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Summary — The paper surveys iome results of empirical and theoretical analyses suggesting that the
notion of technological regimes (a5 a proxy of the more general concept of learning regimes) may be a
fruitful concept for studying the different ways in which technological progress and industries are orga-
nized and evolve over time. In particular, in an evolutionary perspective, the view is proposed that some
stylized facts about the patterns of industrial dynamics and the patterns of technological change can be
explained as the outcome of different selection and learning regimes that ave implied by the natare of
techmology.

The frrst part of the paper reporis some vesults of empirical analysis on the patierns of innovation and
industrial dynamics. First, some empirtcal evidence on the patterns of innovation is discussed, showing
that substantial differencer characterize the paiterns of innovalive activities across sectors, but remar-
kable similarities can be observed across countrier in the same sectors. Against this background, it is sug-
gested that ome can meaningfully identsfy two basic groupr of technologies in which innovation proceeds
in quite distinct ways, One group resembler the “Schumpeter Mark 1" model. The second group is more
akin to the “Schumpeter Mark 11" model. Subsequently, some major finding and puzzles which charac-
terize industrial dynamics are discussed: patterns of entry and exit, persistence of firms’ performances,
stability of skewed distribution of firms’ size.

The second part of the paper suggerts some passible interpretation for these phemomena. The concept of
technologrcal regime is introduced and it is argued that this can be used fruitfully 1o provide a frame-
wark for analyzing frrmy’ strategies and forms of organization as well as the sectoral patterns of inno-
vatroe artivities. Then, mdirect and divect empirical evidence linkeng technological regimes to the secto-
ral patterns of innovation and indwstrial dynamics is reported. Finally, the paper briefly surveys some
theoretical models in the evolutionnary tradition aiming a1 explaining and “generating” the observed
empirical evidence.

Résumé - L'arricle** passe en revue les résultats d'érudes chéoriques et empiriques qui met-
tent en évidence l'utilicé du concepr de régime technologique (considéré comme une approxima-
tion du concepr plus général de régime d'apprentissage} pour |'érude des différentes fagons
donr le progrés technique er les industries sont strucrurés et évoluent au cours du temps.
Plus précisément, se situant dans une perspective évolutionniste, I'auteur propose de consi-
dérer les faits stylisés décrivane d'une part les modéles de dynamique industrielle, et de
I'autre les modéles de changement technologique comme le produit des différents régimes de
sélection er d'apprentissage 1mposés par la nature méme de la rechnologie.
La premiére partie de 1'article présente les résultats d'analyses empiriques menées sur les mo-
deles d'innovation et de dynamique industrielle. Tout d’abord, des recherches portant sur les
modgles d'mnovation montrent qu'il existe des différences importantes entre ces modéles
selon le secteur concerné, mais que 'on retrouve des situations analogues pour un méme sec-
teur dans différents pays. Sur cette base, les cechnelogies peuvent étre réparties en deux
groupes done les processus d'innovation sont tout 4 fait différents. Le premier groupe corres-
pond au modele Schumperer Mark 1. Le second s'apparente au modéle Schumpeter Mark 11.
Sont ensuite présentés les résultats ec les quescions caractérisant la dynamique industrielle :
modzles d’entrées er sorties, persistance des résultas obtenus par fes entreprises, stabilité de
la distribution dissymétrique des tailles d'entreprises.
La seconde parrie de l'article propose quelques interprétations possibles de ces phénoménes.
L'aureur introduir le concept de régime technologique et montre Uintérér qu'il présente,
aussi bien pour I'analyse des strarégies d'entreprises et des formes d'organisation que pour les
modéles sectoriels d'activités innovantes. Puis il présente des résulrars empinques directs et
indirects reliant les régimes rechnologiques aux modles secroricls d'innovation er de dyna-
mique industrielle, L'article se termine par une présentation rapide de quelques modéles
théoriques du couranr évolutionniste visant i expliquer et 3 “générer” les résultats empi-
riques observés,
* Department of Economics, Boccont University, via Gobbi, 5, 20136 Milano, lialy.
*¥ 1 reprend le texie de la conférence prononcée par Pauteny d I'Ecole-chercheurs du Col de Porte, Gre-
noble, le 6 avril 1995,
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_ TECHNOLOGICAL REGIMES

HIS paper concerns the relationships between the observed pat-

terns of innovative activities and evolution of industry structures
on the one hand and the underlying microeconomic processes that might
account for them /. Specifically, the paper surveys some results of empir-
ical and theoretical analyses suggesting that the notion of technological
regimes (as a proxy of the more general concept of learning regimes) may
be a fruitful concept for studying the different ways in which technologi-
cal progress and industries are organized and evolve over time.

In particular, available empirical evidence on these phenomena sug-
gests a puzzling coexistence between variety, stability and change. One
may start from the naive observation of high degrees of diversity in
firms technological capabilities, organization, strategies and ultimately
efficiency, both across and within industries. Together with this diver-
sity, one observes also significant changes. Technological progress is a
major engine of change and is ubiquitous. Many firms enter a sector in
a given period of time and many other exit it. The ranking of the larg-
est (or more profitable) firms companies changes significantly over time.
Growth, stagnation and decline of firms — more generally, turbulence —
appear to be a fundamental feature of industrial evolution.

Coexisting with variety and change, however, industrial evolution
appears to be characterized also by remarkable degrees of persistence.
This is particularly evident in the case of innovative activities, but also
differentials in profitability among firms tend to persist over time. At
the same time, some aggregate regularities, such as invariant skewed
distributions of firm sizes, may be observed.

Finally, large and significant intersectoral differences in the degrees
of variety and persistence are seen. In some sectors, diversity is more
pronounced than in others. In some cases, technological change derives
from the activities of a few large companies that innovate systematically
over time, whilst in others new small companies play a significant role
in the generation of technical progress. The degree of market share vol-
atility, the persistence of performances and the role of small firms also
widely differ across industries.

In recent years, evolutionary analysis of industrial dynamics has
started to build an interpretation of the available evidence. In a nutshell,
the evolutionary approach tries to provide some substance to the conten-
tion that market structures are endogenous to the processes of industry
evolution and have to be explained as the outcome of evolutionary pro-
cesses of learning and selection (Dosi and Orsenigo, 1988).

(1) This paper draws substantially on earlier works with Giovanni Dosi and
Franco Malerba. They are not responsible, however, for any mistakes or omissions
present in this draft. Support from the Italian National Research Council (CNR)
(contract n® 94.02158.CT10-115.28709) is gratefully acknowledged.
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L. ORSENIGO

In particular, in this paper the view is proposed that both the styl-
ized facts mentioned above and the sectoral variety can be explained as
the outcome of different selection and learning regimes that are implied
by the nature of technology. In this respect, the notion of technological
regime provides a synthetic representation of some of the most impor-
tant economic properties of technologies and of the characteristics of the
learning processes that are involved in innovative activities.

The paper is organized as follows. The first part of the paper reports
some results of empirical analysis on the patterns of innovation and in-
dustrial dynamics. First, some empirical evidence on the patterns of in-
novartion is discussed, showing thar substantial differences characterize
the patterns of innovative activities across sectors, but remarkable simi-
larities can be observed across countries in the same sectors. Against this
background, it is suggested that one can meaningfully identify two basic
groups of technologies (sectors), in which tnnovation proceeds in quite
distinct ways. One group resembles the “Schumpeter Mark I” (or crea-
tive destruction) model. The second group is more akin to the Schum-
peter Mark II (creative accumulation) model (Section 1). Subsequently,
Section 2 discusses briefly some major finding and puzzles which char-
acterize industrial dynamics: patterns of entry and exit, persistence of
firms performances, stability of skewed distributions of firms' size.

The second part of the paper suggests some possible interpretation for
these phenomena. In section 3, the concept of technological regime is intro-
duced and it is argued that this can be used fruitfully to provide a frame-
work for analyzing firms strategies and forms of organization as well as the
sectoral patterns of innovative activities. Thus, indirect and direct empirical
evidence linking technological regimes to the sectoral patterns of innova-
tion and industrial dynamics is reported. Finally, in the last section, the
paper briefly surveys some theoretical models in the evolutionary cradition
aiming at explaining and “generating” the observed empirical evidence.

As a survey paper, the paper does not present directly all the data, em-
pirical analyses and models that support the argument advanced here.
Moroever, the inclusion of tables and detailed descriptions of methodolo-
gies and models would have made the paper far too long. Thus, the paper
simply reports the main results and the methodologies used to derive
them, obviously indicating the original sources to which readers can refer.

SECTORAL PATTERNS OF INNOVATIVE ACTIVITIES:
THE EMPIRICAL EVIDENCE

Schumpeter Mark I and Schumpeter Mark 11

The ways innovative activities take place in industries and technolo-
gies may be quite different. One may find that in certain technologies
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TECHNOLOGICAL REGIMES

innovative activities are concentrated among few major innovators while
in others innovative activities are distributed among several firms. In
certain technologies large firms do the bulk of innovative activities
while in other small firms are quite active. Finally, in other technologies
new innovators continuously appear while in others only established
firms innovate; and so on.

This difference in the structure of innovative activities may be re-
lated to a fundamental distinction between Schumpeter Mark I and
Schumpeter Mark II technologies. Schumpeter identified two major pat-
terns of innovative activities. The first one, labelled by Nelson and Win-
ter (1982) and Kamien and Schwartz (1982) Schumpeter Mark I, was
proposed in The Theory of Economic Development (1912). This pattern of in-
novative activity is characterized by “creative destruction” with techno-
logical ease of entry and a major role played by entrepreneurs and new
firms in innovative activities. The second one, labelled Schumpeter
Mark II, was proposed in Capitalism, Socialism and Democracy (1942). In
this work Schumpeter discussed the relevance of the industrial R&D la-
boratory for technological innovation and the key role of large firms.
This pattern of innovative activity is characterized by “creative accumu-
lation” with the prevalence of large established firms and the presence of
relevant barriers to entry for new innovators. The Schumpeterian Mark I
and Mark II patterns of innovation could be labelled also widening and
deepening. A widening pattern of innovative activities is related to an
innovative base which is continuously enlarging through the entry of
new innovators and to the erosion of the competitive and technological
advantages of the established firms. A deepening pattern of innovation,
on the contrary, is related to the dominance of few firms which are con-
tinuously innovative through the accumulation over time of technologi-
cal and innovative capabilities (Malerba and Orsenigo, 1995).

2) During the last forty years this characterization of innovative activities by
Schumpeter has encouraged different scholarly traditions aiming at the empirical
verification of the two patterns. The first, and oldest, tradition was mainly cen-
tered on the firm. It attempted to assess the role of firm size and of monopoly
power in innovation (Kamien and Schwartz, 1982). The inconclusive results ob-
tained in these empirical analyses are due to the neglected role of opportunicy and
appropriability conditions in the various industries (Levin, Cohen and Mowery,
1985) and of the endogenous relationship between firm size, concentration and
technological change (Nelson and Winter, 1982). A second, and more recent, tra-
dition has considered Schumpeter Mark I and II models according to the specific
stage of an industry life cycle. According to the industry life cycle view, early in
the history of an industry, when technology is changing very rapidly, uncertainty
is very high and barriers to entry very low, new firms are the major innovators and
are the key elements in industrial dynamics. On the contrary, when the industry
develops and eventually matures and technological change follows well defined
trajectories, economies of scale, learning curves, barriers to entry and financial re-
sources become important in the competitive process. Thus, large firms with
monopolistic power come to the forefront of the innovation process (Utterback and

Abernathy, 1975, Gort and Klepper, 1982, Klepper, 1992).
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However, very little is known about the empirical relevance of these
two characterizations of technological change. There are different ques-
tions at stake here: first, is it possible to observe in the data patterns of
innovation that more closely resemble the Schumpeter Mark I or the
Schumpeter Mark II model? Second, what are the determinants of the
different observed patterns of innovative activities?

