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Abstract

The paper re-examines the twin concepts of knowledge “tacitness” and “codification”, which both the literature on (broadly
defined) industrial districts, and some recent econometric literature on “localized knowledge spillovers” have possibly
mis-handled. Even within specialized local small and medium enterprises (SMEs) clusters, knowledge may be highly codified
and firm-specific. The case study on Brescia mechanical firms shows that knowledge, rather than flowing freely within the
cluster boundaries, circulates within a few smaller “epistemic communities”, each centered around the mechanical engineers
of individual machine producers, and spanning to a selected number of suppliers’ and customers’ technicians. Physical dis-
tance among members of each community vary a lot, but even local messages may be highly codified. © 2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction

In the past few years, regional economics and
the economics of knowledge have multiplied their
links and exchanges. On the one hand, an increas-
ing number of researchers in regional science and
economic geography have suggested that one of the
key competitive assets of many manufacturing clus-
ters in traditional industries, such as Italian industrial
districts, is their capability to introduce and diffuse
innovations at a much faster rate than their organiza-
tional counterparts (such as large companies, possibly
vertically integrated). Many researchers in the same
fields have also provided detailed accounts of the
outstanding innovation capabilities of hi-tech SME
clusters, possibly located nearby top-rate academic
facilities. In both cases, explanations of the observed
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phenomena have suggested that knowledge generated
by cluster-based firms spreads rapidlywithin the clus-
ter itself, but very slowlyoutside it. Concepts such
as “tacitness” or “codification” have been borrowed
from the economics and sociology of knowledge, and
used widely to explain how physical distance may
affect innovation patterns.

On the other hand, researchers in the economics
of knowledge have started exploring the geographical
implications of their conceptualization of knowledge
activities. In addition, some of them have explored the
consequences of the diffusion of ITs, a most valuable
tool for knowledge codification, for the geography of
innovation.

Overall, this cross-fertilization appears to be very
stimulating, but also extremely confusing. Different
definitions of the same concepts (above all, “tacitness”
and “codification”) abound, and many of them seem
very far from having reached an operational status. As
a consequence, empirical research appears to be, from
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a methodological viewpoint, very heterogeneous and
highly fragmented.

The purpose of this paper is to test the usefulness
of a number of concepts, which have been recently
proposed by leading researchers in the economics of
knowledge, for describing the innovation activities in
a well-established local system of production, namely
the mechanical cluster of Brescia (east Lombardy).
This exercise will allow us both to de-bug those con-
cepts, thus proposing changes and improvements, and
to use them to better define the sort of knowledge ac-
tivities that take place in a district-like area such as
the one we have selected.

In order to do so, we first discuss some recent lit-
erature on the economics of knowledge codification,
and show what implications one can derive for the
study of local systems of production and innovation
(Section 2). Then we move on to present the key fea-
tures of three selected group of machinery producers
in Brescia, namely the producers of hosiery machin-
ery, metal molding presses and molding presses for
thermoplastics. We describe their design activities,
which involve both a high degree of knowledge cre-
ation and dissemination, and also represent the key
channels for introducing innovations (Section 3). In
doing so, we use the conceptual categories discussed
in Section 2. Finally, in Section 4, we put forward
a few conclusions, and suggest a number of policy
implications.

2. Tacit knowledge and the geography of
innovation

2.1. Recent fortunes of tacit knowledge in economic
geography

Recent developments in the theory of industrial dis-
tricts have increasingly emphasized the role of knowl-
edge diffusion in supporting the districts competitive
advantages. Concepts such as “tacit” and “codified”
knowledge have been called in to explain what kind of
innovation industrial districts are good at producing,
and why. Codified knowledge is described as general
and abstract: understanding it may require high ed-
ucation levels, and also some personal contacts, but
no common social background. Codified knowledge,
that is, can be easily transferred outside its context

of generation. On the contrary, tacit knowledge can
be understood only by people who have shared the
same personal experiences, and possibly contributed
actively to its generation. Therefore, the existence and
diffusion of tacit knowledge requires the pre-existence
of a community of people, rich of social links and en-
dowed with a common cultural background.

While codified knowledge is implicitly seen as
responsible for major technological and scientific
breakthroughs, tacit knowledge is described as the
necessary tool for translating them into economically
viable innovations. That is, the two are seen as com-
plementary. However, exploiting this complementarity
requires tacit skills.

Thus, industrial districts, which, by definition, rely
upon long-established and homogeneous social net-
works, are best placed to diffuse and produce tacit
knowledge. In addition, as long as they manage to gain
access to codified knowledge, they will be well po-
sitioned for combining the latter with their own, and
appropriate the results. The following quotations from
Brusco (1996), and Becattini and Rullani (1996) are
enlightening:

The underlying idea [behind the industrial district
theory] is that the decisive factor in determining
development [. . . ] is knowledge in its various forms
[. . . ].

The first of these two [forms] is that ofcodified
knowledge [. . . ] The site of this knowledge is the
scientific community, whose members are able to
exchange this culture and knowledge with relative
ease.

The second type of knowledge islocal [. . . ] This
local know-how is passed on by doing things and
seeing how other people do things, through informal
chit-chat [. . . ] Above all, this form of knowledge is
necessarily rooted in a specific area in which people
are linked by the bonds of a shared history or val-
ues, where specific institutions work to the benefit
of people and where codes of behaviour, lifestyles,
employment patterns and expectations are inextrica-
bly implicated in productive activity. (Brusco, 1996,
pp. 149–150)

[In] each local system an integration between “cod-
ified knowledge” and “contextual knowledge” is re-
alized [. . . ] (Becattini and Rullani, 1996, p. 162)
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[The] coding and decoding of knowledge often in-
volves a set of skills which cannot be set out in
a simple standardized code. Rather, it is a mat-
ter of complex and often indefinite, and not rarely
“indescribable” skills which can be acquired only
by direct experience, by repeated practice, or by
the process of “seeing at work” [. . . ] (Becattini and
Rullani, 1996, p. 164)

The local systems [. . . ] employ their contextual
knowledge [. . . ] to filter, take possession of, elab-
orate and orient that [codified] transferable knowl-
edge [. . . ] (Becattini and Rullani, 1996, p. 169)

Tacit knowledge is given even a greater role in some
recent econometric studies on the geography of inno-
vation.1 Here, it is assumed that the geographical con-
centration of innovation activities is necessarily due to
the existence of (vaguely defined) “network effects”,
which we understand to imply word-of-mouth pro-
cesses of knowledge exchange. These are likely to be
spatially bounded. Many authors measure the “propen-
sity for innovative activity to cluster spatially” by
means of econometric estimates based upon the con-
cept of innovation production function. Then, they
relate their findings to what they call the “consider-
able evidence supporting the existence of knowledge
spillovers”, which consists both of their own previous
work, and a number of well-known case studies on
hi-tech clusters, the most heavily quoted being possi-
bly Saxenian (1994).2

However, their findings can be also explained by
different sets of agglomeration forces (such as Mar-
shallian externalities in the labor market and the mar-
ket for intermediate inputs), which have nothing to do
with knowledge-sharing.3

Even more strikingly, many of these findings are
referred to very broad geographical units (such as in-
dividual states within the US) and even broader in-
dustries (3- if not 2-digit codes). A key example is
provided by Feldman and Florida (1994):

Concentrations or agglomerations of firms in related
industries provide a pool of technical knowledge

1 For a more detailed survey of this literature, see Breschi and
Lissoni (2001b).

2 Quotations from Audretsch and Feldman (1996).
3 On this point, see theConclusionsby Glaeser et al. (1992).

and expertise and a potential base of suppliers and
users of innovations. These networks play an espe-
cially important role when technological knowledge
is informal or tacit in nature [. . . ] Concentrations of
these firms foster important synergies in the inno-
vation process, as for example when innovations in
semiconductors spill over into electrical, consumer
electronics, and computers industries (Feldman and
Florida, 1994, p. 220)

Work by Acs et al. (1992, 1994), and Audretsch
and Feldman (1996) goes even further, and extends the
same line of reasoning from pure inter-firm relation-
ships to the interplay between business and academic
R&D. In this case, tacit knowledge is given a big role
even within universities, or at least in their relation-
ship with the outside world.

2.2. Knowledge tacitness revisited, and the role of
epistemic communities

Both the industrial district theory and the more
recent research on innovation clusters seem to fall
squarely in that category of studies which Cowan and
Foray (1997), and Cowan et al. (2000) (from now on,
CF97 and CDF00) target as guilty of having possibly
overestimated the role of tacit knowledge in promot-
ing technological change, and possibly mis-interpreted
the meaning of “tacit” versus “codified” knowledge in
Polany’s (1962) original contribution.

