified strategies
among many agents “the problem of technological by units operating inside a localised production appa-
innovation ... becomes extremely critical, because ratus. Indeed, within today’s competitive trend, radi-
decisions to invest are made by agents bereft of mar- cally new factors have become relevant.

ket information. ... A clear split between technolog- Above all, turbulence in the market increases,
ical innovation and market knowledge then emerges” and innovation dynamics centred on information and
(p. 32)33 communications technologies is amplified. It is there-

In fact, the search for solutions to technical and fore difficult to extract signals from the market: not
productive problems takes place inside the existing only are they numerous and ambiguous; they are also
techno-organisational configuration: “the process of only partially consistent with traditional production
innovation from below” Bellandi, 1996 implies capacity, as a result of the changes that occurred in
gradual changes (in the inside environment) in adap- the structure and dynamics of consumption at in-
tation to more or less stable constraints that derive ternational level. In view of the situation, which is
from the market. Indeed, the peculiar system of in- characterised by instability and fuzziness of demand,
formation flows (seeSection 2 indicates that this  product differentiation strategies and a search for
is a constrained variety: there is a micro-universe in market stability without reducing production flexi-
ferment, but within the boundaries defined by exoge- bility become fundamental. These objectives cannot
nous variables, i.e. basic technological invariants and be pursued by means of adaptive types of behaviour
the characteristics of the final demand. with reference to exogenous parameters, but require

The myriad of reciprocal adjustments therefore “aggressive” marketing strategies, together with the
makes a high operational flexibility possible, in the planning and scheduling of the production and logistic
sense of being able to vary the quantity and quality cycles Eerrucci, 1999 These new aspects are ac-
of the goods produced within a range of possible centuated by process and product innovations, which
and continuously-renewed solutions. The concept of alter the speed and nature of traditional information
“parametric change, that is, change of certain variables flows, while many production materials become ob-
within a known framework” I(langlois and Robertson,  solete, notwithstanding the accumulation of localised
1995 is perfectly suited to this representatih.  know-how.

Parametric uncertainty thus constitutes the dominant Evolutionary discontinuities have thus generated a
property of the situation in which the invisible mind mismatch between requirements relevant to compe-
is emergent and has functioned very well. At this tition and the traditional sectoral and crafts culture
point it is appropriate to wonder whether the changes (Ferrucci, 1999 The macroscopic effects of this dy-
described inSection lare such as to cause profound namics are manifested in the importance taken on by
alterations in the basic properties of the system. new competitive factors. These can be synthesised as

The phenomena reported Bection lare present  follows: (1) product quality; (2) a shortening of the
in different gradations in all LPS, which demonstrate life cycle of goods; (3) a vertically-organised and spe-
very heterogeneous capacities for transformation. For cialised logistics system, in order to react promptly and

33 | anzara and Ferrucci (199%inderscore the low propensity of 3% Belussi and Arcangeli (199%p. 422-423) propose an inter-
industrial districts to invest in new technology. esting typology of networks: the first are networks “characterised
34 “For example, it may be highly uncertain which grade of cloth by a low degree of operational flexibility and by static incremen-
or which style of tile will be demanded this season, but it is well tal learning. ... The second type of network exhibits, by contrast,
known to all what it means to produce a grade of cloth or a style the attributes of flexibility (‘retractility’ or ‘reversibility’). Firms

of tile” (Langlois and Robertson, 199%. 555). An analogous linkages are mobile. Firms develop learning capability focused
observation could be made in regard to the search for solutions on incremental innovations.. the third type of networks is an
within a given technological perspective. adaptive/flexible local system”.
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Fig. 4. (A) More integrated groups. Multilayered and verticalised LPS emerge. (B) Segmented techno-productive configuration. After
evolutionary discontinuities selective processes reduce the numbers of firms and change the production cycle: (1) the informational divide
tends to disappear; (2) local interactions are reduced; (3) more stable relationships are established.