Malerba and Orsenigo, in a series of papers, have begun to examine
these issues in some detail, using patent data. First, the OTAF-SPRU
data base on patents granted has been elaborated at the firm level for
four European countries (Germany, France, the United Kingdom and
Italy), for the period 1969-86 and considering 33 technological classes
(Malerba and Orsenigo, 1995). Second, a similar analysis has been per-
formed using a different dataset: the EPO data on patent applications
for six countries (Germany, France, the United Kingdom, Italy, United
States and Japan) in the period 1978-91 (Malerba and Orsenigo, 1996).
Patent data have been aggregated into 48 main technological classes and
one residual class. These classes have been built from 12-digit subclasses
of the International Patent Classification (IPC) grouping them according
to the specific application of patents. For each country, the whole popu-
lation of firms applying for patents has been analyzed. Moroever, eco-
nomic data have been gathered on firm’s size in term of employees in
1984 as the OTAF-SPRU data are concerned and in 1991 in the case of
EPO data‘®’. The two datasets give remarkably consistent results. Thus,
for sake of simplicity, in what follows reference will be made only to the
EPO data.

Patterns of innovative activities have been analyzed on the basis of a
set of indicators which attempt to capture some of the essential features
of the two Schumpeterian “models”. Specifically, Malerba and Orsenigo
developed measures of the following characteristics of innovative activ-
ities:

1) Concentration and asymmetries among firms of innovative activities;
ii) Size of the innovating firms;

1i1) Change over time in the hierarchy of innovators;

iv) Relevance of new innovators as compared to established ones.

3/ As far as the United States are concerned, 133,475 patents and 11,476
firms have been considered; for Germany 108,118 patents and 8,495 firms; for
France 43,986 patents and 5,671 firms; for the United Kingdom 35,175 patents
and 6,055 firms and for Italy 15,175 patents and 3,803 firms; for Japan 81,217
and 3,990 firms. In addition, for the four European countries data on the size of
the innovators has been gathered: 56 % of the German firms, 49% of the French
firms, 34 % of the British firms and 51 % of the Italian firms have been covered.
Firms part of business groups have been treated in the present analysis as individ-
ual companies. For details about the construction of the datasets, see Malerba and

Orsenigo, 1996.
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The first two sets of indicators (concentration and firm size) have
been conventionally used in the traditional discussions of the Schumpe-
terian hypotheses. Clearly, they are meant to measure the extent to
which innovative activities tend to be concentrated in few firms or are
evenly distributed across a large number of firms and whether large
firms or small firms are the main source of innovation in any particular
technological class. The other two sets of measures aim to shed light on
the degree of “stability” and “creative accumulation” or “dynamism” and
“creative destruction” in the organization of innovative activity. In par-
ticular, these indicators try to identify dimensions related to the follow-
ing questions:

— is the list of yesterday’s main innovators the same as today’s list or
have other firms become more innovative ?
— how relevant are new innovators as compared to old ones?

Thus, for each of the technological classes the following indicators
have been constructed using patent data:

— Concentration of Innovative Activities: Concentration is meas-
ured by the concentration ratio of the top 4 innovators (C4). C4 is quite
high in sectors such organic chemicals, macromolecular compounds, ag-
ricultural chemicals, aircraft, computers, telecommunications and nu-
clear technology. It is low in clothing, furniture, agriculture, mining,
chemical apparatus, industrial automation, industrial machinery and
equipment, civil engineering, mechanical engineering and measuring
equipment. Moreover, we calculated the Herfindahl index ((HERF) to
measure how symmetric or asymmetric is the distribution of innovative
activities among firms. HERF is high for organic chemicals and macro-
molecular compounds, miscellaneous chemical compounds, electronic
components and telecommunications while it is low for clothing, furni-
tures, agriculture, mining, metallurgy, industrial automation, industrial
machinery, material handling apparatus, civil engineering, mechanical
engineering, mechanical and electric technologies and sports.

— Size of the innovating firms: this is calculated simply as the
share of total patent applications applied for by firms with more than
500 employees (SIZE). SIZE is high in inorganic chemicals, organic
chemicals, macromolecular compounds, adhesives, agricultural chemi-
cals, computers and other office equipment, while it is low in clothing,
furnitures, agriculture and sports.

— Stability in the hierarchy of innovators: stability is measured by
the Spearman rank correlation coefficient between firms innovating in
1978-85 and firms innovating in 1986-91 (SPEATOT). SPEATOT is
low for clothing, furniture, agriculture, chemical processes, machine
tools, industrial automation, civil engineering and sports, while it is
high for gas and oil, organic chemicals, macromolecular compounds,
new materials, adhesives, drugs, aircraft, electronic components and tele-
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communications. Malerba and Orsenigo (1994 and 1996) compured also
a measure of the stability of the hierarchy of only those firms which in-
novate continuously over time (Spearman rank correlation coefficient
between the hierachies of firms innovating in 1978-85 and 1986-91
(SPEACORE). The difference between SPEATOT and SPEACORE is
that che first indicator considers also firms entering and exiting from the
population of innovators. Thus, when turbulence is generated by new
entrants and exiters but incumbent firms maintain over time a stable
ranking, one might observe technological classes characterized by high
values of SPEACORE bur low values of SPEATOT. SPEACORE has a
low positive value or a negative value in furniture, agriculture, mining,
agricultural chemicals, chemical processes and machine tools, while it
has a high positive value in organic chemicals, macro compounds, com-
puters and office equipment.

— Technological entry: the relevance of new innovators is measured
by the share of patent applications by firms applying for the first time
in a given rechnological class in the period 1986-91 over the total num-
ber of patents in the same period (ENTRY). It must be noted that this
indicator measures innovative entry and not entrepreneurial birth: a new
innovator may in fact have been around for quite a long time. ENTRY
is low for organic chemicals, macromolecular compounds, electronic
components, consumer electronics and telecommunications while it 1s
high for clothing, furniture, agriculture, mining, chemical processes,
machine tools, civil engineering, lighting systems and sports.

Patterns of innovations are technology-specific

Schumpeterian patterns of innovation may be identified by the exis-
tence of specific and systematic relationships between these measures. In
particular, the Schumpeter Mark I (widening) model should be charac-
terized by low concentration and asymmetries in innovative activities,
low stability in the ranking of innovators and high entry of new innova-
tors and small size of innovators. Conversely, the Schumpeter Mark 11
(deepening) model should be characterized by high concentration and
asymmetries in innovative activities, high stability of the hierarchy of
innovators, low entry of new innovators and large size of innovators.

Indeed, coherent relationships exist between these indicators. First,
correlation analysis for the various technological classes shows in all
countries a positive correlation between concentration (C4) and asymme-
tries (HERF), stability of innovators hierarchy (SPEATOT and SPEA-
CORE) and (although to a lesser extent) the size of innovaring firms
(SIZE), and a negative correlation between these measures and entry of
new innovators (ENTRY).

Second, principal component analysis performed for all the techno-
logical classes identifies in all countries one dominant factor which cap-
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tures a large fraction of the variance (¥, This factor discriminates in all
countries between measures of concentration and asymmetries (C4 and
HERF) and stability of the hierarchy of innovators (SPEATOT) on the
one hand, and the variable ENTRY on the other. In other words, this
component captures quite neatly the distinction between Schumpeter
Mark I and Schumpeter Mark II technological classes.

Thus, one can conclude that the relationships between the various in-
dicators of the patterns of innovation are actually related to the two
Schumpeterian models and that the two alternative models discriminate
significantly between technological classes.

What is even more important, moreover, is that the patterns of inno-
vative activities are technology-specific, at least in the sense that strong
similarities are observed in the pattern of innovative activities in the
same technological class across countries:

a) The correlation coefficients for each indicator in the 49 technolog-
ical classes across countries indicate that major similarities exist among
countries in the sectoral patterns of innovative activities. That is to say,
in the same technological class concentration, asymmetries, stability of
the hierarchy of innovators and the role of new innovators tend to to
have the same values across countries.

b) The characterization of a technological class as Schumpeter Mark I
or Schumpeter Mark II is very similar across countries. If technological
classes are grouped according to measures of Schumpeterian patterns of
innovations, in all countries, most of them show similar patterns. Princi-
pal component analysis shows that many of the classes which were in-
cluded in the Schumpeter I and Schumpeter II groups are quite similar in
all countries. Specifically, 19 technological classes are consistently on the
Schumpeter Mark I camp: clothing and shoes, furnitures, agriculture,
chemical, analytical, physical processes, medical preparations, mining,
chemical processes for food and tobacco, machine tools, industrial auto-
mation, industrial machinery and equipment, railways and ships, material
handling apparatus, civil engineering and infrastructures, mechanical en-
gineering, mechanical and electric technologies, household electric appli-
ances, lighting systems, measurement and control instruments, sports and
toys and the residual class “others”. Conversely, 15 technological classes
are consistently on the Schumpeter Mark II camp: gas, hydrocarbons and
oil, organic chemicals, macromolecular compounds, biochemicals, bio-
and genetic-engineering, aircraft, engines, turbines and pumps, laser
technology, optics and photography, computers, other office equipment,

(4 49% for Japan, 58% for the United States, 68 % for Germany, 69 % for
France, 75 % for the United Kingdom, 68 % for Italy and 72 % for the four Euro-
pean countries considered together.
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electronic components, telecommunications, multimedial systems, am-
munitions and weapons and nuclear technology.

In sum, Schumpeter Mark I technological classes are to be found es-
pecially in the “traditional” sectors, in the mechanical technologies, in
instruments as well as in the white electric industry. Conversely, most of
the chemical and electronic technologies are characterized by the
Schumpeter Mark II model.

It has to be emphasized that important differences in the patterns of
innovation across countries persist as a consequence of country-specific
effects related to the national systems of innovation and the specific his-
tories of firms and industries. These differences concern some general
features of the patterns of innovation across all technological classes in
each country, the values of some indicators in specific technological
classes, the relationships between the variables which define the Schum-
peterian patterns of innovation and the patterns of innovation in partic-
ular technological classes.

These differences emerge especially at the aggregate level, where one is
able to identify “Schumpeter Mark II” countries (Germany, Japan, and to
a lesser extent the USA), as opposed to Italy, typically a “Schumpeter
Mark I" country. For example, if one compares the USA, Japan and the
four European countries considered together, Japan emerges as a rather
concentrated and stable country as opposed to Europe. The United States
and Europe show similar features, although Europe is on average less con-
centrated and stable than the United States. If the comparison is made
considering the individual European countries, Germany emerges as a
typical “Schumpeter Mark II country”: high asymmetries, concentration
and stability, limited role of new innovators and high relevance of large
firms. Conversely, Italy exhibits a “Schumpeter Mark I pattern, despite a
very high concentration. Japan looks quite similar to Germany, although
it has a very high value of innovative entry. The other countries fall in
between these extremes. The USA are characterized by low degrees of
concentration (C4) and asymmetry (HERF), low innovative entry, high
degrees of stability of the ranking of innovators within the core of compa-
nies which innovate continuously over time (SPEACORE): that is to say,
innovative activities are widely diffused in a relatively stable group of in-
novators. The UK and France are quite similar, but the former country is
characterized by a low stability of the ranking of innovators.

Differences can also be observed in the relationships between the var-
ious indicators in any individual country®’. In particular, one can ob-
serve a major difference between Europe on the one hand and the USA

3) In particular, in the USA there is no correlation, and in Japan a negative
one, between the variable SPEATOT and the measures of concentration (C4 and
HERF). Moreover, differently from the other countries, Japan is characterized by a
low negative correlation between innovative entry (ENTRY) and concentration
(C4) and asymmetries (HERF).
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and Japan on the other in the relationship between concentration and
stability. Similarly, the variables measuring respectively the stability in
the ranking of continuous innovators (SPEACORE) and the size of inno-
vating firms (SIZE) behave somewhat differently across countries. Fi-
nally, in Japan one observes differences from the other countries rela-
tively more frequently as compared to other nations. However, on the
whole these data and these indicators do not suffice in identifying clear
and systematic national specificities.

Technological entry and exit

These results are confirmed by a more detailed analysis of the secto-
ral patterns of technological entry and exit (Malerba and Orsenigo,

1995a).

In general, technological activities (as measured by patents) are char-
acterized by high degrees of turbulence. The population of innovators
changes substantially over time, through birth and death processes. En-
trants are slightly smaller firms than incumbents in economic terms,
whilst exiters are sometimes bigger. Both entrants and exiters, however,
are relatively small innovators in terms of the share of patent they hold.

