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Abstract

The concept sectoral system of innovation and production provides a multidimensional, integrated and dynamic view of
sectors. Itis proposed that a sectoral system is a set of products and the set of agents carrying out market and non-market inter-
actions for the creation, production and sale of those products. A sectoral systems has a specific knowledge base, technologies
inputs and demand. Agents are individuals and organizations at various levels of aggregation. They interact through processes
of communication, exchange, co-operation, competition and command, and these interactions are shaped by institutions.
A sectoral system undergoes change and transformation through the co-evolution of its various elements. © 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction industries in the contexts in which economic agents
act. Most of these approaches have considered the
Sectors provide a key level of analysis for econom- sectoral boundaries static and delimited in terms
ists, business scholars, technologists and economicof similarity in techniques or similarity in demand.
historians in the examination of innovative and pro- Sometimes strategic interdependence has been added
duction activities. We have mainly two traditions as another criteria for delimiting sectors. Differences
dealing with sectors. The first one is related to the in the equilibrium structure of sectors have been iden-
industrial economics literature. The structure—conduct-tified as determined by the underlying patterns of tech-
performance tradition, the transaction costs approach, nology and demand, in addition to the type of sunk
sunk cost models, game theoretic models of strate- costs. These studies in the industrial economics tradi-
gic interaction and co-operation, and econometric tion have examined the structure of sectors in terms
industry studies have emphasized differences acrossof concentration, vertical integration, diversification,
and so on; the dynamics of sectors in terms of techni-
*This paper originated from the European Union Targeted cal progress, entry, firms’ growth and so on; the inter-
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Sr]g)g\lla}CTés-lllg (DG12-SOLS). Bruno Amablej, Stefano Breschi., (Bam’ 1956; S(‘fherer’. .1990; TIrOIe.’ 1988; Sutton,
Bo Carlsson, Giovanni Dosi, Tarmo Lemola, Francesco Lissoni, 1991, 1998). This tradition has obtained tremendous
Fabio Montobbio, Ronan O’Brien, Keith Pavitt, Ed Steinmueller, progress and major results in all the above mentioned
and Morris Teubal as well as the participant of the June 1999 topics, In most of these studies, however, not much
DRUID Conference and the 1999 Jerusglem Conference, have pro- emphasis has been paid to the role of non-firms organi-
vided very useful c_omments to an earlier draft. Two anonymous zations, to knowledge and Iearning processes by firms,
referees have provided extremely useful suggestions. . .
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products and structure. These remarks could be cou- Inthe following pages, this paper is going to discuss
pled with the complementary observations by Geroski at length this definition, the various dimensions of a
(1998) who points to some limits of the concept of sectoral system and its dynamics. The main advantages
market boundaries and emphasizes the concept of stra-of a sectoral system view can be identified in a bet-
tegic market. The second tradition dealing with sectors ter understanding of: the structure and boundaries of a
is much richer empirically, but much more heterogene- sector; the agents and their interactions; the learning,
ous, eclectic and dispersed. Here, one finds very rich innovation and production processes; the transforma-
empirical evidence on the features and working of sec- tion of sectors and the factors at the base of the differ-
tors, on their technologies, production features, inno- ential performance of firms and countries in a sector.
vation, demand and on the type and degree of change. The theoretical and analytical approach from which
But most of the sector case studies focus on a single this paper draws comes form evolutionary theory and
dimension (such as innovation, firms’ competencies, the system approach. It is in the evolutionary camp
structure of production and so on), ask different re- that key concepts such as learning, knowledge, com-
search questions, are done with different methodolo- petencies and a major focus on dynamics are present.
gies and have a different level of aggregation in terms And it is in the innovation system literature that one
of unit of analysis. As a consequence, the possibility finds relationships and networks as key elements of the
of having integrated and consistent analyses of sectorsinnovation and production processes (Edquist, 1997).
in their interrelated features, understanding fully their  In particular, the notion of sectoral system of inno-
working and transformation or comparing different vation and production complements other concepts
sectors with respect to several dimensions (such assuch as national systems of innovation which has a
the type and role of agents, the structure and dynam- focus on national boundaries and on non-firms orga-
ics of production, the rate and direction of innovation nizations and institutions (Freeman, 1987; Nelson,
and the effects of these variables on the performance 1993; Lundvall, 1993); regional/local innovation sys-
of firms and countries) is still very limited. tems in which the focus is on the region (Cooke et al.,
The concept ofectoral system of innovation and 1997); and technological systems, in which the focus
production advanced in this paper tries to provide is mainly on networks of agents for the generation,
this multidimensional, integrated and dynamic view diffusion and utilization of technologies (Carlsson
of sectors. As a way of introduction, the definition and Stankiewitz, 1995; Hughes, 1984; Callon, 1992).
that will be presented in Section 3and discussed in  Rather than providing conclusive and coherent
Sections 4 and 5, is anticipated here. In this paper, it results, this paper is conceptual and methodological.
is proposed that a sectoral system of innovation and It aims to discuss the theoretical foundations of the
production is a set of new and established products notion of sectoral systems of innovation, to propose a
for specific uses and the set of agents carrying out definition of a sectoral system, to identify the major
market and non-market interactions for the creation, dimensions and the main variables, to analyze the
production and sale of those products. Sectoral sys- main factors affecting structure, agents’ heterogeneity
tems have a knowledge base, technologies, inputs andand change, and to set the main research questions
demand. The agents are individuals and organizationsand the key challenges that lie ahead.
at various levels of aggregation, with specific learning  The paper is organized in the following way. In
processes, competencies, organizational structure, be-Section 2, the theoretical foundations of the notion
liefs, objectives and behaviors. They interact through of sectoral systems is presented. In Section 3, a def-
processes of communication, exchange, co-operation,inition and a framework is proposed. In Section 4,
competition and command, and their interactions are the main building blocks of a sectoral system are
shaped by institutions. A sectoral system undergoes examined: knowledge and learning processes; basic
processes of change and transformation through thetechnologies, inputs and demand with key links and
co-evolution of its various elements. dynamic complementarities; types and structure of in-
teractions among heterogeneous firms and non-firms
10f course, the concept of sectoral system applies to manufac- Organizations; institutions and the processes of selec-
turing as well as services. tion and generation of variety. Then in Section 5, the
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dynamics and transformation of sectoral systems are point that firms do not innovate in isolation, so that
discussed, while in Section 6, the geographical bound- innovation has to be seen as a collective process. In the
aries are analyzed. In Section 7, the challenges thatinnovative process firms interact with other firms as
lie ahead in terms of research and policy implications well as with non-firms organizations such as universi-

are discussed. ties, research centers, government agencies, financial
institutions and so on. Their action is shaped by ins-
2 Theoretical basis titutions (Lundvall, 1993; Carlsson, 1995; Edquist,

1997). This approach places a lot of emphasis on

The notion of a sectoral system of innovation and interdisciplinarity emphasizes a historical perspec-
production relates to relevant intellectual and theore- tive and has put learning as a key determinant of
tical traditions. innovation (Edquist, 1997).