CF97 and CDF00 observe that all knowledge for
which a “codebook” is available can be classified
as codified. Moreover, as suggested by Steinmueller
(2000), CF97’s and CDF00’s definition of codebook
goes very near to that of “language”. Language rules,
whether written or not, certainly exist and are ac-
knowledged by all those who speak that language.
Moreover, one can presume that the better and more
widely the codebook is known, the less is the need to
refer to it explicitly. This happens both within individ-
ual firms, inter-firm relationships inside and outside
industrial districts, as well as in academic discussions.

At the same time, codebooks/languages may well
serve as means of appropriation, since codified mes-
sages cannot be understood outside the realm of those
who have access to the codebook. The possibility, for
those who did not participate to the creation of the
codebook, to access such a codified knowledge depend



1482 F. Lissoni / Research Policy 30 (2001) 1479–1500

on the rule of access to the codebook (whether to put
the latter down in written form also depends on those
rules). That is, to use CDF00’s own words, the two is-
sues of “codification” and “manifestation” have to be
distinguished and, possibly, dealt with separately.

These remarks reduce tacit knowledge to “unvoiced”
or “unarticulated” knowledge, which may be so for
two reasons:

1. There is no (foreseeable) way to articulate it, i.e.
to work out a common set of rules for talking or
writing about it, either by means of common lan-
guage or scientific formulas or even drawings and
the likes. This is what CDF00 call “unarticulable
knowledge”.

2. Although codification is a possibility, this has not
(yet) been undertaken, possibly for economic rea-
sons, i.e. lack of incentives or too high costs.

Conversely, knowledge codification is portrayed as
a complex process, which impinge upon economic
considerations and calls for further conceptual work,
as well as empirical studies. In particular, one can
look at it as a three-stage activity: (i) codebook cre-
ation (which requires the joint effort of building up
a model for understanding and a language for com-
munication); (ii) creation of messages (for all those
who share the same language and understand the
model); (iii) extension of both the model and the
language, when required to improve the content of
messages.4

From this reformulation it follows that thelogical
room given to “intrinsically” tacit (i.e. unarticulable)
knowledge is dramatically reduced. To go back to the
quotation from Brusco (1996) we reported above, we
must distinguish between knowledge which is passed
on “by doing things and seeing how other people do
things” (which can be unarticulable, as long as there
is no other way to transmit it) and knowledge that
is transmitted “through informal chit-chat”, which is
necessarily codified (otherwise it could not be articu-
lated), no matter whether the code is displaced, writ-

4 Activity (i) represents a fixed cost, while the cost of the other
activities are variable (i.e. they are a function of the number of
messages produced). Whenever codebooks already exist, codifica-
tion is reduced to activities (ii) and (iii). If there is no codebook,
activity (i) has to be undertaken, which increases codification costs
dramatically.

ten down, hidden to outsiders or difficult to understand
without a full immersion in the local community.5

This, in turn, imposes a new entry in the research
agenda, which has to do with identification of the
size and social composition of those groups of people
which share one or more codebooks, as well as the ex-
tension and disclosure rules they follow. Here, we are
suggested to focus first and foremost on the so-called
“epistemic communities”, which are defined as:

[. . . ] Smallworking groups that work on a mutually
recognized subset of knowledge issues, and who at
the very least accept some commonly understood
procedural authority as essential to the success of
their collective knowledge-building activities [. . . ]
(CDF00; italics are mine)

A well-known example of an epistemic community
is given by US steel minimills’ engineers, as described
in von Hippel’s (1987) analysis of informal know-how
trading. Here, we have a group of people who can
rely upon mutual understanding (which implies, at
least, some common jargon if not a full-developed
language), a few procedural agreements about how
to conduct research or design and project activities,
and some norms for the identification of what kind of
knowledge ought to be shared, and with whom.

When it comes to extending or building up new
models and languages, epistemic communities of this
kind are in a better position than loose groups of re-
searchers and technicians. As for the benefits they
can reap from codification, CDF00 list a number of
them, which Steinmueller (2000) comments upon crit-
ically and connects to similar analysis by Nightingale
(1997), and Arora and Gambardella (1994), to which
one could add Arora and Gambardella (1997).

From a joint reading of this literature, it becomes
evident that much of the discussion about the bene-
fits of codification originates from the intuition that
the latter is a necessary requirement for the exploita-

5 However, one should notice that theweight assigned to tacit
knowledge in diffusing and generating innovation isnot re-
duced. CDF00 say nothing about the size and importance of
“unarticulable” knowledge versus the “codifiable” one. Moreover,
their assimilation of codebooks to language leaves open the pos-
sibility that understanding and being capable to use the codebook
may depend upon tacit skills (as well explained by Steinmueller,
2000).
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tion of information technologies in the processes of
knowledge storage, transmission and generation.

In particular, it emerges that codifying knowledge,
in order to store and transmit it by IT means, becomes
attractive whenever innovation activities:

• are based upon team work, where the team can be
described as an “epistemic community” (see above);

• depend heavily on re-combination and re-use of
components, parts and modules of any kind (e.g.
mechanical components or software routines);

• require detailed memory of past innovation efforts
and outcomes;

• take place in a rather stable technological environ-
ment.

At the same time, Steinmueller (2000) emphasizes
that, for codification to be successful, a number of
complementary investments have to be undertaken,
such as those strengtheningappropriability means, or
improving the freedom of access to members of the
epistemic community. The former have to be made in
order to avoid dispersion of innovation rents. They
may consist both in dedicated encoding activities (e.g.
the selection or creation of terms which are infor-
mative enough for insiders, but obscure to outsiders)
and in tutorial activities, i.e. codebook transmission to
newly recruited insiders. The latter require purchases
of hardware memories, the development of appropri-
ate software, and the provision of logistic services.

2.3. Research implications

By counterpoising this re-examination of the con-
cepts of tacitness and codification to the use of the
same words within the geographical literature we dis-
cussed above, we come to share in CDF00’s invitation
to:

[. . . ] re-examine many empirical studies, which
have been done in the near past and whose main
conclusions are that tacit knowledge remains key
in many activities. This is perhaps true, but difficult
to document convincingly; all these studies fail to
prove that what is observed is true ‘tacitness’ rather
than highly codified knowledge without explicit
reference to the codebook [. . . ] Differentiating
among the various cases certainly requires deep
and careful case studies. By definition a codebook
which is not manifest is not observable in that con-

text, and there is a high risk that various situations
can be confused.

These statements are particularly convincing when
referred to industrial districts. These are often special-
ized in industries whose products are largely mature
ones, and whose processes lend themselves to extreme
vertical dis-integration. They often host specialized
suppliers of machinery or mechanical components,
sometimes alongside significant groups of users. In-
novations are very likely to be incremental ones, often
derived from persistent efforts of product differentia-
tion or repeated requests of customization, and highly
focused on a few key parameters or components. In
both cases, inter-firm coordination, system memory
and continuous recombination of parts and modules
are most likely to play a prominent role in the innova-
tion process (on this point see also Foray, 1991). That
is, they deal with knowledge activities that look very
much like those identified by Steinmueller (2000) as
most likely to benefit from codification.

Thus, we have the paradoxical result that an or-
ganizational form such as the district, which has of-
ten been depicted as the reign of tacit (unarticulable)
knowledge, and informal sharing or uncontrolled leak-
ing out of it, now appears, in the light of the proposed
re-conceptualization, very likely to engage in codifi-
cation efforts, and in investing in the related appro-
priability measures. This forces us to view they key
knowledge assets of districts no more as a sort of local
public good (unavailable to outsiders, but accessible
to all members of the broad social community), but
as the endowment of a number of epistemic commu-
nities, whose size, composition (above all, inter-firm
distribution), knowledge-sharing rules, and communi-
cation patterns have to be properly investigated.

In the following section, we build upon this intu-
ition and propose a re-examination of the innovative
process in a typical Italian clusters of small and
medium enterprises, which encompasses producers
of hosiery machinery alongside with producers of
molding presses for both metals and thermoplastics.
Although belonging to two different industries (thus
forming not just a district, but possibly two of them)
and to be so old that industrial concentration has been
recently rising well above usual district-standard,
this cluster presents many district-like features. In
particular, most subcontracting and supply relation-
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ships are highly localized, as it is the relevant labor
market. Many users of mechanical equipment are
also located nearby their suppliers, which in turn
were often founded as spin-offs of other producers or
pre-existing large users. Finally, firms located within
these clusters are highly export-oriented and, in some
cases, world leaders in their market niche.