flexibly to unstable demantf.Analysis of the implica- ical (technological, macro-economic) discontinuities,
tions of product differentiation strategies has revealed that is, an age dominated by “strategic uncertainty”
some interesting point€fappei and Mazzetti, 1996 (Langlois and Robertson, 1995yhich requires a
producers must have an exact knowledge of customerchange in capabilities, competencies and, lastly, con-
requirements. Within an environment of high turbu- solidated productive routines. In an period of radical
lence (i.e. of rapid and unforeseeable evolution), infor- discontinuities, adaptation and operational flexibil-
mation related to industrial and final demand parame- ity, as regards exogenous conditions and constraints,
ters cannot be filtered an transmitted: it is important to are not sufficient. Instead, it is necessary to mobilise
predict and anticipate potentials and threats stemming resources and energies in order to make a basic re-
from the market, and then to react quickly. Ability definition of the patterns of interlocking behaviours.
to foresee and rapidity of reaction means that control The distinction between outside environment and
of time becomes a fundamental factor, together with inside environment becomes more ephemeral, be-
quality control. It follows that discontinuities in the cause of globalisation of information flows, while the
competitive environment lead to conspicuous changes trend towards the formation of vertical aggregations
in information flows, introducing a new information of units introduces profound changes in traditional
asymmetry. In fact, asymmetry between strategic op- techno-organisational configurationSig. 4 depicts
erators and the myriad of operating units changes, be-the results of the competitive dynamics, which gener-
cause the necessity for new strategies forces firms toates evolutionary pressures in the direction of the cre-
realise more integrated production and logistics cycles. ation of a different architecture for the system, so that:

The factors here analysed and the phenomena de-, | . . . L

. . . . . (1) itis less adaptive and more capable of anticipating
scribed in Section 1evidently make the adaptive : .

. : events strategically;
behaviour always more precarious, and challenge th : . 7 .
X . . : . %2) it contains co-ordination structures that are inte-

systemic properties analysedSection 2information : ) .

. . o . grated and hierarchical arranged, in order to con-
hierarchy, self-containment, distributed modularity). centrate resources on new lona-term obiectives
LPS have, in fact, entered an era characterised by rad- 9 ) '

Therefore, cognitive architectures are needed that

36 We can define this factor as the control of a territorial network &re suitable for the representation, accumulation and

of sub-contractors\{iesti, 2000. development of knowledge in environments that are
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distinguished by high turbulence. We are confronted, systems to radical challengeBgllandi, 2003. We
therefore, by processes that transform the evolution must differentiate two possible roles for these agen-
of self-organised systems by favouring the emergence cies: (1) the exercising of systemic functions, in the
of components with purposeful organisational de- sense of distributing public services and commodi-
signs. The propensity to integration, i.e. to the more ties (infrastructures, system logistics); (2) the strate-
conscious strategic co-ordination between productive gic co-ordination of operators, through associations of
modules, represents—so to speak—a strong bias to-firms, consortiums, etc.
wards the construction of ordered architectures capa- In the first case, the self-organised nature can be
ble of rationalising physical and informational flows. reinforced and not contradicted. In the second, we
We can synthesise the conclusions of the analysis are once again facing an evolution in decision-making
as follows. centralisation, which alters the traditional systemic
properties.
Proposition 4. Evolutionary pressures tend to change In the scenario described, at least two questions are
the basis elements for the emergence of complexpresented to the reader:
adaptive systemsand favour explicitly-designed
co-ordination structureswhich can be defined—in
cognitive terms—as visible minds