However, one has to consider that entrants in any one technological
class may well have innovated before in a different technological class.
Similarly exiters may well start (or continue) to innovate in a different
technology. Thus, gross entry (exit) has to be decomposed in two com-
ponents: “net” entry and exit and “lateral” entry and exit.

In other words, turbulence in innovative activities is generated by
four types of actors: net entrants, lateral entrants, net exiters and lateral
exiters. The patterns of both net and lateral entry and exit are very sim-
ilar to each other. Conversely, net entry and exit are quite distinct from
lateral entry/exit. Net entrants and exiters are usually firms of small ec-
onomic size with few patents each. Net entrants generate more patents
than are lost by the net exiters. Lateral entrants and exiters are usually
firms of large economic size engaged in a process of technological diver-
sification, expanding the range of technologies in which they are active
and eventually abandoning old technologies.

In assessing the performance implications of the entry of new inno-
vators, it is important to know whether new innovators are occasional or
persistent innovators.This means to explore whether and for how long
they continue to patent after entry and whether they tend to increase or
decrease their technological performance over time.

Data show that a large fraction of the new innovators ceases to inno-
vate soon after entry and that survival decreases in the latest entry co-
horts. As a result of the processes of entry and exit, the age distribution
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of innovators is strongly skewed towards the youngest and the oldest co-
horts. On average, in the period 1989 -91 the 1978 -82 cohort was re-
sponsible for 16.6% of total innovators, the 1983-85 accounted for
11.3 %, the 1986-88 cohort for 13.7% and the 1989-91 for 58.3% of
total innovators.

Data concerning the patent shares of firms that survived after entry
confirm these results. The patent share of each entry cohort declines over
time in each period and in each country. Moreover, each group of en-
trants is responsible for its largest share of patents in the period in which
it is first observed and the patent share of each cohort of entrants in the
first period after entry declines over time (from an average of 49.7 % for
the 1983-83 cohort to 40.6% for the 1986-88 cohort to 34.2% for the
1988-91 cohort), as the total population of firms increases. However, the
patent share of the 1978-82 cohort (that is to say, the firms who were al-
ready present in the first period) remains the largest one in each subse-
quent period. Thus, the age distribution of patent shares in each period
is highly skewed, with the oldest and youngest cohorts holding a far
larger share of patents than the intermediate classes (6),

The decline in market share of each cohort as the cohort ages is the
result of two conflicting forces: the change in the size (in terms of pat-
ents) of surviving members of the cohort and the exit of firms from the
cohort. The “older” firms are indeed larger in terms of patents than the
younger ones. Thus, in the period 1989-91 the average size in terms of
patents of the firms in the 1978-82 cohort was 2.30 with respect to all
innovators, against 1.15 for the 1983-83 cohort, 0.90 for the 1986-88
cohort and 0.58 for the 1989-91 cohort.

These results suggest that a large fraction of new innovators is com-
posed by occasional innovators. They represent a large fraction of the
whole population of innovators, but not necessarily of the total number
of patents at any given time.

However, another fraction of entrants survives and grows larger in
terms of patents as times goes by. These older firms who survive and
continue to patent represent an important contribution to total patent-
ing activities in any period. This is a clear indication of the presence of
cumulativeness in technological knowledge and the process of building
up of technological capabilities and competitive advantages by those
firms that are able to survive. These capabilities and advantages generate
a continuous stream of innovation by surviving firms.

What is more important, also the patterns of natality and mortality
show substantial diversity across technological classes. First, the entry

(6) Op average, in the period 1989-91, the 1978-82 cohort was responsible for
35.9% of total patents in that period, the 1983-85 and 1986-88 cohorts has both
14.4% and the youngest cohort (1989-91) had 34.2 %.
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variables and the exit variables are systematically related to each others
within any one technological class. In particular, all the indicators meas-
uring the importance of innovative natality are positively correlated to
each other and to the corresponding indicators of mortality. In other
words, natality and mortality occur simultaneously in each technological
class.

Second, gross entry and exit are negatively correlated with lateral
entry and exit. That is to say, technological classes characterized by high
turbulence show simultaneously and consistently a lower relative role of
lateral entry and exit.

In sum, two different types of technological classes emerge:

a) One group is composed by turbulent classes: high gross entry and
exit with most of the entry generated by totally new innovators and
most of the exit by firms which stop patenting.

b) A second group is composed by stable classes: low gross entry and
exit, largely associated to processes of technological diversification of
firms. In these technological classes, lateral entrants tend to be relatively
big (and net entrants small). Conversely exiters (especially net exiters)
tend to be smaller innovators.

Finally, in most countries turbulent and stable technological classes
tend to be the same: 21 technological classes are consistently stable and
12 classes tend to be consistently turbulent. 16 remaining classes show
more variation across countries or do not fit neatly into these two catego-
ries. The stable group comprises most of the chemical and electronic tech-
nologies, vehicles and aircraft; the turbulent group includes mechanical
technologies, traditional technologies (e.g.furniture) and agriculture.

Again, it is possible to claim that the sectoral patterns of innovative
entry and exit are remarkably similar across countries.

PATTERNS OF INDUSTRIAL DYNAMICS

Together with the patterns of innovation, a growing body of empiri-
cal studies highlights some important stylized facts about industrial dy-
namics.

Entry, exit, market “turbulence”
A first set of “stylised facts” concerns the rates of entry and exit. It

appears that most industries are characterised by significant degtees of
turbulence (Acs and Audretsch, 1990, Beesley and Hamilton, 1984).
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That is to say, the firms composing a given industry are constantly
changing, through processes of entry and exit.

In particular, gross entry is a pervasive phenomenon in manufactur-
ing (and more so, in service industries). Birth rates are quite high in
most industries, even in those characterised by high degrees of capital
intensity (Acs and Audretsch, 1989 and 1991).

Most entrants are small firms, far below any measure of efficient
minimum scale, and a large percentage of new entrants exits the indus-
try within few years after entry. However, an important source of entry
is stemming from incumbent firms operating in other industries or
countries which diversify into other sectors. In this case, entry often oc-
curs via acquisition of existing plants. The role of this second type of
entry is limited in terms of number of firms, but much more important
in terms of share of output or employment.

It must be noticed also that we know very little about the degree of
turbulence in the “core” of the industry, among large firms. Older stud-
ies (Kaplan, 1964, Collins and Preston, 1961, Mermelstein, 1969, Bond,
1975) suggested a relative stability in the hierarchy of large firms: rates
of turnover among the largest corporations appeared to be small and de-
clining over time. Acs and Audretsch (1991) confirm that turbulence
among small firms is higher than among large firms by an estimate of
35% in the 247 manufacturing industries included in their sample.

Mortality is however high too, so that net entry is much smaller than
gross entry and significant turbulence characterises industrial evolution.
Moreover, the probability of survival increases or at least variation in
performance stabilises with size and age (Aldrich and Auster, 1987, Acs
and Audretsch, 1991 and 1992).

These results would seem to suggest that turbulence is primarily a
characteristic of the fringe of the industry. This is confirmed by the ob-
servation that substitution of “old” firms with “new” firms occurs to a
much larger extent among small, young firms which are relatively simi-
lar to each other. In other words, entrants in the fringe often are not
more efficient than the incumbents. Turbulence is instead lower in the
core of the industry and among larger firms.

Turbulence differs drastically across sectors, however. Econometric
literature investigating the determinants of birth rates is now burgeon-
ing and it is now possible to draw some consistent results.

i) Turbulence tends to be comparatively lower in industries charac-
terized by high rates of innovation and advertising, high capital inten-
sity, low concentration, low growth (Acs and Audretsch, 1991).

However, one has to distinguish between the determinants of gross
entry, net entry and exit and between large and small firms.

38



TECHNOLOGICAL REGIMES

i1) In particular, advertising appears to constitute a greater barrier
than capital intensity to both gross and net entry, irrespectively of firm
size. Concentration seems to inhibit entry of small firms but not of large
companies. Similarly, high rates of innovation do not necessarily deter
small firms from entry. In certain industries, in which small firms ac-
count for a significant share of total innovative activities, birth rates are

rather high.

Evidence is less clear about the role played by variables like industry
growth and profitability. The latter variable does not seem to have any
significant effect in attracting entry, whilst mixed results are obtained
for industry growth. Similarly, the growth of GNP (but also unemploy-
ment) appear to trigger new firms formation. In any case, there appears
to be no robust evidence about the cyclical behaviour of birth and death
rates. Some studies report strong correlation between indicators of fa-
vourable macroeconomic conditions, birth rates (positive) and death
rates (negative). Other studies however find absence of correlation or
even inverse correlation (as in the models of self-employment).

1i1) The probability of exiting the industry increases for small and
young companies (Acs and Audretsch, 1990, Evans 1987a and 1987b,
Dunne, Roberts and Samuelson 1988 and 1989, Aldrich and Auster,
1987)7). Moreover, the probability of survival of new, small firms ap-
pear to be lower in capital-intensive industries, and in sectors character-
ized by high rates of innovation and high economies of scale. However,
further distinctions need to be made. Concentration, scale economies
and capital intensity actually seem to facilitate survival in the short run,
but not in the long run. Indicators of innovativeness do not affect survi-
val in the short run, but only in the long run. Moreover, survival is also
easier in those industries in which small firms are important sources of
1nnovation.

Finally, it must be noted that surviving firms have either a higher in-
itial size or higher growth rates. Bigger initial size implies lower
growth, but higher survival. Surviving new firms tend to grow faster in
innovative industries. Scale economies and capital intensity have a posi-
tive effect on growth in the short run: surviving firms tend to grow
faster in the early periods, but afterwards those disavdantages do not
matter.

In sum, capital-intensicy does not affect entry but survival and thus
turbulence. Surviving firms appear to grow faster as a function of the
gap between minimum efficient scale (MES) of output and firm size. At
the same time, however, the likelihood of survival decreases as a function
of that gap. The same happens in terms of innovation rates. Thus, fac-

(7) The literature on population ecology provides further important empirical
evidence on these points. See Hannan and Freeman (1990) among others.
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tors promoting growth reduce survival and vice-versa. An exception 1s
the industry growth rate, which has a positive effect on both growth and
survival.

Inter-firm asymmetries

A second set of stylised facts concerns the existence and persistence of
significant differentials in productivity (Nelson and Winter, 1982) and
profitability across firms and (at least in the US) across industries (Muel-
ler, 1990). Firms enjoying higher (lower) profits tend to earn higher
(lower) profits in the future. That is to say, profits do not converge on a
common rate of return, but some firms earn above normal rates of return
for a statistically unspecified “long time”.

The observed persistence of profitability differentials reflects both
the existence of permanent differentials in “efficiency” among firms,
which are not eroded away by the competitive process and the sluggish-
ness of the competitive process that should generate convergence to
“long run equilibrium”. However, the evidence seems to indicate that
the adjustment of profits to “permanent” values is relatively quick, al-
though high variability is observed in across country comparisons (Gero-
ski, 1988, Geroski and Masson, 1987).

Persistence of profits appears to depend both on industry-specific
characteristics and on firm-specific characteristics. In particular, indus-
try-specific features as the intensity of advertising and R&D appear to be
robust explanatory variables of the persistence of profits above the norm.
The significance of firm-specific variables, on the other hand, varies
across sectors. Firm-effects are important within any one industry. Thus,
for instance, market share is positively related to profitability in the
presence of high advertising and patent intensity.

Empirical evidence is rather fuzzy as it concerns the effects of indus-
try and firm-specific variables of the speed of adjustment. Important dif-
ferences among countries and industries emerge in both the extent to
which profit differentials permanently persist and in the speed of adjust-
ment to “equilibrium”. In general, however, firm-specific variables are
more important in explaining the long-run “equilibrium” levels of com-
pany profits, whilst industry-specific variables are more important in the
explanation of the adjustment process to those long-run equilibrium val-
ues. In the USA, excess returns appear to erode more slowly in highly
concentrated industries, experiencing rapid demand growth, and charac-
terized by significant economies of scale, large absolute capital require-
ments, large sunk outlays and high advertising expenditures (Kessides,
1990). (Other studies, however challenge these results, cf. Odagiri and
Yamawaki, 1990).
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Size distributions

The last set of stylised facts concerns the remarkable stability of a
skewed distribution of firm and plant size, approximately a Pareto dis-
tribution, with the highest frequency found with small companies. This
phenomenon has been conventionally accounted for by some version of
Gibrat’s Law of proportionate growth, i.e. independence of growth rates
from size. However, empirical evidence in this respect is rather inconclu-
sive, the resules depending on the particular specification and on the
sample used. Considering only the more recent studies, Hall (1987) and
Evans (1987 a, 1987b) found that both the firm growth rates and their
variation decrease with size (and age, in Evans studies). Conversely, Acs
and Audretsch (1991) find confirmation for Gibrat's Law, by including
in the sample firms exiting the industry. Indeed, as it have been docu-
mented by several studies (Aldrich, Evans, 19872 and 1987b, Hall,
1987) small (and young) firms tend to exit with greacer frequency than
large companies. Thus, consideration of exit offsets to some extent the
higher growth rates of small firms.