Overall, such features make our case study com-
parable to similar ones from the Italian literature on
industrial districts (especially if focused on a crit-
ical re-assessment of the economics of knowledge
therein, such as Balconi, 1999; Russo, 2000) or from
its broader international counterpart on local innova-
tion systems.6 From such a comparison, a more de-
tailed portrait of localized knowledge activities should
come out, with highlights on the boundaries between
different epistemic communities within individual dis-
tricts, as well as on the codification strategies of each
community.

3. Codification and innovation in a SME-based
area: the case of Brescia

The research addresses the three top sectors within
the Italian operating machine industry, respectively:

• Textile machinery.
• Metalworking machine tools.
• Plastic-processing machinery.

In particular, it focuses on three key subsectors
wherein firms located within the province of Brescia
(east Lombardy) hold a clear national or international
leadership:

• Hosiery machinery.
• Metal molding presses.
• Molding presses for thermoplastics.

As many other sectors within east Lombardy, these
are characterized by the dominance of small and
medium enterprises (SMEs), as well as by a blend
of historical links with local users and aggressive
export-orientation.

Hosiery is a key niche of Italian textile industry.
In particular, two industrial districts, both localized
nearby Brescia, dominate production and commer-

6 See references in Breschi and Lissoni (2001a).

cialization: CastelGoffredo (north of Mantua, world
leader in the production of panty-hoses) and Botti-
cino (southeast of Brescia, European leader in the
production of socks).

The production of hosiery machinery in Brescia was
originally spurred by the combination of the highly
traditional mechanical skills of the province with the
request of capital goods coming from both districts.
Nowadays, the hosiery machinery producers in the
area of Brescia are eight: Lonati (world leader in this
sector), Sangiacomo, Rumi, Colosio, Busi, Santoni
(owned by Lonati), Nuova MarcTex, and IrmacTex.
There are only two other producers of some relevance
outside Brescia, namely Nagata (Japan) and Matec,
which is located nearby Florence, and has been re-
cently acquired by Lonati (after many years under state
control). For all these firms, export is responsible for
no less than 80% of sales.

The Brescia producers are the only survivors of a
large number of spin-offs from a local textile pro-
ducer, which failed back into the 1950s. Most of the
original spin-offs failed or were bought-off before the
late 1960s–early 1970s. During the same years, and
even more throughout the 1980s, Lonati outgrew both
the local and the more distant competitors. Nowadays,
Lonati heads a medium-size conglomerate company,
which spans from vertically integrated activities in the
textile machinery production to some metalworking
and a few financial activities.

Table 1
Top world producers of die-cast molding presses, by country;
1997a

Italy Other countries

Ardi Srlb,c Prince (US)
Colosio Srlb HPN (Japan)
Idra Presse Spab,c Toio (Japan)
Irmi Srlb UBE (Japan)
Italpresse Industrie Srlb,c Toshiba (Japan)
MaicoPresse Spab,c Muller–Weingarten Ag (Germany)
Oleopress Srlb Fondarex S.A. (Switzerland)
Realpres Srlb Urpemaka (Spain)
STP Presse Srlb,c

Agrati AEE Srl
Frech Italia Srl
Buhler Spa
TCS Molding System Spa

a EDIMET, as in Ottaviani (1999).
b Producer from province of Brescia.
c Interviews/questionnaires provided.
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Table 2
Italian producers of injection molding presses and other equipment for thermoplastics, Lombardy vs. other regions; 1997a

Region Injection molding presses Other plastic-working equipment

Number of
producers

Percentage
over Italy

Number of
producers

Percentage
over Italy

Lombardy 23 65.7 292 67.7
Milan 11 31.4 126 29.2
Bresciab 7 20.0 34 7.9
Other provinces 6 17.1 132 30.6

Other regions 11 31.4 139 32.3
Italy 35 100 431 100

a ASSOCOMAPLAST, as in Filippini and Scaini (1999), and Zanardelli (2000).
b Brescia producers in 1997 were: Mir, Pip, Bmb, Italtech, MaicoPresse, Realpres, and Remu. Remu closed down in 1999.

The metal working industry is the most important
manufacturing sector of the province of Brescia, as
well as its most traditional one. Through time, it has
encouraged the birth of a number of machine tools
and operating machine producers, among which the
producers of metal molding machines have acquired
a very high technological status. Since the late 1970s,
technological change has had to do with the introduc-
tion of new materials for the molds, in particular new
metals or metallic alloys, and thermoplastics.

Nowadays the province of Brescia hosts 10 out of
the 14 leading Italian producers of die-casting molds
(which in turn are the majority of world producers;
see Table 1) as well as most of the producers of a
particular kind of molds for thermoplastics, namely
injection molds (see Table 2). All the producers of
molding machines for metal alloys in the area were
born as spin-offs, either from the local pioneer in the
field (IdraPresse, still a leading firm) or from its own
spin-offs (the most important one being ItalPresse).
Similarly, producers of molds for thermoplastics are
the outcome of diversification efforts by local produc-
ers of metal molds, or the outcome of entrepreneurial
efforts of the latter’s former employees; in a few cases,
the same firms are active in both markets.

A characteristic of Brescia mold producers, when
compared to their competitors from other Italian ar-
eas (mainly northwest Lombardy) as well as from the
rest of Europe and Japan, is their specialization in
large, customized machines. That is, typical customers
are scale-intensive producers of assembled products
such as cars and large household appliances. Buyers of
mass-produced, multi-purpose smaller machines, such

as producers of simpler and smaller die-cast products
or components, are less likely to be found among typ-
ical customers of Brescia manufacturers of molding
presses.

No organized statistics are available at the local
level. Therefore, mixed qualitative/quantitative inter-
views have been the key tool of our research. First and
foremost, the interviewees were asked to help us re-
producing in detail both the production and the design
activities of their companies, in order to allow us to
identify clearly both the key actors and their knowl-
edge activities. The interviews were then followed
by the distribution of a short questionnaire, aimed at
getting some quantitative information from engineers
(and a few users) engaged in design, prototyping, and
testing activities. The ultimate objective was here to
define the boundaries of the various epistemic com-
munities within the cluster, and the means employed
for exchanging knowledge among local actors.7

The basic strengths of this research approach come
first and foremost from the detailed reproduction
of the design and production work-flow for each
company in our sample. By asking interviewees to
check and revise a few draft schemes, and to pro-
vide complementary information on the actors listed
therein, we managed to learn and share much of the

7 All Brescia producers in the hosiery machinery area, with the
only exception IrmacTex, have been interviewed, along with their
local suppliers of electronic components. As for the producers
of molding presses for thermoplastics, all but Pip and Realpres
were contacted and interviewed, while five out of nine producers
of die-cast metal molding presses allowed us to interview their
managers and/or engineers.
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interviewees’ language, as well as to avoid the trap
of too generic questions and answers. This was of
great help in setting up the following questionnaires,
which allowed us to collect factual information about
knowledge exchanges and knowledge codification ac-
tivities, rather than the interviewees’ opinions about
our own views of the latter. By pointing at specific
portions of the work-flows, we also managed to iden-
tify the interviewees’ specific competencies, so that
both our questions and their answers could be strictly
referred to their own personal experience.

As for the limitations, they have mostly to do with
the lack of data on theindirect links between the
interviewees: while we managed to submit our ques-
tionnaires to almost all of the technicians of local
suppliers, we did not interview those technicians’ con-
tacts within foreign suppliers and distant users.8 It
should also be noticed that most firms turned out to be
very secretive about their technicians and opposed our
efforts for contacting them directly, as well as forcing
us to limit severely the contents of the questionnaire.9

3.1. Mechanical versus electronic knowledge: the
core competencies of Brescia operating machine
producers

Since the 1970s, innovations in the operating ma-
chine industry have been coming from two different
technological fields, namely electronics and mechan-
ics (and, in the molding machine sector, hydraulics).
However, our interviews reveal that local producers’
core competencies rest firmly in the mechanical
field. Similarly, their interactions and information
exchanges with most customers refer mainly to the
mechanical parts of their machines. This is due to
the different ways electronics and mechanics have
affected, and still affect, the innovation process.

8 While our results (see below) will point at the existence of se-
vere limitations in inter-firm knowledge sharing within the cluster,
the lack of data on indirect links prevents us from the checking for
the existence of knowledge flows mediated by lead users and sup-
pliers, whose engineers and technicians have contacts with many,
if not all, their colleagues working for Brescia companies.

9 With a few exceptions, local firms refused to give us the names
of their engineers and forbade any direct interview within the
firms’ premises. Our survey questionnaires were collected by the
firm managers, most of whom asked the respondents to remain
anonymous.