1. Are we facing an irreversible transformation?
2. Can a given evolutionary path for LPS be hypoth-
esised?

In regard to the first question, the following thesis
5. Concluding remarks appears to be valid: competitive evolution and the era
of strategic uncertainty push in the direction of forms
Evolutionary pressures tend to reduce the basesof centralisation, i.e. techno-productive structures and
for the emergence of complex adaptive systems and sequential and integrated cognitive architectures. The
to favour purposely-designed co-ordination struc- revival of competitive contexts distinguished by para-
tures. In other words, we are facing a process char- metric uncertainty may, however, create biases towards
acterised by the joint presence on the one hand of a more self-organised dynamics. We can also hypoth-
distributed modularity, adaptation and limited endoge- esise an evolutionary cycle of LPS based on recurring
nous variability, and on the other, of various forms of phases of more or less integrated organisation models,
techno-productive planning. This type of evolution- depending on: (1) the changing characteristics of the
ary pluralism obviously challenges the self-organised competitive environment; (2) the type of technologi-
nature of LPS. In fact, there are decision-making cen- cal change; (3) the matching processes between LPS
tres capable of drawing up strategies in profoundly and dynamic environment.
different conditions from those synthesised in the rep- As far as the second question is concerned, the
resentation of the “double environment”. Above all, most plausible answer is that it is indeed the nature
these centres organise sequences of arranged modulesf evolutionary systems that causes LPS today to
and no longer randomly distributed in the territory. take on a multiplicity of forms: new propulsive drives
In traditional LPS, there were strategic operators can be triggered on their adaptive capacities, but the
functioning as transducers of hidden information. specificity of new factors (competencies, localised in-
At present, there is a consolidation of autonomous teractions, shared values, etc.) could in some cases de-
strategic centres that utilise local and outside compe- termine a dynamic reactivity, and in others problematic
tencies. A multiplicity of evolutionary hierarchies and routes or stagnation. By mentioning the classification
cognitive architectures therefore emerges. In a world by Storper and Harrison (1994pain we can consider
that, up until now, has been governed by an “invisible well founded this hypothesis: agglomerated networks
mind”, there is a tendency for more visible “minds” with stratified agents (se&ection 3 are becoming hy-
to assert themselves. brid networks, within which different organisational
This thesis also pertains to public intervention, as patterns and governance structures coexist.
in the case of the creation of agencies specialised in We believe that an analysis of the specific mixes
favouring the adaptation of decentralised production of systemic properties possessed by the various LPS,
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together with the theoretical framework herein pro-

posed, can supply the bases for formulating reliable
forecasts.

Acknowledgements

The research for the basis of this paper received

financial support from the MURST (“60% fund”).

This paper was presented at the Regional Enterprise

Networks (REN) Conference, Prague, 22—23 Novem-
ber 2000. | would like to thank people attending the
Conference and Marco Bellandi for their valuable
comments on earlier draft. | am grateful to an anony-
mous referee for very helpful comments. The usual
disclaimers apply.

References

Amin, A., Wilkinson, F., 1999. Learning, proximity and industrial
performance: an introduction. Cambridge Journal of Economics
2, 121-125.

Arthur, W.B., 1994. Industry location patterns and the importance
of history. In: Arthur, W.B. (Ed.), 1998, Increasing Returns and
Path Dependence in the Economy. The University of Michigan
Press, Michigan, pp. 49-67.

Ashby, W.R., 1952. Design for a Brain. Wiley, New York.

Baldwin, C.Y., Clark, K.B., 1997. Managing in an age of
modularity. Harvard Business Review September—October, 84—
93.

Becattini, G., 1989. Sectors and/or districts: some remarks on the
conceptual foundations of industrial economics. In: Goodman,
E., Bamford, J., Saynor, P. (Eds.), Small Firms and Industrial
Districts. Routledge, London, pp. 123-135.

Becattini, G., 1990. The Marshallian Industrial District as a
socio-economic notion. In: Pyke, F., Becattini, G., Segenberger,
W. (Eds.), Industrial Districts and Inter-firm Co-operation
in ltaly. International Institute for Labour Studies, Geneva,
pp. 123-135.

Becattini, G., Rullani, E., 1993. Sistema locale e mercato globale.
Economia e Politica Industriale 80, 25-48.

Bellandi, M., 1989. The industrial district in Marshall. In:
Goodman, E., Bamford, J., Saynor, P. (Eds.), Small Firms and
Industrial Districts. Routledge, London, pp. 136-152.

Bellandi, M., 1994. Le logiche del cambiamento economico locale.
In: Bellandi, M., Russo, M. (Eds.), Distretti Industriali e
Cambiamento Economico Locale. Rosenberg & Sellier, Torino,
pp. 31-39.

Bellandi, M., 1996. Innovation and change in the Marshallian
Industrial District. European Planning Studies 3 (4), 357-366.

Bellandi, M., 2002. The experience of Italian industrial districts: an
industrial economics interpretation. European Planning Studies
4 (10), 425-437.