Results are even fuzzier at the industry level. Acs and Audretsch
(1990) for instance, found that growth rates are significantly different
across firm-size classes in about 40% of the industries considered in
their sample. Sectors in which Gibrat’s law 1s not confirmed include pe-
troleum, rubber and plastics, paper, leather. Conversely, Gibrat’ law ap-
pears to hold in furniture, printing, chemicals, fabricated metals, trans-
portation equipment and instruments.

“Life-cycle” patterns

The properties of industrial structures and dynamics discussed so for
pertain to broad aggregates, such as “manufacturing”, or “industries” —
the way they are defined by conventional statistics, say, at 2~ or 3- digit
levels. However, the locus of innovation, competition, entry and exit is
to be found at 2 much more disaggregate level of observation: it is not
e.g. “chemical” or even “pharmaceuticals” but, say, “antibiotics”, “B-
blockers” or, wicthin ocher industrial codes, “integrated circuits”, “laser-
printer”, etc. Within micro sectors, one has identified some typical pat-
terns of evolution along what is sometimes called the “life cycle” of a
particular technology or group of products‘®. These patterns (not en-
ticely unconcroversial) are summarized by Klepper (1992) as follows:

%) On various features of the dynamics of entry, exit, innovation within ‘life
cycles’ see Klepper (1992). Overlapping of complementary evidence stems from
the growing field of “organizational ecology”: see Hannan and Freeman (1990}).
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“1) There is an initial period of fairly steady growth in the number of pro-
ducers followed by a period in which the number of producers declines sharply;

2) the time path in the number of entrants up to the peak number of produc-
ers does not follow a common pattern for all new products, with the number of en-
trants sometimes rising up 1o the peak whereas in other instances it reaches a
maximum well before the peak. For all products, though, entry tends to peak at
or before the peak in the number of producers and then falls off sharply and stays
below exit throughout the shake-out;

3) the number of major product innovations tends to reach a peak during the
period of growth in the number of producers and then falls over time;

4) during the period of growth in the number of producers, the most recent en-
trants account for a disproportionate share of product innovations;

S5) over time, increasing effort by producers is devoted to process relative to
product innovation;

6) over time, the rate of change of firm market shares slows.”. (p. 7).

TECHNOLOGICAL REGIMES AND PATTERNS
OF INNOVATIVE ACTIVITIES

Technological regimes as determinants of the patterns
of innovative activities

The evidence reviewed so far on the patterns of innovative activities
and on industrial dynamics provides an extensive array of problems to
explain. As such, each of the stylized facts mentioned previously consti-
tutes somewhat of a puzzle. The more so, if these facts are considered si-
multaneously. For instance, the evidence on the sectoral specificities in
the patterns of innovation and turbulence and on the persistence of dif-
ferential innovative performance and profitability over time clearly con-
trasts with an explanation of the stability of firm size distribution based
on some version of Gibrat's Law, whereby independence of the variance
of growth from initial size is assumed. Similarly this last assumption is
clearly at odds with the reported evidence on the relationship between
size and age on the one hand, growth and survival on the other.

In general, evidence seems to suggest the existence of:

a) strong firm and sector specificities in the patterns of innovation
and industrial dynamics. In particular, as it concerns innovative activ-
ities, one can meaningfully identify two groups of technological classes:
“Schumpeter Mark I” and “Schumpeter Mark II” classes; b) rather per-
manent factors at the firm level which generate persistence of innovative
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and economic performance over time and c) discontinuities and shocks
which may change radically from time to time the competitive advan-
tages/disadvantages of individual firms and the patterns of industrial dy-
namics.

Empirical research provides also some indication towards a prelimi-
nary interpretation of these phenomena. In particular, the economics of
innovation suggests a few useful concepts in this respect.

First, innovation studies have started to disentangle the plausible
idea that innovative activities are to be analyzed as a complex learning
process. Such processes are inherently cumulative and generate specific
competences which define what a firm can do (and what it cannot do)
and where a firm can search when trying to improve its technological
and economic performance. In this perspective, firms are defined by
their competences. Their ability to change is heavily constrained by the
level and nature of their competences (Teece and Pisano, 1994 ; Dosi and
Marengo, 1993). On these grounds, one would expect to observe high
degrees of diversity and variety in firms competences, as well as rela-
tively high degrees of persistence in their activities and performance.
That is to say, firms appear to be able to build up over time specific ca-
pabilities and assets which shelter them from selection and make them
persistently “better” (or worse) than competitors.

Second, and relatedly, it has been suggested that technologies differ
drastically and that their development retains a strong autonomous
internal logic. The notion of technological paradigms and trajectories
tries to capture this insight (Dosi, 1982; 1988). It must be noted that
paradigm shifts imply radical changes in the relevant competences, in
the directions and procedures of technological change and — as a conse-
quence — also significant changes in the relative innovative capabilities
and “efficiency” of firms.

Third, in a related way, the results discussed previously suggest that
“technological imperatives” and technology-related factors play a major
role in determining the specific pattern of innovative activities of a tech-
nological class across countries. Specifically, we propose that the ob-
served sectoral patterns of innovative activities are related to the nature
of the relevant technological regime.

The notion of technological regime dates back to Nelson and Winter
(1982) and provides a description of the technological environment in
which firms operate. More generally, Malerba and Orsenigo (1990 and
1993) have proposed that a technological regime is a particular combi-
nation of some fundamental properties of technologies: opportunity and
appropriability conditions; degrees of cumulativeness of technological
knowledge; characteristics of the relevant knowledge base.

Opportunity conditions reflect the easiness of innovating for any
given amount of money invested in search. High opportunities represent
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a powerful incentive to the undertaking of innovative activities®. In

addition, opportunity conditions may be highly pervasive or not. Highly
pervasive opportunities may mean that the generation of new knowledge
may be applied to a variety of products and markets. On the contrary,
low pervasiveness means that the generation of new knowledge concerns
only a limited and specific set of products and processes.

Appropriability conditions summarise the possibilities of protecting
innovations from imitation and of extracting profits from innovative ac-
tivities /%),

Cumulativeness captures the properties that today innovations and
innovative activities form the starting point for tomorrow innovations
and that today innovative firms are more likely to innovate in the future
in specific technologies and along specific trajectories than non innova-
tive firms.

Technologies differ also in terms of the characteristics of their knowl-
edge base. The knowledge base can be primarily tacit, local and firm-
specific or rather codified and “universal” and thus relatively more easy
to get access to. Similarly, the relevant knowledge base may show vary-
ing degrees of complexity because innovations may require he integra-
tion of different scientific disciplines and technologies, and because in-
novative activities may be fed by the contribution of a variety of
competences concerning the production process, the nature of markets,
the features of demand and so on. Some of these competences may be ex-
ternal to the firms in the industry and may derive from e.g. suppliers of
materials, equipment producers, users, universities and government la-
boratories.

The notion of technological regime has indeed proved to be useful in
providing a framework for interpreting a substantial body of empirical
evidence on firms organization and strategies and on the sectoral pat-
terns of technical change and industrial dynamics. Moreover, some direct
evidence of the role of variables which constitute a technological regime
and the patterns of innovation is now becoming available.

What follows summarizes the links between technological regimes
and the patterns of innovative activities both at the conceptual and the
empirical level.

(9) Science is certainly a major source of opportunities. Yet, the sources of op-
portunities differ among industries and technologies. As Rosenberg (1982) and
Nelson (1992) have shown, in some industries opportunity conditions are related
to advancements in science; in others, research equipment and instrumentation or
external sources of knowledge, such as suppliers and users, play a major role.

10 s : : : :

(19 As known, firms utilize a variety of means in order to protect innovations,
ranging from patents, to secrecy, to continuous innovation, to the control of com-
plementary assets (Levin ez a/., 1987 ; Teece, 1986).

44



TECHNOLOGICAL REGIMES

Technological regimes, firms’ strategies and organization

Notice first that the notion of technological regimes can provide the
basis of an explanation of some aspects of the dynamics of firms organ-
ization and strategies. The nature of the specific technological regime in
fact identifies some problem-solving tasks which are common to all the
firms active in a particular industry.

For instance, Dosi, Teece and Winter (1992) use some features of
learning activities to explain the coherence and the patterns of diversifi-
cation of business firms. In a similar vein, Malerba and Orsenigo (1993)
provide a discussion and some evidence based on case-studies on the re-
lationships between firms innovative strategies (defined very roughly as
radical, incremental and imitative) and technological regimes.

Notice, first, that high opportunity conditions tend to make rela-
tively more attractive the pursuit of strategies of radical search and ex-
ploration of new innovative opportunities (March, 1991). Moreover, in-
sofar as technological progress is rapid and innovations are generated
from every quarter, high opportunities imply also that companies have
to establish windows and channels of communication with the external
environment (e.g. scientific institutions) in order to keep pace with
progress. In terms of organisational structures, this entails that a com-
pany must be prepared to jump rapidly and continuously on the new op-
portunities, changing and adapting quickly its research organisation.
High cumulativeness conversely implies a strategic bias in favour of in-
cremental search and of the exploitation of existing technologies and ca-
pabilities. Moreover, it implies a tendency towards an increasing special-
isation of innovative activities along specific directions.

Low appropriability conditions imply that imitative strategies are vi-
able for followers and that innovative firms have to view the protection
of innovations as a key strategic dimension in their innovative activity,
possibly also via the development of complementary assets (Teece,

1980).

The combination of these conditions identifies therefore some gen-
eral strategic trade-offs which firms have to cope with and sets of “viable
strategies”. In different technological regimes firms face different strate-
gic imperatives and options. Let us consider some examples.

Think of a combination of high opportunity and high cumulative-
ness: this determines a major tradeoff between the continuous exploita-
tion of existing technologies and the continuous exploration of new
technologies. Sole exploration may imply too high costs of finding radi-
cal innovations without being able later on to fully profit from them.
Sole exploitation may imply the risk that firms may end up being
locked-in in existing technologies, without moving rapidly and force-
fully to the new ones.
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In the case of high opportunity and high appropriability, but low cu-
mulativeness, firms may be induced to follow mainly strategies of explo-
ration of new technologies. For example, this is the case of biotechnol-
ogy, where established firms have to monitor what is going on the
technological frontier and develop extensive network of collaboration
between new specialized biotechnology companies, pharmaceutical firms
and universities. On the contrary, in case of high cumulativeness and
high appropriability, but low opportunity, strategies of exploitation of
existing technologies are the only viable strategies. This is the case of
firms involved in the production of very large scale integration semicon-
ductor memories.

However, in conditions of high opportunity, high cumulativeness
and high appropriability, firms may follow either strategies of explora-
tion of new technologies, or exploit existing technologies or some com-
bination between the two like strategies of exploration of new technolo-
gies followed by exploitation of these technologies. Semiconductor firms’
strategies based on a combination between the introduction of major in-
novations, rapid movements down the learning curve in existing prod-
ucts and on the continuous improvement of established components
within a broad product family are a case in point.

In general, high opportunity, high cumulativeness and low appropri-
ability imply more complex strategic tasks, but also higher degrees of
strategic freedom, i. e. the number of viable strategies is likely to be
bigger. High opportunity allows “exploration strategies”, high cumula-
tiveness allows “exploitation strategies”, while low appropriability al-
lows also follower firms to pursue imitation strategies. Conversely, when
regimes are characterized by low opportunity, the menu of viable strate-
gies becomes narrower.

