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Abstract

This paper is explorative in nature. Based on an empirical analysis of two different industrial settings (life sciences, LS;
information and communication technologies, ICT), it investigates network growth and firm growth in networks. We find a
remarkable correspondence between a few fundamental findings of the ‘old’ stochastic approach to the analysis of firm internal
growth, and empirically observed patterns of firm external growth through collaborative agreements. We show that scale-free
behavior in real-world industrial networks can be accounted for by a general and parsimonious model, originally developed by
Herbert Simon in 1955, based on entry and proportional growth. However, relevant departures from the stochastic benchmark
are revealed that cannot be ascribed to the effect of mergers and acquisitions (M&As) and growth autocorrelation. Moreover,
different regimes of growth are found to be at work in the life sciences for originators versus developers of new business
opportunities, reflecting the fact that growth is driven by specialization and division of labor in the processes of generation
and attraction/development of technological opportunities.
© 2002 Published by Elsevier Science B.V.
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1. Introduction

Division of innovative labor and R&D collaborative
contractual relationships are recognized as increas-
ingly important economic phenomena (seeArrow,
1983; Arora et al., 2001). In particular, networks of
contractual relationships among firms specialized in
research and exploration (originators) and firms fo-
cused on development, production, and commerciali-
zation (developers) are ever-widening organizational
forms, especially in high-tech, knowledge-intensive
fields (seeOrsenigo et al., 2001).

In the last 10 years, several studies have shown that
network structure and positions in networks influence
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firm performance and growth (Powell et al., 1996,
1999) and ultimately, market structure (Mc Lean and
Padgett, 1997; Pammolli and Riccaboni, 2002). More-
over, most of the literature agrees that networks have
to be analyzed as a distinct organizational solution for
the access to outside knowledge sources, the coordi-
nation of heterogeneous learning processes by agents
endowed by different skills, competencies, access to
innovation, and assets (Pavitt, 2000).

A different stream of literature focuses on dya-
dic relationships within and between organizations
and trade-offs defined at that level (Arrow, 1974;
Williamson,1991): particularly the trade-off between
economies from specialization exploited through task
partitioning and the transaction costs involved in
transferring knowledge and technological information
through arm’s length contracts (seePisano, 1990;
Teece, 1988, 1998; Arora et al., 2001).
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In general, despite a growing consensus on networks
as a distinct organization form and on their importance
in innovation, learning, and evolution (seeFreeman,
1991), economic models of division of (innovative)
labor tend to focus on either standing-alone organiza-
tions or dyadic contractual relationships. Correspond-
ingly, the literature on firm growth considers firms as
fixed, elementary, and independent unit of analysis to
focus on the dynamic properties of a set of quantities
associated with them (e.g. sales, employees, innova-
tive outcome, value added). As a consequence, firms’
structure, interactions, collaborations and transforma-
tions can hardly be accommodated in the usual dy-
namical system theoretical models.

Against this background, we aim at moving a step
forward in the analysis of processes of growth in net-
works. We consider the links betweenoriginators and
developers as instances of firm external growth. On the
one side,originators discover new technological op-
portunities and establish contractual relationships that
generate income and give access to relevant assets. On
the other side,developers rely on collaborations with
originators to get access to outside knowledge sources
and capture new technological opportunities.

We represent size and growth in terms of firms’
connectivity (k) as measured by the number of collab-
orations established, seen as independent business op-
portunities of size unity arising over time (seeIjiri and
Simon, 1977). Our empirical investigations on growth
in networks in the life sciences (LS) and information
and communication technologies (ICT) offer a neat
picture, revealing the existence of scaling phenomena,
with the firm connectivity distribution being well de-
scribed by a power law of the formN = αK−γ , where
N is the number of firms with more thanK connections.

This result, which is stunningly equivalent to well
known empirical regularities on processes of growth
in several domains of both natural and social sciences
(seeSimon, 1955; Albert and Barabási, 2001; Fujita
et al., 1999), suggests that an apparently general phe-
nomenon ought to be central in any modeling effort
of firms, regions and networks growth.

Along this way, we focus on the mechanisms be-
hind the dynamic properties of growing networks
and on firm growth in networks, unraveling striking
analogies between processes of internal growth and
processes of external growth through collaborative
agreements.

We do show that the scale-free behavior detected in
networks of innovators can be accounted for by a very
general and simple model, which is rooted in the ‘old’
stochastic approach to the analysis of firm growth.

While growing, networks in LS and ICT self-
organize into scale-free structures shaped by entry of
new firms and by proportional growth of the connec-
tivity of individual firms, with remarkable departures
from a regime of universal random growth.

In addition, departures from the Pareto distribu-
tion in the life sciences sector cannot be ascribed
to ‘traditional’ explanatory variables (growth autocor-
relation, mergers and acquisitions). In LS, different
regimes of specialization and growth are found to be
at work for originators versus developers, reflecting
differences in the processes of generation versus ab-
sorption/development of technological opportunities.

In particular, the population of originators is char-
acterized by a regime of proportional growth which
corresponds to a ‘popularity is attractive’ mechanism
(see alsoZucker et al., 1998), while for developers
this mechanism is attenuated by an additional random
component.

While our preliminary results cannot be fully ex-
plained given the present status of our knowledge,
they are highly coherent with an interpretation of firm
growth and networking activities which is rooted in a
competence-based view of organizational growth and
division of labor (Penrose, 1995; Richardson, 1972;
Nelson and Winter, 1982; Dosi, 2000).

The empirical findings presented in this paper—as
well as in Orsenigo et al. (2001)and in Pammolli
and Riccaboni (2002)—show that processes of net-
work growth are sustained by dynamic complementar-
ities between patterns of specialization in knowledge
production (originators) and processes of diversifica-
tion of in-house capabilities by large multi-product,
multi-technological companies (developers, see also
Granstrand et al., 1997; Pavitt, 2000).

Our analysis points to some basic principles behind
the growth of firms in technological networks, provid-
ing a simple benchmark for future investigations. In
addition, one important feature of our work is related
to the fact that, since we are dealing with the dynam-
ics of a set of links, we can exploit the duality of
the overall system, extracting topological information
which can be used to uncover the underlying causal
data generating mechanisms. That is to say, the study
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