M. Lombardi/Research Policy 32 (2003) 1443-1462

Belussi, F. (Ed.), 2000. Il Distretto Calzaturiero Della Riviera del
Brenta come Forma Organizzata di Capitale Sociale. Clcup,
Padova.

Belussi, F., Arcangeli, F., 1998. A typology of networks: flexible
and evolutionary firms. Research Policy 27, 415-428.

Belussi, F., Gottardi, G. (Eds.) 2000a. Evolutionary Patterns of
Local Industrial Systems. Ashgate, Chippenhnam.

Belussi, F., Gottardi, G., 2000b. Models of localised technological
change. In: Belussi, F., Gottardi, G. (Eds.), Evolutionary
Patterns of Local Industrial Systems. Ashgate, Chippenhnam.

Bini Calza, P., Bosco, C.M., 2000. The socialization of
competencies in the development of human resources in
small enterprises districts. In: Belussi, F., Gottardi, G. (Eds.),
Evolutionary Patterns of Local Industrial Systems. Ashgate,
Chippenhnam.

BijKer, W.E., Hughes, T.P., Pinch, T.J. (Eds.), 1987. The Social
Construction of Technological Systems. MIT Press, Cambridge,
MA.

Brusco, S., 1991. The genesis of the idea of industrial district.
In: Pyke, F., Becattini, G., Sengenberger, W. (Eds.), Industrial
Districts and Inter-firm Co-operation in lItaly. International
Institute for Labour Studies, Geneva, pp. 25-34.

Brusco, S., Cainelli, G., Forni, F., Franchi, M., Malusardi, A.,
Rigetti, R., 1997. L'evolzione dei sistemi produttivi locali in
Emilia-Romagna. In: Cossentino, F., Pyke, F., Sengenberger,
W. (Eds.), Le risposte locali e regionali alla pressione globale:
il caso dellltalia e dei suoi distretti industriali. Il Mulino,
Bologna, pp. 37-69.

Buckley, W., 1983. Signals, meaning and control in social systems.
In: Machlup, F., Mansfield, U. (Eds.), The Study of Information.
Wiley, New York, pp. 601-606.

Cannari, L., Signorini, L.F., 2000. Nuovi strumenti per la
classificazione dei sistemi locali. In: Signorini, L.F. (Ed.), Lo
sviluppo locale. Un’'indagine della Banca d'ltalia sui diretti
industriali. Donzelli, Rome, pp. 45-70.

Carlsson, B., Stankiewicz, R., 1991. On the nature, function and
composition of technological systems. Journal of Evolutionary
Economics 1, 93-118.

Chandler Jr., A.D., 1987. Strategy and Structure: Chapters in the
History of the American Industrial Enterprise. The MIT Press,
Cambridge, MA.

Chiarversio, M., Micelli, S., 2000, Reti e nuove tecnologie nei
distretti industriali del Nord Est. | risultati del’Osservatorio
TEDIS. In: Micelli, S., Di Maria, E. (Eds.), Distretti Industriali
E Tecnologie di rete: Progettare la Convergenza. Franco Angeli,
Milan.

Ciappei, C., Mazzetti, G., 1996. Lo sviluppo produttivo a rete
nelle imprese tessili del distretto pratese, Iris, Prato.

Cooke, P., 1998. Introduction: origins of the concept. In: Braczyck,
H.-J., Cooke, P., Heidenreich, M. (Eds.), Regional Innovation
Systems. UCL Press, London.

Cooke, P., 2001. Regional innovation systems, clusters, and the
knowledge economy. Industrial and Corporate Change 4 (10),
945-974.

Coro, G., Rullani, E. (Eds.), 1998. Percorsi di Internazio-
nalizzazione. Competenze e auto-organizzazione nei distretti
industriali del Nord-Est. Franco Angeli, Milan.



M. Lombardi/Research Policy 32 (2003) 1443-1462

Coro, G., et al, 1998. Il Distretto “Sportsystem” di
Montebelluna. In: Cord, G., Rullani, E. (Eds.), Percorsi di

Internazionalizzazione. Competenze e auto-organizzazione nei

distretti industriali del Nord-Est. Franco Angeli, Milan.