Two further dimensions which affect the set of viable strategies relate
to the pervasiveness of opportunities and the complexity of knowledge.
Pervasiveness implies opportunities for diversification through the appli-
cation of the core technological knowledge to a variety of products and
markets. Conversely, lack of pervasiveness (i.e. specific opportunities),
particularly if coupled with high degrees of cumulativeness, entails a ten-
dency towards product and market specialization. Thus, diversified com-
panies will tend to emerge in regimes characterized by pervasive opportu-
nities and low cumulativeness, whilst specialist companies are more likely
to emerge in highly cumulative and non pervasive technologies.

The properties of the knowledge base identify some further trade-
offs and imperatives. The more the knowledge base is tacit, the stronger
is the need to develop internal codes and channels of communication,
and the weaker is the ability and the possibility to transfer it to other
firms and institutions. The more the knowledge base is complex, the
stronger is the need for firms to develop mechanisms for the integration
of its various components.
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If appropriability is high and knowledge is codifiable, complexity
may allow firms to specialize in specific innovative activities generating
only part of the relevant know-how. These specialized companies may
coexist and establish complementary relationships with “system integra-
tors” which then may make use and put together knowledge produced
externally. This is the case of the software industry, rich with specialist
firms and system integrators.

On the contrary, low appropriability conditions and high degrees of
tacitness of the knowledge base favour strategies and organizational so-
lutions directed towards full integration through the control and the in-
tegration of various innovative activities, and the development of com-
plementary assets and of strong internal codes of communication (von
Hippel, 1988; Teece, 1986; Mowery, 1983).

In case of high appropriability and tacitness of the knowledge base,
firms may be induced to develop strategic alliances. This is because
knowledge cannot be easily exchanged nor replicated: hence, the incen-
tive for firms to join in long term agreements concerning common inno-
vative activities.

In general, high complexity of the knowledge base and high oppor-
tunity conditions make it more likely that firms develop external net-
works. Even a company like IBM, for a long time fully vertically inte-
grated, had since the early 1980s to form cooperative agreements and
strategic alliances with software firms, users and component producers.

Finally, in case of high pervasiveness and high complexity, a major
organizational trade-off concerning centralization and decentralization
may emerge, particularly when knowledge is tacit. Without entering
into this issue in any detail, let us just mention that the need to develop
full integration through a centralized organizational structure in order
to coordinate and exploit at a complex core capabilities may clash with
the need to decentralize the organisational structure for the exploitation
of the opportunities for diversification. (Pavitt, 1990 ; Marengo, 1991).

Technological regimes and the sectoral patterns of
innovative activities: indirect evidence

The notion of technological regime provides also the basis of an ex-
planation of the variety in the patterns of innovation across sectors
(and/or technologies).

The introduction even of rough proxies of opportunity and appropri-
ability conditions significantly improves the performance of econometric
tests on the relationships between market structure (e.g. firm size and
degrees of concentration) and innovation (Cohen and Levin, 1989).
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Malerba and Orsenigo (1990) discussed the main relationships
between the variables which define a technological regime and the various
measures of the sectoral patterns of innovation and showed in the case of
Italy that the nature of technological regimes highly affects the specific
patterns of innovative activities at the sectoral level. In particular, a high
concentration of innovative activities is related to high opportunity, ap-
propriability and cumulativeness conditions, while high stability in the
hierarchy of leading innovators is related to high appropriability and cu-
mulativeness conditions. Finally, the ease of entry of new innovators in an
industry is related to high opportunity and low cumulativeness condi-
tions. Thus, “Schumpeter Mark I” sectors are characterized by high op-
portunity and low appropriability conditions, which favor the continuous
entry of new innovators in the industry, and by low cumulativeness condi-
tions, which do not allow the persistence of monopolistic advantages in
the industry by any one innovator. “Schumpeter Mark II” patterns are de-
termined by high opportunity, high appropriability and high cumulative-
ness conditions, which allow innovators to incrementally accumulate
technological knowledge and capabilities and to build up innovative ad-
vantages over non-innovators and potential entrants.

The remarkable similarity in the sectoral patterns of innovative activ-
ities across countries provides some further indirect evidence of the rele-
vance of technological regimes in determining some sectoral invariances
in the patterns of technological change (Malerba and Orsenigo, 1993).

Note that the patterns of innovations ought to be rather invariant
across countries, as long as opportunity, appropriability and cumulative-
ness conditions -i.e. the dimensions of technological regimes that affect
the widening and deepening patterns of innovation — are similar across
countries. There is indeed some evidence that appropriability and cumu-
lativeness conditions are rather similar across advanced industrialized
countries (see Malerba and Orsenigo, 1990 and Heimler, Malerba and
Peretto, 1993 for an analysis of the Italian and American cases) across a
wide range of technologies. The ability to generate and exploit opportu-
nity conditions is however less similar among advanced countries, be-
cause this ability is related to the level and range of university research,
the presence and effectiveness of science-industry bridging mechanisms,
vertical and horizontal links among local firms, user-producer interac-
tion and the types and level of firms’ innovative efforts (Nelson, 1992).

Technological regimes and the sectoral patterns of
innovative activities: direct evidence

Some direct evidence on the relevance of technological regimes in ex-
plaining the patterns of innovation across sectors is also becoming avail-

able.
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Cumulativeness, persistence and the patterns of innovation

A first set of results concerns the role of cumulativeness. Actually,
the notion of cumulativeness may have different meanings and interpre-
tations and can be measured in different ways.

To clarify the issue, consider, for a moment, innovation as a purely
random shock in a firm's technological domain. In the simplest statisti-
cal interpretation, then, the notion of cumulativeness may be more gen-
erally interpreted as persistence in innovative activities and can be de-
fined as the differential probability that innovators at time ¢ will
innovate at time ¢ + 1. More precisely, one can think of persistence as
the degree of serial correlation in innovative activities and consider inno-
vation as a purely random process that the firm does not control.

Innovation, however, results from the actions of economic agents and
it is fundamentally affected by opportunities and constraints that are de-
fined by the characteristics of technologies and markets. Thus, persis-
tence of innovative activities is likely to be generated by some properties
of the processes of accumulation of technological competences and by
market processes.

In its simplest economic interpretation, the notion of innovative per-
sistence can be related to the the Schumpeterian intuition that critical
market feed-backs link R&D investment, technological performance and
profitability (Schumpeter, 1942). For instance, persistence may be sim-
ply the outcome of “success-breeds-success” processes like those used in
Nelson and Winter models: innovative success yields profits that can be
reinvested in R&D, thereby increasing the probability to innovate again.

In its simplest technological interpretation, the notion of innovative
persistence can be related to the notion of technological cumulativeness,
i.e. technical change is gradual and incremental, since it builds on accu-
mulated competencies in the firm’s technological domain (Rosenberg,
1976). An innovation generates a stream of subsequent innovations,
which improve gradually on the original one. Thus, persistence may be
the outcome of the intrinsically cumulative nature of learning processes
(Rosenberg, 1976; Nelson and Winter, 1982). The generation of new
knowledge builds upon what has been learned in the past not only in
the sense that past knowledge constrains current research, but also in the
sense that knowledge generates questions and in turn new research.
Moreover, research is usually characterized by dynamic increasing re-
turns (in the form of e.g. learning-by-doing, learning-to-learn, etc.), and
today's research generates tomorrow's new opportunities (Klevorick e
al.,1993; Cohen and Levinthal, 1989).

Innovative persistence may derive also from organizational features at
the firm level. For instance, persistence might be generated by the estab-
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lishment of R&D facilities at a fixed cost, which then produce a rela-
tively stable flow of innovations. More generally, however, persistence is
likely to be originated by firm-specific technological and organizational
capabilities, which can be improved only gradually over time and thus
define what a firm can do now and what it can hope to achieve in the fu-
ture. In this respect, persistence of innovative activities is likely to be
strongly related to heterogeneity in the population of innovators. Heter-
ogeneous agents, characterized by different competences in different
technological domains show different innovative capabilities that are
likely to persist over time. Persistence will then reproduce such differ-
ences, generating furcher heterogeneity.

Serial correlation, technological cumulativeness and economic feed-
backs constitute different aspects of the same phenomenon. Technologi-
cal cumulativeness and market feed-backs relate respectively to the cog-
nitive and to the strictly economic aspects of the innovative process.
Serial correlation, on the other hand captures the observable statistical
properties of the process. In practice, it may be very difficult to distin-
guish the technology-specific, the firm-specific and the market-specific
sources of serial correlation in innovative activities. To the extent that
cumulativeness and market feed-backs are not observable, firm-level se-
rial correlation can be considered as an indicator of the persistence of in-
novative activities generated by technology and market processes.

Various theoretical models have examined the effects of serial correla-
tion in innovative activities upon the patterns of technical change and
industrial dynamics. For instance, Winter (1984) showed via simulations
that innovative persistence generates high rates of innovation, concentra-
tion and stability in the ranking of innovators and low innovative turn-
over as measured by the rates of entry of new innovators and exit of old
innovators. Similar results are obtained by Dosi et 4/ (1995) and will
further be discussed in some more detail.

Malerba, Orsenigo and Peretto (1995) calculated indicators of firm-
level innovative persistence, using again the OTAF-SPRU database for
five European countries (Germany, UK, France, Italy and Sweden).
These indicators are obtained by exploiting the microeconomic informa-
tion contained in the data. They estimated for each technological class in
each country (165 regressions in all), the dynamic panel data model with
variable intercept:

P-aP,, +ﬂi +u, i=1,.,Nandt=1,..,T (1)

where N is the number of firms in the panel for each technological class
in each country and T is the number of years in the panel, 18; lol < 1
is a time invariant sectoral coefficient of firm-level autocorrelation in the
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patenting process and P, is a time-invariant firm-specific random ef-
fece (11,

The instrumental variable estimator for the autocorrelation coeffi-
cient @ is our indicator of persistence. Moreover, the variance of the
firm-specific random effects (0‘2[3) provides an estimate of the heteroge-
neity in the population of innovators.

Malerba, Orsenigo and Peretto (1995) then examined the relation-
ships between persistence, heterogeneity and the observed patterns of in-
novative activities across sectors and countries. The dependent variables
are the index of technological concentration, HERF; the indexes of
stability of the rank of innovators, SPEATOT for the whole sample and
SPEACORE for the firms that innovated consistently over the entire pe-
riod considered; an indicator of innovative intensity, i.e the sectoral in-
tensity of innovative activities at the firm-level, (AVSTOCK, average
number of patents per firm) (7%,

The independent variables include, first, the indicators of persistence
and heterogeneity and, second, measures of market structure, i.e. average
firms’ size in terms of employment (AVEMPL) and economic concentra-
tion in terms of employment (HERFEMPL). In addition, other control
variables were included, namely, the relative rates of technological natal-
ity and mortality in terms of numbers of firms, NATFIRM and MOR-
FIRM. The latter were considered as exogenous variable, although they
might well be partly determined by the same factors which determine
technological concentration and stability in the rank of innovators. How-
ever, technological entry and exit in terms of number of firms are likely to
depend on many other factors (related to e.g. market structure), for which
no measures were available, and to be generated by processes much more
complicated than the one used by Malerba et o/ (1995)(!3’. Finally,
dummy variables for sector and country-specific effects were introduced.

That is to say, the exercise tries to assess whether persistence, hetero-

(1) The standard assumptions on the disturbances and the firm-specific ran-
dom effects are made (see e.g., Hsiao, 1986, chap. 4). Namely, the disturbances #,,
satisfy Ex,, = 0, and E”i/‘/} = O'i ,ifi =jandt =5, and Exu, = o otherwise. The
random effects satisfy Eb; = 0, Ebjb, = 6%, ifi=jand = 0 otherwise.

(12) Please note that this variable is not really an indicator of the rates of innova-
tion, but only of the intensity of patenting activities. This indicator is obviously in-
fluenced by the total number of patents, but also by the total number of firms
within a technological class. Thus, similar values of AVSTOCK might reflect sim-
ply different structures of the patterns of innovation, e.g one characterized by a large
number of patents and a large number of firms and the second vice-versa. In this ac-
ception, innovative intensity might be considered as a synthetic indicator of
whether technological progress follows a “creative destruction” or a “creative accu-
mulation” model.