Up to the late 1970s, electronics was totally absent
from both textile machines and molding presses. The
former already required sophisticated programming
and control tools, but all of them were based on me-
chanical principles and components. The latter, apart
from a few instruments for controlling temperature and
viscosity, relied heavily on expert blue-collars’ ability
to check the outcome of the molding process and to
fine-tune it as needed.

Later on, imitation of Japanese rivals brought in
electronic controls, which at first consisted in simple
programming devices, and nowadays span to sophis-
ticated systems for tele-monitoring. It is important to
notice that the introduction of electronics, despite be-
ing recalled by all of the interviewees as a radical
breakthrough, did not bring about radical changes in
the structure of the local industry. Most firms adapted
well to the new technology, as witnessed by the fact
that no major selection effects can be associated with
its diffusion (for example, all Brescia producers of
hosiery machinery survived to it). However, the strat-
egy employed by local firms to adjust to the era of
micro-electronics was mainly based upon searching
for new and reliable suppliers of control systems for
increasingly specialized and/or customized machines.
After an initial search-and-learning experience with
Japanese suppliers, all of the Brescia machine pro-
ducers turned as soon as possible to a few local com-
panies that had appeared in the mean-time. They in-
vested heavily in setting up stable relationships with
this new breed of suppliers, which in turn special-
ized in assembling and programming control devices
for mechanical systems, often based upon standard
components, but adapted to their customers’ special
needs.

With this respect, the case of hosiery producers
is enlightening. The local leader, Lonati, decided
quite early to acquire full control of a new-born sup-
plier, Dinema, which became its exclusive supplier
(although maintaining a high degree of managerial
independence). This acquisition led to the exit from
Dinema of one of its founders, who set up Deimo,
which is now the main supplier of electronic controls
for all of the local producers of hosiery machinery
(with the exception of Sangiacomo, which is the only
case of vertical integration). Similar arrangements
can be also found among the producers of metal-
and plastic-molding machines, where inputs from
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electronics play even a bigger role thanks to the
greater scope for automation and remote control.

These remarks allow us to conclude that local pro-
ducers of both textile and molding machines, and their
local environment, have managed to gain access to
electronic technologies, but still are, and will be for
a long while,mechanicalfirms. They are asked by
their customers to introduce essentially mechanical
improvements, such as new labor-saving automation
devices10 or new machine layouts (as it is the case
of molding presses which are designed for producing
new large-size or complex components), or improved
capabilities of dealing with new materials (as it of-
ten happens with thermoplastics). On the contrary, im-
provements in electronics are either perceived, by the
machine users, as imposed or offered “from top” by the
machine producers (as it happens with tele-diagnosis
for molding machines, which the machine producers
see as a means for saving on assistance and mainte-
nance costs), or come from users’ generic requests of
improved performance, at most coupled with informa-
tion on innovations recently introduced by some com-
petitors. Besides, the introduction of electronic innova-
tions, although marked a major technological change
in the industry, has never been quoted as a key deter-
minant of competitive positioning, as it happens, on
the contrary, with mechanical innovations.

3.2. The incremental nature of mechanical
innovations: recombination and the need for system
memory and personal contact management

As suggested by Rosenberg (1963), mechanical
innovations are largely incremental. They often arise
from the need to satisfy new requests from what
Pavitt (1984) calls large, possibly “scale-intensive”
customers, and are then transferred onto machines
that will be bought by smaller users. Most often, the
early customers are extremely competent users, which
can afford to sustain high development costs, either
directly or by supporting their specialized suppliers’
efforts.

10 This the case with the “punta chiusa” project which is currently
engaging many producers in the hosiery industry. The project aims
at automating the last production phase, which consists in knitting
the toes of socks and stockings, an operation that so far has been
performed separately.

This general framework fits particularly well the
case of Brescia machine producers, whose innova-
tions, in the recent and less recent past, have been al-
most always originated by design efforts directed at
meeting some key customers’ specific requests, and
from the feedbacks obtained from those customers af-
ter testing the new machine.

Innovations of this kind largely consist of new or
improved components, sometimes linked to a new lay-
out of the machine. Technicians charged with the task
of developing them will first re-examine existing ma-
chine models, retrieve from the firm’s archives draw-
ings and calculations for specific components, and re-
combine them in a creative way. They will introduce
entirely new components only when needed. Notice
that this retrieval-and-design process involves a par-
allel bargaining process, during which the machine
producers’ marketing men try to persuade the cus-
tomers of the soundness of the proposed solutions,
thus limiting the requests for too radical and costly
innovations. Therefore, technical meetings and infor-
mal contacts between user’s and producer’s technical
staff are frequent and important.11

These observations have three fundamental impli-
cations for our research:

1. They put at center stage of the innovative process
the machine producers’ need to store and retrieve
information on their own past and current products,
at a very detailed level (individual components,
their use and performance). This is especially true
for mechanical components, which we have seen
to incorporate the distinctive competencies of our
firms.

2. They highlight the need to dialogue with customers
both to define the innovative contents of the ma-
chines and to get feedback information on their per-
formance. Such a dialogue involves both the com-
mercial staff and the technical staff of the machine
producers.

11 Machine suppliers will insist upon introducing new components
or layouts in new machine models only after having designed and
successfully introduced them for previous models. In this case, it
will be the turn of (possibly small) users to resist them. But even in
this case, any possible compromise will see the machine producer
trying to limit its efforts to the recombination of components and
layout it has already developed and tested.
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Fig. 1. Project, design and testing activities: Lonati’s work-flow (1999), adapted from Pagani (1999).

3. They suggest that design engineers are also re-
quired to manage technical relationships with
the suppliers of components. In fact, the Brescia
district hosts very few fully integrated operating
machine producers: most firms limit themselves to
design and assembly, while buying almost all of
their components from (mainly local) suppliers.12

The need for system memory and the role of design
engineers can be highlighted by examining the overall
work-flow of design activities leading to the produc-
tion of a new machine.

12 For example, Nuova MarcTex, a producer of hosiery machines
with no more than 10 employees, deals with no less that 100
suppliers of components and parts.

Fig. 1 illustrates the case of Lonati, the leading man-
ufacturer of hosiery machinery.13 The first informa-
tion inputs to be considered are the suggestions for

13 Similar work-flows have been put together for all the firms
mentioned in Section 2. Due to Lonati’s large size, its work-flow
shows a degree a complexity which may not be found elsewhere.
In particular, smaller producers of hosiery machines and producers
of large and highly customized molding presses may have more
limited interactions with the so-called “test customers” (we will
come back to this point below). In addition, smaller producers of
both kinds of machines may not have a dedicated “testing room”,
its functions being performed by the engineering department. How-
ever, Lonati’s work-flow is quite a useful reference case, since it
hosts all the possible information and knowledge flows affecting
the machine producers’ design activities.
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innovations, which may come from different sources;
namely:

• Suppliers of new or improved components (both
internal and external to the group).

• Large customers who require specific adaptations
or put some generic pressure for the solution of
long-standing problems and bottlenecks.

• Small customers, whose needs are monitored by
surveys conducted by local representatives of the
machine producers.

• Competitors, whose new models, which are pre-
sented at fairs and exhibitions, may set new quality
standards or signal new directions of change.

At this kick-off stage, the most senior salesmen
are the key actors that connect customers to the firm.
They have a strong technical background largely built
within the firm, either by indirect experience within
the commercial staff or as former experience as de-
sign engineers. They are called in to deal with all cus-
tomers who have placed an order with the sale repre-
sentatives,14 visit regularly the largest customers all
around the world, and, if available, read survey data
coming from the representatives.15 Above all, they
are asked to provide a first, possibly rough techni-
cal specification of the customers’ needs. To do so
they either pass on some highly codified information
(i.e. well-specified technical parameters) coming from
large and/or expert customers from western Europe
and the US, or translate more vague requests coming
from less technically literate customers in other coun-
tries (Fig. 1, top-left corner).

When customers’ requests are particularly sophisti-
cated, or the customers are very important, senior tech-
nicians from the engineering department may be called
in to participate to meetings hosted by the firm, as well
as to visit to the customers’ production sites. Some re-
quests or suggestions from so-called “test customers”

14 Representatives are unlikely to be employed directly by the firm.
Most often, they are independent agents who deals exclusively for a
machine producer, but offer a range of complementary products and
other kinds of machines for the relevant industry. Representatives
play a bigger role in markets that host mainly small, possibly
unsophisticated users, such as those in new developed countries.
15 Survey data are more likely to be collected within the hosiery
machinery sector, and in particular by the largest firm within it
(i.e. Lonati Spa).

(see below) may also be collected directly from engi-
neers working for the so-called testing room.