Cowan, R., Jonard, N., 1999, Network Structure and the Diffusion
of Knowledge. MERIT, Maastricht.

Dei Ottati, G., 1995. La recente evoluzione dei distretti industriali
italiani. Sviluppo Locale 2-3, 92-124.

Dei Ottati, G., 1996. Economic changes in the district of Prato in
the 1980s: towards a more conscious and organised industrial
district. European Planning Studies 1 (4), 35-51.

Dei Ottati, G., 1997. Cambiamento e vitalita dei distretti industriali
della Toscana. In: Cossentino, F., Pyke, F., Sengenberger, W.
(Eds.), Le risposte locali e regionali alla pressione globale:
il caso dell'ltalia e dei suoi distretti industriali. Il Mulino,
Bologna, pp. 61-100.

Denzau, T., North, D.C., 1994. Shared mental models: ideologies
and institutions. Kyklos 1, 3-31.

Dosi, G., Freeman, C., Nelson, R., Silverberg, G., Soete, L. (Eds.),
1988, Technical Change and Economic Theory. Pinter, London.

Dosi, G., Teece, D.J., Winter, S., 1991. Verso una teoria della
coerenza della grande impresa. In: Giannetti, R., Toninelli, P.A.
(Eds.), Innovazione, Impresa e Sviluppo Economico. Il Mulino,
Bologna, pp. 39-61.

Enright, M.J., 1999. Regional clusters and firm strategy. In:
Chandler Jr., A.D., Hagstrom, P., Solvell O. (Eds.), The
Dynamic Firm. The Role of Technology, Strategy, Organisation,
and Regions. Oxford University Press, New York, pp. 315-342.

Ferrucci, L., 1999. Il distretto industriale pratese: processi evolutivi,
path-dependence e logiche di cambiamento. In: Amatori, F.
(Ed.), Annali di storia d’impresa, Fondazione Assi. Il Mulino,
Bologna.

Fleck, J., 2000. Artefact activity: the co-evolution of artefact,
knowledge and organization in technological innovation. In:
Ziman, J. (Ed.), Technological Innovation as an Evolutionary
Process. Cambridge University Press, Cambridge, UK.

Gottardi, G., 2000. Innovation and the creation of knowledge
in Italian industrial districts: a system model. In: Belussi, F.,
Gottardi, G. (Eds.), Evolutionary Patterns of Local Industrial
Systems. Ashgate, Chippenhnam.

Guerra, P., 1998. In: Coro, G., Rullani, E. (Eds.), | Sistemi
Produttivi Mobilieri del Livenza e del Quartiere del Piave.
pp. 149-216.

Karmiloff-Smith, A., 1992. Beyond Modularity. A Developmental
Perspective on Cognition Science. The MIT Press, Cambridge,
MA.

Kash, D.E., Rycoft, R.W., 2000. Patterns of innovating complex
technologies: a framework for adaptive network strategies.
Research Policy 29, 819-831.

Krugman, P., 1991. Geography and Trade. The MIT Press,
Cambridge, MA.

Krugman, P., 1996. The Self-Organising Economy. Blackwell,
Cambridge, MA.

Lane, A., Maxfield, R., 1997. Foresight, complexity, and strategy.
In: Arthur, W.B., Durlauf, S.N., Lane, D.A. (Eds.), The
Economy as an Evolving System I, Proceedings vol. XXVII.
Santa Fe Institute/Perseus Books, Reading, MA.

1461

Langlois, R.N., 1983. Systems theory, knowledge, and the social
science. In: Machlup, F., Mansfield, U. (Eds.), The Study of
Information. Wiley, New York, pp. 581-600.

Langlois, R.N., Robertson, P.L., 1995. Innovation, networks, and
vertical integration. Research Policy 24, 543-562.

Lanzara, R., Ferrucci L., 1997. Tecnologia e processi di
innovazione nei distretti industriali. In: Varaldo, R., Ferrucci, L.
(Eds.), Il distretto industriale tra logiche di impresa e logiche
di sistema. Franco Angeli, Milan, pp. 149-185.

