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Recently, attempts have been made to understand the patterns of corporate
technological diversification and their implications for the economics and the
management of such diversification. This book consolidates this new line of
research and breaks new ground by examining the patterns of technological diver-
sification, and their relationship with internationalisation, economic performance
and inter-company alliances.

Business diversification as a strategy came into fashion in the 1950s and 1960s.
Following some conspicuous failures of highly unrelated conglomerates, the trend
was reversed in the 1980s and 1990s. The reversal was described by terms such as
back to basics, stick to your knitting, downsizing or outsourcing. Yet just when
product diversification fell out of fashion, technological diversification came in.
Scholars speak today of the “multi-technology corporation”.

Following an introduction and a survey of product and technological diversifi-
cation, the book begins with a statistical analysis of technological diversification,
and its links with internationalisation and alliances. It continues with a range of
industry and company case studies, and an assessment of historical evidence. The
book provides a systematic analysis of data, case studies and other relevant mater-
ial to understand this phenomenon. Contributors bring to bear significant
experience with large data sets at the firm level on technological diversification
and other strategic dimensions on which it has an impact.

This book will be essential reading for students and researchers in the fields of
Economics, International Business, Business Strategy and Technology Management.

John Cantwell is Professor of International Business at Rutgers University, USA,
and on leave as Professor of International Economics at the University of Reading,
UK. His 1989 book Technological Innovation and Multinational Corporations helped to
launch a new literature on multinational companies and technology creation.
Alfonso Gambardella is Professor of Economics and Management at the
Sant’Anna School of Advanced Studies, Pisa, Italy. His main research interests are
Economics of Technological Change, Applied Industrial Organisation, and
Strategic Management. Ove Granstrand is Professor in Industrial Management
and Economics at Chalmers University and Chairman of the Center for Intellec-
tual Property Studies. His research interests concern economics and management
of technology and innovation.
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Preface

This book has grown out of ongoing discussions since the mid-1990s
among a group of economists and management scholars on the puzzling
nature of diversification in industry. Diversification with its many facets is at
the core of the evolution of companies. Diversification has in fact more
distant origins than the internationalisation of companies, despite the
virtues of specialisation hailed since Adam Smith. In other words multi-
product corporations (MPCs) predate multinational corporations (MNCs)
as a phenomenon. At the same time most research, and there has been
quite a lot of it, has not been able to show any strong positive links between
product diversification and economic performance in terms of growth and
profitability, quite the contrary. From being fashionable in the 1960s in the
US and somewhat later in Europe, diversification fell completely out of
fashion in the 1980s in the West, being replaced by its antidote special-
isation, while it continued to flourish another decade or so in Japan and
most NICs or near-NIC countries. Some observers even claimed diversifica-
tion was the engine of the high-tech miracle in Japan, or at least a necessity
for catching up. Thus, a number of questions arose. Are there different
types of diversification, having different effects on economic growth? Had
the pendulum of fashion in management and strategy swung too far, first
towards diversification and then later back towards specialisation, wasting
economic energy by overshooting? Is diversification a more suitable recipe
for firms in developing countries that are catching up? Also more theo-
retical questions arose. In light of the resource-based view of the firm,
should not resource diversification and its links with product diversification
be addressed? Some research had pointed to the virtues of technology-
related product diversification and the pivotal role of technological diversi-
fication for growth, even for highly specialised companies.

Questions like these were raised and discussed in a series of meetings,
in Goteborg, Sweden 1997, Pisa, Italy 1998 and Pisa 2000, supplemented
by various other informal meetings. Our group benefited from also
becoming part of a related EU-funded project on “Dynamic capabilities,
growth and long-term competitiveness of European firms: a diagnosis and
the implications for EU policies” (Dynacom) which was coordinated by
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Giovanni Dosi from 1998-2000. We decided early on to focus in particular
on the phenomenon of corporate technological diversification and to write
a book based on new research, of which there had so far not been much.
Hereby, a hitherto new perspective on diversification in general could be
added. This perspective could hopefully contribute to resolving some of the
puzzles and, equally importantly, contribute to discovering new puzzles.
Thus, this book is really a multi-authored book stemming from a long-term
collaborative effort rather than an edited book stemming from a specific
one-off conference. As such, we as editors (or lead authors) hope the book
will prove to its readers to be reasonably coherent, besides being original
and comprehensive about an emerging new line of research.

Along the way we have left ourselves with debt of gratitude in various
ways. First and foremost we want to thank all the contributors for their
endeavours. Some of us also thank others for their endurance. Ove
Granstrand wants to thank the Swedish government agency for technical
development NUTEK (now Vinnova), the Salén foundation and Telia for
financial support. John Cantwell wishes to thank Kathryn Chapman, who
was his secretary in Reading, and did a great job in coordinating our
efforts as the book was collated, and we are also grateful to John
Cantwell’s father, J.D. Cantwell, who kindly compiled the index to the
book. In finalising the manuscripts our thanks go to Eva Burford in Gote-
borg. Most recently, following John Cantwell’s move to the US, we are
extremely grateful to Katherina Glac for editorial assistance, without
which this book could not have been finished.

Finally, but very importantly, we need to remember somebody else who
sadly is no longer with us. Keith Pavitt was present at our early meetings,
and this book is largely a result of his encouragement. It was Keith who
was largely responsible for sharpening the formulation of the notion of
corporate technological diversification, for stressing how centrally it con-
nected with other key issues in the field of innovation studies, and then
for popularising the concept and its use among a wider circle of
researchers. He was without doubt a key intellectual inspiration for us in
working on this topic, and in continuing to work on it. Keith was a great
friend to all of us and we miss him greatly. We are proud to dedicate this
book to the memory of Keith Pavitt.

John Cantwell
Reading, UK
and

Rutgers, NJ, USA
Alfonso Gambardella
Pisa, Italy

Ove Granstrand
Goteborg, Sweden
August 2003
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1 Technological and corporate
diversification

John Cantwell, Alfonso Gambardella and
Ove Granstrand

1 Introduction

1.1 To diversify or specialize? The diversification dilemma

To diversify or not to diversify — that is the question. As such it is and has
been perpetually plaguing company managers and strategic advisors sup-
posedly more decision-oriented than Hamlet. Companies have also been
surprisingly Hamletian about it, and as with any soul-twisting strategic
question, it has led to ambivalence, conflicts, delays, exaggerated
responses and not seldom economic tragedy.

With the usual lag behind management practice, scholars (presumably
more Hamletian than managers) in many quarters have in recent decades
begun to be puzzled and plagued by the question.' At the center-stage of
their analysis is the link between diversification and economic perform-
ance — a link still missing, despite much search and research, using a
variety of tools.

1.2 Purpose

The purpose of this book is to provide a research-based view with a new
perspective on corporate diversification, focusing on a particular dimen-
sion of diversification — namely, technological diversification and its eco-
nomic and managerial implications.

1.3 Objectives of the book

A major motivation for this book is that while there are many contribu-
tions in the literature on the business diversification of firms, only very
recently has there been some initial attempt to understand the patterns of
corporate technological diversification, and their implications for several
economic and managerial dimensions, such as internationalization, busi-
ness diversification, economic performance etc. This book attempts to fill
that gap. Moreover, in doing so, the book provides a systematic analysis of
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data, case studies, and other relevant material to understand this phenom-
enon. As a matter of fact, most of the contributing authors have signific-
ant experience with large data sets at the firm level on technological
diversification and the other strategic dimensions mentioned. While
having a clear analytic content, systematic use of (available) data is
another important feature of this book.

The main issues that will be treated in the book are:

technological diversification and product diversification;
technological diversification and economic performance;
technological diversification and internationalization;

technological diversification and strategic alliances;

cases of technological diversification in specific industries;

corporate case studies of technological diversification;

technological diversification and managerial and organizational
issues.

1.4 General overview of the topic

Diversification as a general concept for extending activities of some sort
into new areas obviously defines a very wide-ranging and pervasive topic.
Diversification in this sense applies to various entities — human cells as well
as humans, companies as well as industries, regions as well as nations etc.
How human stem-cells diversify or differentiate is largely a puzzle (as of
the time of writing) providing a hot research topic. How individuals with
different competence profiles perform differently along a vector of high
(low) specialization — low (high) diversification has always been an issue,
for employers and employees alike, and not least for all students. Adam
Smith, Frederick Taylor and Henry Ford settled the issue in favor of
specialization, at least for manual tasks, while research in recent decades
has instead been pointing towards the virtues of a moderate degree of
diversification or multi-skilling. One of the earliest pieces of research on
individual diversification in R&D is provided by Pelz and Andrews (1966).
They found among many things that scientists with a moderate degree of
diversification performed best (in a specified sense) while the best-
performing engineers were either highly specialized or highly diversified
(i.e. generalists). Why this difference occurs between science and engin-
eering is still an unsolved puzzle.

At a regional level, one could observe industrial districts that are highly
specialized such as in northern Italy, but others that are highly diversified
such as in Silicon Valley; an observation that parallels the findings of Pelz
and Andrews for engineers. Research on links between regional industrial
diversity and economic performance is of recent origin and not yet con-
clusive, however. In a study of seven European core regions Cantwell and
Jammarino (2001) find that a region like Basel is highly specialized while
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Box 1.1 Adam Smith on specialization — diversification

Adam Smith reversed the causality of the conventional wisdom of his day
that the differentiation of skills and abilities among individuals led to
specialization; instead, according to Smith, specialization (the division of
labor) led to the development of locally distinctive skills and capabilities
(Loasby, 1999). For Smith, specialization led to a greater inventiveness,
owing to the more focused problem-solving of workers themselves when
concentrating on more narrowly defined tasks, owing to the emergence of
specialist machine-makers, and owing to the emergence of specialist
thinkers or integrators (which today might be thought of as the R&D func-
tion). With the tremendous increase in the use of machinery in production
that followed Smith’s day, and more so with the arrival of science-based and
then information-based innovation that came later still, it would be fairer to
say that technological change has more typically led the division of labor,
and led the social organization of production. However, an enduring
strength of Smith’s approach is that he saw specialization and the creation
of knowledge as co-evolving. The advance of knowledge depends upon a
cumulative interaction between the processes of differentiation (the focus
associated with specialization) and integration (the new combinations or
new applications that result from utilizing a diversification of activity
through discovering or exploiting complementarities between different
fields).

one like the South-East of the UK is highly diversified, although they have
both enjoyed success in their own ways. They show too that trends towards
either a reinforcing or a broadening of specialization may equally well
occur in the same large area (in this case Europe). A summary indicator
of the degree of diversification (DIV) is given by the reciprocal of the
coefficient of variation (CV), since CV is a measure of the degree of con-
centration of an index of specialization across sectors (the CV is the stan-
dard deviation divided by the mean of a distribution). Table 1.1 presents

Table 1.1 Technological diversification indicators for eight European regions for
1969-1977 and 1987-1996

DIV (1969-1977) DIV (1987-1996)
South-East UK 2.100 1.121
Basel region 0.440 0.381
Ile de France 1.605 1.100
Stockholm-East Central Sweden 0.785 0.740
Baden-Wurttemberg 0.815 1.058
Flanders-Brussels 0.833 0.998
South Netherlands 0.811 0.838

Source: Cantwell and ITammarino (2001).
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the diversification indicators in two time periods for eight European
regions, with an increase in DIV indicating a rise in diversification, and a
fall representing a more concentrated or narrower focus of specialization.
As can be seen from Table 1.1 the South-East of the UK, the Basel region,
lle de France and Stockholm-East Central Sweden have narrowed their
regional specialization profile, while the profiles of the regions of Baden-
Wiirttemberg, Flanders-Brussels and South Netherlands show an increase
in diversification.

Box 1.2 Should regions or countries diversify or specialize?