Salesmen also play an important role in the eval-
uation meetings held by the firm to decide about the
adoption of new externally-supplied components or
the design of new internally-produced ones,16 as well
as about the launch of any project for a radically new
machine. Other participants are always the executive
managers of the firm (who are almost always the key
shareholders) and the senior technicians from the engi-
neering department and the testing room. The meeting
produces a decision about the possibility to go on with
the adoption of the new component, the customization
of the machine, or the launch of a new project (Fig. 1,
top-center).

If the decision is to go on, design activities begin.
Center-stage is now taken by one class of actors and a
key artifact. The actors are the engineers from the en-
gineering department; the artifact is the CAD database
(which nowadays substitutes old paper files as a work-
ing tool, but it has not led to their disappearance,
due to the operators’ fear of unrecoverable computer
crashes). The latter is heavily used by the engineers
to retrieve sketches and technical information about
all the components which were already designed for
older models and that will be used, unaltered, on the
new one (Fig. 1, top-right). Additional technical in-
formation is retrieved from fellow engineers, such as:

• Mechanical engineers from the testing room, who
may know or recollect useful information on the
performance of one or more components, which are
not available in the database.

• Electronic engineers from the supplier of control
and automation devices.17

• Hydraulic engineers, for metal- and plastic-molding
presses.

Following CDF00, information exchanges of this
kind can be either classified as totally or partially cod-
ified.

16 Although the production of almost all the components is out-
sourced, a few critical components may be either produced inter-
nally or by a controlled company , as it is the case with feeding
screws in the metal- and plastic-molding presses, or drums for the
hosiery machines.
17 In the case of Lonati, the supplier is Dinema, a controlled
firm; in other cases may be either an independent supplier or an
in-house department.
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They are fully codified to the extent that refer-
ences are constantly made to components in the CAD
database, and to the layout of existing models: ref-
erences may be explicit (some engineers are asked
by others to go and retrieve information from the
database) or implicit, in the sense that discussion refers
to components which are well-known to everybody
(that is, the codebook is displaced).

However, some knowledge resists full codifica-
tion, as it is the case with personal memories of
the performance and “history” of some components
and layouts (typically held by engineers in the test-
ing room), which may help speeding up information
retrieval and choice from the CAD database. In ad-
dition, dialogue between engineers are more likely
to be based upon jargon and standard concepts,
than rigorous scientific language (see below on the
engineers’ educational level). It is important to notice
that information stored in the CAD database, and
even more the complementary knowledge which is
required to handle with it, are highly firm-specific.
Codes assigned to components often remind of the
name of those users they were first designed for,
while names and nicknames of most-often used com-
ponents are in many cases immediately intelligible
only to insiders (this is a typical case of displaced
codebook).

Suppliers’ access to this kind of knowledge is lim-
ited to the kind of components they are called to pro-
duce, and, in any case, not immediately transferable
to other parties. This is because standard components
are not jointly designed by the firm and its suppliers,
and do not require, from the supplier, any knowledge
about the ongoing project; while critical components
are most often produced by suppliers who deal exclu-
sively with the firm, and develop quite specific knowl-
edge and jargon.

Once the machine has been designed, a proto-
type is assembled, by means of standard components
coming from the firm’s stock, or new components
produced on purpose, either internally or by some
critical supplier. Engineers in the testing room apply
the machine to small production batches and record
its performance. If any problem arises they go back to
engineers from the engineering department, or from
the component supplier. Discussions refer again to
specific components, and the CAD database can be
again used to retrieve and modify those components,

or to retrieve other ones which may suit better the
new machine (Fig. 1, center-right).

Small producers of (small-batch) hosiery machines
and all of the producers of large, customized mold-
ing presses seldom produce prototypes. However, the
former test and check thoroughly the first exemplar
of any new machine they have designed within their
assembly department,18 while the latter test each of
their customized items before delivery. In this case,
the testing activity does not only produce the kind of
feedbacks we have just described, but also helps fill-
ing in the warranty forms required by the standard
contracts.19

As soon as the prototype passes the internal exam-
ination, production series are started. More testing is
needed here, because the materials used by customers
(metals or thermoplastics for the presses, yarns for the
hosiery machines) may differ, or be more heteroge-
neous, than those used in the testing room. Also work-
ing conditions (speed, intensity of use, environmental
conditions) may differ. Here, a crucial role is played
by the so-calledtest customers(Fig. 1, bottom-right).
These may be either:

• Local users of medium or small size, whose ma-
chines come almost invariably from the same pro-
ducer, and are willing to exchange their “testing
services” (on-site facilities and expertise) for a
prompter and faster maintenance service from the
producer.

• Large and/or technically sophisticated users (local
and non-local), which agree to host the first speci-
men of the new machine because they consider buy-
ing it, if not because the latter was explicitly de-
signed to meet their requests.

In both cases contacts between producers and test
customers are largely informal (contract specifications

18 Small producers of hosiery machines are often unable to afford
the costs of maintaining a dedicated testing room.
19 Molding presses, especially the biggest ones, are actually tested
twice, since after their assembly within the producer’s facilities,
they have to be dis-assembled in order to ease their transport.
Therefore, once re-assembled on the user’s premises, they have
to be tested once more, this time by the assistance staff. This
second test differs from the first one because the users’ inputs
are employed, which may differ from those used by the machine
producer, and produce the same kind of feedbacks coming to
hosiery producers from the so-called test customers (see below).
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are minimal) and handled directly by the engineers
of both firms. That is, reports on the performance of
the machine are exchanged directly between engineers
from the testing room (or the engineering department)
and engineers from the users’ workshop. These reports
are both verbal (codebook displaced) and written (al-
most invariably, forms with quantitative information
have to be filled in by the customer). Disclosing both
kinds of reports and showing the machine to third par-
ties are strictly forbidden.20

It has to be stressed that in most cases the attention
of test customers is drawn to specific components of
the machine, or the performance parameters which the
supplier know to be influenced by those components.
Thus, the user-producer relationship does not require
the user’s full understanding of the machine working
principles (not even their complete awareness of the
number of novelties which have been inserted), but
simply a common jargon on a few specific topics.

Above all, however, the relationship requires
long-standing acquaintance and mutual trust, which
can be achieved only through personal, rather than
purely inter-organizational, links. Reciprocal conve-
nience in cultivating the relationship helps engineers
from both firms (user and producer) to transmit in-
formation very fast (testing never lasts more than 90
days) and by a variety of means, above all phone
calls, faxes, and, more recently, e-mails.21

Once testing is over, definitive information on the
new components or layout details will be stored in the
CAD database, and then used to send away to all the
suppliers of parts and components the exact drawings
and technical parameters they need to fulfill their task
(Fig. 1, bottom-left).

Finally, courses and training services will be of-
fered, and user manuals will be written.

As for courses, it should be noticed that most of
them are offered to non-expert users (e.g. those from
newly industrialized countries), and that many ma-
chine producers have recently set up on-site facilities
for the purpose, such as demonstration centers and

20 For more detailed descriptions on this point, see Fenaroli, 1999,
and Cinelli, 2000.
21 With regard to this, it is interesting to notice that engineers from
as large a supplier as Lonati did not know all the test customers of
their firm, since every engineer dealt exclusively with a subgroup
of this kind of customers, and precisely with those wherein he
could count upon personal ties.

guest rooms. Salesmen are usually in charge of the or-
ganization of such activities, and engineers, from both
the engineering department and the testing room, are
called in as teaching staff.

As for manuals, we stress that writing them is up to
the technicians from the engineering department, who
will comply with this obligation once again by cutting
and pasting sections from earlier manuals, as well as
adding some new parts. Manuals will be particularly
useful for non-expert users, although more as reference
books, rather than as self-teaching material. With this
respect, by pointing at the user manual, the producers’
maintenance staff may solve the most trivial problems
over the phone, and avoid delivering time-consuming
on-site services.

Our description of the knowledge-generating activi-
ties of each producer’s mechanical engineers, suggests
that such knowledge is not likely to spill over very
easily to the other firms of the district, despite being
(partially) shared with people in other firms (either
suppliers or, as in this case, test customers). Far from
being purely “technical” (know-how and know-why),
the mechanical engineers’ knowledge is also of a re-
lational kind (know-who), the latter component be-
ing crucial both for them as individuals (it helps them
solving their design problems and contributes to build
up their reputation and career) and for their company
(that counts upon theiroverall skills in handling the
design activity).22

In addition, our description lends support to the ob-
servation that mechanical engineers (along with textile
engineers, working in the hosiery machine producers’
testing rooms) play a more prominent role than elec-
tronic and hydraulic ones. Mechanical engineers’ re-
lationships with external suppliers involve much more
joint design, or tight requests for customized products,
than mere choice from catalogues. That is, their con-
tribution looks much more creative than the efforts by
other members of the engineering department staff,
which are mainly directed at keeping in touch with
novelties coming from technical fields outside the key
competencies of the firm (i.e. from electronics and hy-
draulics), than at contributing to the latter. In addition,

22 The distinction between technical and relational knowledge, as
well terms such as ‘know-why’ and ‘know-how’, are derived from
Lundvall and Johnson (1994).
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it is the mechanical engineers who have to sum up all
the components into the machine layout.