Lawson, C., 1999. Towards a competence theory of region.
Cambridge Journal of Economics 2 (23), 151-166.

Lazzeretti, L., Storai, D., 1999. Il distretto come comunita di
popolazioni organizzative, il caso Prato. IRIS, Prato.

Loasby B.J., 1976, Choice, Complexity and Ignorance. Cambridge
University Press, Cambridge.

Lombardi, M., 1991. Technological evolution and economic
processes: the firm as\asibile mind Annali di studi e storia
dell'impresa 7, 31-55.

Lombardi, M., 1992. Microstructures and organisational patterns
in the evolution of firms. Behavioural Science 37, 275-293.
Lombardi, M., 2000. In: Belussi, F., Gottardi, G. (Eds.), The
Cognitive Approach to the Study of Local Production Systems.

pp. 71-87.

Malmberg, A., Soleil, O., Zander, I., 1997. Accumulazione locale
di conoscenza e competitivita delle imprese. Sviluppo Locale
IV, 27-53.

Malone, T.W., Smith, S.A., 1988. Modelling the performance of
organisational structure. Operations Research 3 (36), 421-436.

Margolis, H., 1987. Patterns, Thinking, and Cognition. The
Chicago University Press, Chicago.

Maskell, P., 2001. Towards a knowledge-based theory of the
geographical cluster. Industrial and Corporate Change 4 (10),
921-943.

Maskell, P., Malmberg, A., 1999. Localised learning and industrial
competitiveness. Cambridge Journal of Economics 2 (23), 167—
185.

Maskell, P., Eskelinen, H., Hannibalsson, I., Malmeberg, A., Vatne,
E., 1998. Competitiveness, Localised Learning and Regional
Development. Routledge, London.

Milsum, J.H., 1972, The hierarchical basis for general living
systems. In: Klir, G.J. (Ed.), Trends in General Systems Theory.
Wiley, London, pp. 145-186.

Minsky, M., 1974. A framework for representing knowledge. In:
Brachman, R.J., Levesque, H.L. (Eds.), Reading in Knowledge
Representation. Kaufman, New York, pp. 27-58.

Mokyr, J., 2000. Evolutionary phenomena in technological change.
In: Ziman, J. (Ed.), Technological Innovation as an Evolutionary
Process. Cambridge University Press, Cambridge, UK.

Nelson, R., Winter, S.W., 1982. An Evolutionary Theory of
Economic Change. The Belknap Press of Harvard University
Press, Cambridge, MA.

Nightingale, P., 1998. A cognitive model of innovation. Research
Policy 29, 819-831.

Nomisma, 1989, Prospettive del conto terzismo nel quadro
dell’evoluzione del modello pratese. Mimeo, Bologna.

Nonaka, I., Takeuchi, H., 1995. The Knowledge Creating Company.
Oxford University Press, Oxford.



1462

Noteboom, B., 1999. Innovation, learning and industrial

organisation. Cambridge Journal of Economics 2 (23), 127-150.

Nozick, R., 1994. Invisible-hand explanations. American Economic
Review 2 (84), 314-318.

Omiccioli, M., 2000. L'organizzazione dell'attivita produttiva
nei distretti italiani. In: Signorini, L.F. (Ed.), Lo sviluppo
locale. Un’indagine della Banca d’ltalia sui distretti industriali.
Donzelli, Rome.

Pilotti, L., 1999. Leadership allargate,
apprendimento localizzato nei distretti industriali
Piccola Impresa Small Business 2, 3-32.

Pilotti, L., 2000. In: Belussi, F., Gottardi, G. (Eds.), Evolutionary
and Adaptive Local Systems in Northeast Italy: Strategies of
Learning, Leadership, and Co-operation. pp. 147-169.

Porter, M.E., 1980, The Competitive Advantage of Nations. The
Free Press, New York.

Porter, M.E., 1998. On Competition. Harvard Business Review
Book, Boston.

Richardson, G.B., 1972. The organisation of industry. The
Economic Journal 327 (September (82)), 883—896.

Ruelle, D., 1992. Caso e caos. Torino, Boringhieri.