A first group of contributions has emphasized Finally, evolutionary theory provides a broad theo-
change and transformation in sectors. Sectors changeretical framework for the concept of sectoral system
over time, and therefore, a lot of attention should be of innovation and production. Evolutionary theory
placed on their laws of motion, dynamics, emergence places a key emphasis on dynamics, process and trans-
and transformation. This point is related both to the formation. Learning and knowledge are key elements
industry life cycle literature (Utterback, 1994; Klep- in the change of the economic system. “Boundedly
per, 1996) and to broader analyses of the long-term rational” agents act, learn and search in uncertain
evolution of industries, as one can find in Schumpeter, and changing environments. Relatedly, competencies
Kuznetz and Clark. In particular, this long-term view correspond to specific ways of packaging knowledge
has been lost in the 1950s and 1960s literature on about different things and have an intrinsic organi-
structure conduct and performance (in which the focus zational content. Different agents know how to do
has been on comparative static analyzes of industry different things in different ways. Thus, learning,
structure), and in modern industrial economics— knowledge and behavior entails agents’ heterogeneity
game theory and transaction cost, but has regainedin experience, competencies, and organization and
considerable attention in recent years (Malerba and their persistent differential performance. In addition,
Orsenigo, 1996). evolutionary theory places emphasis on cognitive di-

The second tradition is the about links and inter- mensions such as beliefs, objectives and expectations,
dependencies and sectoral boundaries. It has stresseth turn affected by previous learning and experience
that the boundaries of sectors should include inter- and by the environment in which agents act (Nelson,
dependencies and links among related industries and1995; Dosi, 1997; Metcalfe, 1998). A central place
services and that these boundaries are not fixed, butin an evolutionary approach is occupied by three eco-
change over time. Dynamic complementarities among nomic processes driving economic change: processes
artefacts and activities, thus, provide force and trigger of variety creation in technologies, products, firms and
mechanisms of growth and innovation. The concept organizations, processes of replication, that generate
of filiere has highlighted the role of major vertical inertia and continuity in the system and processes of
links among sectors in production activities. The no- selection, that reduce variety in the economic system
tion of development blocks introduced by Dahmen (Nelson, 1995; Metcalfe, 1998). Finally, for evolu-
(1989) has stressed the idea that sequences of comtionary theory aggregate phenomena are emergent
plementarities create dynamism in the system and properties of far from equilibrium interactions and
generate development potential. Investments are oftenhave a metastable nature (Lane, 1993).
closely interrelated and span over different technolo-  For evolutionary theory the environment and con-
gies or activities: they may originate tensions and ditions in which agents operate may drastically dif-
virtuous cycles among related products in the process fer.2 Evolutionary theory stresses major differences
of economic development. in opportunities conditions related to science and

The third tradition is the innovation system app-
roach, which considers innovation as an interactive 2ot course, in an evolutionary framework, there is not a sharp dis-
process among a wide variety of actors. It stresses thetinction between the learning environment and the unit of learning.
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technologies. The same holds for the knowledge basebe firms (e.g. users, producers and input suppliers)

underpinning innovative activities, as well as for the
institutional context. Thus, the learning, behavior and
capabilities of agents is constrained and “bounded” by
the technology, knowledge base and institutional con-
text in which firms act. Heterogeneous firms facing
similar technologies, searching around similar knowl-
edge bases, undertaking similar production activities
and “embedded” in the same institutional setting,
share some common behavioral and organizational
traits and develop a similar range of learning patterns,
behavior and organizational forms. For example, a
specific technological regime defines the nature of the
problems firms have to solve in their innovative activ-
ities, affects the type of technological learning, shapes
the incentives and constraints to particular behavior

and non-firm organizations (e.g. universities, financial
institutions, government agencies, trade-unions, or
technical associations), including sub-units of larger
organizations (e.g. R&D or production departments)
and groups of organizations (e.g. industry associa-
tions). Agents are characterized by specific learning
processes, competencies, beliefs, objectives, organiza-
tional structures and behaviors. They interact through
processes of communication, exchange, co-operation,
competition and command, and their interactions are
shaped by institutions (rules and regulations). Over
time, a sectoral system undergoes processes of change
and transformation through the co-evolution of its
various elements.

As mentioned previously, this notion of sectoral

and organization and affects the basic processes ofsystem of innovation and production draws from basic

variety generation and selection (and, therefore, the
dynamics of evolution of firms) (Nelson and Winter,
1982; Malerba and Orsenigo, 1996).

This paper will take these broad points coming
from evolutionary theory and will develop them into
a sectoral system perspective. The starting point will
be the empirical recognition, as emerged from the
rich literature of empirical case studies, first that sec-
tors are characterized by specific knowledge bases,
technologies, production processes, complementari-
ties, demand, by a population of heterogeneous firms
and non-firms organizations and by institutions, and,
second, that sectors differ greatly in several of these
dimensions. In the following pages, an attempt to
spell out and link several of these dimensions and
place them in a dynamic perspective is presented.

3. Sectoral systems of innovation and production:
a proposed definition and a framework

A workable definition of a sectoral system of
innovation and production is the following. A sectoral
system of innovation and production is a set of new

and established products for specific uses and the set

of agents carrying out market and non-market inter-
actions for the creation, production and sale of those
products. A sectoral system has a knowledge base,
technologies, inputs and an existing, emergent and

potential demand. The agents composing the sectoral

system are organizations and individuals (e.g. con-

sumers, entrepreneurs, scientists). Organizations may

concepts of evolutionary theory and from key aspects
of the innovation system approach. It departs from the
traditional concept of sector used in industrial eco-
nomics because it examines other agents in addition
to firms, it places a lot of emphasis on non-market
as well as on market interactions, and focuses on the
processes of transformation of the system it does not
consider sectoral boundaries as given and static.

In sum, the basic elements of a sectoral system are

Products

Agents Firms and non-firm organizations (such as
universities, financial institutions, central govern-
ment, local authorities), as well as organizations
at lower (R&D department) or higher level of
aggregation (e.g. firms’ consortia); individuals.
Knowledge and learning processé&$e knowledge
base of innovative and production activities differ
across sectors and greatly affect the innovative acti-
vities, the organization and the behavior of firms
and other agents within a sector.

Basic technologies, inputs, demand, and the related
links and complementaritied.inks and comple-
mentarities at the technology, input and demand
levels may be both static and dynamic. They include
interdependencies among vertically or horizontally
related sectors, the convergence of previously sep-
arated products or the emergence of new demand
from existing demand. Interdependencies and
complementarities define the real boundaries of a
sectoral system. They may be at the input, technol-



F. Malerba/Research Policy 31 (2002) 247-264 251

ogy or demand level and may concern innovation, e institutions;

production and sale. e processes of generation of variety and of selection.
e Mechanisms of interactions both within firms and

outside firms Agents are examined as involved in  4.1. Knowledge and learning processes

processes of market and non-market interactions.

e Processes of competition and selection Knowledge plays a central role in innovation and
e Institutions Such as standards, regulations, labor production. As mentioned in the previous discus-
markets and so on. sion, this point has been strongly emphasized by the

evolutionary literature (Nelson, 1995; Dosi, 1997;
Metcalfe, 1998) as well as by the literature on the
knowledge based economy (Lundvall, 1993; Lundvall
and Johnson, 1994; Cowan et al., 2000). In these con-
tributions, knowledge becomes highly idiosyncratic
at the firm level, does not diffuse automatically and
freely among firms and it has to be absorbed by firms
through their differential abilities accumulated over
time.

The evolutionary literature has proposed that sectors
and technologies differ greatly in terms of the knowl-

This notion of sectoral system places emphasis on
the structure of the system in terms of products, agents,
knowledge and technologies and on its dynamics and
transformation. In broader terms, one could say that a
sectoral system is a collective emergent outcome of the
interaction and co-evolution of its various elements.