3.3. Mechanical engineers as the core “epistemic
community”: firm boundaries and knowledge
exchanges

From the previous section, it has emerged clearly
that knowledge activities within the operating machine
industry of Brescia revolve first around each firm’s as-
sets, such as the CAD database, and the salesmen’s and
engineers’ personal memories and contacts. In partic-
ular, the design engineers and their colleagues in the
testing room seem to play a central role in the creation
and management offirm-centered epistemic communi-
ties, which comprise also technicians from each firm’s
users and suppliers.

In this section we discuss further the boundaries
of such communities. In particular, we check whether
such boundaries may or may not be seen to go be-
yond each firm, and encompass the whole set of local
producers, as suggested by the traditional literature on
industrial districts.

In order to do so, we explore two mechanisms which
are often said to help pushing knowledge exchanges
beyond the limits of each firm, and at the same time
keeping it within tightly-defined space boundaries:

1. Localized labor mobility, to which one can add high
firm natality rates (since most firms in the districts
arise from self-employment decisions coupled with
subcontracting activities).

2. Knowledge socialization.

While the latter is a straightforward externality, la-
bor mobility may or may not imply any localized
knowledge spillover, depending on the share of each
worker’s knowledge that can be fruitfully transferred
from the firm that contributed to create it to the new
employer.23

Strong social ties are seen as the pre-condition for
both mechanisms to be viable: they create a common
cultural background which allow human capital to be
at the same time district-specific, but not firm-specific
(on this point, see also Foray, 1991). However, as we

23 The absence of localized knowledge spillovers linked to labor
mobility, however, does not exclude other externalities related to
the labor markets, especially of the pecuniary kind.

have already said in Section 2, envisaging this double
mechanism hides a contradiction: if labor mobility is
the key means for knowledge diffusion, this may sug-
gest that knowledge is not much codified (CDF00 and
CF97). Therefore, knowledge socialization can hardly
take place outside the firm boundaries, because it re-
quires learning-by-doing, practical demonstrations, as
well as trial-and-error efforts.

Our short survey on 200 technicians actually cast
some doubts on the existence of inter-firm knowledge
spillovers (mediated by individual engineers’ social
ties) that would go beyond the exchange of generic
information. As showed in Table 3, we polled 200
electronic and mechanical engineers working for four
kinds of firms: hosiery machinery producers, their
local suppliers of electronic controls, producers of
die-cast metal molding presses, and producers of in-
jection presses for thermoplastics.

Table 4 shows that no more than 36% of the respon-
dents, within each industry, admitted any contact with
engineers from other firms, while no more than 21%
signaled “strong ties” such as friendship or kinship.24

In addition, no more than 18% of respondents (63%
of those with social ties) indicated technical discussion
as a topic of conversation with their acquaintances
outside the firm, and no more than 4.5% (15% of those
with social ties) admitted to talk about current projects
or to give/receive specific suggestions. Therefore, we
can conclude that the existing firm-based communities
of engineers may certainly be connected by a number
of “weak ties”, which are apt at diffusing information
and rumors about new technologies to be adopted or
imitated. At the same time, though, those ties do not
appear to vehicle the amount of technical information
which is necessary to develop any commercially viable
innovation.25

Evidence on labor mobility as a knowledge carrier
is more mixed. All the interviewees hinted at a recent
“tacit” agreement among competing firms in the area
not to “steal” any more their rivals’ best engineers,
as it used to happen in the 1980s. This would suggest

24 Overall, just seven engineers belong to any technical association
(i.e. 3.5% of respondents; not in the table).
25 “Weak tie” ought to be intended here as much as possible as
in Granovetter’s (1973) original paper, i.e. as low-intensity social
bonds which are nonetheless apt at providing the only bridge,
or the shortest way between distinct networks, such as epistemic
communities.
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Table 3
Survey on the Brescia machine producers’ engineers: sample structure

Line of business Project area

Electronic Mechanical Others Total Rate of response
(by firm)a,b

Electronic controls for textile machinery 33 0 0 33 2/2
Hosiery machinery 14 53 6 73 6/8
Die-cast metal presses 15 29 20 64 5/9
Presses for thermoplastics 12 19 12 43 3/7

Total 71 96 33 213 (200)c –

a Number of firms which accepted the questionnaires per number of local firms.
b No rate of response could be calculated for technicians, since no firm provided separate figures on the number of technicians they

employ. However, with the only exception of one hosiery machine producer, all firms declared that all of their technicians had answered
the questionnaire.

c Number of respondents is 200, but 13 engineers working for MaicoPresse, which produces both presses for metal alloys and presses
for thermoplastics, are listed twice.

Table 4
Social and parental ties, and technical contents of information exchanges

Holding a relationship with other firms’ engineers Number of
engineers

Engineers
(%)a

Any kind of relationship 60 30.0
Friendship/kinship 41 20.5
Involving technical discussions 36 18.0
Involving discussions of current projects 9 4.5
Involving asking/giving generic suggestions 16 8.0
Involving asking/giving bibliographical references 7 3.5
Involving asking/giving names of suppliers/consultants 8 4.0

a Number of respondents is 200.

that firms actually perceive the departure of one of
their engineers as a serious loss. However, it is not
clear whether this loss consists merely of unrecover-
able training costs or, more seriously, of firm-specific
knowledge (details of innovation projects, contact
names and so-forth). If the second interpretation is
correct, we need also to understand whether such
firm-specific knowledge goes lost or the engineer who
leaves one firm can successfully transfer it to the new
employer.

Above all, many engineers who reported to
have changed job more than once, did not indi-
cate the name of their past employers, so we do
not know whether for “change-of-job” they also
meant “change-of-employer”. Table 5 reports our
(limited) findings on this point: about 60% of the
respondents revealed to have worked for another

Table 5
Engineers’ career outside the firm: jobs taken

Number of
engineers

Engineers
(%)

Number of jobs taken with former employers
0 81 40.5
1 63 31.5
>1 56 28.0

Total 200 –

Number of
jobsa

Jobs (%)

Tasks in previous vs. present job
Same tasks 92 41.8
Different tasks 128 58.2

Total 220 –

a Sum of jobs taken by all engineers who changed job at least
once.
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Table 6
Engineers’ career outside the firm: job spells

Total working
years (w.y.)

Average job spells for
other employers (S.D.)

Number of
observations

Working year for other employees/
total working year (S.D.)

Number of
observation

Up to 10 1.8 (1.68) 51 0.50 (0.28) 30
11–20 4.0 (3.70) 62 0.44 (0.27) 37
More than 20 7.4 (5.92) 100 0.51 (0.27) 49

Total – 213a – 116b

a Observations are individual job spells (1 or more for each engineers), for 116 engineers.
b Observations are individual engineers.

firm, but only about 30% changed job more than
once.26

Less than half (42%) of the job changes27 oc-
curred between similar kinds of jobs, thus allowing
the employee, in principle, to transfer his skills from
one firm to the other. No major differences emerge
between project areas, i.e. between mechanical ver-
sus electronic engineers:28 this may be seen either
as a piece of evidence against CF97’s and CDF00’s
suggestion that labor mobility is a substitute for cod-
ification (electronics being certainly a more codified
field than mechanics) or as the confirmation that the
electronic engineers of the mechanical district of
Brescia, who work mainly on the interfaces between
electronic controls and mechanical devices, do not
deal with highly codified R&D issues.

Finally, up to 27% of the jobs which were changed
lasted only 1 year or less, while 61% lasted less than
5 years. This suggests that the interviewees mostly
changed job at an early stage of their working life,
while searching for the right place to start a career,
well before having acquired valuable technical com-
petencies or industrial secrets to carry around. This is
confirmed by the observation that the average respon-
dent, among those with at least 10 years of working
experience, has been working for his present em-
ployer for half of his working life (the value goes up
to 80% for younger engineers, see Table 6). There-
fore, it seems that most of the losses inflicted to firms
by the departure of one of their employees had more

26 We also do not know whether the various employers one en-
gineer may have worked for were both localized in the Brescia
district or not.
27 Since 56 out of the 119 respondents who changed job did so
more than once, the overall number of job changes is 220.
28 Data are not reported here, but are available on request.

to do with unrecoverable training costs than with key
knowledge assets.