A study by Dalum et al. (1999) shows that specialization particularly in high
opportunity technological areas has a positive impact on growth, but over
the years this impact seems to have decreased. The relationship between
specialization and growth has been found to be a complex one, since
demand-side and supply-side mechanisms do not necessarily work in the
same direction, which creates difficulties for policy makers. Considering
that the observed path-dependency of profiles of specialization implies the
feasibility of only incremental change, active policy to increase the degree of
specialization in some favored areas might not result in an adequately fast
response. Furthermore, as Cantwell and Iammarino (2001) have argued,
the direction of cumulative change and diversification, depends also on the
strategy followed by the MNCs that are active in the respective regions and
how they interact with the local environmental conditions for innovation.
Therefore the question “Should regions diversify or further specialize?”
might rather become one of “Can policy makers influence the pattern of
specialization?” and if the answer is no or very little, “Under which circum-
stances do regions specialize?”

The national level resembles the regional one to some extent in this
context. Not surprisingly large nations like the US, India or Japan have a
diversified industrial base, but there are diversified small countries as well.
Sweden for example, has a highly diversified industry for her size, with a
portfolio of industries that are also highly internationalized. The industry
structure differs e.g. compared to Japan, in that Sweden has a diversified
portfolio of large, weakly diversified MNCs, each with a small portfolio of
specialized businesses, while Japan has a diversified portfolio of large,
highly diversified MNCs. However, in contrast to regions it is difficult to
find nations that are highly specialized, despite years of international
trade, influenced by free-trade policies hailing the virtues of comparative
advantage and the international division of labor.

The dynamic trends in trade and technological specialization patterns
are not quite conclusive either (Laursen, 2000). Measuring the degree of
specialization at a national level by the standard deviation of the cross-
sectoral distribution of Revealed Symmetric Comparative Advantage (for
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trade) or of Revealed Symmetric Technological Advantage (for the pattern
of technological activity), an increase in the standard deviation represents
arise in the degree of concentration of the index across fields or a narrow-
ing of specialization. Conversely, a fall in the standard deviation of the indi-
cator denotes an increased diversification or a broadening out of
specialization. The ratio of the standard deviation around 1990 to the
equivalent about 20 years earlier is shown in Table 1.2 for the OECD coun-
tries — ratios above one indicate a rise in the standard deviation (higher
concentration or more focused specialization), values below one represent
a fall (lower concentration or greater diversification). While overall the
degree of international trade specialization has slightly decreased over the
long term, i.e. a rise in diversification has occurred, the findings for
technological specialization do not show the same clear trend, which might
be an indication that “countries increasingly specialize according to con-
sumer preferences (for differentiated products within the same industry)
rather than specializing in different industries” (Laursen, 2000: 434).

Table 1.2 The development of specialization patterns for the OECD countries

Ratio of the degree of Ratio of the degree of
concentration of export concentration of technology
specialization in 1992 to that  specialization in 1989-1991
in 1965 to that in 1971-1973

Australia 0.97 0.78

Austria 0.89 1.10

Belgium 0.96 0.98

Canada 0.88 0.99

Denmark 0.88 0.88

Finland 091 0.89

France 0.90 0.49

Germany 0.70 0.95

Greece 1.10 0.89

Italy 1.06 1.14

Ireland 0.95 n.a.

Japan 1.07 1.11

The Netherlands 0.94 1.00

New Zealand 1.20 0.89

Norway 0.92 0.82

Portugal 0.84 0.93

Spain 0.57 0.79

Switzerland 0.96 n.a.

Sweden 0.91 0.69

Turkey 0.83 n.a.

The United Kingdom  0.80 1.19

The United States 1.01 2.18

Mean 0.91 0.98

Sources: Trade specialization data: Dalum et al. (1998). Technological specialization data:
Laursen (2000).
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Perhaps some degree of moderate diversity of national industries is a
good thing even in a free trade world with various comparative advan-
tages, dispersed around the globe. Thus, Pasinetti (1981) has argued that
owing to the stimulus for improvement provided by import competition,
and the benefits from learning and applying technologies that are
developed elsewhere — which idea can be extended to the potential for
inter-industry spillovers — it is better for a country not to become too nar-
rowly specialized.

Finally, at the company level, which is our focus, diversification is a key
strategic variable together with a few others like internationalization. In
this context, diversification is usually taken to mean extending the
company’s portfolio of products or businesses into new product or busi-
ness areas. (In this sense, diversification includes vertical integration.) Few
aspects of strategy have stirred as much controversy as diversification. This
is despite its key role in the evolution of companies historically, and its
long standing as a phenomenon, actually preceding internationalization.

In fact, in a general sense that will be explained in the following chap-
ters, corporate (or company) diversification together with its converse,
divestment or de-diversification, are dual processes that define corporate
evolution. It is thus quite natural that strategic decisions about entering
and exiting specific areas stir up controversies among company OWners
and managers from time to time.

Box 1.3 Natural resource-based diversification — the case of Stora
Kopparberg

The Scandinavian corporation Stora Kopparberg (later named Stora, and
subsequently merged to form Stora-Enso) is claimed to be one of the
world’s oldest joint stock limited companies, established as it was by royal
charter in 1347. Thus, the company has a long history and it illustrates
nicely the diversification dynamics of a natural resource-based company. As
of 2003 the company has entirely left its original core business (copper
mining) and transformed itself into an integrated forest-product concern,
i.e. it is still a natural but now a renewable resource-based company. The
firm was founded as a mining company based on a giant deposit of rich
copper ore in Falun in mid-Sweden. The extraction of the ore required,
among other things, wood for construction, heating and smelting, power for
hoisting and logistics, ropes for hoisting and a number of mechanical
devices for efficient operations, for instance a water wheel, which in its own
day was as important as was the steam engine in a later era. At the same time
the composition of ore enabled production of some other metals and by-
products, such as iron sulfur, red paint and vinegar. Needless to say, tech-
nical and managerial knowledge and skills from running a host of
mining-related operations also provided a wide range of opportunities to
enter new businesses. At the same time resource depletion imposed exits.
Thus over the centuries, on the input side the composition and availabil-
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ity of the mined resources, as well as the composition of other inputs
needed for efficient mining led the company to diversify outside its core
copper business into forestry, water power, iron, paint, food and various
other areas. Let us mention just two specific by-product related examples of
such “evolutionary business chains”. Ropes for hoisting ore were made of ox
hides with ox meat as a by-product from which (still very popular) sausages
were made. The copper ore was vitriolic which led the company to success-
fully produce a special type of red paint (still very popular for painting
houses red, which is characteristic of rural Scandinavian villages). On the
output side several of the company’s outputs were generic (as with key
metals and materials in general) and created broad interfaces with many
product areas and customer business chains, which provided opportunities
for forward integration (e.g. into copper cannons and coins) or into other
related types of diversification (e.g. iron works).

There were also diversification failures. Less commonly at the time, one
such failure was R&D-related. A gifted inventor, Christopher Polhem,
managed in the early eighteenth century the equivalent of a corporate R&D
lab (“Laboratorium Mechanicum”) and made numerous inventions, as well
as basic contributions to mechanical technologies and to mechanical
science. However, their cost-effectiveness for the company was dubious and
their continued implementation eventually came to be opposed by corpor-
ate management, providing an early example of the failure of the transfer of
technology from corporate R&D to business operations.

Over the centuries the company moved its business base considerably
through entries and exits and eventually moved away from its business roots
in copper mining. To briefly summarize the main forces behind a 650-year
long business history of diversification is difficult but some salient features
have been: (a) a dynamic (evolutionary) interaction between business
(output) diversification and resource (input) diversification with business
diversification being driven by (b) generic applicability of outputs and (c)
resource composition of both outputs (requiring mixes of existing and new
inputs) and inputs (enabling economically successful mixes of existing and
new businesses, e.g. through new knowledge and by-products); (d) resource
availability (e.g. abundant but depletable resources, enabling as well as com-
pelling diversification); governed by (e) market, management and institu-
tional factors (e.g. weak competition, corporate wealth, entrepreneurship
and regulation).

The nature of controversy in the industrial and financial community
relates to whether a diversification strategy or corporate policy conducive
to diversification in general pays off or not. Separation of ownership and
management has created problems with owners and managers having
separate goals (i.e. principal agent problems) and different types of diver-
sification support different goals. As will be dealt with in Chapter 2, diver-
sification into completely unrelated businesses is in a certain sense a
superior strategy for risk-reduction, while diversification into related
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businesses is preferable for sustaining growth. Profitability in turn is influ-
enced by the nature of relatedness, which is a somewhat complex issue in
itself, and the magnitude of market transaction costs and management
costs. If external financial markets are perceived as more efficient than
internal capital markets in companies, investors may then prefer to diver-
sify their portfolio of holdings themselves, investing in an unconnected set
of specialized companies, while corporate managers with different prefer-
ences and perceptions may want to diversify their portfolio of businesses
to boost growth and stabilize earnings, which are in turn conducive to
their bonuses, salaries and status. Thus, at a company level, diversification
can occur at several related levels — at the investor level as between differ-
ent firms or at the individual company level or at the divisional and busi-
ness unit level within large corporations. Diversification processes at
different levels may then be at least partially in conflict with one another
due to their differing goals.

Sources of diversification controversies go beyond goal conflicts
between and among owners and managers, however. It is in the nature of
corporate strategies that they easily become perceived in one period as
new and innovative, experience some initial successes, become overimi-
tated and carried to extremes, then produce some failures and overreac-
tions to other extremes in another period with some delays from place to
place. Diversification as a strategy came into fashion in the 1950s and
1960s in the US for various reasons — the emergence of a new organi-
zational form (M-form), accounting capabilities, information processing
capabilities and a general top-management ideology, all enabling manage-
ment of a more complex set of businesses. In addition growth opportun-
ities were abundant in numerous old and new product areas (including
military ones), the financial markets were not as developed — at least com-
pared to internal capital markets in some leading companies — and on top
tax conditions and anti-trust considerations were favorable to diversifica-
tion. This period was characterized by a scale-based paradigm linked, for
example, to oil-related technologies (Freeman and Perez, 1988), and
there was a premium attached to large firm size (Chandler, 1990).

The diversification fashion spread to Europe, aided by US consultancy
firms to some extent. At the same time large diversified corporations had
emerged in Europe long before (e.g. Philips, Siemens) and long ago also
in developing countries catching up, Japan in particular, but for another
set of reasons connected with the benefits of applying what was learned from
foreign technologies across a broader front. Thus, the diversification wave
gained momentum but after a number of conspicuous failures of highly
unrelated conglomerates (e.g. ITT, RCA) and otherwise over-diversified
companies, de-diversification set in, eventually leading to a wave of special-
ization in the 1980s and 1990s, termed variously back to basics, stick to
your knitting, a focus on core business, downsizing, stemming, outsourc-
ing etc. This movement — or rather set of connected movements — was now
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fuelled by developments in financial markets and financial management,
accompanied by activated ownership shifting power from corporate man-
agement to corporate boards and shifting focus to shareholder value, in
turn requiring company transparency for stock analysts, and a number of
value-creating company splits and sell-outs or public offerings of single
businesses. International competition had also increased considerably
since the 1960s together with some recessions, calling for readjustments
and new strategies. These events were allied to a shift in paradigm toward
so-called flexible specialization linked to information-related technolo-
gies, which required a tighter control over the holding of inventories but a
greater responsiveness to (sometimes subtle) changes in demand. Pres-
sures for greater technological diversification to support any given
product range were also a factor (Granstrand, Patel and Pavitt, 1997), as
well as limitations on the resource spread that could be sustained, given
that any given product now required a more widely distributed set of com-
petences.

At the same time the 1980s were the high tide for technology-related
diversification in Japan, appearing at the top of strategic issues in several
polls of key management concerns and being praised as one factor behind
Japan’s technology-based economic success. In connection with studies of
technology related diversification and diversification Japanese style in
particular, the prevalence and importance of technological diversification,
i.e. extension of corporate activities into new technological areas, thereby
extending the technology base, became recognized if not discovered. This
was a phenomenon of long standing, of course, but its magnitude, even in
specialized companies, and apparently strong links to growth of sales as
well as growth of R&D and external technology acquisitions was a new
finding.