One last remark regards the aggregation issue.
When agents are considered, in addition to firms
and non-firms organizations also agents at lower and
higher levels of aggregation may be the key actors in a

sectoral system. Similarly, because the notion of sec- . ) .
edge base and learning processes related to innovation.

toral systems includes innovation and production with : : .
. Knowledge differs across sectors in terms of domains.

the related demand and market processes, for analyti- ; o .
One knowledge domain refers to the specific scien-

?al purposes one could examine sepa_rately a Sectoraltific and technological fields at the base of innovative
innovation system, a sectoral production system and

ST O activities in a sector (Dosi, 1988; Nelson and Rosen-
a sectoral distribution-market system, which in turn : L
. berg, 1993). The second domain regards applications,
could be related more or less closely. Finally, sectoral

. . . users and demand for sectoral products. In addition,
systems may be examined according to different levels . .
. other dimensions of knowledge may be relevant for
of aggregation of products. So sectoral systems may T . L
explaining innovative activities in a sector.
be very broad, such as computer hardware and soft- " _. .
First, knowledge may have different degrees of
ware, or much more narrow, such as computer soft-

: . . . accessibility (Malerba and Orsenigo, 2000), i.e. op-
ware. The main conclusion here is that the appropriate - .

L . portunities of gaining knowledge that are external to
level of analysis in terms of agents, functions, prod-

ucts and agents depends on the specific research goalf.'rms' Knowledge that is accessible may be internal or

) . S éxternal to the sector. In both cases, greater accessibil-
In the following pages, a more in-depth examination

) . ity of knowledge decreases industrial concentration.
of the various elements of the sectoral systems will be ; S X
presented. Greater internal accessibility implies lower appropri-

ability: competitors may gain knowledge about new
products and processes and, if competent, imitate
those new products and processes. Accessibility of
knowledge which is external to the industry may be
related to scientific and technological opportunities,
in terms of level and sources. Here, the external en-
vironment may affect firms through human capital
with a certain level and type of knowledge or through

4. The building blocks of a sectoral system

What are the main building blocks of a sectoral
system of innovation and production? It is possible to
identify the following ones:

e knowledge base and learning processes; scientific and technological knowledge developed in
e basic technologies, inputs and demand, with key firms or non-firms organizations such as universities
links and dynamic complementarities; or research laboratories.

e type and structure of interactions among firms and  The sources of technological opportunities markedly
non-firms organizations; differ among sectors. As Freeman (1982) and Rosen-
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berg (1982) among others have shown, in some sectorsthe current one and introduce continuous innovations
opportunity conditions are related to major scientific of the incremental type.
breakthroughs in universities. In other sectors, oppor-  Accessibility, opportunity and cumulativeness are
tunities to innovate may often come from advance- key dimensions of knowledge related to the notion
ments in R&D, equipment and instrumentation. In still of technological and learning regimes, which differ
other sectors, external sources of knowledge in terms across sectors. The notion of technological regimes
of suppliers or users may play a crucial role. Not all ex- dates back to Nelson and Winter (1982) and pro-
ternal knowledge may be easily used and transformed vides a description of the knowledge environment in
into new artifacts. If external knowledge is easily ac- which firms operate. More generally, Malerba and Ors-
cessible, transformable into new artifacts and exposed enigo (1996, 1997) have proposed that a technological
to a lot of actors (such as customers or suppliers), thenregime is composed by opportunity and appropriabi-
innovative entry may take place (Winter, 1984). On the lity conditions; degrees of cumulativeness of techno-
contrary, if advanced integration capabilities are nec- logical knowledge and characteristics of the relevant
essary (Cohen and Levinthal, 1989) the industry may knowledge base. More specifically, technological op-
be concentrated and formed by large established firms. portunities reflect the likelihood of innovating for any
Second, knowledge may be more or less cumula- given amount of money invested in search. High op-
tive, i.e. the degree by which the generation of new portunities provide powerful incentives to the under-
knowledge builds upon current knowledge. One can taking of innovative activities and denote an economic
identify three different sources of cumulativeness. environment that is not functionally constrained by
The first source is learning processes and dynamic in- scarcity. In this case, potential innovators may come
creasing returns at the technology level. The cognitive up with frequent and important technological inno-
nature of learning processes and the past knowledgevations. Appropriability of innovations summarizes
constrain current research, but also generate newthe possibilities of protecting innovations from imita-
guestions and new knowledge. The second source istion and of reaping profits from innovative activities.
related to organizational capabilities. These capabili- High appropriability means the existence of ways to
ties are firm-specific and can be improved only grad- successfully protect innovation from imitation, while
ually over time. They implicitly define what a firm  low appropriability denotes an economic environment
learns and what it can hope to achieve in the future. A characterized by the widespread existence of externali-
third source is the feed-backs from the market, such ties (Levin et al., 1987§. The properties of the knowl-
as “success—breeds—success” processes. Innovativedge base relate to the nature of knowledge underpin-
success yields profits that can be reinvested in R&D, ning firms’ innovative activities. Technological knowl-
thereby increasing the probability to innovate again. edge involves various degrees of specificity, tacitness,
From this discussion, it follows that cumulativeness complementarities and independence and may greatly
may be observed at various levels of analysis. One differ across sectors and technologies (Winter, 1987).
is at the technological level. The other is at the firm  Here, one could advance the following general
level. Here, high cumulativeness implies an implicit propositions on the relationship between technolo-
mechanism leading to high appropriability of inno- gical regimes and patterns of innovation in sectoral
vations. In case of low appropriability conditions and systems (Winter, 1984; Malerba and Orsenigo, 1997).
knowledge spillovers within an industry, however, Technological regimes characterized by high levels
it is also possible to observe cumulativeness at the of opportunities are expected to show patterns of
sectoral level. Cumulativeness may be present at theinnovation characterized by a remarkable turbulence
local level. In this case, high cumulativeness within
specific locations is more likely to be associated with 2 Pavitt has introduced the distinction between appropriability and
low appropriability conditions and spatially localized technological barrier to entry. According to Pavitt, appropriability
knowledge spillovers. Cumulativeness at the techno- refc_ars to all the‘competitors, both within and outside thg indust_ry,
logical and the firm levels creates first mover advan- while Fechnolggmal barriers to entry refers to thg ease of innovative
. . . entry into an industry by potential entrants (Pavitt, 1984). Needless
tages and generates high concentration. Firms thati, say, this distinction is quite helpful in grouping sectors with
have a head start develop a new knowledge based orrespect to the ease of entry in an industry.



F. Malerba/Research Policy 31 (2002) 247-264

253

in terms of technological entry and exit and a high firm level) conditions lead to a Schumpeter Mark |

instability in firms’ hierarchies. High technological

pattern. On the contrary, high appropriability and high

opportunities allow for the continuous entry of new cumulativeness (at the firm level) conditions lead to a

innovators. However, if successful, also established
firms may end up in gaining a substantial leap in their