Coming to the nature of intra-firm knowledge ex-
changes, we have already noticed that they take place
with few explicit references to any codebook. Here,
though, important differences emerge between elec-
tronic and mechanical engineers.

All firms in our sample, but one, have an internal
library, but only 40% of the respondents make any use
of it. Such use is discontinuous and mainly for the
solution of specific problems encountered during the
project activities (Table 7). That is, books and jour-

Table 7
Use of internal library

Use of the library Number of
engineers

Engineers
(%)

No 123 61.5
Yes 77 38.5

Frequency of use
Almost never 4 5.2
Occasionally 43 55.8
Often 23 29.9
No answer 7 9.1

Purpose of use
Generic updating 17 22.1
Problem-solving 58 75.3
No answer 2 2.6

By industry
Hosiery machinery 21 28.8
Electronic controls 28 84.8
Metal molding presses 18 28.1
Plastic molding presses 13 30.2

By project area
Mechanics 29 30.2
Electronics 41 57.7
Other 7 21.2
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nals in the library can be seen as complementary to
the firm’s own CAD database, since they store cod-
ified knowledge that belongs to the wider epistemic
community of all engineers (not just those in the firm
or the district), to be matched with the firm-specific
codified knowledge.

Well over 80% of the engineers working for
electronic control producers make use of the li-
brary, against no more than 31% in the other sec-
tors. Similarly, the disaggregation by project area
shows that 57% of the electronic engineers visit
the library, against only 30% of the mechanical
engineers.

Much more often than using the library, however,
engineers try to solve project problems by talking to
each other. More than 80% of the respondents admit-
ted to do so, and stated that most common feedbacks
to request of suggestions were “oral explanations”,
followed by “practical demonstrations”, “references
to a written standard procedure or CAD database”,
“references to a non-written standard procedure”,
and “references to any technical handbook”. The
only exception were, once again, the engineers work-
ing for electronic control producers, who ranked
second and third “references to a non-written stan-
dard procedure”, and “references to any technical
handbook”, respectively (with a comparatively lower
score for oral explanations; Table 8).

Table 8
Intra-firm personal knowledge exchanges for the solution of project problems

All Hosiery
machinery

Electronic
controls

Metal molding
presses

Plastic molding
presses

Scores
Number of engineers asking suggestions 172 64 31 50 38
Respondents (%) 86.0 87.7 93.9 78.1 88.4
Average score of answersa

Reference to technical handbook 3.89 4.19 3.13 4.14 3.74
Reference to written procedure or CAD 3.07 3.22 3.26 2.60 3.16
Reference to non-written procedure 3.31 3.34 2.87 3.20 3.66
Oral explanation 2.24 2.02 2.65 2.40 2.26
Practical demonstration 2.80 2.48 3.16 3.02 2.74
Variance of average scores 0.37 0.70 0.06 0.46 0.39

Rank correlation, by industry
Hosiery machinery – 0.2 0.9 1 –
Electronic controls – – 0.1 0.2 –
Metal molding presses – – – 0.9 –
Plastic molding presses – – – – –

a 1 = most important→ 5 = least important.

We notice immediately that the (possibly) superior
degree of codification for “electronic knowledge”
does not eliminate the need for personal interaction,
since the design of electronic controls require as
much interaction as the design of mechanical com-
ponents or machines. Moreover, these results suggest
that electronic knowledge, at least within the area
we are studying, may not be much “more codified”
than mechanical knowledge: rather, it is the codifica-
tion means and the extent of the relevant epistemic
communities that seem to differ.

The rank correlation for average scores assigned to
knowledge exchange means is very high when com-
paring machine-dedicated engineers, but much smaller
when it involves electronic component engineers
(Table 8). The latter assign a relatively high ranking
to technical handbooks, i.e. to codes that are well
known to the wider community of practitioners in
the field, as opposed to more firm-specific codebooks
and jargon used by mechanical engineers. In addition,
they do not discriminate as much as their colleagues
in the mechanical field among the various means
of knowledge exchange (lower variance of average
scores in Table 8).

It is tempting to suggest that these differences
may be explained by the fact that Brescia ma-
chine producers’ core competencies lie firmly within
the mechanical field. Therefore, explicit efforts to
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Table 9
Geographical distribution, size, and age of test customers

Size (number of employees) Age (foundation year) Total

Location ≤100 101–500 >500 n.a. ≤1980 >1980 n.a. –
Brescia province 6 3 0 0 5 3 1 9
Rest of Italy 4 3 1 3 7 1 3 11
Abroad 2 1 4 1 7 0 1 8

Total 12 7 5 4 19 4 5 28

Test/buy from other suppliers 3 3 5

codify, as well open references to existing codebooks,
would be more limited when it comes to mechanical
knowledge, as opposed to (less original, and therefore
less strategic) knowledge in electronics. However, we
have no elements, so far, to provide strong support to
this thesis. Thus, Brescia firms would be particularly
cautious when it comes to codify their key knowledge
asset, i.e. mechanical knowledge.

3.4. The role of customers: testing versus
customization

When commenting upon the design work-flow of
Section 3.2, we stressed the important role played by
the so-calledtest customersin supporting the machine
producers’ testing activity, as well as in providing the
necessary feedbacks for optimizing the design of new
machines or components.

As a result of our interviews we ended up with
a portrait of the “typical test customer” and its ac-
tivities, which we tried to test against some hard
data. Unfortunately, test customers are a rare breed
(just a few of them are needed by the machine pro-
ducers, and all of them have to be extremely trust-
worthy), so that we managed to collect data about
only 28 of them (22 for the hosiery machine sec-
tor, 6 for producers of the thermoplastics molding
presses, and none for the producers of metal molding
presses). Such data come from twin questionnaires
submitted to the staff of both suppliers and their test
customers.

Despite these small numbers, it is worth looking at
the data, albeit just in a descriptive way. They may
strengthen the propositions derived from the inter-
views, and suggest further data collection and testing
activity.

We first checked size and geographical location of
test customers. Table 9 roughly confirms the existence
of two kinds of test customers: either small-medium
ones, possibly located nearby the machine producers,
or a few larger ones, which may be located elsewhere
in Italy, if not abroad (notice that no test customer lo-
cated in the province of Brescia has more than 500
employees, while more than half of the foreign ones
go beyond that threshold, with test customers located
elsewhere in Italy standing in the middle). With a few
exception for the small firms of Brescia, all test cus-
tomers have more than 20 years of experience in their
sector, i.e. they hold suitable technical competencies
for being reliable technical partners.

Table 9 shows that such reliability has to do also
with confidentiality: apart from the large firms, only
a small minority of test customer use or test the ma-
chines of more than one producer. That confidential-
ity matters is confirmed by the fact that 18 out 28 test
customers stated they had been explicitly forbidden to
show the test-machines to their supplier’s rivals, and
that only one (out of 28) ever dared to do so.29

Our data also confirm that knowledge flows be-
tween suppliers and test customers are largely infor-
mal and channeled through personal relationships ty-
ing individual technicians from both firms. Only 10
out of 28 firms provided us with data on the time
length of testing activities, suggesting an average du-
ration of 3 months. Table 10 shows that during that
time, test customers are hardly asked to perform any
formal (codified) data collection, a task which is left
to the suppliers’ technicians, if carried out at all.

29 Data available on request.
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Table 10
Feedback transmission means from test customers to machine suppliersa

Number %

Formal data collection
Regular inspections by the supplier’s technicians, for formal data collection 18 64.3
Test customer fills in standard forms for notification of a breakdown 6 21.4
Test customer fills in special form for testing activities 1 3.6

Meetings
Frequent informal meetings between technicians 28 100
Frequent informal contacts between technicians, by phone and fax 22 78.6
Regular inspections from the supplier’s technicians, for informal discussion with users 20 71.4
Regular meetings between technicians from both firms, for discussing test results 10 35.7
Final meeting between technicians from both firms, for general evaluation of test results 13 46.4

Ongoing modifications on the machine
Test customer suggests necessary modifications 17 60.7
Test customer modifies the machine 16 57.1

a Multiple answers were allowed.

On the contrary, informal meetings and phone/fax
contacts come top of the agenda. Those meetings and
contacts seem more likely to be arranged on the spot,
that is whenever any problem arises, rather than on a
regular basis.