A certain backlash against diversification then occurred with the severe
economic downturn in Japan in the 1990s. Still a number of highly diversi-
fied corporations have prevailed in Japan as well as in the NICs and near-
NICs and so too has General Electric in the US throughout the years as
one of the most highly diversified as well as valued corporations in the
world (as of the time of writing). Markides’ (1995) survey of diversifica-
tion trends at the corporate level (for Fortune 500 firms), as presented in
Tables 1.3 and 1.4, shows an initial increase in diversification starting
around 1950 and into the 1970s, followed by a subsequent refocusing and

Table 1.3 Refocusing and diversification, 1949 to 1987 (%)

1949-1959 1959-1969 1981-1987
Firms refocusing 1.3 1.1 20.4
Firms diversifying 21.7 25.0 8.5

Source: Markides (1995).
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Table 1.4 Distribution of firms by diversification strategy, 1949 to 1987 (% in each

category)
Strategic category 1949 1959 1974 1981 1987
Single business 42.0 22.8 14.4 23.8 30.4
Dominant business 28.2 31.3 22.6 31.9 28.1
Related business 25.7 38.6 42.3 21.9 22.4
Unrelated business 4.1 7.3 20.7 22.4 19.0

Source: Markides (1995).

declining diversification from the 1980s onwards. While the refocusing
efforts are similar across firms in different countries, there might be societal
and structural barriers, such as the socially embedded Japanese keiretsu
system, which inhibit the same level of refocusing as was achieved in the US.

Of course the account given above is very simplified as it is of necessity
brief and sweeping, but hopefully it conveys some general patterns and
issues about diversification strategies and movements. Internationalization
and globalization movements on the other hand have been more uni-
directional on average, although counter-trends have occurred as well
(e.g. regarding the creation of fully global products or fully denational-
ized MNGs). The benefits to companies from internationalization have
also been clearer. It is still uncertain whether diversification pays off and
what type and degree of diversification should be sought in different situ-
ations, apart from a consensus that pure conglomerate diversification does
not pay off as a rule, in other words that diversification has to be related.
As mentioned already empirical research has not found strong links
between (product) diversification and economic performance, despite
numerous attempts with a variety of research tools. The state-of-art regard-
ing such a link is more like an absence of evidence than evidence of
absence, however. Part of the problem, as we will see, is that concepts,
typologies and measurements of diversification are not yet sufficiently
developed. Finally, various theories of the firm have provided little predic-
tive or normative guidance beyond explaining why firms diversify if they
do and what determines in the abstract the boundaries of the firm. True,
there are versions of neo-classical theory or mathematical programming
models of the firm that have worked out optimality conditions for multi-
product, multi-factor firms operating in markets under static competitive
or monopolistic conditions, but they have little to say about optimal
degrees and types of relatedness in diversification under dynamic con-
ditions or optimal transformation of product, market and factor mixes in
multi-period settings. The latter limitation (regarding transformation)
also applies to a number of econometric studies that have used aggregate
measures or indicators of diversity without recognizing the identity of indi-
vidual products and resources and their mutual coupling.
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1.5 Key concepts

1.5.1 General definition

Generally speaking “diversification” can be taken to mean the degree of
spread the range of activities or outcomes of activities A associated with
some organized unit B. Thus, in this book by diversification we mean the
level of the breadth or spread of some dispersed activities, and not the
process by which that dispersion might be extended, which in our terms
would amount to an increase (a change) in the diversification of activities
or outcomes A. In the context here, B can be a company, industry, nation
or region as well as an individual or a collection of individuals, while A
can refer to a set of portfolio of products, applications or markets, or
resources like technologies, competencies, or labor skills. Usually the ele-
ments in the set A are classified or categorized according to some taxon-
omy (typology, decomposition, disaggregation) and extending the range
means including from one point in time to another new elements of a
new type (class, category) not covered at the previous point in time.
Thus, the concept of diversification and its measurement depends upon
the choice of classification and points in time considered. What makes
the definition somewhat ambiguous is that an increase in diversification
may also occur if diversity is increased, which may happen even without
any extension of the range, depending upon how diversity (variety, dis-
persion, heterogeneity) is measured, as explained further below. Essen-
tially we have a definite, discrete distribution of elements in a number of
classes and a possibly multi-dimensional diversity measure defined on the
set of such distributions, and such a measure could very well increase
without including elements of new types. Besides numerous diversity
measures are conceivable.

1.5.2 Types of diversification

From the point of view of a firm a number of types of diversification can
now be defined. Traditionally diversification has referred to the range and
distribution of outputs of the firm, classified in terms of products,
(output) markets or businesses. Here we complement these types of output
diversification with different types of input diversification or resource diversi-
fication. These latter types refer to the range and distribution of inputs
(factors, resources) of the firm, classified not only in terms of raw mater-
ials, physical capital, and financial assets but also in terms of technologies,
knowledge, competences, IPRs, network relationships and other forms of
intangible inputs (resources, assets, capital). In particular, we will focus in
this survey on technological diversification, which is then liable to increase as
the diversity of technologies is increased. Technologies are usually taken
to mean bodies of technical knowledge, thus making technological
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diversification a special case of knowledge diversification (or competence
diversification). Thus, in the evolution of a multiproduct, multifactor firm,
diversification takes place both in product space and in resource space,
giving rise to diversification trajectories in these spaces. If the original range
(set of types of products or factors) remains unchanged, then diversifica-
tion is (product or factor) rooted, otherwise it is floating. The direction of
diversification refers to the direction of the trajectory in those spaces. Con-
current diversification, which is referred to by some authors as “hybrid
diversification”, is diversification that takes place in several dimensions
concurrently (which has proven to be risky).

Market diversification usually refers to the diversification of output
markets. In cases where regional or national markets are focused, market
diversification amounts to the same thing as internationalization.” In cases
in which the applications to which products or techniques are put are
focused one can speak of application diversification. The latter concept
has not been dealt with traditionally, but extension over time of the range
of applications for new products and technologies is an important phe-
nomenon, especially for generic (pervasive, multi-purpose) technologies
(by definition). Based on some notion of relationships or relatedness (see
below) between the old and the new elements included, diversification
could be further characterized as related or unrelated. The unrelated
form is also referred to as conglomerate diversification, meaning diversifi-
cation which is unrelated except for financial and managerial relation-
ships within the same (conglomerate) firm. When the relationships are
buyer/seller relations, diversification amounts to vertical integration (or
vertical diversification), while horizontal (or lateral) diversification (or
integration) involves competitive relationships.”

Two modes of diversification are generally distinguished — diversifica-
tion through internal development and diversification through acquisi-
tion.

1.5.3 Related concepts

Diversification involving an extension of the firm’s range of inputs and/or
outputs into new types is essentially the same as enfry. If the new types are
not only new to the firm but new to the world, diversification is essentially
the same as invention, and if commercially successful the same as innova-
tion.*

Product differentiation could be seen as a special case of related
product diversification if product types are distinguished at a fine level of
detail. However, usually product diversification is distinguished from
product differentiation with the latter referring to increasing the range of
product varieties within a specific but not too narrowly defined product
area or or group. See Lancaster (1990) for an excellent survey.
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1.6 Overview of the book

Figure 1.1 provides an overview of the topic as reflected in the structure of
the book. The book is divided into four parts.

Characteristics of technological evolution:
Science and technology differentiation
Generic technologies
Technology/product interrelatedness

- Technological diversification in products/processes >
| ! I
Characteristics of industry/market evolution:
Industrial evolution in various industries and inter-industry relation
Evolution of product/information/service/stock markets, e.g. -
emergence of various types of markets for technology, -
ventures/small firms, licenses, service contracts, human capital
v
Characteristics of company evolution
(Strategies/structures/performance)
Emergence of mul-tech companies: various variables:
s Economic performance:
¢ Profits
e Sales growth
o Market value
o Cost/capital structure
o  Output strategy:
o Product/market structure
e Product improvement/renewal
¢ Product diversification
e Internationalization
¢ Input strategy:
¢ Resource structure/acquisition
— e R&D grochh o . —»
¢ Technological diversification
e External technological acquisition (alliances, purchasing etc.)
¢ [nternationalization of R&D/technology
e Structure (management/organization):
e Corporate governance (ownership/market/management)
¢ Organizational form/culture

NB: ‘Technology’ could be taken to include relevant sciences.

Figure 1.1 Economics and management of technological and corporate diversifica-
tion.
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1.6.1 Overview of topic and book structure

Chapter 2 reviews the literature on corporate and technological diversifi-
cation. Among other things, it focuses on the nature (and theory) of the
multi-product/multi-technology firm. The chapter also sets the stage for
the following chapters by highlighting issues in the literature and in
practice on the relationships between technological diversification and
economic performance, product diversification, internationalization,
corporate governance and organization, etc.

Chapter 3 uses European patent data to provide an overall picture of
the patterns of technological diversification in Europe. The paper uses a
new methodology developed by the authors to assess the extent of techno-
logical diversification in different industries. It then focuses on compar-
isons of the patterns of technological diversification among larger and
smaller firms, and among different countries and regions.

Chapter 4 uses US patent data of the world’s largest firms since the
beginning of the century. The chapter focuses on how the inter-
nationalization process of the firms affects and is affected by technological
diversification. It is shown that owing to the mutual association of the
diversification and internationalization of corporate technology with the
growth of the firm’s competence base, internationalization influences
diversification (and vice versa). Historically they were negatively related,
while more recently they are positively related. However, the negative
historical linkage operates only through the mutual interdependence of
each of diversification and internationalization with growth, while the
more recent positive relationship between diversification and inter-
nationalization holds even after allowing for their respective interplay with
growth.

Chapter 5 uses extensive data on strategic alliances to address questions
such as: How do strategic alliances affect technological diversification and
to what extent do firms use alliances to diversify technologically? What are
the relevant patterns? The chapter also compares the behavior of the
largest US, European and Japanese firms in different industries, and it will
assess the relationships between technological diversification and the pat-
terns of product and business diversification developed through strategic
alliances.

Chapter 6 deals with the patterns of technological diversification in a
leading hi-tech industry, pharmaceuticals-biotech. Using regression analy-
ses, the chapter assesses the extent to which technological diversification
affects the licensing behavior (in and out) of the companies (whether
large firms or biotech concerns), and the effects of more “generic” vs
more specific pharmaceutical technologies. The chapter uses an extensive
and original data base on drug R&D projects in the world.

Chapter 7 focuses on the chemical processing industry and the rela-
tionships between the internal technological competencies and diversifica-
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tion of the large chemical corporations worldwide, and their propensity to
license out such technologies. On a more general ground, the chapter
assesses the extent to which technological diversification is also used by
the larger corporations to acquire rents in the “market for technology”,
rather than simply as a means for using different and broad technological
bases for their own products and businesses. The chemical processing
industry is a natural test-bed for this question, as it provides a variety of
examples of different strategies and implications in this context. The
chapter uses an extensive data base of the licensing activities of the major
chemical companies worldwide.

Chapter 8 examines the differences in movement toward technological
diversification across technological fields, particularly focusing on the
tendency of firms to patent in ICT when they patent outside their core
technical domains. An analysis of patent data of the 200 largest US manu-
facturing firms shows that large firms are increasingly diversifying into
ICT, Drugs and Biotech, and Materials technology and that the ICT field
attracts more patents of companies patenting outside their core technical
fields than other technologies. It is argued that the expansion of the ICT
component in the corporate knowledge base may be a specific feature of
an ongoing process of structural change associated with the arrival of the
new techno-economic paradigm.