Schumpeter Mark Il pattern (Breschi et al., 2000).
Technological regimes and Schmpeterian patterns

relative competitiveness, thus, leading to the elimi- of innovation change over time (Klepper, 1996).
nation from the market of the less successful inno- According to an industry life cycle view, Schumpeter

vators. Conversely, low opportunity conditions limit

Mark | pattern of innovative activities may turn into

innovative entry and restrict the innovative growth a Schumpeter Mark Il. Early in the history of an
of successful established firms. As a consequence, aindustry, when knowledge is changing very rapidly,

higher stability of the major innovators may emerge.
High degrees of appropriability, by limiting the extent
of knowledge spillovers and by allowing successful
innovators to maintain their innovative advantages,
are expected to result in a relatively higher level of
industrial concentration and a lower number of in-
novators. Conversely, by discouraging investments
in innovative activities and by determining a wider

uncertainty is very high and barriers to entry very low,

new firms are the major innovators and are the key
elements in industrial dynamics. When the industry
develops and eventually matures and technological
change follows well defined trajectories, economies of
scale, learning curves, barriers to entry and financial
resources become important in the competitive pro-
cess. Thus, large firms with monopolistic power come

diffusion of the relevant knowledge across firms, low to the forefront of the innovation process (Utterback,

appropriability conditions are more likely to lead to 1994; Gort and Klepper, 1982; Klepper, 1996). On the
a sectoral structure characterized by the presence ofcontrary, in the presence of major knowledge, techno-
a large population of innovators. Finally, high levels logical and market discontinuities, a Schumpeter Mark
of cumulativeness at the firm level are expected to Il pattern of innovative activities may be replaced by a
be associated to persistence in innovative activities. Schumpeter Mark I. In this case, a rather stable organi-
At the sectoral level, technological cumulativeness is zation characterized by incumbents with monopolistic
expected to be associated with a rather high degreepower is displaced by a more turbulent one with new
of stability in the hierarchy of innovative firms and a firms using the new technology or focusing on the new
low rate of innovative entry. In such circumstances, demand (Henderson and Clark, 1990; Christensen and
the selection process favors established technologicalRosenbloom, 1995; Ehrnberg and Jacobsson, 1997).
leaders. Existing innovators accumulate technological The empirical evidence (Malerba and Orsenigo,
knowledge and capabilities and build up innovative 1996) suggests also the existence of differences across

advantages which play a relevant role in affecting
their competitiveness and act as powerful barriers to
the entry of new innovators.

This difference in the organization of innovative
activities at the sectoral level may be related to a
fundamental distinction between Schumpeter Mark |
and Schumpeter Mark Il models. Schumpeter Mark |
is characterized by “creative destruction” with tech-
nological ease of entry and a major role played by
entrepreneurs and new firms in innovative activities.
Schumpeter Mark 1l is characterized by “creative
accumulation” with the prevalence of large estab-

sectoral systems in the patterns of innovative activities
and, for each sectoral system, of similarities across
countries. This result provides support for the rele-
vance of technological regimes in determining sectoral
invariances across countries in innovation patterns.
This is so as long as appropriability and cumulative-
ness conditions are rather similar across countries. The
ability to generate and exploit opportunity conditions
seems less similar across countries. This ability is
related to the presence of natural innovation systems:
the level and range of university research, the presence
and effectiveness of science—industry bridging mech-

lished firms and the presence of relevant barriers to anisms, vertical and horizontal links among local

entry for new innovators. This regime is characterized
by the dominance of a stable core of few large firms,
with limited entry. High technological opportunities,

low appropriability and low cumulativeness (at the

firms, user—producer interaction and the types and
level of firms’ innovative efforts (Nelson, 1993).