Finally, test customers have a big say in the intro-
duction of modifications, either by suggesting them
to the suppliers’ technicians, or by intervening them-
selves onto the machine (Table 11). Feedbacks from
test customers mainly affect specific parts and com-
ponents of the machines, which are, in most cases, the
only novelties in the prototypes that test customers are

Table 11
Feedbacks’ destinationa

Number %

Engineering department
Revision of the design of parts and components 17 60.7
Re-evaluation of the technical characteristics of parts and components 11 39.3
Full revision of the machine design 0 –

Test room
Data on performance of specific components 11 39.3
General data on machine performance 8 28.6
Data on machine performance in specific conditions (intensity of use, materials, etc.) 5 17.9

Maintenance service
Information for users’ courses 9 32.1
Information for fitters and repairers 7 25.0
Information for users’ manuals 4 14.3

a Multiple answers were allowed.

asked to host (radical novelties, as we said above, are
a rare exception in the innovation strategies of the ma-
chine suppliers). Information from test customers may
stop at the level of the test room (whose staff record
them just to know more about the machine character-
istics), or go straight to the engineering department,
where they lead to changes in the machine design.
In a few cases, the test room operators forward the
customers’ feedbacks to the maintenance service staff,
to inform fitters and repairers about typical faults of
the machine, or exploit them to improve the contents
of the user manuals and courses.
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Table 12
Test customers’ incentives and agreements with the suppliersa

Number %

Incentives for testing
Improvement of personal relationships with
supplier’s technicians and management

21 75.0

Continuous technical updating 20 71.4
Influence on the machine development 19 67.9
Technological advantage over competitors 19 67.9
Generic improving of bargaining power,
for purchase price, accessory conditions etc.

16 57.1

Discount on all machines 10 35.7
Own technicians gain experience 11 39.3
Discount on purchase of tested machines 9 32.1
Test activity is paid for 0 –

Agreement with the supplier
Purchase promise/contract 20 71.4
Informal exchange of courtesies 8 28.6

a Multiple answers were allowed.

As for the customers’ gains from the relationship,
Table 12 shows that none of the 28 test customers we
polled has ever been paid for its activities, and just a
minority of them claimed a discount on the machines
they tested, or other machines from the favored sup-
plier. Rather, testing activities serve the main purpose
of keeping in touch with the ongoing technological
advances (possibly gaining a lead over direct competi-
tors), as well as that of strengthening the social ties
with suppliers’ technical staff and management, and
gaining their trust and goodwill. In addition, many cus-
tomers hope to exert some influence on the technical
development of the machine: this is why, in the major-
ity of cases, testing activities go on with a promise to
purchase the machine, if not a formal purchase con-
tract.

4. Conclusions

The results of our enquiry suggest that the reap-
praisal of the twin concepts of “tacitness” and
“codification” we outlined in Section 2 can be fruit-
fully applied to the study of geographical clusters of
manufacturers that shares many common traits with
typical Italian industrial districts.

The empirical findings of the paper help distin-
guishing between tacit knowledge and codified knowl-

edgecumdisplaced codebook. By relating codebooks,
and rules for accessing it, to individual firms’ bound-
aries and vertical relationships, those findings also go
against the common description of many geographi-
cal clusters as homogenous cultural settings, wherein
technological findings are quasi-public goods. Rather
than flowing freely within the cluster boundaries,
knowledge circulates within a few smaller “epistemic
communities”, each centered around the mechanical
engineers of a single machine producer in the district,
and involving a number of other technicians from
both suppliers and customers. We then observe that:

• Those communities are better seen as made of
people, linked together by personal ties of trust
and reputation, rather than from inter-firm arrange-
ments, although they arise from successful com-
mercial partnerships and deals, and respect firms’
appropriation strategies.

• The localization of members of the epistemic com-
munities is affected by the frequency of contacts
required for transmitting information effectively, as
well as from the size of the members’ companies.

• Public labs and universities seem almost totally ab-
sent from those communities. Nevertheless, codifi-
cation efforts, especially in the design phases, have
been pursued incessantly by all firms, and such ef-
forts have served well the purpose to store knowl-
edge for future use. They have been accompanied
by a number of measures for limiting access to it.

We have suggested that, contrarily to more typi-
cal accounts of industrial districts as an homogenous
knowledge community, firm boundaries matter a lot.
This is because the most typical innovation activi-
ties deal with mechanical technologies, and therefore
rely heavily on recombination and incremental inno-
vations, which in turn require reliable and sophisti-
cated system memory. Much of this memory is stored
in each firm’s CAD database, as well as in the neces-
sary fluency with the technical jargon and the individ-
ual memories about past project activities, which help
using that database fast and efficiently. While senior
technicians working for the machine producer master
both the database and the jargon completely, bits and
pieces of both are strategically distributed to their rele-
vant counterparts in the supplier and client firms, thus
allowing the dialogue among them to be fast, frequent,
and efficient.
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Inter-firm labor mobility may disseminate the jar-
gon and some personal knowledge on useful social
ties, but notall the firm-specific knowledge, despite
this being codified. It is not by chance that firms in
the district, with a few exceptions, tend to specialize
in very narrow market niches (and customized prod-
ucts therein). Outside those niches, much of the firm’s
knowledge is not immediately useful.

The kind of knowledge that resists more clearly to
codification efforts is of the “know-who”, i.e. knowl-
edge of some key suppliers and of the so-called “test
customers” or, better, of the competencies and reliabil-
ity of individual technicians therein. This helps very
much to speed up the development, and even more,
the production of critical components and to test their
reliability. In this case, geographical boundaries have
been historically important, but do not seem to mat-
ter as much as they did in the pioneering phase of the
district, since time and intergenerational changes have
allowed new social ties to be built around trust-based
long-standing business relationships outside the dis-
trict. At this stage of our research, however, we have
not yet been able to test whether these new relation-
ships call for significant investments to reduce the
“stickiness” of information at the users’ location, as
suggested by von Hippel (1994).

From these observations it follows that epistemic
communities can be a better policy and management
target than either individual firms or geographical clus-
ters as such.

Allowing technicians within a community to com-
municate more frequently, exchange more data, and
access technical knowledge from outside the local
cluster could help the latter to survive future techni-
cal shocks. The measures to be adopted could be bet-
ter specified by interviewing and collecting data from
senior technicians, rather than firm managers. It may
well be that generic requests for lowering transport
costs and improving TLC systems will be put forward:
in both cases they should not be dismissed as irrelevant
from the technological policy viewpoint, since they
would allow, respectively, more frequent face-to-face
contacts with distant community members and greater
ease of data exchange.

New firms may arise from community members
seizing some technological opportunity, as it had hap-
pened when many SMEs clusters were born. Allow-
ing members of the various communities to access

knowledge from other sectors, or from academic re-
search would help, although policy measures in this
direction (e.g. grants for seminar and conference or-
ganization/participation; grants for study leaves and
further training, etc.) may be in contrast with local
employers’ appropriability strategies and staff man-
agement practices. Notice that many technology trans-
fer actions which currently target existing SMEs as
potential innovators, could be instead directed at giv-
ing some members of local epistemic communities the
chance to found their own start-up.

More generally, technology transfer policies which
focus upon specific sectors and locations, but do not
arise from an agreement with local members of the ex-
isting epistemic communities, are very likely to end up
offering very generic, and possibly irrelevant services
(as many assessment of technology transfer policies
actually show). Since knowledge is not ‘in the air’,
but circulates within a number of relatively close net-
works, any policy initiative which disregard the latter
will fail to:

1. Access those portions of knowledge which are the
necessary complements to the technologies or the
services that the initiative aims to promote.

2. Access those inter-personal networks which are
crucial for diffusing news regarding the initiative
and the opportunities it offers, as well as for getting
feedbacks and gaining legitimization.

3. Understand the degree of geographical dispersion
of the relevant epistemic community, which can be
much higher than suggested by the co-localization
of those firms composing the district or cluster.

4. Understand which portions of knowledge can be
considered ‘public’ (i.e. shared by different com-
munities) or ‘private’ (i.e. circulating only within
one community), thus generating conflicts with lo-
cal firms’ and community members’ appropriation
strategies.

Finally, it should be observed that some of the links
between SMEs and larger firms which many fashion-
able technology transfer policies try to set in motion,
are already in place within the existing epistemic com-
munities, as long as they include personnel from large
suppliers of standardized (especially electronic) com-
ponents and materials. Actions that disregard those
existing ties may fail to be gain legitimization among
industry practitioners.
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As for future research, more case studies as well
more general efforts of data collection could be fruit-
fully addressed to identifying existing epistemic com-
munities within a number of sectors, their inter-firm
distribution and geographical structure. This will re-
quire focusing on individuals (shop-floor workers,
technicians or researchers), their company or institu-
tional affiliations, as well as their personal links and
communication means.
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