Chapter 9 investigates the dynamics of the boundaries of firms operat-
ing in the aircraft industry and to what extent engine manufacturers exter-
nalize parts of their activities in relation to the research, design,
development and manufacture of new engines. The nature of the aircraft
engine, which is a multitechnology and multicomponent product, com-
bined with the existence of various driving forces that impinge upon the
in-house technological capabilities of the engine manufacturer lead to
greater division of labor between the manufacturer and the suppliers.
However, the extensive use of collaborative agreements and outsourcing
of components does not imply a technological specialization or outsourc-
ing of knowledge. Rather, the need to coordinate the network of diverse
actors, integrate the different knowledge domains, translate regulatory
requirements into technical specifications and identify business opportun-
ities requires the engine makers to maintain a broad range of in-house
technological capabilities. The analysis of patent data confirms this argu-
ment and shows that the breadth of capabilities has increased over time.

Chapter 10 focuses on case studies of individual firms. The approach is
to examine the corporate technological trajectories of selected large firms
in the chemical and electrical equipment industries through their pat-
terns of US patenting, with reference to the relevant business history liter-
ature. The chapter highlights economic, strategic and managerial issues
behind the diversification of firms, emphasizing technological diversifica-
tion and its relationships to business diversification and the various other
dimensions mentioned earlier. It is suggested that the underlying rationale
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behind technological diversification has shifted from one linked to busi-
ness diversification and scale historically, to the benefits of increasing
technological interrelatedness more recently.

Chapter 11 deals with the way technologically (and product- or busi-
ness-) diversified firms are managed and organized. How are these firms
typically managed and organized? What specific managerial assets and
capabilities are required by technologically and/or business-diversified
firms? What specific organizational assets and characteristics do they
require? The chapter develops cases of new and innovative managerial
and organizational practices in technologically (and product or business)
diversified firms. It also compares cases from Europe, the US and Japan,
building on a large interview and questionnaire study.

Chapter 12 finally summarizes the preceding chapters and provides
overall conclusions. It highlights six key themes that have emerged, and
also attempts to point toward fruitful directions for further research and
theorizing.

Notes

1 One of the main themes at the annual meeting of the American Economic
Association in 2001 was announced as: “Corporate Diversification: Good, Bad or
Neutral?”

2 Internationalization will not be dealt with in this survey. Despite its close con-
ceptual relationship to diversification, the literature on internationalization and
MNCs is quite separate from the literature on diversification and MPCs,
although several works on strategy cover both phenomena and their interaction.

3 Some authors speak about diversification as distinct from vertical integration.

4 Extension of the range may be taken to mean a net extension after also allowing
for any divestments, or a gross extension with or without divestments. Here
extension is used in the latter sense.
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2 Technological and business
diversification

A survey of theories and
empirical evidence

Salvatore Torrist and Ove Granstrand

1 Introduction

Most economics and business literature focuses on business or product
diversification. A standard dichotomy is between related and unrelated
diversification, but little is in fact known about the nature of the alleged
positive relationship between business diversification and particular
resources such as different technologies. This chapter attempts to fill in
part of this gap by making a survey that draws on various streams of the
theoretical and empirical literature — economics, strategic management
and technology management.

The analysis of the linkages between technology and business diversifi-
cation is of fundamental importance to understand the difference
between related and unrelated diversification, the differences among
sectors and the economic implications of competence diversity.

The main questions addressed in this chapter are the following. What
does diversity mean for firms? Do firms converge or diverge in their techno-
logical and product profiles and if so, why? Which factors affect the
decision to differentiate the mix of technological capabilities and lines of
business? What does it mean for a firm to enter different technologies and
sectors?

Firms’ diversity and diversification, and their implications for perform-
ance, are treated with different emphasis in various lines of economics
and business research. The business history, the evolutionary theory and
the resource-based theory of the firm share the idea that firms are bundles
of capabilities, intangible resources and organisational routines that are
difficult to replicate and transfer across firms. The accumulation of
technological, market and organisational knowledge is characterised by
path dependency, tacitness, idiosyncrasy and complex interactions within
the firm and across firms. All these characteristics make the knowledge
profile of the firm highly specific, differentiated and persistent over time
(Nelson and Winter, 1982). In this view, the evolution of business diversifi-
cation and corporate performance reflects the accumulation of firm-
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specific, often unique, technological and organisational capabilities
(Winter, 1993; Chandler, 1990).

In the standard industrial organisation literature, firms’ capabilities as
such do not explain the diversity of firms’ strategy and performance.
Firms participating in the same industry tend to converge towards similar
strategies and performance. In this stream of the literature, corporate and
business-unit effects on the performance of business units are reported to
be far less important than industry-specific effects (Schmalensee, 1985).
Empirical studies in business strategy have provided mixed evidence as to
what is the relative importance of firm or organisational-specific factors vs
industry-specific ones in the generation of corporate quasi-rents (see, for
example, Rumelt, 1991; McGahan and Porter, 1997). For instance, Rumelt
(1991) found that differences in corporate returns reflect differences in
corporate business portfolios. However, contrary to the expectations of
the ‘resource-based’ theory and other streams of the business strategy
literature, he did not find any evidence of ‘synergy’ among diverse busi-
ness units belonging to the same corporation. Ironically, these results
apparently contradict earlier empirical evidence, pioneered by Rumelt
himself, which highlighted the economic benefits of related diversification
and exploitation of quasi-public inputs, including technology (e.g.,
Rumelt, 1974).

This chapter is organised as follows. Section 2 is centred on the pat-
terns of technology and business diversification reported in the literature.
Section 3 focuses on the comparison among different theories. Section 4
summarises the similarities and differences between technology and busi-
ness diversification, and discusses some management implications. Section
5 closes the chapter while the Appendix provides a brief illustration of
concepts and measures of diversification.

2 Empirical evidence
2.1 Business diversification

2.1.1 Early conceptualisations of diversification

Generally and loosely speaking, ‘diversification’ can be taken to mean the
process through which the range of some thing A, associated to some
thing B is extended or the diversity of A is increased. In the context here,
B can be a company, industry, nation or region as well as an individual, or
collectivity of individuals, while A can refer to a set of portfolio of prod-
ucts, applications or markets, or resources like technologies, competen-
cies or labour skills. Usually the elements in the set A are classified or
categorised according to some taxonomy (typology, decomposition, disag-
gregation) and extending the range means including, from one point in
time to another, new elements of a new type (class, category) not covered
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at the previous point in time. Thus the concept of diversification depends
upon the choice of classification and point in time considered.

The economics and strategic management literature provides several
and sometimes contrasting definitions of diversification. For instance, in
his seminal work Gort (1962) defined diversification as ‘heterogeneity of
output’ which derives from low cross-elasticity of demand and high costs
of reallocation of inputs across different lines of businesses. Ansoff
(1957) defined diversification as the process of entry into a new market
area and/or a new product area (new to the company, not necessarily
new to the markets). This definition overlaps with that of product
innovation (i.e. products new to the market) in the economics and man-
agement of innovation.! Similarly, Booz, Allen and Hamilton (1985)
defined diversification as a strategy pursued by investing in new products
or services, new customer segments or new geographical markets (inter-
nationalisation). Ramanujam and Varadarajan (1989) defined diversifi-
cation as entry of a firm or business unit into new lines of activity.
Following Chandler’s and Rumelt’s seminal works on the relationship
between strategy and structure, Ramanujam and Varadarajan clarify that
diversification must imply changes in the ‘administrative structure,
systems and other management processes’ (ibid., p. 525). Extensions of
product lines (and therefore product innovations in themselves) without
any organisational implications do not qualify for business diversification
in their terminology

2.1.2 From conglomerate diversification to de-diversification?

The evidence collected by Gort (1962) and Rumelt (1974) for the US
firms showed several patterns of diversification during the period between
1929 and 1969.

Gort (1962) analysed a sample of 111 large US manufacturing firms
between 1929 and 1954 and found that the specialisation ratio (SR)
declined (diversification increased) over time. The sample firms did not
appear to follow a random selection of sectors for their diversification.
Instead, they diversified mostly into industries with rapid technological
change and thus contributed to the growth of these industries. Over the
same period, however, many new single-product firms entered these
markets, so that the average degree of diversification of the US manufac-
turing industries increased only slightly. Firms based in R&D intensive
sectors (electrical machinery) diversified more than the average while, on
the contrary, firms based in more traditional sectors (tobacco and food
products) diversified less than the average.

The evidence reported by Rumelt (1974) shows a more complex
picture. He has developed the first categorical measures of diversification
and introduced a diversification taxonomy, which relies on the SR, which
is the percentage of total sales accounted for by the largest line of business
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of the firm, and a relatedness ratio (RR), which is the percentage of
related lines of business (see the Appendix for these definitions).

Examining data for the 500 largest US firms listed in Fortune, Rumelt
found that single business firms as a share of total firms declined sharply
from 42 per cent in 1949 to about 15 per cent in 1969. Over the same
period, the percentage of related-linked and unrelated business firms
grew dramatically (from about 9 per cent and 4 per cent to 20 per cent
and 19 per cent, respectively), while the percentage of other categories of
diversified firms remained relatively stable. This trend continued through
the mid-1970s (Rumelt, 1974, p. vi). An illustrative example of this evolu-
tion is represented by Carborundum, Inc. During the period between
1949 and 1969 this firm grew by following a Related-Constrained strategy
to exploit its basic competence, which was represented by ‘the efficient
production of high quality grains of silicon carbide and aluminium oxide,
and the competence in the material sciences necessary to engineer these
materials to various uses’ such as abrasives, electrical resistors and heating
elements (ibid., pp. 18-19). Since 1962, however, Carborundum initiated
a Related-Linked strategy:

The skills acquired in manufacturing abrasive machines were applied
to other types of industrial machinery, and nonabrasive cleaning and
descaling equipment was added ... by adding new businesses in such
a way that each was related to at least one — but often no more than
one — of its current activities.

(ibid., p. 19)

Rumelt also noticed that the increase of overall diversification (both
related and unrelated) was paralleled by a dramatic diffusion of the
product-division organisation, which was adopted by 20 per cent of the
sample firms in 1949 and 76 per cent in 1969. These quantitative studies
have been paralleled by a vast amount of qualitative evidence collected by
business historians who have illustrated the growth of diversified and
multidivisional firms in the US after World War II (Chandler, 1990, and
Box 2.1).

Box 2.1 Related diversification: The case of Du Pont after World War 1

The chemical firms after World War I grew by exploiting their organisa-
tional capabilities. Business diversification of these firms was sustained by
the adoption of the multidivisional structure and the organisational cap-
abilities formed through the exploitation of economies of scope.

For industrial chemical firms the period between the two wars was char-
acterised by rapid growth and diversification driven by economies of scope
arising from products and processes of production and distribution. For
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consumer chemicals, food and electrical machinery the leading firms grew
both by exploitation of economies of scale (and internationalisation) and
economies of scope (diversification). Growth by M&As often was also explic-
itly aimed at exploiting economies of scope. For instance, the five com-
panies that formed Allied Chemical & Dye in 1920 pursued ‘Greater
diversification of output and correspondingly greater stability of business . . .
not to mention the various economies in operation ordinarily available only
to an organisation of the scope here contemplated’ (The Committee of
Organisation, reported in Chandler (1990, p. 179)).

Du Pont pioneered both the strategy of diversification and the adoption
of the M-form. At the beginning of the 1920s Du Pont’s organisational cap-
abilities relied fundamentally on the exploitation of nitrocellulose techno-
logy used in the production of explosives and propellants. During the 1920s
and the 1930s Du Pont diversified first into dyestuffs and ammonia by using
German technology and then developed proprietary technologies in the
field of organic chemicals (tetraethyllead, a gasoline additive jointly
developed with General Motors, and Freon, a refrigerant for household
refrigerators, and Teflon, a material resistant to acid and other corrosive
substances). The incentives to engage in a diversification strategy came first
from the need to employ underutilised resources. As a matter of fact, in
1915 the Executive Committee of Du Pont established an ‘Excess Plant Utili-
sation Division’ in its Development Department (Chandler, 1990, p. 176).
The incentives to continue diversification, however, came from new market
opportunities (ibid., p. 189). The entry into synthetic materials, synthetic
ammonia, gasoline additives, fast drying lacquers, refrigerators, antifreeze,
titanium dioxide pigments, nylon and neoprene were developed by the fun-
damental research laboratories as ‘clear responses to market opportunities’
(ibid.). The collaboration with General Motors, where Du Pont invested,
greatly helped to catch market opportunities and to find technical solutions.