The specificities of technological regimes and the
knowledge base provide a powerful restriction on
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the patterns of firms’ learning, competencies, behav- ple, one would build a technology-product matrix that
iors and organization of innovative and production links the products of the sectoral system to a range
activities in a sectoral system. Case studies in the of technologies. This matrix differs from one sectoral
managerial and economic history literature shed light system to another. Moreover, it has been found that
on this aspect. Think, for example, of the differences in most sectors even firms specialized in one product
in the types of competencies among sectors such asoften have to master several technologies: they are
computers, auto or pharmaceuticals (lansiti, 1998; labeled multitechnology corporations (Grandstand
lansiti and Clark, 1994; Henderson, 1994). As a first et al., 1997). However, within the same sectoral sys-
approximation, it is possible to link basic innovative tem, the profile of technological diversification among
behavior and strategies to some differences in the un-large firms is rather similar (Patel and Pavitt, 1994).
derlying knowledge and learning regime. An exercise  Also differences in demand conditions play a major
in this respect has been done by Malerba and Orsenigorole in affecting sectoral differences in firms’ com-
(1993) by linking the specific learning regimes in petencies, behavior and organization. Porter’'s (1977)
terms of opportunity, cumulativeness and appropri- broad sectoral taxonomy of demand conditions and
ability of innovations, to the type and range of basic its effect on firms’ organizations and strategies clearly
innovative behavior (radical versus innovative versus illustrate this point. And, when demand conditions
imitative) in sectors such as computers, biotechnology are coupled with some basic features of knowledge
and semiconductors. In addition, basic knowledge and and technology, the effect on firms’ behavior and
complementarities, together with firms’ idiosincratic organization could be significant. For example, em-
experience and competencies, also affect agents’ be-pirical and theoretical analysis of the evolution of the
liefs, visions or cognitive representations of the sec- computer industry show complex and relevant rela-
toral context (basic economic processes, technology, tionships between demand, technology, knowledge
demand, users, suppliers, competitors and so on). Forbase and the boundaries of firms (Bresnahan and
fascinating examples about this aspect, see FransmanMalerba, 1999; Malerba et al., 1999b).
(1994) and Langlois (Langlois, 1995) on computers. Basic technologies and demand constitute major
Although rather archetipical, these analyzes pointto constraints on the full range of diversity in the beha-
the direction of placing a lot of attention to differences vior and organization of firms active in a sectoral
across sectors in some key factors related to knowl- system. And obviously these constraints differ from
edge and learning regimes. Much more work has to sector to sector in relations to the basic technolo-
be done first to develop a finer grained analysis of the gies and demand. A given technological environment
relationship between knowledge and innovative activ- or demand defines the nature of the problems firms
ities at the sectoral level, and second to enlarge the have to solve in their innovative and production acti-
scope of the analysis from sectoral innovation systems vities and the types of incentives and constraints
to sectoral production systems and sectoral sale andto particular behavior and organizations. As it will
distribution systems. be discussed later, however, within these constraints
great and persistent heterogeneity in firms’ innovative
4.2. Basic technologies, inputs and demand with and productive behavior and organization is present.
key links and dynamic complementarities In addition to technologies and demand, links and
complementarities among artifacts and activities play a
Sectoral systems differ in basic technologies, inputs major role in defining the real boundaries of a sectoral
and demand. An enormous literature on technologies system. These links and complementarities are first of
and technological change has clearly shown how much all of the static type, as input—output links are. Then
sectors differ in their basic technologies and how these there are dynamic complementarities which take into
technologies affect the nature, boundaries and orga-account interdependencies and feed-backs, both at the
nizations of sectors (see, e.g. Rosenberg, 1976, 1982,demand and at the production levels. As mentioned
Grandstand, 1994). This literature has shown that of- in Section 2, dynamic complementarities among arti-
ten in a sectoral system more than one technology mayfacts and activities are a major source of transfor-
be relevant. Thus, for each sectoral system, in princi- mation and growth of sectoral systems, and may set
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in motion virtuous cycles of innovation and change. on the role of demand. In a sectoral system demand
This could be related to the concept of filiere and is not seen as an aggregate set of similar buyers, but
the notion of development blocks (Dahmen, 1989). as composed by heterogeneous agents with specific
Of course, links and complementarities change over attributes, knowledge and competencies who interact
time and differ among sectoral systems. They greatly in various ways with producers (Devetag, 1999). Sim-
affect a wide variety of variables of a sectoral system: ilarly, also suppliers of components and subsystems
firms’ strategies, organization and performance, the play a major role in affecting innovation, productivity
rate and direction of technological change, the type increases and competitiveness of downstream sec-
of competition and the networks among agents. tors. Suppliers are characterized by specific attributes,
Two examples may show that links and comple- knowledge and competencies, with more or less close
mentarities have to be taken into account for an un- relationships with producers. The role of suppliers
derstanding of the working and dynamics of sectoral varies across sectors. It is enough to mention the wide
systems. In multimedia, the convergence of different range of relations between microelectronics suppliers
types of demand and technologies has originated aand information technology producers or the close
new sector with continuously expanding boundaries links between producers of advanced machinery and
and in which the main actors coming from various downstream user industries in the Italian industrial
industries constituting the new multimedia sector, districts (Pavitt, 1984; Malerba, 1993).
but have to use new strategies more in tune with the Firm heterogeneity is a key feature of a sectoral
new features of multimedia. In computers until the system. A higher or lower degree of agents het-
1980s dynamic complementarities and key linkages erogeneity in terms of types, beliefs, competencies,
have kept hardware and software highly interde- behavior and organizations may stem out of differ-
pendent and have consequently affected the verticalences in a set of factors: the characteristics of the
organization and strategies of several computer firms. knowledge base, experience and learning processes,
Later on, some of these dynamic complementarities firms specific interaction with demand, the working
have become less strong and standard interfaces havef dynamic complementarities, firms’ histories and
emerged, thus, leading to the creation of strategies of differential rates and trajectories of innovation and
specialization in computers hardware and in software. growth. Moreover, sectoral systems greatly differ in
the extent and type of agent heterogeneity.
4.3. Types and structure of interactions among Other types of agents in a sectoral system are
heterogeneous firms and non-firms organizations non-firm organizationsuch as universities, financial
institutions, government agencies, local authorities,
What are the major types of agents in a sectoral and so on. In various ways, they support innovation,
system7irms are the key actors in a sectoral system. technological diffusion and production by firms, but
They are involved in the innovation, production and again their role greatly differs among sectoral sys-
sale of sectoral products, and in the generation, adop-tems. Think of venture capital and universities in
tion and use of new technologies. As our previous biotechnology, the local government in machine tools,
discussion of evolutionary theory has stressed, they the military in the early days of the semiconduc-
are characterized by specific beliefs, expectations, tors and computers, and venture capital in software,
competencies, and organization and are engaged inbiotechnology and multimedia.
processes of learning and knowledge accumulation. As mentioned earlier, often the most appropriate
(Nelson and Winter, 1982; Dosi et al., 1998; Malerba, units of analysis in specific sectoral systems are not
1992; Teece and Pisano, 1994; Metcalfe, 1998). necessarily firms, buindividuals, firms’ sub-units
Firms include alsausersand supplierswho have (such as the R&D or the production department) and
different types of relationships with the innovating, groups of firmg(such as industry consortia). For ex-
producing or selling firms. The role of users is ex- ample, in sectoral systems such as biotechnology or
tremely important in several sectors, such as agro-food software, inventors, scientists, or specific engineers
or instrumentation (Lundvall, 1993; Von and Hippel, are key players. In biotechnology, a key unit of anal-
1998). The focus on users puts a different emphasis ysis is also the university department and the research
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laboratory. In electronics, R&D consortia or alliances firms), and among firms, non-firms organizations
for standards are often a more appropriate unit of (such as universities and venture capitalists) and insti-
analysis for the competitive process. tutions (such as regulations) (Henderson et al., 1999;
Within sectoral systems, heterogeneous agentsOrsenigo etal., 2001). And compare it with the knowl-
are connected in various ways through market and edge base of machinery related to completely differ-
non-market relationships. On this issue, it is possible ent types of networks and relationships between firms
to identify different types of relations, linked to differ-  (users and suppliers), non-firm organizations (such as
ent analytical cuts. First, traditional analyses of indus- local banks and industry associations and government)
trial organizations have examined agents as involved and institutions (local trust). Or relate it to the type of
in processes of exchange, competition and commandknowledge and networks in complex system indus-
(such as vertical integration). Second, in more recent tries such as flight simulation (Miller et al., 1995).
analyses processes of formal co-operation or infor-  One final remark has to be advanced. The key role
mal interaction among firms or between firms and played by networks in a sectoral system leads to a
non-firm organizations have been examined in-depth, meaning of the term “sectoral structure” different from
as one may see from the literature on tacit or ex- the one used in industrial economics. In industrial
plicit collusion, hybrid governance forms or formal economics, structure is related mainly to the concept
R&D co-operation. This literature has analyzed either of market structure and of vertical integration and
and firms with certain market power, suppliers and diversification. In a sectoral system perspective, on
users facing opportunistic behavior asset specificity the contrary, structure refers to links among artifacts
in transaction, or firms with similar knowledge and and to relationships among agents: it is, therefore, far
facing appropriability and indivisibility problems in  broader than the one based on exchange—competition—
the R&D process. Finally, the evolutionary approach command. Thus, we can say that a sectoral system is
and the innovation systems literature have paid a lot composed by webs of relationships among heteroge-
of attention to formal and informal co-operation and neous agents with different beliefs, competencies and
interaction among firms: according to this perspective, behavior, and that these relationships affect agents’
in uncertain and changing environments networks actions. They are rather stable over tithe.
emerge not because agents are similar, but because
they are different. In this way, networks may integrate
complementarities in knowledge, capabilities and 4 A business scholar such as Porter has clearly understood these
specialization (see Lundvall, 1993: Edquist, 1997: problems and issues. In his analysis of business strategi(_as, Porter
Nelson, 1995; Teubal et al., 1991). In addition, the has quite early abandoned the tradltlona] concept of industry
! v - ! / L and market. It has attempted to enlarge it in various ways. In
role of the relationships between firms and non-firm «competitive Strategy” (Porter, 1980), he discusses firm strategies
organizations (such as universities and public researchin industries and provides a description of industry boundaries
centers) as a source of innovation and change in sev-that move away from similarity of technical processes or substi-
eral sectors, (such as pharmaceuticals and biotechnol-Utability in demand, by considering also suppliers and buyers,

. . L and the threat of products or services substitutes. In “Competitive
ogy, information te_ChnOI()gy and telecommumcatlons) Advantage” (Porter, 1985), he discusses the value chain and the
has been enphasized (Nelson and Rosenberg, 1993). cojiection of activities that are performed to design, produce and

The types and structures of relationships and net- market a product. Later on, in discussing how nations can affect
works differ from sectoral system to sectoral system, the way industries compete on the international scene he stresses
as a consequence of the features of the knowledgethe role of factor conditions (skilled labor, infrastructure and so

. : , d d conditi d related and ting industries (i
base, the relevant learning processes, the basic tech-on) emand conditions and related and supporting industries (in

. . . addition to firm strategy, structure and rivalry) (“The Competitive
nologies, the characteristics of demand, the key links agvantage of Nations”, Porter, 1990). Finally, in his last work,
and the dynamic complementarities. For example, in “Clusters and the new economics of competition” (Porter, 1998),
pharmaceuticals think of the change in the underlying Porter focuses on local knowledge, trust relationships and culture
knowledge base in the switch from random Screening as the basis of competition (better access to employees and