(73) A final motivation for considering these two variables as exogenous relates
to the problem of censoring. The inclusion of NATFIRM and MORFIRM among
the set of the explanatory vaiables can imperfectly control for the effects of censor-
ing on the estimates.
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geneity and market structure bear any significant relationship with the
variables defining the patterns of innovative activities. The analysis of
the relationship between market structure and innovation was obviously
the main concern of the debate on the so-called “Schumpeterian hypoth-
eses” (Kamien and Schwartz, 1982 ; Cohen and Levin, 1989). Malerba ¢
al. (1995) widen this strand of analysis in two ways: first, they fully rec-
ognize the importance of the insight that sector and technology-specific
variables (i.e., technological regimes) may be very important factors in
determining the intensity of innovative activities. Second, they use new
indicators of the conditions of the technological regime, like the meas-
ures of persistence and heterogeneity, as well as rather unconventional
indicators of market structure like the rates of innovative entry and exit.

Summarizing a lengthy discussion, the results of this analysis show
that persistence and asymmetries are important (and strongly related)
phenomena that affect the patterns of innovative activities across coun-
tries and sectors. In particular, concentration in innovative activities is
associated positively with persistence and technological asymmetries on
the one hand and with industrial concentration on the other; negatively
with average firms’ size (Adj R* = 0.637). Stability in the ranking of in-
novators is related only and negatively to the processes of technological
entry and exit (NATFIRM and MORFIRM) (Adj R* = 0.852). Con-
versely, stability of the rank of innovators for the firms that innovated
consistently over the entire period considered (SPEACORE) is positively
associated to both persistence and technological asymmetries, but not to
the processes of entry and exit (Adj R? = 0.219). Finally, innovative in-
tensity is positively associated to persistence and to technolo%ical asym-
metries and negatively to technological entry and exit (Adj R* = 0.919).

In other words, innovative persistence and technological asymmetries
tend to generate high degree of innovative concentration, high stability
in the ranking of innovators and high innovative intensity. Moreover,
the dependent variables (i.e. the variables measuring the patterns of in-
novative activities, except innovative concentration) are negatively influ-
enced by high rates of innovative entry and exit. Entrants and exiters are
typically small and occasional innovators who operate in the fringe of
the industry. Thus, turnover affects the stability in the ranking of inno-
vators but it does not affect innovative concentration. In sum, these re-
sults confirm that persistence and technological asymmetries are asso-
ciated to a typical Schumpeter Mark II model (/4.

(14) Regressions were also run for the dependent variables entry and exit of in-
novative firms measured in terms of their share of patents NATPAT, MORPAT).
In these cases, the specification clearly omittted the variables NATFIRM and MOR-
FIRM. Thus, these two regressions cannot be directly compared to the previous set of
exercises. In any case, both the dependent variables are negatively associated to per-
sistence and technological asymmetries. Moreover, average firms’ size affects nega-
tively the exit variable but not the entry variable. These results therefore would seem
to provide further corroboration to the hypothesis that persistence and asymmetries
tend to generate Schumpeter Mark II type patterns of innovative activities.

52



TECHNOLOGICAL REGIMES

Market structure variables (especially firms size) do not seem to play
instead any overwhelming influence on the patterns of innovation, the
only significant relationship observed being between market concentra-
tion and innovative concentration.

Technological opportunities, appropriability and
the sectoral patterns of innovation

A second attempt at trying to assess directly the relationships
between the variables which define technological regimes on the one
hand and the Schumpeterian patterns of innovation on the other has
been provided by Breschi, Malerba and Orsenigo (1966).

Two major sources of data have been used in the paper. First, Euro-
pean Patent Office (EPO) data on patents applications by firms of three
countries (Italy, Germany and United Kingdom) for the period 1978-91
have been used to construct the various measures of the sectoral patterns
of innovative activities. Five measures of patterns of innovative activities
are considered in the paper. In addition to the indicators discussed pre-
viously of innovative concentration (the Herfindahl index, HERF, and
the concentration ratio, C4) and of the degree of dynamism and turbu-
lence present in each technological class (technological entry, ENTRY
and the degree of stability of the hierarchy of innovators, SPEATOT), an
additional measure has been constructed. In order to group technologi-
cal classes according to measures of Schumpeterian patterns of innova-
tive activities, principal component analysis has been performed for all
the 49 technological classes (see Malerba and Orsenigo, 1996). The in-
dividual scores resulting from such analysis have been used to construct
a synthetic measure of the sectoral patterns of innovative activities
(PRINCOMP).

Second, data on industry-specific technological conditions (i.e. tech-
nological regimes) were drawn from the recent PACE (policy appropri-
ability and competitiveness for European enterprises) questionnaire sur-
vey coordinated by Merit Institute (The Netherlands). The survey was
addressed to 713 R&D executives from the European Union’s largest
manufacturing firms with the aim of obtaining their opinions on a broad
range of innovation-related issues: goals of innovation, external sources
of knowledge, public research, methods to protect innovations, govern-
ment programmes to support innovation, and barriers to profiting from
innovation. The unit of analysis was the line of business, as defined by
four-digit ISIC (1989, third revision) sectors, of the R&D manager who
received the questionnaire. On the whole, the 713 sample business units
were operated by 414 firms in 101 manufacturing sectors.
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This latter dataset has been used to compute indicators of the variables
which define a technological regime. The relevance attributed to science
as a source of innovation across industries has been used to capture the
level of technological opportunities. Survey respondents were asked to
rate (on a five-point Likert scale) the importance to the progress of their
unit’s technological base of ten fields of basic and applied science over the
past ten years. The variable BASSCIENCE represents for each individual
respondent the sum of scores received by the fields of basic science: biol-
ogy, materials science, chemistry, medical and health, physics, chemical
engineering, mathematics. The variable APPSCIENCE represents instead
the sum of scores received by the fields of applied science: electrical engi-
neering, computing science and mechanical engineering.

Appropriability conditions are measured with responses (on a five-
point Likert scale) to questions concerning the effectiveness of two
methods used by firms to prevent competitors from copying product and
process innovations: patents and secrecy. The variable APPROPRIABIL-
ITY is for each individual respondent the sum of scores received by each
of these two mechanisms for either process or product innovations.

In order to measure cumulativeness conditions, Breschi er 2/. (1995)
resorted to a question related to the frequency of product innovations.
Survey respondents were asked to evaluate (on a five-point Likert scale)
the importance of frequent technological improvements in making their
unit’s product innovations difficult or commercially unprofitable to im-
itate. The score received by this question — CUMULAT - can therefore
be assumed as a proxy of the degree to which technical advances in a
given industry take place in a “cumulative” way.

Using the various measures of Schumpeterian patterns of innovation
as dependent variables, the role played by technological regimes has
been tested by performing regression analysis (OLS). The main results
which emerge from such analysis can be summarized as follows. In the
first place, all industry characteristics (i.e. technological regimes) are in-
dividually significant at the conventional statistical level and have the
expected sign. In particular, APPROPRIABILITY, CUMULAT, and
BASSCIENCE are significantly and positively related to concentratio
ratio of innovators (C4), asymmetries among innovators (HERF) and
stability in the hierarchy of innovators (SPEATOT), as well as to PRIN-
COMP, while they are negatively related to entry of innovative firms
(ENTRY). However, an interesting and to some extent counterintuitive
result emerges in relation to the alternative measure of technological op-
portunity used in the paper, i.e. APPSCIENCE. Such variable indeed is
significantly and negatively related to all above-mentioned measures of
sectoral patterns of innovation, except ENTRY. This result suggests that
high technological opportunities can lead either to Schumpeter Mark II
or Schumpeter Mark I pattern of innovations, depending on the specific
features of knowledge behind such opportunities.
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In the second place, all principal results concerning the significance
and importance of industry characteristics hold whether or not other,
more traditional, variables intended to capture the level of entry barriers
— such as the ratio between industry turnover and total number of oper-
ating firms — are included in the specification. Third, tests of the joint
significance of opportunity, appropriability and cumulativeness variables
reject the null hypothesis, thus providing further confirmation of the
important influence of industry characteristics on Schumpeterian pat-
terns of innovation. Finally, the ratio of explained variance significantly
increases when dummy variables are included in the specification to cap-
ture fixed-country effects, thus suggesting that the relationship between
technological regimes and Schumpeterian patterns of innovation is fun-
damentally mediated by the specific features of each national system of
innovation.

In conclusion, these results confirm that technological regimes, as
represented by survey-based measures of technological opportunity, ap-
propriability and cumulativeness conditions, have a very important and
independent impact on the way innovative activities are structured
across different industries.

FROM TECHNOLOGICAL REGIMES AND PATTERNS
OF INNOVATION TO INDUSTRIAL EVOLUTION

Towards a theoretical explanation

The empirical evidence reviewed so far strongly supports the intui-
tion that the patterns of innovation follow technology-specific paths:
they are a function of some structural characteristics of the technology
and — more generally — of some specific features of learning processes. At
this stage, two major questions arise:

1) First, to what extent the notion of technological regimes can be
used to explain not only the patterns of innovative activities but, more
generally, the patterns of industrial dynamics? Indeed, insofar as innova-
tion is a primary force of firm growth and industrial change, there ought
to be a direct link between technological regimes and the patterns of in-
dustrial evolution.

i) What kind of theoretical explanation can be given to these empir-
ical results? How can we move from “reduced forms” to structural mod-
els of industrial evolution which make explicit the links between tech-
nological regimes and the observed patterns of industrial dynamics?
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From an empirical perspective, evidence is now becoming available
that technological regimes can indeed go a long way to account for the
regularities observed in the dynamics of industries.

For instance, following Gort and Klepper (1982) and Winter {1984),
Acs and Audretsch (1991) argue that sectoral differences in the patterns
of entry and exit, in the relationships between size, age, growth and sur-
vival — and therefore, on firm size distribution — are to be accounted for
by the nature of the relevant rechnology, defined in terms of accessibil-
ity of technological knowledge by firms external to the industry as op-
posed to incumbents. Acs and Audrersch find indeed £CONOMELTic evi-
dence that rurbulence is higher, survival rates of young firms are lower
and rates of growth of survivors are higher in industries characterized by
an “entrepreneurial” as opposed to a “routinized” technological regime.
The latter is defined as a technological environment characterized by
high degrees of cumulativeness, appropriability and tacitness of the
knowledge base.

Other studies (e.g. Baldwin, 1995) indirectly suggest that some
broad characteristics of the learning processes of firms bear an important
influence in determining market structure and its evolution over time.
However, at this stage the evidence available at a disaggregared individ-
ual industry-level is not sufficiently developed to allow for firm conclu-
sions. Clearly, here, much work needs to be done.

Moreover, these empirical findings still need to be thorougly backed
and “explained” by theoretical models which should clarify the links
berween technological regimes and patterns of change. Indeed, even the
direct evidence on the role of technological regimes in explaining the
patterns of innovation and industrial dynamics is still based on reduced
forms, rather than on well-defined structural models. Thus, a theory of
industrial dynamics ought to be able to show that different functional
representations of the mechanisms of access to innovation, and different
parametrizations of variables like opportunity appropriability, cumula-
tiveness, etc., can be mapped into different aggregate descriptions of in-
dustrial structures and industrial change. Moreover, an “evolutionary”
approach would claim that different technological regimes affect primar-
ily the processes of learning and market selection and that it would be
misleading to simply project these intersectoral differences into some
given, possibly sector-specific, “production function” to which agents try
optimally to adjust.

After all, permanent opportunities of innovation imply that industry
evolution occurs wichin an environment which is not functionally de-
fined by scarcity, but in which technological discovery (and in general
the creation of something new) is always possible. Highly imperfect ap-
propriability mechanisms also imply the widespread existence of exter-
nalities and spillovers. Cumulativeness implies that increasing returns
are a structural feature of industrial dynamics.

56



 TECHNOLOGICAL REGIMES

In this perspective, it has been suggested (Dosi and Orsenigo, 1988;
Dosi, Malerba and Orsenigo, 1993 ; Dosi e 2/, 1995) that the observed
regularities and vartety in the pacterns of industrial dynamics can be ac-
counted for by the consideration of the specific properties of learning (as
proxied by technological regimes) and selection in any one industry. Ad-
mittedly, theoretical results in this respect are still less compelling as
compared to empirical analysis. However, a growing body of theorecical
exercises lends strong support to this claim.