The strategy of diversification adopted by other chemical firms in the US
intensified competition and favoured lateral entry. Most firms that entered
new or established market segments were established, diversifying firms like
Du Pont. Increasing competition during the two world wars spurred Du
Pont to invest in fundamental research while diversification required a
greater ability to understand technological complexity of product and
processes.

Finally, the organisational complexity induced by growth and diversifica-
tion greatly contributed to separate management from control. Unlike
many chemical firms where full-time, career managers ‘controlled the
instruments of power’, at Du Pont family members continued to hold more
than 2 per cent of the company stock and held top-level positions in the cor-
poration (as inside directors or full-time managers) until World War II.
Even in firms where the separation between ownership and control was
more marked there was a substantial convergence of interests (i.e., to
achieve long-term profits) between inside and outside directors.

Source: Chandler, 1990, ch. 5
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Many firms that diversified during the 1960s and 1970s have restructured
and re-focused their businesses activities in the subsequent decades. Some-
thing happened in the economic environment, especially in the US, that
led these firms to change their strategy.

Empirical evidence concerning the US market shows that the number
of firms listed in the NYSE with only one line of business (LB) rose from
38.1 per cent in 1979 to 55.7 per cent in 1988 (Comment and Jarrell,
1995). It is unclear to what extent this is the result of refocusing of diversi-
fied firms or the entry of new single-product firms.

Other studies on US firms have explored the degree of coherence or
relatedness in the 1970s and 1980s (Scott, 1993; Teece et al., 1994). These
studies draw on objective, continuous measures of diversification and
reach the conclusion that the observed diversification of their sample
firms is far more ‘coherent’ or ‘purposive’ than that expected under the
null hypothesis of random walk (‘Clearly multimarket contact among
large US manufacturers is far more than would occur by chance’, Scott,
1993, p. 46).*

In-depth case studies of eight European MNCs reported in Granstrand
(1982) showed that innovation-based engineering companies internation-
alised early on while they diversified (beyond of few product areas) much
later, around the booming 1960s, considerably influenced by manage-
ment ideas and consultants from the US, leading also to the rapid adop-
tion of the M-form. The latter enabled better top management control of
growth and diversification. Good economic performance also had a posit-
ive impact on diversification initiatives. Raw-material and chemical-based
companies, on the other hand, diversified early on while they started to
internationalise late, again around the 1960s. In the 1970s diversification
had failed to deliver results and became significantly de-emphasised as a
strategy by corporate management in contrast to internationalisation,
especially in the innovation based companies. At the same time an eco-
nomic recession during the same years had set in and competition stiff-
ened in Europe, not least from Asia.

More recent large-scale investigations reveal that firms operating in
Europe actually show a diversification pattern similar to that observed in
the US (Davies and Lyons, 1996). These studies draw on LBs’ sales data
concerning a sample of 313 manufacturing firms (of which 223 are diver-
sified) operating in Europe (including the subsidiaries of non-European
multinationals) for 1987. The average sample firm operates in 4.9 3-digit
SIC sectors (related diversification) and 2.89 2-digit sectors (unrelated
diversification); 28 per cent of firms’ total output is outside their primary
3-digit sector while only 17 per cent of total output is outside the primary
2-digit sector. This study does not provide any evidence of the LBs’
performance as a result of firm diversification.

However, the picture of de-diversification during the 1980s is more
complicated than that described before. US firms which have restructured
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in the 1980s show a bimodal (or trimodal) distribution: related-diversified
have reduced their diversification while unrelated-diversified have
increased their diversification (Hoskisson and Johnson, 1992). Moreover,
if one looks at the largest 500 firms in the US, their level of diversification
(measured by the number of SIC codes assigned by Compustat) has
remained high if not increased during the period 1985-1992 (Mont-
gomery, 1994). Montgomery also notices that there are persistent, signific-
ant differences across countries, with firms of Canada, the UK and Japan
remaining among the most diversified worldwide (ibid., p. 164).

Why are there still many conglomerate firms while many others refocus
their business? Hoskisson and Johnson (1992) suggest that some firms aim
(and are able) to exploit the financial economies arising from unrelated
diversification. Another conjecture is that diversification is a profitable
strategy in the long run. It is also likely that firms with long experience in
unrelated sectors have developed a unique ability to exploit the benefits
and to reduce the costs of unrelated diversification. Although business
history shows several examples of firms, such as RCA, that have dissipated
core competencies and failed because of excessive diversification, there
are examples of thriving, highly diversified firms with General Electric as a
prime example. In the 1960s and 1970s unrelated diversification was often
pursued by M&As (Ravenscraft and Scherer, 1987), sometimes also as an
unintended consequence of them. A large number of divestitures in the
1980s had as an object earlier acquisitions in businesses unrelated to the
firms’ core business (Montgomery, 1994, p. 170). For this reason, several
empirical studies have focused on M&As rather than internal growth to
analyse business diversification. As we discuss later on, however, internal
growth is the most traditional way to exploit ‘excess resources’ and quasi-
public input. Today the exploitation of internal inputs or resources
requires the access to complementary resources external to the firm. This
should make the association between related diversification and M&As
more likely. For example, the majority of M&As registered in the software
industry between 1984 and 1992 were centred in the same industry and a
pattern of related diversification was also observed in the strategic
alliances of the largest EU electronics firms during 1984-1997 (Torrisi,
1999; Giarratana and Torrisi, 2002).

Most studies of diversification have concerned US firms, some studies
European firms and comparatively few studies (in English at least) Asian
and other firms. However, this pattern does not match the extent of diversi-
fication in non-Western firms, as it is quite common with large, highly diver-
sified business groups in NICs, near-NICs and other developing countries.
Thus, our understanding of the causes and consequences of the propensity
for diversified groups and conglomerates to emerge in these countries is
limited, although less so for Japan. The propensity is clear, however, with
well-known zaibatsu’s and later keiretsu’s in Japan, chaebols in Korea, large
state-owned conglomerates in China, Russia etc., complemented by private
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ones as in India, Brazil and Indonesia. Often firm growth in developing
countries takes the form of vertical integration rather than horizontal
integration or diversification. One economic rationale is that diversified
groups fulfil an important economic function as a response to relative
market inefficiencies, characteristic for developing countries but also
typical of certain sectors such as natural resource processing and chemi-
cals. However, a whole range of institutional, political, social, historical
and cultural factors come into play, such as state-led industrialisation,
political connections in a political-economic elite, procurement policies,
political ideologies, protectionism, import substitution, defence politics,
bank-oriented finance systems, competition laws, inheritance laws, tax
laws, employment rules, nepotism etc. (see further e.g. Suzuki (1980),
Chang and Hong (2002) and Chu (1999)).

2.1.3 Duversification and performance

The literature on business diversification relies on different measures of
performance, all of which have merits and drawbacks (see Appendix for a
comparison).

In his pioneering exploration of diversification, Gort (1962) did not
find any significant association between diversification and firms’ perform-
ance measured by sales growth and profit rates. Rumelt (1974) reached
more clear-cut conclusions. His analysis shows that Dominant-Constrained
firms (very moderate diversifiers) and Related-Constrained (moderate
related diversifiers) performed well above the average in terms of sales
growth and profit rates. By contrast, the profitability of Acquisitive Con-
glomerates (unrelated diversifiers whose growth is based on M&As) was
on average while their sales growth was above the average. According to
Rumelt these results show the benefits of ‘controlled diversity’. The best
performers have grown by diversifying only into sectors that build on or
reinforce the ‘central strength or competence’ of the firm (ibid., p. 151).
Rumelt has subsequently analysed the performance of US manufacturing
firms in the period between 1974 and 1977 and did not find evidence of
corporate synergy (Rumelt, 1991). His analysis shows that the perform-
ance of the corporate’s business units was largely explained by business-
specific resources rather than corporate resources. And different sectors
offer different opportunities of rent creation.

Further empirical evidence, however, shows a positive relationship
between refocusing and firm performance. This evidence largely focuses
on the process of restructuring and business re-focusing occurring in the
US during the 1980s and the 1990s. For example, the analysis of Census
Bureau data on over 17,000 manufacturing establishments in the US
shows that increasing business focus during the 1980s had positive
effects on plant total factor productivity (Lichtenberg, 1992). Moreover,
Ravenscraft and Scherer (1987) noted that postmerger performance
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(accounting profits) of acquired firms under new ownership declined
particularly in pure conglomerate acquisitions ‘in which the parents’
managerial experience was least well-suited to crisis problem solving
(ibid., p. 193).

Similar results are shown by the analysis of stock market performance
of diversified firms. The market reaction to related and unrelated acquisi-
tions did not differ in the 1970s, while in the 1980s 45.6 per cent of
bidders in related acquisitions had positive stock returns against only 32.2
per cent of bidders in unrelated acquisitions (Morck et al., 1990).

By the same token, Comment and Jarrell (1995) show a positive corre-
lation between revenue-based Herfindhal index and stock return, while
other works indicate a positive correlation between related diversification,
profitability and Tobin’s ¢, which is the ratio between the market value
and the replacement costs of assets, usually confined to physical assets
(Rumelt, 1974; Markides, 1995; Robbins and Wiersema, 1995; Mont-
gomery and Wernerfelt, 1988).°

More recent empirical evidence also shows that conglomerate growth
reduces the market value of the firm. For example, Berger and Ofek
(1995) analysed the importance of conglomerate discount, i.e., they
found that the market valuation of the internal unit of a multidivisional
firm is lower than for a corresponding specialised firm. The amount of
corporate discount is significant (between 13 per cent and 15 per cent)
and increases with diversification. Denis et al. (1999) show that the con-
glomerate discount is particularly high in firms with low ownership con-
centration (manager-controlled corporations). They also found that the
Tobin’s ¢ is lower in manager-controlled corporations than in owner-
controlled ones. Other studies also show that internally controlled firms
with large-block ownership by corporate insiders show a better perform-
ance (Amihud and Lev, 1999, p. 1066).

A careful analysis of the relationship between diversification and
Tobin’s ¢ is made by Lang and Stulz (1994), who show a negative effect of
diversification on q, even when controlling for industry effects and other
variables commonly used to explain q (e.g., size, access to capital market,
R&D intensity).* Lang and Stulz, however, admit that their results do not
clarify to what extent diversification has negative effects on performance.
They found that US firms that diversified during the 1980s performed
poorly before increasing their level of diversification. Probably, these firms
diversified to find new, and more profitable, investment opportunities
outside their existing businesses. Post-diversification performance then
might depend on which sectors these firms entered (whether related or
unrelated to existing businesses) (ibid., p. 1278). This analysis points out
that the interpretation of the association between diversification and
performance is controversial.

To summarise the empirical analysis discussed so far, it is worth high-
lighting two major results:
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1 Business diversification has become more ‘coherent’ or ‘purposive’
during the 1980s and 1990s, even though there are still many diversi-
fied firms around, including conglomerate diversifiers, which require
further, fine-grained empirical evidence and theoretical explanations;

2 The performance of the firms (either profits, productivity or stock
returns) appears to be positively related with business focus or related
diversification, but the interpretation of relationships between diversi-
fication and performance remains quite controversial.

In section 3 we provide various, often contrasting, explanations of these
results.