. . suppliers; access to specialized information; complementarities of
to modern bIOteChnOIOQy' This change has created various kinds; co-ordination with local companies; better motiva-

new types of networks and relations among firms ton and access to institutions and public goods such as pool of
(large pharmaceutical companies and new biotech skills, reputation and technology).
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4.4, Institutions Often the characteristics of national institutions
favor specific sectors that fit better with their speci-
Finally, sectoral systems may greatly differ with re- ficities. Thus, in certain cases, some sectoral systems
spect to their typical institutions. Institutions include become predominant in a country because the existing
norms, routines, common habits, established practices,institutions of that country provide an environment
rules, laws, standards and so on, that shape agentsnore suitable for certain types of sectors and not for
cognition and action and affect the interactions among others. For example, in France sectors related to public
agents (Edquist and Johnson, 1997; Coriat and Dosi, demand have grown considerably (Chesnais in Nel-
1994; Nelson and Sampat, 1998). Institutions and the son, 1993). In other cases, national institutions may
related organizations differ greatly in terms of types. constraint the development or innovation in specific
They may range from the ones that bind or impose sectors or mismatches between national and sectoral
enforcements on agents to the ones that are creatednstitutions and agents may take place. The examples
by the interaction among agents (such as contracts); of the different types of interaction between national
from more binding to less binding; from formal to institutions and sector evolution in various advanced
informal (such as patent laws or specific regulations countries in Dosi and Malerba (1996) are cases
vs. traditions and conventions) (Edquist and John- in point.
son, 1997; Coriat and Weinstein, 1999). In addition,  The relationship between national institutions and
a lot of institutions are national (such as the patent sectoral systems is not always one-way, as it is in the
system), while others are specific to sectoral sys- case of the effects of national institutions on sectoral
tems, such as sectoral labor markets or sector-specificvariables. Sometimes the direction is opposite, and
financial institutions. Other examples of sectoral in- goes from the sectoral to the national level. In fact,
stitutions are disclosure agreements and standards init may occur that the institutions of a sector, which
software or the regulations in the modern pharma- is extremely important for a country in terms of
ceutical sector. employment, competitiveness or strategic relevance,
A key issue to be address by current research refersend up emerging as national, thus becoming relevant
to the emergence of sectoral institutions. They may ei- also for other sectors. But in the process of becom-
ther come into being as a result of deliberated planned ing national, they may change some of their original
decision by firms or other organizations, or they may distinctive features.
emerge as the unpredicted consequence of agents in- In conclusion, the analysis of the role of institutions
teraction. This is an issue to be analyze in-depth and in sectoral systems is only at the beginning. Just to
requires a careful examination of specific cases of reiterate what has been said above, a lot of work needs
sectoral system evolution. to be done in this respect, and it has to be done in var-
Another major topic to be examined in-depth is the ious directions. This will present a formidable analyt-
relationship between national institutions and sectoral ical challenge, because the relevance and balance of
systems. The most obvious aspect to be analyzed isvarious types of institutions may not only differ across
the effect that national institutions have on specific sectoral systems. They may also differ across countries
sectoral systems. For example, the patent system,for the same sectoral system, and involve a range of
property rights or antitrust regulations have different related organizations. (Edquist and Johnson, 1997).
effects on different sectoral systems as a consequence
of the different features of the systems, as surveys andg 5. processes of selection and variety generation
empirical analyses have shown (Levin et al., 1987).
However, the same institution may take different fea-
tures in different countries, and thus, may affect the
same sectoral system differently in different countries.
The well-known diversity between the first-to-invent ———— _ o
. . . . One could also claim that the macroeconomic environment may
anc_i the first-to-file _rules in the pater_1t system in the exert major effects on specific sectoral systems. Sectoral systems
United States and in Japan had major consequencesny fact evolve within specific macro context. This aspect is quite
on the behavior of firms in the two countries. relevant, but it is not going to be discussed at length here.

At the base of the extent of firms’ heterogeneity
within sectoral systems lies the interplay between two
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key evolutionary processes that differ from sector to systems also non-market selection processes are at
sector: the process of variety creation and the processwork, as in the cases of the involvement of the mili-
of selection (Nelson, 1995; Metcalfe, 1998). These tary, the health system and so on. In general selection
two processes affect industrial dynamics and greatly affects the growth and decline of the various groups
account for its differences across sectoral systems. of agents and the range of viable behaviors and orga-
Processes of variety creation refer to products, nizations in a sectoral system. Selection may be more
technologies, firms, institutions as well as strategies or less intense and frequent. It greatly differs across
and behavior. They are related to several mechanisms:sectoral systems. However, while theoretical work on
entry, R&D, innovation and so on. These mechanisms selection has been done at a very general level (see
interact at various levels. For example, the emer- Metcalfe, 1998), a finer grained analysis of selection
gence and growth of new sectoral institutions and and the factors affecting it at the sectoral level has
organizations such as new specialized departmentsstill to be developed.
within universities and new scientific, technological
and educational fields increase variety and can be
associated to the emergence of new technologies and5. The dynamics and transformation
new knowledge. See, for example, the general discus-of sectoral systems
sion by Nelson and Rosenberg (1993) on the role of
universities in several fields of science and technol- Change is a distinctive feature of sectoral systems.
ogy and the case of the emergence in the chemical However, change does not mean simply a quantitative
industry of new departments and engineering degreesgrowth of the variables of a sectoral systems. It means
in universities in response to new technological de- also transformation and evolution.
velopments in industry (Arora et al., 1999). Sectoral  During the evolution of sectoral systems change
systems differ extensively in the processes of variety may occur in the technological and learning regimes
creation and of heterogeneity among agents. and in the patterns of innovations. As mentioned
The creation of new agents—both new firms and before over time, a change in regimes may transform
non-firms organizations—is particularly important for a Schumpeter Mark | pattern of innovative activities
the dynamics of sectoral systems. For example, new to a Schumpeter Mark Il. Or, in the presence of major
firms bring a variety of approaches, specialization and knowledge, technological or market discontinuities,
knowledge in the innovation and production processes, a Schumpeter Mark Il pattern of innovative activities
and contribute to the major changes in the population may be replaced by a Schumpeter Mark |. More-
of agents and in the transformation of technologies over, the knowledge base of innovative activities may
and products in a sector. As examined by Audretsch change in two different ways: an evolution towards a
(1996) and Geroski (1995) among others, the role of dominant design or a drastic change. In the first case, a
new firms differs drastically from sector to sector (in growth of concentration and the rise of large dominant
terms of entry rates, composition and origin), and thus firms may take place (Utterback, 1994). In the second
has quite different effects on the features of sectoral case, new types of competencies may be required for
systems and their degree of change. Sectoral differ- innovation, with major industrial turbulence, entry
ences in the level and type of entry seem to be closely of new firms and turnover in industrial leadership
related to differences in the knowledge base, level, (Jovanovich-McDonald, 1984; Tushman-Anderson,
diffusion and distribution of competencies, presence 1986; Henderson and Clark, 1990). Finally, changes
of non-firms organizations (such as universities and in demand, users and applications represent another
venture capital) and working of sectoral institutions major modification in the context in which firms op-
(such as regulations or labor markets) (Audretsch, erate and may favor the entry of new firms rather
1996; Malerba and Orsenigo, 1999; Geroski, 1994). than the success of established ones (Christensen and
Processes of selection play the key role of reducing Rosenbloom, 1996; Langlois and Robertson, 1995).
heterogeneity, and may refer to different environ-  This brief discussion highlights the need to take
ments: firms, products, activities, technologies, and so into account major sectoral differences in the change
on. In addition to market selection, in several sectoral of sectoral systems and to assess the factors causing
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these changes. In particular, some key questions thatof sectoral systems and their basic co-evolutionary
need to be explored in-depth could be the following. processes. Recent work such as Mowery and Nelson
First, how do new agents come into being and what (1999) on the long-term evolution of sectors such as
are the main sectoral differences in the rate, type and semiconductors, computers, software, pharmaceuti-
determinants of entry? Second, do new competencies,cals and biotechnology, chemicals, medical devices
organizational forms and strategies radically differ and machine tools has started to shed new light on
from the old ones or do they emerge from the old co-evolutionary processes over time and across coun-
ones (i.e. do we have adaptation or drastic change)?tries. In Mowery and Nelson (1999), it has been shown
How is the balance between the two affected by sec- that these co-evolutionary processes clearly differ
toral features? Third, do relationships among agents among sectors. An example is given by the computer
and networks show a great stability or do they change industry, whose long-term development cannot just be
over time, and if so, in which direction? Fourth and described in terms of sales’ growth and the introduc-
more generally, how do new sectoral systems emerge,tion over time of radically new products (such as the
and what is the link with previous sectoral systems? minicomputer, the microcomputer and the computer