Some models have tried to account for the observed patterns on the
grounds of microfoundations resting on heterogeneous agents, imperfect
learning and non-instantaneous market selection.

Others have attempted to explain some industrial regularities (e.g.
firm size distributions and patterns of entry and exit) as an equilibrium
outcome of a stochastic process of convergence to optimal techniques by
rational agents under imperfect information. In particular Jovanovic
(1982) assurnes that new firms are continuously entering the induscry,
being unsure of their own productive efficiency. By producing, they ac-
quire noisy information about cheir productivity. Those firms who dis-
cover that their efficiency exceeds their expectations expand their scale of
output, while those who receive unfavourable signals contract or even
exit. Thus, industry evolution is driven by noisy selection which fosters
the growth of efficient firms and the decline of inefficient ones. Ericsson
and Pakes (1992) have extended this model to consider the possibility
that firms can affect their productivity by investing in learning (e.g.
R&D) activities, the outcome of which is however random. In the same
vein, other models (Lambson, 1991) examine industry evolution and try
to account for some of the stylised facts discussed above as the result of
changing exogenous market conditions.

In the evolutionary tradition, the seminal models by Nelson and
Winter provided some basic reference for subsequent efforts. As known,
Nelson and Winter's model was based on heterogeneous firms, character-
ised by different strategies of innovation and imitation and by different
propensities to invest in innovative activities. Simulation exercises exam-
ined two different technological regimes: a “science-based” regime and a
“cumulative” one. The models were actually able to generate different
patterns of innovative activities and industry structures, yielding differ-
ent measures of concentration and firm size distributions.

Developing on these lines, Silverberg (1987) and Silverberg, Dosi
and Orsenigo (1988) provide further support to the idea thar disequilib-
rium evolutionary models can generate ordered patterns of change,
wherein certain key variables representing firm - and industry -specific
learning regimes give rise to quite different pacterns of evolution.

The basic structure of cthe lacter models (and of more recent develop-
ments, reviewed below) builds on some firm-specific learning dynamics
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and on a replicator equation governing market selection and, thus, link-
ing underlying regimes to the evolution of industrial structures.

Consider the dynamics of market shares as expressed by
f;t =4 [Eit_ Et]fz
where £, is the market share of the 7-th firm at time ¢;

E, = G [m, ] is the competitiveness of firm i — which in turn is a
function of some vector of its technological and organizational character-
istics m,,. E, is the average competitiveness of the industry; and the
dots stand for rates of change. The composition of the vector m, its
changes over time and the G (.) function depend in principle also on the
learning regimes of each industry. In stochastic versions, the learning
mechanisms specific to each technological regime govern the transition

probabilities in n,,.

In Silverberg et al. (1988), firms have to choose when to acquire a
new production technology, the efficiency of which for the users im-
proves with use. Part of these gains in efficiency, linked to phenomena
like learning-by-using, etc., remain “private”, meaning that they can be
reaped only by those firms which actually use the new technology. Part
of that knowledge, however, can become public, i.e. spill over to new
adopters. Firms have therefore to decide the date of acquisition of the
new technology, facing basically the trade-off between early acquisition,
(with the possibility of gaining irreversible advantages vis-a vis compet-
itors but also facing high degrees of uncertainty) and late acquisition
(which might allow for lower uncertainty and exploitation of part of the
experience of early adopters, but possibly accumulating too large a gap
in efficiency) (13).

In this model, therefore, the technological regime is described by the
opportunity conditions (the potential superiority of the new technology),
appropriability conditions (the degree to which experience in the use of
the new technology becomes public) and cumulativeness conditions (the
degree to which the new technology improves with use). Simulations of
the model actually yield not only “ordered” patterns of diffusion, i.e. a
sigmoid diffusion curve as observed in the empirical analyses, bur also
different speeds of diffusion and differential rates of success between
early and late adopters as a function of the two parameters expressing
the “private” and the “public” rate of learning (i.e. cumulativeness and
appropriability conditions).

(13) In the model, firms' decisions concerning investment are governed by a
desired payback period rule. Expectations with regard to the efficiency of the new
technology are expressed by an “anticipation bonus”, which is different among
firms.
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In Dosi and Salvatore (1992), industrial dynamics is explicitly exam-
ined, considering entry and exit as well as growth of firms. The model
contrasts two extreme types of learning regimes. In the first one, the
“Schumpeter Mark II” model, learning is cumulative. Thus, one assumes
thac 1) the probabilities of exit decrease with the age of the firm (e.g.
firms accumulate competences and competiveness over time); ii) the
probability of exit decrease with size (e.g economies of scale in produc-
tion, R&D, etc. are assumed); iii) the variance of growth rates decrease
with age (e.g older firms are relatively more stable in the competences
they incorporate and the market niches they occupy); iv) birth rates are
proportional to the number of incumbents (as empirically suggested by
Dunne, Roberts and Samuelson, 1988). The opposite occurs in the other
extreme regime (the “Schumpeter Mark I" model), where no learning oc-
curs, frequent discontinuities render the skills of incumbents obsolete,
diseconomies of scale characterize production and R&D, etc.

In between these two extreme regimes, the model experiments with
other intermediate conditions and studies firm size distributions which
emerge over time in each of the archetypical “industries”. The results in-
dicate that indeed the sectoral distributions so generated depart signifi-
cantly from a Pareto distribution. Clearly, this corroborates the conjec-
ture that industry evolution is strongly influenced by the
industry-specific regimes of learning and selection. However, a Pareto
distribution is obtained as a result of a random aggregation over these
different industrial archetypes, each characterized by different “techno-
logical regimes” and therefore different evolutionary processes. Such dis-
tribution tends to remain stable, as long as on average the learning (and
selection) conditions do not dramatically change, as for instance in the
case of a generalized “technological shock” (a change in some dominant
technological paradigm) which devalues older competences and intro-
duces a negative influence of age on growth.

Dosi et al. (1995) try to generalize the previous results, examining
explicitly the processes through which firms accumulate competences.

Assume that “industry” (say, the equivalent in recorded statistics of
‘aggregate manufacturing’) is composed of several “sectors”, each corre-
sponding to particular technological and market regimes, which shall be
defined below. In turn, any one “sector” is composed of “microsectors”
(groups of relatively homogeneous products or technologies), loosely cot-
responding to the empirical analyses concerning “technological cycles”.
Hence, one has three levels of observation: most of the “action” — i.e.
learning, changes in market shares, entry and exit — occurs within “mi-
crosectors”; but higher level statistical entities stochastically aggregate
into “sectors” (i.e. regimes) and the overall “industry” (In fact, as we
shall see, there is more than statistical aggregation since, in one of the
regimes, firms may diversify across microsectors ).
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Each firm (j, if it is an incumbent; 7, if it is an entrant) is defined by
its age, @; size, 5; and “competitiveness”, ¢ . Size and competitiveness are
endogenous variables dependent on learning, market selection and — re-
garding size — also on the dynamics of the markets to which the firms
belong. “Competitiveness” is a positive real number which in principle
summarizes the technological and organizational capabilities of each
firm. Hence, “learning” yields positive increments to firm-specific com-
petitiveness.

The dynamic of structure of each “microsector” is endogenous and
dependent on the processes described so far. However, we assume also a
“demand cycle” which determines the absolute size of the microsector it-
self, which we take as exogenously given. The level of output (i.e. the
size of demand) for microsector £ at the beginning and the end of its
“cycle” is conventionally set equal to unity and peaks at T/2 with
M~ = m, where T is the total length of the “cycle”; we also assume

=12 .
that demand stays at unitary level thereafter.

New “microsectors” are randomly born every ® times (with ® uni-
formly distributed on a finite support).

Finally, it is assumed that in the regime “Schumpeter II" firms can
cumulatively exploit their knowledge across different microsectors via
entry and acquisition of incumbent firms.

Calling 4, the event “diversification” of a firm from microsector #,

P
Prid=1)-1-8exp[—0 _’_] (10)

—k

€

More successful firms face a higher probability of diversification,
while 0 captures the degrees of intersectoral “serendipity” of knowledge.

If the event occurs, the microsector, /, toward which the firm moves
is randomly drawn with a uniform distribution over all sectors. Next,
the firm which is to be “acquired” or “founded” is selected, with uni-
form probability over all firms N/ of microsector / (if the firm drawn is
an incumbent, then diversification occurs via “acquisition”, otherwise it
is an entry associated with establishment of a new unit — division’ — in
that market).

The model starts with # firms, identical in size and efficiency (m).
The latter grows over time via a learning dynamics which is different in
various “regimes”. In the first one (the “Schumpeter Mark I") model, in-
cumbents do not learn. Evolution relies entirely on the entry of new in-
novators, the efficiency of which is given by

M1 = m, [1+¢] (1)

60



TECHNOLOGICAL REGIMES

where m, is average efficiency of incumbents and ¢, is a random variable
drawn from a Poisson distribution with mean | (whose value captures

the notional levels of innovative opportunities).

In the “Schumpeter Mark II” model, the learning regime is cumula-
tive. That is, the dynamics of 7, , for incumbents is a Markov process:

m., [1+¢] )

where the stochastic variable ¢, is, again, drawn from a Poisson distribu-
tion specific to incumbents.

M1 =

Learning by entrants is given by

Mipsr = M, [1+ eE]

The birth of new firms is proportional to the number of incumbents,

h:
=n,(h+#k) (3)

where £ is a random variable uniformly distributed on some finite sup-
port.

Market shares, f,, grow according to

-;i,ul =A [mi,t+l/ ,;Hl -1/ 4)

Finally, exit occurs whenever the firm'’s efficiency or market share
falls under a certain threshold.

r+1

A crucial heuristic task of this type of simulation models (and in a
sense their “validation”) concerns their ability to generate some emer-
gent aggregate properties and to allow some mapping of the latter into
identifiable distributions of system parameters and micro characteristics.
In fact, a rich set of properties, consistent with the evidence, appears.

First, the model generates aggregate statistics describing market
structure, in term of number of firms, degrees of concentration, degrees
of asymmetries and turbulence which are systematically different across
the two learning regime, broadly in line with empiricial evidence. Spe-
cifically, the number of firms is typically higher in Schumpeter Mark I
regimes and its number increases with the technological opportunities
for entrants. Conversely, concentration is always a positive function of
the opportunities for incumbents and a negative one of the opportunities
for entrants. The latter are associated also with higher market turbulence
(defined in terms of changes in market shares involving incumbents, en-
trants and exiters: X, 1 £ (t + 1) = f, @1) and higher interfirm asym-
metries (as proxied by a measure of dlspersxon in the level of “competi-
tiveness” ).

Second, some sort of life cycles, similar to those described by Gort
and Klepper (1982) emerges at the level of “microsectors”. Third, when-
ever such microsectors are aggregated in “industries” corresponding to
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particular industrial regimes, the expected relationships between age,
size and growth emerge. For instance, in the “Schumpeter I industry”,
regressions of firms growth rates on age and size have a negative sign.
Fourth, the nature of technological regimes exerts a primary influence
on the average degrees of industrial concentration. Fifth, overall stochas-
tic aggregation over “industries” (and “regimes”) produces Pareto-type
size distributions, which however hide a much greater underlying het-
erogeneity in the processes of corporate growth.

CONCLUSION

In this paper, it was argued that the nature of technological (and or-
ganizational) learning, interacting with the processes of market selec-
tion, define specific regimes of industrial evolution, which in turn gen-
erate empirically observable regularities: primarily, the Schumpeterian
patterns of innovation Mark I and Mark II, but also specific industrial
dynamics as revealed by varying degrees of turbulence, persistence of
differentials in innovative performance and profitability, the relative
stability of particular distributions in firms sizes over the whole popula-
tion of manufacturing enterprises.

The empirical evidence accumulated on the existence of sectoral pat-
terns of innovation that are different across sectors but rather invariant
across countries and on the relationships between technological regimes
and these patterns of innovative activities constitutes a promising start-
ing point for more general empirical and theoretical analyses on indus-
trial evolution.