2.2 Technological diversification

The evidence about technological diversification shows that firms large
and small, single-product or multi-product tend to increase the diversity of
their technical capabilities over time as a result of exploration of and
experimentation with new technologies, and especially the fact that prod-
ucts and processes become increasingly multi-technological (‘mul-tech’
rather than hi-tech) over time. At the same time the demand and
competitive supply of new technologies increase and firms increasingly
acquire them externally to save money and time as a complement to their
in-house R&D. Moreover, the variety of technologies developed in-house
tends to be larger than product variety, although these varieties are differ-
ent and not easily comparable. Furthermore, multi-technology corpora-
tions combine new technologies with old technical capabilities, even
though new technologies may substitute for old ones and have destructive
effects on established firms that find it difficult to exist old technologies
and/or to perceive (and respond quickly to) the opportunities and chal-
lenges arising from new technologies. Finally, technological diversification
can be described as an evolutionary process and the pattern of entries and
exits to and from various technological areas can be represented by
‘technological trajectories’.

2.2.1 Increasing technological diversification and multi-technology firms

There is a body of empirical studies focusing on the phenomenon of
technological diversification at various levels and also its relations to busi-
ness diversification (e.g., Pavitt et al., 1989; Patel and Pavitt, 1994a and
1994b; Granstrand ef al., 1997; Gambardella and Torrisi, 1998).

Of course, diversity of S&T and R&D activities has always been
observed, but less systematic attention has been paid to the processes of
diversification. In case studies of large firms Granstrand (1982) identified
four types of R&D (or technology) diversification and close connections
between growth, diversification and internationalisation of the firms and
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growth, diversification and internationalisation of their R&D, with the
former processes usually spurring the latter. Kodama (1986) and Pavitt et al.
(1989) pioneered the notion of technological diversification at industry
level and the notion of technology fusion (Kodama), e.g. of mechanical and
electronic engineering into mechatronics.” Granstrand et al. (1989) made
case studies of technological diversification in Japanese firms and Swedish
firms, with a first although crude indication of a significant positive impact
of technological diversification upon growth of firms (Granstrand and Sj6-
lander, 1990). This study was extended to interview and questionnaire
studies of 14 Japanese, 20 European and 16 US large firms, accounting for
significant shares of industrial R&D in the world, confirming the prevalence
of technological diversification as a phenomenon and its links to growth of
sales, product diversification, growth of R&D costs and external acquisition
of technologies (Granstrand et al., 1992; Granstrand, 1998). Oskarsson
(1993) extended the sample of large firms further to 57 large OECD firms,
confirming and elaborating previous results, plus identifying strategic
groups of firms employing different sequences of technology, product and
market diversification (T-div, P-div and M-div respectively, M-div denoting
internationalisation). The fastest-growing group were so-called ‘aggressive
diversifiers’, with T-div followed by P-div and/or M-div, with Canon as a
prime example. The results were not significantly influenced by type of
technology (or of type of region) and thus were not solely a result of the
advent of generic or general-purpose technologies, such as ICTs, although
their genericness was important.

In this set of studies, technology management capabilities were also
assessed, albeit qualitatively, with Japanese firms on average being most
dedicated to diversification and representing best practices regarding
management thereof. In contrast to the US and Europe a majority of large
Japanese corporations had large central laboratories for long-range, stra-
tegic, interdivisional R&D. A centralised technology management struc-
ture at corporate level was also common in order to reap economies of
scale, scope and speed. Technology issues were of top concern in the
corporations, which all had a vice president with corporate-wide execu-
tive powers. Intra-firm (interdivisional, interfunctional) technology
coordination and transfer was much attended to and relatively successful,
largely because of intra-firm mobility of engineers and communication-
rich corporate behaviour. Japanese industry had developed special skills
in exploiting new technologies commercially through synergetic product
and technological diversification, speed to technology and speed to
market, application and user orientation and IP protection, licensing and
patent monitoring.

A set of related studies has been conducted by Keith Pavitt with Pari
Patel and other colleagues at SPRU. They analysed 440 large firms in
1970-1990 and found that these firms have been granted a large share of
patents by the US Patent Office in technical fields outside their expected
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core or distinctive technologies (reported in Granstrand et al., 1997). For
instance, firms operating in electrical/electronics industries were granted
over 34 per cent of patents in nonelectrical and electronic fields, chemical
firms 33 per cent outside chemical fields and automobile firms outside the
transportation field.

Many of these firms accumulate technological capabilities in non-
electrical machinery, instruments and controls, chemical processes and
computing to develop other products that embody a rising amount of
these technologies. Obviously, the comparison between technology and
business diversification is potentially biased by different classification cri-
teria, but the level of aggregation used is sufficiently high to make such
comparisons quite meaningful. For instance, firms were classified in one
out of sixteen product groups (e.g., pharmaceuticals, computers and
motor vehicles) and their technical activities into 34 technology fields
(e.g., drugs and bioengineering, calculators and computers, road and
vehicle engines). These scholars also report on few case studies that illus-
trate the importance of technological diversification and the process of
‘competence accumulation’ over time. For instance, Rolls Royce has
increased the number of technologies in which it has competencies and
exited only one technology between the 1970s and the 1990s (piston
engines) (cf. ibid., p. 13). At Rolls Royce established core technologies
have continued to co-evolve with new technologies such as electronic
sensors, displays and simulators. The example of Ericsson is also useful
(see Box 2.2).

Drawing on patent shares and revealed technological advantage, the
authors classify firms’ technological competencies into four categories —
distinctive technologies, background technologies, marginal technologies
and niche technologies.® Distinctive technologies are those where the firm
has a share above the average and an RTA above 2 (which indicates a
marked specialisation in a given technology). This category corresponds
to Prahalad and Hamel’s ‘core competencies’. Other categories represent
different combinations of patent shares and RTAs. This exercise in
technology mapping confirms that many large multi-technology corpora-
tions accumulate a significant share of technical capabilities outside the
field of their distinctive competencies, although there are differences
across firms of different sectors. For instance, 76 per cent of Bayer’s
patents during 1985-1990 were in organic chemistry while only 19 per
cent of Ford’s patents were concentrated in vehicles and engines, with
instrumentation and production technologies representing over 43 per
cent of its technological competencies. To summarise the main result of
this analysis, we can conclude that core technical competence does not
describe accurately the range of relevant technologies that a multiproduct
firm has to possess to maintain a sustainable competitive advantage. The
reasons for these patterns of technological diversification are illustrated
later on (see section 3.2).
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Box 2.2 Increasing technological variety in multi-technology corporations:
the case of Ericsson

Ericsson is a telecom equipment manufacturer that until the 1950s relied
mostly on electro-mechanical switching, cable transmission technologies
and radio transmission technologies. With the microelectronic ‘revolution’
Ericsson invested in digital switching technologies to modernise its tradi-
tional core business (equipment and cables for public telephony) and
entered a new business (cellular mobile communication) by combining new
digital switching technology with its established radio technology. Techno-
logical diversification required significant investments and led to a consider-
able increase in R&D costs after the 1950s. R&D expenditures reached 20
per cent of total sales in 1990 and the number of engineers rose by over 80
per cent between the 1980s and the 1990s. A variety of new skills were hired
(electronics engineers, physicists and computer scientists) but also the
number of traditional mechanical engineers rose dramatically (by over 260
per cent) over the same period. The number of technologies embodied in
Ericsson’s products grew accordingly — from 5 to 14 between the earliest
and the latest generation of cellular phones (NMT-450 and GSM, respec-
tively) and from 5 to 10 between the traditional coaxial to the new optical
telecom cables. The number of patent classes in which Ericsson was active in
this period rose as well — from 17 to 29 for cellular phones and from 14 to
17 for cables. As a consequence of this rising technological diversification,
R&D costs increased dramatically. It is important to note that new technolo-
gies embodied in new product generations have not replaced Ericsson’s
established technologies — in only two cases has this firm exited a techno-
logy field. This is therefore a case of ‘competence accumulation’ that domi-
nates ‘competence destroying’ in the technological activities of
multiproduct corporations.

Source: Granstrand et al., 1997, pp. 14-15

2.2.2 General-purpose technologies and diversification

To conclude the analysis of technological diversification we now focus on
the pattern of evolution of technical capabilities at the firm level. In
particular, we are interested in the direction and timing of entry in new
technical fields by a firm that has expertise in another technical field. This
issue has been addressed by Kim and Kogut (1996) who highlight the
importance of ‘platform technologies’ as a source of options for diversify-
ing in new technical fields and markets.

Scholars of technical change have analysed the role of natural traject-
ories which, broadly speaking, represent paths of technical change for the
solution of specific sets of problems, such as aircraft design, that are driven
by bottlenecks, experience and technicians’ beliefs about which directions
can be pursued and which scientific principles or technologies can be
referred to (Rosenberg, 1976; Nelson and Winter, 1982; Dosi, 1982).7
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Technological trajectories imply that technical change takes given
directions as a consequence of dynamic increasing returns and path
dependence - i.e., the direction of future research is affected by the firm’s
past experience with specific technologies. The process of technology
branching then is not a random walk but an evolutionary process charac-
terised by cumulativeness and ‘local’ search. However, the patterns of
technological evolution vary across technologies and industries. In
particular, there are technologies, such as electricity and information
technology, which have many potential applications in different sectors
and can be combined with a multitude of other technologies (e.g.,
mechanical engineering or chemistry) (Bresnahan and Trajtenberg, 1995;
Bresnahan and Gambardella, 1998; David and Wright, 1999). The know-
ledge of these ‘generic’ or ‘general-purpose’ technologies provides firms
with significant opportunities to try different applications and therefore to
enter a variety of markets. Kim and Kogut (1996) have analysed the pat-
terns of diversification in US semiconductors firms and explored how
expertise in ‘platform technologies’ (which correspond to ‘general
purpose technologies’) impacts upon the pattern of diversification. They
rely on technical literature, expert opinions and patent histories to see
whether the experience in a given technical field serves as a platform to
enter another technical (and business) field. The history of semiconduc-
tors shows that the evolution of memories is dynamically and cross-section-
ally related to a variety of other subfields such as application-specific
integrated circuits (ASICs), digital signal processors (DSPs) and telecom-
munications (which are a hybrid of analogue and digital technologies). By
contrast, other technologies, such as microcomponents and optoelectron-
ics, appear to be unrelated to other subfields (cf. Kim and Kogut, 1996,
table 3, p. 289). These scholars have also analysed the conditional waiting
time, or hazard, of diversification. They estimated the probability to enter
a market (and technology) i at time t given no previous diversification in
the sector as a function of the firm’s experience in other markets (and
technologies) and other controls, including the growth of the target
market.® Logit regression analysis confirms that experience in memory
leads to faster diversification than other technologies.

These results suggest that subfields such as memory serve as ‘platform
technologies’ or ‘general-purpose-technologies’ since they offer options to
enter a variety of other subfields and can be combined with many other
technologies. By contrast, other technologies, like ASICs, can represent a
source of ‘competence traps’ for the firm because of strong lock-in effects.

2.3 Technological diversification, business diversification and performance

Is there any causal link between technology and business diversification? In
theory, there is a two-way relationship between them. On the one hand, the
larger and diversified a firm is the larger are its opportunities to appropriate
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the results of diversified R&D activities (Nelson, 1959). On the other hand,
the more diversified the body of technology of a firm is, the greater is its
incentive to enter a variety of markets, including technology markets.

In fact, many high-growth firms in different countries and industries
seem to follow a sequential diversification path, starting with technological
diversification and then increasing their product or market diversification
(Oskarsson, 1993; Granstrand, 1998). This pattern can be described as
follows. For a given product, new customer requirements and techno-
logical opportunities spur the firm to acquire or develop new technologies
(productrelated technological diversification). The increased scope of
technological capabilities then pushes the firm towards technology-related
product diversification, which allows the firm to exploit economies of
scale and scope (ibid., p. 473).

The pattern of evolution varies across countries and industries. For
example, firms whose main activities belong to electrical and mechanical
engineering show a pattern of ‘rooted’ diversification (which corresponds
to Rumelt’s related-constrained diversification), sticking to the original
product business area, while firms in raw materials and chemicals appear
to follow a type of ‘floating diversification’ (which corresponds to
Rumelt’s related-linked diversification).