From the previous claim that the elements of a networks) with different features and demand. Rather,
sectoral system are closely connected, it follows that in this sector complementarities between changes in
their change over time results in a co-evolutionary components and changes in computer systems have
process of its various elements. This process involves affected the strategies of firms. And a co-evolutionary
technology, demand, knowledge base, learning pro- process involving technology, demand, institutions
cesses, firms, non-firm organizations and institutions. and firms’ organization and strategies has character-
Nelson (1994) and Metcalfe (1998) have discussed ized the whole history of the industry (Bresnahan and
these processes at the general level by focusing on theMalerba, 1999).
interaction between technology, industrial structure, = Even more work is necessary when the transforma-
institutions and demand. tion of sectors involves not just traditionally defined

In this paper, the claim is that these processes aresectors as in Mowery and Nelson (1999), but the emer-
sector-specific. For example, just looking at three el- gence of new clusters that span over several sectors,
ements such as technology, demand and firms, in sec-such as Internet—software—telecom, biotechnology—
tors characterized by a system product and consumerspharmaceutical and new materials. Here, the analysis
with a rather homogeneous demand, co-evolution of sectoral systems has to consider the integration and
leads to the emergence of a dominant design andfusion of previously separated knowledge and tech-
industrial concentration (Klepper, 1996). However, nologies and the new relations and overall dynamics
in sectors with either a heterogeneous demand, oramong different types of users and consumers, firms
competing technologies with lock ins, or network ex- with different specialization and competencies, and
ternalities and standards, specialized products and anon-firms organizations and institutions grounded in
more fragmented market structure may emerge. previously separated sectors.

Often co-evolution is related to path-dependent Atthe modeling level, one way to representin a styl-
processes (Arthur, 1988; David, 1985). Here, local ized form aspects of co-evolution in different sectoral
learning, interactions among agents and networks systems is through history friendly models (Malerba
may generate increasing returns and irreversibilities et al., 1999a). Two of this type of models refer to
that may lock sectoral systems into inferior technolo- the computer industry. One refers to the dynamics of
gies. The cases of sectors with competing technolo- technology, firms’ competencies, market structure and
gies such as nuclear energy (Cowan, 1990), cars (anddemand. During the long-term evolution of an indus-
their power sources—Foreman-Peck, 1996), metal- try major technological and demand discontinuities
lurgy (ferrous casting—Foray and Grubler, 1990) may take place, thus greatly affecting market struc-
and multimedia (VCR—Cusumano et al., 1992) are ture and the survival of established firms. In general,
interesting examples of path-dependent processes. technological discontinuities have been absorbed suc-