While still admittedly in their beginnings, “evolutionary” interpre-
tations of industrial dynamics hold the promise of accounting for a
rather wide set of “stylized facts”. They try to do so by identifying some
robust correspondences between distinctive features of observable indus-
trial dynamics on the one hand, and some underlying characteristics of
the microeconomic processes of learning and market selection on the
other.

Putting it in a biological metaphor, this research perspective sug-
gests that explanations of industrial dynamics can be found in links
between taxonomies on “species”, on mutation processes and on selection
criteria. We have still rather incomplete and rough evidence on all three
sets of phenomena. And the theory joining them has yer to undergo
stringent tests for robustness. But significant progress has been made
over the last decade or two: more systematic evidence has been col-
lected; the growing field of the economics of innovation has provided
rich insights on micro learning processes; business economics has in-
creasingly focused on the nature of problem-solving activities of firms
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and their related competences; and theoretical exercises on the properties
of evolutionary processes are (slowly) spreading.

REFERENCES

Acs (Z.) and AupretscH (D.B), 1990 — Innovation and Small Firms,
Cambridge, (Mass.) MIT Press.

Acs (Z.) and AubpretscH (D.B.), 1989 — Small firm entry in US man-
ufacturing, Economica, 56 (2), May.

Acs (Z.) and AupretscH (D.B.), 1991 — Technological Regimes,
Learning and Industry Turbulence, Berlin, mimeo.

Acs (Z.) and AubpretscH (D.B.), 1992 — New firm survival and the
technological regime, Review of Economics and Statistics.

ArpricH (H.) and AusTER (A.), 1987 — Selezione naturale e strategie
d’impresa, Sviluppo e Organizzazione, n° 103, October.

Baowin (J.), 1995 — The Dynamics of Industrial Competition, Cam-
bridge, Cambridge University Press.

Beestey (M.E.) and Hamton (R.T), 1984 — Small firms seedbed
role and the concept of turbulence, Journal of Industrial Economics,
33, December.

Bonb (R.), 1975 — Mergers and mobility among the largest manufac-
turing corporations, Antitrust Bulletin, 20, fall.

BrescHi (S.), MaLeErBa (F) and OrseniGo (L.), 1995) — Technological
regimes and Schumpeterian patterns of innovation, Bocconi Uni-
versity, mimeo.

CoHeN (W.M.) and LeviN (R.), 1989 — Empirical studies of innovation
and market structure, i7: ScHMALENSEE (R.) and WiLLic (R.) —
Handbook of Industrial Organization, New York, North-Holland.

CouHen (W.M.) and LevinTHAL (D.A.), 1989 — Innovation and learn-
ing: the two faces of R&D. Implications for the analysis of R&D
investment, Economic_Journal.

CorLins (N.R.) and Preston (L.E.), 1961 — The size structure of the
large industrial firms, American Economic Review, 51, December.

Dosi (G.), 1982 — Technological paradigms and technological trajecto-
ries. A suggested interpretation of the determinants and directions
of technical change, Research Policy.

63



L. ORSENIGO

Dosi (G.), 1984 — Technical Change and Industrial Transformation. The
Theory and an Application to the Semiconductor Industry, London, Mac-
millan.

Dosr (G.), 1988 — The microeconomic sources and effects of innova-
tion, Journal of Economic Literature.

Dosrt (G.), FrReeman (C.), NeLsoN (R.R.), SiLvErBERG (G.) and SOETE
(L.), eds., 1988 — Technical Change and Economic Theory, London,
Frances Pinter.

Dosi (G.) and Marenco (L.), 1991 — Some elements of an evolution-
ary theory of organizational competences, in : ENGLAND, (R.W.),
ed., Evolutionary Concepts in Contemporary Economics, University of
Michigan Press, Ann Arbor.

Dosi (G.) and Orsenico (L.), 1988 — Coordination and transforma-
tion: an overview of structures, behaviour and change in evolu-
tionary environments, 7: Dosi (G.), FReeman (C.), NeLson (R.),
Soetk (L.) and SiLverBerG (G.), eds., Technical Change and Eco-
nomic Theory, London, Frances Pinter, 1988.

Dosi (G.), MaLErBA (F) and OrseniGo (L.) 1993 — Evolutionary re-
gimes and industrial dynamics, in: MagNussoN (L.), ed., Evolu-
tionary Approaches to Economics, London, Kluwer.

Dosr1 (G.), Marsiui (O.), Orsenico (L.) and SaLvaTore (R.), 1995 —
Technological Regimes, Selection and Market Structure, Small
Business Economics.

Dos1 (G.) and SALvAaTORE (R.), 1992 — The Structure of industrial pro-
duction and the boundaries between organization and markets, n:
Scorr (A.) and StoLper (M), eds., Pathways to Regional Develop-
ment, Westview Press.

Dost (G.), Teece (D.) and WinTER (S.), 1989 — Towards a theory of

corporate coherence, mimeo.

DunNE (T.), RoBerts (M.].) and SamuELson (L.), 1988 — Patterns of
firm entry and exit in US manufacturing industries, Rand Journal
of Economics, 19, pp. 495-515.

DunnE (T.), RoBerts (M.].) and SamUELsoN (L.), 1989 —The growth
and failure of US manufacturing plants, Quarterly Journal of Eco-
nomics, 104, November.

Ericson (R.) and PakEs (A.), 1992 — An Alternative Theory of the
Firm and Industry Dynamics, Cowles Foundation discussion paper
n° 1041, Cowles Foundation for Research in Economics at Yale
University.

64



TECHNOLOGICAL REGIMES

Evans (D.S.), 1987a — The relationship between firm growth, size and
age: estimates for 100 manufacturing industries, Journal of Indus-
trial Economics, 35, June.

Evans (D.S.), 1987b — Tests of alternative theories of firm growth,
Journal of Political Economy, 95, August.

Geroski (P.A.), 1988 — The persistence of profits: a European compar-
ison, The Economic Journal.

Geroski (P.A.) and MassoN (R.T.) (1987), — Dynamic market models
in industrial organization, International Journal of Industrial Organ-
1zation.

Gort (M.) and Krepper (S.), 1982 — Time paths in the diffusion of
product innovations, The Economic_Journal.

HaiL (B.H.), 1987 — The relationship between firm size and firm
growth in the US manufacturing sector, Journal of Industrial Eco-
nomics, 39.

HANNAN (M.T.) and FReeMAN (J.) 1990 — Organizational Ecology, Cam-
bridge (Mass), Harvard University Press.

HeiMLER (A.), MAaLERBA (F) and PereTTO (P.), 1993 — Sources, appro-
priability and directions of technological change: the cases of the
United States and Italy, BNL Quarterly Review, n° 185, pp. 225-
242.

HippeL voN (E.), 1988 — The Sources of Innovation, New York, Oxford
University Press.

Hsiao (C.), 1986 — Analysis of Panel Data, Cambridge, Cambridge
University Press.

Iir1 (Y.) and Simon (H.), 1977 — Skew Distributions and Sizes of Business
Firms, Amsterdam, North-Holland.

Jovanovic (B.), 1982 — Selection and the evolution of industry, Econ-
ometrica, 50.

Kamien (M.) and Scuwartz (N.), 1982 — Market Structure and Innova-
tion, Cambridge, Cambridge University Press.

KapLaN (A.D.H.), 1964 — Big Enterprise in a Competitive System, Wash-
ington D.C., The Brookings Institution.

KEessipEs, 1990, 17 : MUELLER, 1990.

KieppER (S.), 1992 — Entry, exit and innovation over the product life
cycle: the dynamics of first mover advantages, declining product
innovation and market failure, paper presented at the Interna-
tional J.A. Schumpeter Society, Kyoto, August.

65



L. ORSENIGO

Krevorick (A.), LEvin (R.), NeLsoN (R.) and WINTER (S.), 1993 —
On the Sources and Significance of Interindustry Differences in
Technological Opportunity, Cowles Foundation discussion paper
n® 1052, Cowles Foundation for Research in Economics at Yale
University.

LamsoN (V.E.), 1991 — Industry evolution with sunk costs and uncer-
tain market conditions, International Journal of Industrial Organiza-
tion, 9.

Levin (R.), ConeN (W.M.) and MowEery (D.), 1985 — R&D appropri-
ability, opportunity and market structure: new evidence on some
Schumpeterian hypotheses, American Economic Review, Papers and
Proceedings, vol. 75,0° 2, pp. 20-24.

LeviN (R.), KLevorick (A.), NeLsoN (R.R.) and WinTER (S.), 1987 —
Appropriating the returns from industrial research and develop-
ment, Brookings Papers on Economic Activity, 3.

MaLerBa (F) and OrseniGo (L.), 1990 — Technological regimes and
patterns of innovation: a theoretical and empirical investigation of
the Italian case, in: HEErRTIE (A.), Evolving industries and Market
Structures, University of Michigan Press, Ann Arbor.

MaLerBA (F) and Orsenico (L.), 1993 — Technological regimes and
firm behaviour, Industrial and Corporate Change, vol. 2, n° 1, 1993.

MatrerBa (E) and Orsenico (L.), 1995 — Schumpeterian patterns of
innovation, Cambridge Journal of Economics.

MaLerBA (F) and OrseniGo (L.), 19952 — On new innovators and ex-
innovators, Universita Bocconi, Milano, 1995, mimeo.

MaLersa (F) and Orsenico (L.), 1996 — Schumpeterian patterns of
innovation are technology-specific, Research Policy.

MaierBa (F) and Orsenico (L.), 1996a — The dynamics and evolu-
tion of industries, Industrial and Corporate Change.

MaLerBa (F), Orsenico (L.) and PereT10 (P), 1995 — Persistence of
innovative activities, sectoral patterns of innovation and interna-
tional technological specialization, Universita Bocconi, Milano,
1995, mimeo.

MarcH (J.G.), 1991 — Exploration and Exploitation in Organizational
Learning, Stanford University, mimeo.

MarenGo (L), 1991 — Knowledge, Communication and Coordination
in an Adaptive Model of the Firm, Roma, mimeo.

MEerMELSTEIN (D.), 1969 — Large Industrial Corporations and Asset
Shares, American Economic Review, 59, September.

66



TECHNOLOGICAL REGIMES

MueLLer (D.), 1990 — The Persistence of Profits, Cambridge, Cambridge
University press.

Mowery (D.), 1983 — The relationship between the contractual and
intra-firm forms of industrial research in American manufactur-
ing, 1900-1940, Explorations in Economic History.

NeLsoN (R.R.), 1992 — National Systems of Innovation, Oxford Univer-
sity Press.

Newson (R.R.) and WiNTER (S.), 1982 — An Evolutionary Theory of Ec-
onomic Change, Cambridge (Mass.), The Belknap Press of Harvard
University Press.

Opbacirl and Yamawaki, 1990, in: MUELLER, 1990.

Pavitr (K.), 1990 — Some foundations for a theory of the large inno-
vating firm, Brighton, SPRU, University of Sussex, unpublished
manuscript.

RosenBERG (N.), 1976 — Perspectives on Technology, Cambridge, Cam-
bridge University Press.

RosenBERG (N.), 1982 — Inside the Black Box, Cambridge, Cambridge
University Press.

ScHUMPETER (J.A.), 1912 — The Theory of Economic Development, Oxford,
Oxford University Press.

ScHumpeTER (J.A.), 1942 — Capitalism, Socialism and Democracy, New
York, Harper and Brothers.

SILVERBERG (G.), 1987 —— Technical progress, capital accumulation and
effective demand: a self-organisation model, 77: BarTen, Casti
and JOHANSSON (eds.), Economic evolution and structural adjustment,
Berlin Springer Verlag.

SILVERBERG (G.), Dos1 (G.) and Orsenico (L.), 1988 — Innovation,
diversity and diffusion: a self-organisation model, Economic Journal,

98.

Teece (D.), 1986 — Profiting from technological innovation, Research
Policy, vol. 15, pp. 285-306.

Teece (D.) and Pisano (G.), 1994 — The dynamic capabilities of
firms: an introduction, Industrial and Corporate Change.

UrrerBack (J.M.) and ABERNATHY (W.].), 1975 — A dynamic model
of product and process innovation, Omega, pp. 639-656.

WiNTER (S.), 1984 — Schumpeterian competition in alternative techno-
logical regimes, Journal of Economic Bebaviour and Organisation,
vol. 5, n® 3-4, pp. 287-320.

67