From a normative perspective, it is important to see whether the differ-
ences discussed between technology and business diversification impact
upon the performance of the firm. Gambardella and Torrisi (1998)
analysed the patterns of diversification of the largest US and European
ICT firms listed in Fortune 500 between 1984 and 1992. They found that
technological and business diversification have opposite effects on
performance (sales growth and labour productivity), with technological
diversification showing a positive effect. They explain these findings by
noting that product and process complexity, and imperfections in the
market for technology, lead firms to widen the span of technologies that
they have to monitor and use to keep abreast of innovation in their own
core sectors. On the other hand, the expansion of business activities in
areas distant from the firm’s core business is limited by managerial and
marketing bottlenecks which generate barriers to diversification even
across technologically related sectors, such as telecommunications equip-
ment and computers (see Box 2.3 for an example).’

Box 2.3 Barriers to diversification: the case of AT&T

With the divestiture in 1984, AT&T was allowed to utilise the same sales
forces for telecommunications equipment and computers. At that time,
AT&T top management was convinced that a telephone network was like a
big computer and therefore they could have easily entered the computer
market. AT&T’s diversification strategy was mostly pursued through M&As
and agreements as a way to complement the great technological capabilities
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of its Information Systems division and the Bell Labs. The main attempts to
enter the computer market are the following. First, the strategic alliance
with Olivetti in 1984, which ended up at the end of the 1980s after AT&T’s
computer division registered negative results.

In 1987 AT&T signed an agreement with Sun Microsystems, a new firm
specialised in RISC-based workstations. In 1991 AT&T acquired NCR
(National Cash Registers) and sold its 19 per cent stake in Sun Microsys-
tems. AT&T strong technology was complemented by NCR’s large installed
base of customers in the financial and retail sectors. NCR had also a strong
international position (about 60 per cent of its sales came from abroad).
seeming to underestimate the differences between computers and telecom-
munications activities, AT&T appointed as NCR chief executive officer Jerre
Stead, a former president of AT&T’s Global Business Communications
Systems unit, with experience in PBX (private branch exchanges), wireless
communications equipment, voice recognition and messaging. The poor
performance of AT&T Information Systems division after the acquisition of
NCR and the problematic combination of telecommunications service and
equipment reveal that economies of scope from this business mix are not
easy to achieve, despite technological convergence.

A major source of economies of scope is the use of quasi-public inputs
across different lines of business. In the case of AT&T this means that import-
ant inputs such as sales and software consulting, employed, for example, in the
PBX division, could be utilised at no extra cost in the computer division.
However, the differences across the type of customers and the specificity of
products have probably reduced the importance of this source of economies of
scope. Another source of economies of scope are spillovers. Potential spillovers
are those from AT&T’s capabilities in digital networks technology to computer
networks services and facility management for the financial sector which are
the domain of NCR’s competencies. The poor performance of AT&T’s com-
puter division indicates that, despite technological spillovers, there are few
economies of joint production and commercialisation of telecommunications
equipment and computers. Moreover, AT&T was not able to cover the high
fixed costs required by the downstream assets that are specific to the computer
market because of NCR’s relatively small market share (about 2 per cent in
1990). In 1995 AT&T broke up its activities into three separate companies:
AT&T Services which includes its core business (long distance network ser-
vices) and mobile telephone, AT&T network equipment and AT&T Global
Information Systems. After a decade of attempts, AT&T top management
came to the conclusion that ‘synergy is dead, and the concept of converging
communications and computer markets, which drove the NCR deal, is an illu-
sion’. Probably, if NCR had continued its business on its own performance
would have not been much different than that registered after the acquisition.
However, the separation from AT&T’s core business should reduce misalloca-
tion of resources and improve managerial efficiency of computer activities.
Source: Gambardella and Torrisi (1998) based on Business Week, January 20,
1992, p. 36; Datamation, June 15, 1989, p. 84; Financial Times, June 4, 1991,
p- 17; Electronic Business, May 1993, p. 85; Datamation, June 15, 1991, p. 12;
Business Week, October 2, 1995, p. 28
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Unlike earlier studies that have focused on the incentives to over-
diversification, these results point out the importance of barriers to business
diversification. Besides technological capabilities, business diversification
requires other ‘complementary’ capabilities that established firms may be
unable to develop promptly. The inability to develop these capabilities may
have destructive effects on established firms.'’ As Pavitt (1998) has pointed
out, these effects have mostly to do with the inability to develop the organi-
sational capabilities required for ‘linking technologies, products, their pro-
duction and their markets’. Thus, most stories of failure reported by the
literature (e.g., photolithographic aligners in Henderson and Clark (1990)
and computer disk driver’s in Christensen and Rosenbloom (1995)), ‘had
less to do with cognitive failure by design engineers to recognise the value
of alternative product architectures, than with organisational factors’,
including the inability to recognise the changes in ‘value network’ intro-
duced by architectural innovations (see Christensen and Rosenbloom,
1995). Even though this body of the literature is mostly centred on the
competition between established firms and newcomers, the concept of
complementary capabilities is useful to understand the patterns of business
diversification and the differences with technological diversification.

3 Theory

Why is business focus positively associated with firm performance? Why do
conglomerate firms still exist and, on some occasions, continue to make
profits? What is the role of technology in business diversification?

This section addresses these questions by focusing on different strands
of the literature on diversification. The survey of the literature is far from
being exhaustive. Here we try to take account primarily of more recent
studies published during the 1990s in order to complete in part the
picture sketched in earlier surveys, such as that of Ramanujam and
Varadarajan (1989), and to highlight the role of new explanatory factors.
Moreover, our survey departs from earlier ones because we explicitly
attempt to point at the links between theories of business diversification
and theories of multi-technology firms.

3.1 Business diversification

The body of theoretical explanations of business diversification is very
articulated. In order to simplify the discussion we can group these studies
into four main approaches in research.

3.1.1 Superiority of internal capital market

The first approach draws on the idea that diversification is a strategy that
allows firms to increase efficiency conditional upon various kinds of
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imperfections in the input markets, especially in the capital market (Gort,
1962; Rumelt, 1974). The inefficiency of arms’length market transactions
compared with hierarchy arises from information asymmetry, complexity
and uncertainty, bounded rationality and transaction-specific investments
(Williamson, 1970 and 1985). The main hypothesis of this theory is that
lateral integration (diversification) leads to greater efficiency provided
that the corporate structure is adapted to a wide product and market
scope. Diversified firms then have to adopt a multidivisional form of
organisation if they want to exploit the economies of the internal capital
market and to keep division managers under the control of stakeholders.
This approach can explain why there still exist conglomerate firms even
after the wave of de-diversification and refocusing occurred during the
1980s and 1990s. But it does not help to explain the direction of diversifi-
cation.

3.1.2 Economies of scope

A second approach combines the transaction-cost economics with
economies of scope. The main underlying idea is that diversification is an
efficient strategy when the production function exhibits given character-
istics (super additivity) and the markets for intermediary goods (financial
capital and knowledge) are inefficient compared to alternative gover-
nance mechanisms (hierarchy) (Panzar and Willig, 1981; Teece, 1980).
This approach is fundamentally static in nature, since it posits that the
rational firm plans the level of lateral or vertical integration on the basis
of the degree of economies of scale and the cost of use of the price
mechanism at a given time. However, it is possible to cast the concept of
quasi-public inputs into a dynamic framework, where firms grow and
diversify to exploit internal excess resources and thus enjoy dynamic
economies of scale and scope (Penrose, 1959). Not surprisingly, this latter
view of diversification has become popular in business history studies
(Chandler, 1990) and the strategic management literature, and is often
referred to as the ‘resource view’ because of its emphasis on the accumula-
tion of intangible resources and capabilities (Montgomery, 1994).

3.1.3 Agency costs

The third approach, based on the agency theory, is very popular in the
financial economics literature. This approach points to diversification,
particularly unrelated diversification, as the (inefficient) result of ‘free
cash flow” and the separation between management and control (Jensen
and Meckling, 1976; Amihud and Lev, 1981; Jensen, 1986). Contrary to
what is predicted by the transaction-cost approach, multidivisional, con-
glomerate firms tend to produce a suboptimal level of diversification and
a below-average corporate performance. For the advocates of agency
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theory, internal incentives adopted in multidivisional firms are not
enough to induce efficient managerial behaviour. Only the financial
markets (i.e., the threat of takeover, leverage buyouts etc.) can impose
discipline on managers by forcing them to invest in projects with a positive
net present value.

3.1.4 Market power and strategic interactions

The fourth approach is entrenched in the industrial organisation tradi-
tion and considers diversification as the (inefficient) result of strategic
interaction and rent-seeking. Originally, this approach pointed to the rela-
tionship between multi-market contact and market power. This approach
posits that multimarket contact favours the emergence of ‘spheres of
influence’ and recognition of interdependence among diversified firms
(Edwards, 1955; Bernheim and Whinston, 1990; Scott, 1993). In the new
industrial organisation literature, diversification is also viewed as the result
of the strategic interaction among non-collusive competitors (Deneffe,
1993; Dixon, 1994). In what follows we analyse these different approaches
by focusing on the following dimensions:

¢ the key variables that are used to explain business diversification and
the main predictions of each theory;

¢ the implications for the evolution of industry structure;

¢ the impact of diversification on private and public efficiency;

¢ the association between diversification and the organisation of the
firm.

3.1.5 Excess capacily, internal capital market and corporate
diversification

The earliest studies on business diversification highlighted two basic
explanatory factors of diversification. First, excess capacity of productive
factors that can be exploited through firm growth. Second, the reduction
of corporate risk which is made possible by the diversification of the prod-
ucts/markets portfolio. These two variables are used to explain both
related and unrelated (conglomerate) diversification.

As for excess capacity, Chandler (1962) and Penrose (1959) pointed to
the economies arising from the use of idle capacity. In particular, Penrose
emphasised the importance of accumulated excess intangible resources
(management, technical-engineering and R&D knowledge) as a source of
dynamic economies of growth and diversification. Similar arguments have
been used by scholars of multinational corporations to explain inter-
national expansion with the use of ‘generalist’ skills (see Dunning, 1993,
for a survey). Subsequent studies on business diversification have also
pointed out the crucial role of ‘general management skills’ in modern,
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diversified, divisionalised firms. For instance, Rumelt (1974) has made the
point that ‘training and effective employment of generalists must become
the prime concern of any firm that has goals that include growth by diver-
sification or participation in the new technologies that quickly produce a
proliferation of new products’ (ibid., p. 157). Also technical skills repre-
sent another critical input that can be re-used to nurture diversification,
especially if one considers that firms usually tend to enter into industries
characterised by rapid growth and technical change. Analysing the pat-
terns of diversification of US firms between 1929 and 1954, Gort (1962)
noticed ‘firms that employed in their main activities a relatively large
number of technical personnel were in a stronger position to enter indus-
tries that had proved most attractive as diversification outlets, and thus
diversified more frequently than other firms’ (ibid., pp. 6-7). These con-
siderations highlight the importance of quasi-public inputs whose role in
explaining related diversification is reprised in subsequent, more formal
studies that we discuss later on.

The second motivation for diversification discussed in these pioneering
studies on diversification is represented by risk reduction. By adding prod-
ucts to existing lines of business a diversifying firm can take advantage of
asynchronous peaks and downturns across different industries with different
cyclical patterns. The reduction of risk and the stabilisation of profits and
total sales is a reason for random, unrelated diversification (ibid., p. 106).
Drawing on Markovitz’s (1959) theory of diversification of financial port-
folios, Rumelt (1974) claims that the optimal diversification strategy is differ-
ent from that postulated by the advocates of the random walk hypothesis
(unrelated diversification). In the presence of major economic cycles, which
affect the majority of industries, investments in completely unrelated areas
are too risky while in normal economic conditions this strategy yields only
average performance. By contrast, ‘controlled diversification’ can reduce a
particular type of risk which is that associated with product lifecycles rather
than random market variability per se. To reduce corporate risk the business
portfolio of the firm has to include products positioned in different stages of
their lifecycle: ‘the best defence against a declining market is not a new unre-
lated activity but a new product that is functionally related to the reasons for
the declining sales or profitability of the old’ (ibid., p. 81).