In sum, a lot of empirical and theoretical work cessfully by industry leaders much more than demand
has to be done in order to understand the dynamics discontinuities. When a technological discontinuity
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takes place within an existing demand, incumbents Breschi and Malerba (1997) have provided some
are able to shelter the major change in the technology very simple examples of the geographical bound-
through the lock-in of existing customers. On the other aries of sectoral systems by considering the relevant
hand, a major change in demand is often associated todimensions of technological regimes. Traditional sec-
changes in the related technologies, so that establishedoral systems composed by many innovators, geo-
firms have to pass through several shifts in terms of graphically dispersed with no specific knowledge
knowledge, with major consequences for the entry spatial boundaries are associated to technological
and growth of new entrants. These results emphasizeregimes with low degrees of opportunities, appropri-
the need to examine the possible tradeoffs and com- abilities and firms’ cumulativeness with a knowledge
plementarities between knowledge about technologies base partly embodied in equipment and materials.
and knowledge about demand (Malerba et al., 1999a). Machinery, located in industrial districts with many
A second model examines the organization of inno- innovators geographically concentrated with local
vative and production activities in computers when knowledge boundaries, is associated to technological
knowledge complementarities among components regimes of medium opportunities, and high firms’
and systems are present as a the result of the dynamiccumulativeness and a tacit and specific knowledge
interplay of knowledge, competencies and market base. Automobiles, with few innovators, geographi-
structure, and more broadly of the co-evolution of the cally concentrated with local knowledge boundaries
upstream and downstream industries (Malerba et al., are associated to technological regimes characterized
1999b). Once developed for several sectoral systems,by high cumulativeness at the firm level and a sys-
history friendly models will allow comparative ana- tem type of knowledge with some tacit components.
lyzes of the patterns of structural evolution and indus- Finally, modern microelectronics, software and mi-
trial dynamics, identify commonalties across sectors cro computers with many innovators, geographically
and enrich our understanding of the factors behind concentrated with both local and global knowledge
structural evolution. In addition to firms, these models boundaries are associated with very high opportunity
may focus on several elements of sectoral systems:conditions and a wide variety of potential technolog-
non-firms organizations, suppliers, users and public ical approaches (Breschi and Malerba, 1997).
policy. In this way, they could prove quite useful in the What do we know about the interplay between
analysis of the interaction among several elements of a sectoral systems and national (or local) systems? In
sectoral system. the previous pages, the effects of national institutions
on sectoral systems have been discussed extensively.
Some similarities among the sectoral systems of a
6. Theregional and national dimensions country may emerge and these may differ from the
ones that characterize the sectoral systems of another
Geographical boundaries are an important ele- country. Much more research is needed on this issue.
ment to be considered in most analyses of sectoral One useful starting point is to assess how much the
systems. Not always national boundaries are the features and dynamics of the same sectoral system is
most appropriate ones for an examination of the similar and how much is different across countries or
structure, agents and dynamics of these systems.regions. As mentioned before, empirical research on
Often a sectoral system is highly localized and fre- the sectoral patterns of innovative activities in terms
quently defines the specialization of the whole local of innovative concentration, technological entry and
area (as in the case of machinery, some traditional innovative turbulence has confirmed that major dif-
industries, and even information technology). For ferences exist across sectors, but, for the same sector,
example, machinery is concentrated in specialized these patterns are rather similar across countries. This
regional areas. Similarly, sectoral specialization and similarity in the sectoral patterns has been associated
local agglomeration has overlapped in Route 128 (for to features of technological regimes, knowledge base
minicomputers) and in Silicon Valley (for personal and learning processes that are somewhat invariant
computers, software and microelectronics) (Saxenian, across countries. In these analyses based on patents,
1994). however national innovation systems play a major role
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in affecting the sectoral patterns of innovation. For ex- tion and production have been discussed. A definition
ample, on average technological entry is lower in Ger- of sectoral system of innovation and production as
many and Japan than in the United States and the UKa set of new and established products for specific
(Malerba and Orsenigo, 1996). This type of analysis uses and the set of agents carrying out interactions
has to be greatly expanded in order to study the role of for the creation, production and sale of those prod-
national (regional) institutions in affecting some basic ucts has been provided. According to this definition,
cross-country (cross-regional) “invariant” features of sectoral systems have a knowledge base, demand
the structure and dynamics of a sectoral system. technologies, and inputs. The agents composing a
A different, but somewhat related issue regards the sectoral system are individuals and organizations, are
relationship between sectoral systems and countriescharacterized by specific learning processes, compe-
(regions) international performance. Again, this issue tencies, beliefs, objectives, organizational structure
may be tackled from different angles. As previously and behaviors, and interact through processes of com-
mentioned the relationship between the features of a munication, exchange, co-operation, competition and
sectoral system and countries (regions) international command processes, which are shaped by institutions.
performance in that sector is mediated by the national Finally, it has been claimed that over time sectoral
(regional) institutions and non-firms organizations that systems undergo change and transformation through
form a national (regional) system of innovation and the co-evolution of its various elements.
production. The identification of the link between spe- A methodological remark comes from the above
cific elements (or the structure and dynamics) of a definition and should be stressed here as a way of
sectoral system and countries (regions) international conclusion. In a sectoral system, there are different
performance is still ground to be covered by empirical levels for the analysis of agents: the individual, firms’
research. The most interesting attempt in this regard sub-units, groups of firms and non-firms organizations.
is the book by Mowery and Nelson (1999). By ex- Flexibility has to be used in the choice of the unit
amining six sectors in the United States, Europe and of analysis, the variables to be examined and the
Japan, they claim that countries’ international compet- fine grained analysis that has to be conducted. The
itiveness is closely related the presence of competentsame holds for products. Sometimes it is necessary
firms, interactions among firms (such as with users and to analyze very broad sectoral systems, such as com-
suppliers) and advanced non-firm organizations and puter hardware and software. Other times not, as in
institutions. These are factors that could be related to the case of software. Particularly, with respect to the
sectoral systems and that differ from sectoral system emergence of new clusters such as software—internet—
to sectoral system. telecommunication, new materials or pharmaceu-
Finally, one last remark refers to multinational tical-biotechnology, a high level of aggregation is
corporations. These firms may be active in a specific important. In any case, the goal and the objectives
sectoral system, but span over different regions and of the analysis should dictate the appropriate level of
countries. Therefore, the analysis of how these com- disaggregation.
panies are able to profit form the specificities of a sec-  Sectoral systems may prove a useful tool in vari-
toral system in various countries is a matter of relevant ous respects: for a descriptive analysis of sectors, for
empirical scrutiny. For example, a multinational firm a full understanding of their working, dynamics and
operating in a specific sectoral system may locate its transformation, for the identification of the factors
research laboratories in a country, have co-operation affecting the performance and competitiveness of
with a top university in another one, produce and have firms and countries and finally for the development
links with key suppliers in still another and so on. of new public policy proposals.
One remark has to be advanced about the im-
possibility of identifying “optimal” structures and
7. The challenges ahead working for sectoral systems. In reality, some coher-
ence among the various elements of a sectoral system
In this paper, the concepts and the methodology does occur and develops over time as a result of
regarding the analysis of sectoral systems of innova- both conscious design and unplanned processes. And
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mismatches among the various parts and variables ofof variety creation, selection, and co-evolution. Here,
sectoral systems could be identified and eventually both of industry dynamics and history friendly models
eliminated. But the actual coherence is far from be- can be useful. In the best evolutionary (and innovation
ing “optimal”. The same is true for the working of system) tradition, this work should go hand in hand,
sectoral systems. Sectoral systems may take differentand be continuously confronted with, empirical work.
features in different countries, and in different times.  Finally, public policy proposals may be developed
And in continuously changing environments, with on how to affect the transformation of sectoral sys-
historical processes going on and embedded in differ- tems, the innovation and diffusion processes, and
ent countries, there is no way to identify an “optimal” the competitiveness of firms and countries. A sec-
sectoral system. toral system perspective may help in identifying
Future research on sectoral system should move mismatches and blocks that parts of the system exert
along four lines. The first (and the most urgent one) on the rest. And may help overcome vicious cycles
regards analyses of sectoral systems along similar di- that block systems in their growth, development and
mensions. While relevant progress has been done intransformation.
identifying sectoral differences in the types of innova-
tion and production, the kinds of agents, the sources
of knowledge, the key dimensions of demand, the
geer?ph.lcal boundaries and the presence of non_fIrmArora, A., Landau, R., Rosenberg, N., 1999. Dynamics of compa-
organizations, less advancement has concerned the rative advantages in the chemical industry. In: Mowery, D.,
extent and features of within-sector firms heterogene-  Nelson, R. (Eds.), The Sources of Industrial Leadership.
ity and the structure and change in the relationships Cambridge University Press, Cambridge, 1999.
among agents. Even less progress has been reachefthur, B 1988_. Cqmpeting technologie_s, increasing returns and
in understanding diferences in the role of sectoral ,,eecf ¥ "SST ment Seonarie e o, e
institutions, the processes of variety creation and se-  press, Cambridge.
lection, and co-evolution. Albeit these issues present Bain, J., 1956. Barriers to New Competition. Harvard University
quite different levels of analytical and empirical dif- Press, Cambridge. _ _
ficulty, all of them have to be studied in-depth and Bresnahan, T., Malerba, F., 1999. Industrial dynamics and the
. . evolution of firms and nations competitive capabilities in the
understood in order to have a full comprehension of | .4 computer industry. In: Mowery, D., Nelson, R. (Eds.),
the differences in the features, working and dynamics  The Sources of Industrial Leadership. Cambridge University
of sectoral systems. Press, Cambridge.
Second, on the basis of the results obtained from Breschi, S., _Malerba_, F., 1997. Sector_al systems_ of innovatio_n:
the analyses mentioned above, taxonomies of sec- Lechnolo'glcal r'eglmesI Schumpeterian dynamics and spatlal
oundaries. In: Edquist, C. (Ed.), Systems of Innovation.
toral systems have to be constructed. Here, compar-  grances pinter, London.
ative work is particularly relevant. These taxonomies Breschi, S., Malerba, F., Orsenigo, L., 2000. Technological regimes
should group sectoral systems in terms of elements, and Schumpeterian patterns of innovation. Economic Journal
structure and dynamics, so that regularities could be _ 110, 338-410. . .
. e L. Callon, M., 1992. The dynamics of techno-economic networks. In:
identified among sectors and a gener_al description Loombs, R., Saviotti, P, Walsh, V. (Eds.), Technical Change
of the features could be proposed. Pavitt's taxonomy  and company Strategies. Academy Press, London.
(Pavitt, 1984) is a useful starting point as far as the Carlsson, B., 1995. Technological Systems and Economic Perfor-
sources of innovation, the appropr|ab|||ty means and manf:e: The Case of Factory Automation. Kluwer Academic
the industrial structure are concerned. The same holds ._uPlishers, Dordrecht. .
Carlsson, B., Stankiewitz, R., 1995. On the nature, function and
for the Schumpeter Mark | and Schumpeter Mark II composition of technological systems. In: Carlsson B. (Ed.),
distinction, with the related types of technological Technological Systems and Economic Performance. Kluwer
regimes (Malerba and Orsenigo, 1996). Academic Publishers, Dordrecht.
Third, conceptual and theoretical work has to be Cohen, W., Levinthal, D., :’L989. Innovation and learning: the two
carried out on the basic relationships among the faces of R&D. Economic Journal 99, 569-596. ,
Cooke, P., Urange, M.G., Extebarria, E., 1997. Regional innovation
elements of a sectoral system, the emergence and systems: institutional and organizational dimensions. Research

persistence of firms heterogeneity, the basic processes Policy 4/5, 475-493.
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