Schilling, M.A., 2000. Toward a general modular systems theory
and its application to inter-firm product modularity. Academy
of Management Review 2 (25), 312—-334.

Schmitz, H., 1999. Collective efficiency and increasing returns.
Cambridge Journal of Economics 23, 465-483.

Scott, A.J., 1998. From Silicon Valley to Hollywood: growth
and development of the multimedia industry in California. In:
Braczyck, H.-J., Cooke, P., Heidenreich, M. (Eds.), Regional
Innovation Systems. UCL Press, London.

Sforzi, F., 1991. | distretti industriali Marshalliani nel’economia
italiana. In: Pyke, F., Becattini, G., Segenberger, W. (Eds.),
Distretti Industriali e Cooperazione fra Imprese in Italia, Studi
e Informazioni, vol. 34. pp. 91-118.

Signorini, L.F. (Ed.), 2000. Lo sviluppo locale. Un’'indagine della
Banca d'ltalia sui diretti industriali. Donzelli, Rome.

Simon, H.A., 1962. The architecture of complexity. Proceedings
of the American Philosophical Society 6 (96), 467—
482.

Stankiewicz, R., 2000. In: Ziman, J. (Ed.), The Concept of ‘Design
Space’. pp. 234-247.

meta-organizer e
italiani.

M. Lombardi/Research Policy 32 (2003) 1443-1462

Storper, M., 1989. The transition to flexible specialisation in the
US film industry: external economies, the division of labour
and the crossing of industrial divides. Cambridge Journal of
Economics 13, 273-305.

Storper, M., Harrison, B., 1991. Flexibility, hierarchy and regional
development: the changing structure of industrial production
systems and their forms of governance in the 1990s. Research
Policy 5 (20), 407-422.

Tamberi, M., 2001. Trasformazioni produttive nei sistemi locali
delle Marche. In: Becattini, G., Bellandi, M., Dei Ottati, G.
(Eds.), Il caleidoscopio dello sviluppo locale. Rosenberg &
Sellier, Torino, pp. 237-260.

Tamisari, M., 2000. In: Belussi, F., Gottardi, G. (Eds.), The
Evolution of the Chair-Manufacturing Industry in Friuli-Venezia
Giulia. pp. 183-194.

Thompson, J.D., 1967. Organisations in Action. McGraw Hill,
New York.

Tokumaru, N., 1999. The self-sustaining mechanism in the
industrial cluster. In: Proceedings of the Paper Presented at the
1999 EAEPE Conference, Charles University, Prague.

Tooby, J., Cosmides, L., 1992. The psychological foundations of
culture. In: Barkow, J.H., Cosmides, L., Tooby, J. (Eds.), The
Adapted Mind. Oxford University Press, New York, pp. 19-136.

Turnbull, D., 2000. Gothic thales and spandrels, hooks and mon-
sters: complexity, multiplicity and association in the explanation
of technological change. In: Ziman, J. (Ed.), Technological
Innovation as an Evolutionary Process. Cambridge University
Press, Cambridge, UK.

Tushman, M.L., Rosenkopf, L., 1992. Organisational determinants
of technological change: toward a sociology of technological
evolution. In: Staw, B., Cummings, L.L. (Eds.), Research in
Organisational Behaviour, vol. 14. JAI Press, Greenwich, CT.

Unioncamere, 1995. Imprese i situazioni nei distretti industriali
che cambiano. Franco Angeli, Milan.

Viesti, G., 2000. Come nascono i distretti industriali. Laterza, Bari.

Wang, Q., von Tunzelman, N., 1998. Complexity and the function
of the firm: breadth and dept. Research Policy 29, 805-818.

Weick, K.E., 1979. The Social Psychology of Organizing. Random
House, New York.

Wicken J.S., 1987. Evolution, Thermodynamics, and Information.
Oxford University Press, Oxford.



	The evolution of local production systems: the emergence of the "invisible mind" and the evolutionary pressures towards more visible "minds"
	Introduction
	The evolutionary sequence of the LPS
	The evolutionary dynamics of the traditional LPS: the emergence of the "invisible mind"
	Evolutionary pressures towards more "visible minds"
	Concluding remarks
	Acknowledgements
	References