Despite the different views about risk diversification, both Gort and
Rumelt believe in the superiority of the corporate financial market com-
pared with the external capital market. This superiority is primarily attrib-
utable to the ability of generalist managers to evaluate projects that are
intrinsically difficult to evaluate by outsiders. As a matter of fact, the finan-
cial markets often produce random discrepancies in buyers’ and sellers’
valuations of assets and this makes the internal capital market relatively
more efficient (Gort, 1962, ch. 1). Relatedly, diversified firms can quickly
relocate resources across industries with different growth and profit rates
(Gort, 1962, p. 4; Rumelt, 1974, p. 159)." In the same line of reasoning,
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Williamson (1970 and 1985) and Comment and Jarrell (1995) pointed to
the comparative efficiency of intrafirm financial transactions compared
with the capital market.

This approach does not explicitly examine the implications of diversifi-
cation for market structure even if it recognises that ex ante market struc-
ture can affect the decision to enter an industry. High entry barriers in the
target industry imply high market concentration and presumably weak
competition. These conditions ‘may operate as inducements to entry for
large firms’ that enter by diversification (Gort, 1962, p. 107). Further-
more, diversification is not considered as a possible way to increase market
power. On the contrary, it is argued that diversification is often a source of
new competition (ibid., p. 4). Therefore, the expected superior perform-
ance of diversified firms against non-diversified firms is believed to be the
result of greater efficiency rather than greater market power.

An important variable that is accounted for in these studies is organisa-
tion and management (see especially Chandler, 1962; Williamson, 1970
and 1985; Rumelt, 1974). This stream of the literature relies on the idea
that strategy and corporate structure must evolve together in order to
respond to changing environmental conditions. In particular, the devel-
opment of multiple product lines requires a product division structure
which favours the development of an internal pool of managerial
resources from which to draw on to enter new markets (ibid., p. 37). M-
form has a comparative advantage when environmental change is fast,
particularly when technical change is rapid and firms grow internationally
(Lawrence and Lorsch, 1967; Fouraker and Stopford, 1968). This explains
why the vast majority of diversifiers analysed by Rumelt between 1949 and
1969 have also adopted a multidivisional form.

Although this approach does not explicitly explore the relationship
between business and technological diversification, technological cap-
abilities of firms and industries are explicitly considered as an important
factor that explains the choice and the direction of diversification. As
mentioned before, technological capabilities of the firm represent an
important prerequisite to enter the most attractive industries, which in
turn are those with the highest rate of technical change (Gort, 1962).
Gort’s concept of ‘technological propinquity’ and Rumelt’s concept of
‘relatedness’ implicitly rely on the idea that technological distance
between sectors matters to explain the extent and, especially, the direc-
tion of business diversification.

Gort (1962) proposed two definitions of ‘technical propinquity
between products’. First is the propinquity that arises from the use of
similar or complementary products, raw materials and production
processes. Second is propinquity that comes from the use of intangible
resources such as R&D staffs, experienced salesmen, and managerial skills
for two or more products. Gort also noticed that the latter type of propin-
quity among sectors has increased over time (ibid., pp. 57-58). Moreover,
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he showed that technological propinquity increases the probability that a
firm from one sector diversifies into another sector. Technological propin-
quity makes managers of one sector more aware of the potentialities of new
products in close sectors. Moreover, managers can draw upon their previous
experience in one sector to operate in a related sector. Finally, if two sectors
share similar equipment and plants, then diversification allows the use of
excess capacity (ibid., pp. 107-108). Rumelt has elaborated upon the
concept of propinquity to define the sources of relatedness among sectors.
He distinguishes three types of relationship among sectors: 1) use of similar
markets and distribution systems; 2) use of similar production technologies
and 3) exploitation of science-based research (Rumelt, 1974, p. 17). Rumelt
noted that related diversification allows firms to exploit the benefits of nega-
tively correlated returns arising from sectors with different growth rates.
Relatedness thus makes it possible to maintain a variety of products that
address similar functions, such as information processing or photography,
and are continuously innovated to meet the evolution of the economic and
technological environment (ibid., p. 157).

The seminal works of Gort and Rumelt have inaugurated a new line of
empirical research that has tried to measure the importance of related-
ness and the effects of relatedness on corporate performance. In particu-
lar, this line of research suggests that related diversification allows firms to
increase efficiency and profitability.

3.1.6 Economies of scope, market imperfections and related diversification

More recent studies have explained business diversification by combining
the effect of firms’ quasi-public inputs, capabilities or resources with that
of transaction costs (Teece, 1980).

A fundamental intuition of this approach is that the market for quasi-
public factors such as managerial and technical knowledge is imperfect
because these inputs are intangible, idiosyncratic and context-specific.
The knowledge underpinning many innovative processes is complex and
tacit. This is one reason why diversification (lateral integration) is believed
to improve firms’ ability to re-deploy their resources among markets in
response to new demand and technological opportunities (Teece, 1980).
Moreover, this strand of the literature defines formally the role of excess
resources as a source of economies of scope (Teece, 1980; Panzar and
Willig, 1981).

The concept of economies of scope draws on the Marshallian
economies of joint production. Economies of scope can be determined by
the use of public inputs, which once used in one activity can be used at no
cost in other ones: C(k!, k2 ... k", B) = Bmax;(k'), where k' is the vector of
inputs employed in the activity i and B is the vector of input prices.

However, the use of pure public inputs is not necessary for economies
of scope. A necessary and sufficient condition for economies of scope is
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that the cost function is strictly sub additive in the relevant range:
C(k' +k? B) <C(k', B) + C(k? B).

Subadditivity in turn depends on indivisibility of inputs (Panzar and
Willig, 1989) and complementarity (Milgrom and Roberts, 1990).'
Another, less explored, source of economies of scope is represented by
externalities among different activities. These externalities occur when the
activity i generates an output (e.g., knowledge) that spills over another
activity costlessly or at low cost (Henderson and Cockburn, 1993). Exter-
nalities and cross-fertilisation occur especially in the use of ‘general-
purpose technologies’ and flexible production techniques.

Appropriability of inputs or resources that can be shared among differ-
ent markets and the imperfections in the markets for these resources are
important explanations of diversification, especially related diversification
(Teece, 1980; Teece et al., 1994; Montgomery and Wernerfelt, 1988).

Firms may appropriate the rents from the use of excess factors outside
their current business scope, but the marginal rents of these factors
decline with the distance among sectors (Montgomery and Wernerfelt,
1988). With the distance the use of common competitive factors such as
R&D, production and organisation techniques and distribution channels
become less efficient. Firms endowed with more industry-specific factors
will exploit these factors by diversifying into close sectors, if these sectors
offer entry opportunities. If entry opportunities are concentrated in
distant sectors, industry-specific factors will be employed in the current
core sector because the marginal rent of industry-specific factors decreases
quickly with the distance between sectors. Firms endowed with less indus-
try-specific factors, such as ‘general-purpose technologies’, will try wider
diversification because the marginal rents of these factors decline less
markedly with the diversification distance. However, the average rent
yielded by less specific factors is smaller than that of more specific factors.
As a consequence, more diversified firms will have lower average rents
compared with less diversified firms. To summarise, in Montgomery and
Wernerfelt’s model the diversification strategy of the firm depends on the
specificity of excess factors and the location of entry opportunities in the
marketplace.

This theory accounts for the lower profitability of diversified firms
reported in the empirical literature. However, due to its static approach it
does not explain the process of diversification, i.e. entry to and exit from
markets over time. Under conditions of time-invariant demand with static
economies of scope, a perfectly rational firm will start up as a multiprod-
uct firm and no diversification will occur afterwards (Deneffe, 1993, p.
263). An attempt to introduce a dynamic dimension in the framework of
economies of scope is made by Deneffe (1993), who modelled diversifica-
tion as a process of sequential entry in sectors that are new to the firm.
Established firms (active in another sector) may delay entry because of two
effects: 1) an experience effect; and 2) a relatedness effect. These two
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effects jointly determine cost externalities across sectors: established firms
may prefer to wait, accumulate experience in their core sector and enter
later into the new sector. By delaying the entry the firm will benefit from a
reduction of cost in the core sector (experience effect) that can be trans-
ferred to the new sector (relatedness effect).

3.1.7 Information asymmetry, agency costs and conglomerate
diversification

Financial markets make mistakes. In the 1960s the stock market
responded positively to diversification by M&As. Thus it provided wrong
signals and incentives to manager-controlled firms: ‘the fact that the
market thought that conglomerates were a good idea does not mean that
they were’ (Schleifer and Vishny, 1991, p. 58). During the 1980s the
capital markets revised their valuation of conglomerate growth after
taking into account the deteriorating performance of many conglomerate
firms. The financial market has probably learned by past mistakes. More-
over, the efficiency of capital markets appears to improve over time
because of deregulation, increasing international competition and the
introduction of new requirements to information disclosure by firms
(Markides, 1995).

Also, the costs of diversification have probably risen with the globalisa-
tion of markets (which imposes new managerial burdens on firms)
(Schleifer and Vishny, 1991; Markides, 1995). Financial economists
believe that the improved efficiency of the financial markets has increased
the monitoring capacity of shareholders (financial institutions) and
imposed more discipline (and efficiency) upon managers by making
takeovers more credible. Moreover, it is quite likely that managers have
learned from experience and corrected their optimism about their ability
to manage a great variety of different businesses.”” The relative ineffi-
ciency of financial markets and the agency costs arising from the separa-
tion between ownership and control represent the principal determinants
of business diversification for the agency theory of the firm.

A fundamental concern of this stream of the literature is to determine
why managers tend to overdiversify and under which conditions they will
invest in projects with a negative net present value. Conglomerate, unre-
lated diversification is the main target of these studies.

Contrary to Gort-Rumelt’s conjecture, which pointed to the financial
economies arising from diversification, the agency view highlights the
negative implications of conglomerate growth for firms’ efficiency. Diver-
sification increases with unused borrowing power, large free cash flows
and cross-subsidies, monitoring costs and management behaviour ori-
ented to the reduction of risk (Jensen and Meckling, 1976; Jensen, 1986;
Rotemberg and Saloner, 1994)."

In firms with substantial separation between ownership and control,



Survey of theories and empirical evidence 45

managers tend to overdiversify, that is, to invest in low-benefit or value-
destroying investments for the following reasons:

¢ free cash flow in excess of the level required to fund projects with a
positive NPV and information asymmetry (Jensen, 1986; Comment
and Jarrell, 1995);

¢ the prestige and power arising from bigness (Jensen, 1986);

¢ with diversification the internal demand for managers and, con-
sequently, their compensation increase (Jensen, 1986; Schleifer and
Vishny, 1991);

¢ unlike shareholders, who can reduce their diversifiable risk by diversi-
fying their asset portfolios, managers cannot diversify their employ-
ment risk and therefore seek to reduce the firm risk by increasing
business diversification (Montgomery, 1994).

Overdiversification and agency costs are likely to manifest in mature
sectors, where firms produce earnings in excess of the investment
opportunity offered by the sector, and in manager-controlled corpora-
tions, where stakeholders do not observe directly the efforts of managers.

The attention to the relationship between corporate control and diver-
sification has been recently revamped by the debate between financial
economists (e.g., Amihud and Lev, 1981 and 1999; Denis et al., 1999) and
strategic management scholars (e.g., Lane et al., 1999). In particular, Lane
et al. (1999) dispute the idea that managers always behave as self-
interested agents and bring firms to excess, value-destroying diversifica-
tion. These authors claim that strategic management sees firms as sets of
resources and capabilities, ‘agency problems with oneself” or ‘self-control’
which can lead individuals to take opportunistic actions that are harmful
to themselves and to others: ‘self interest is not necessarily the primary
motive behind managerial behaviour’; ‘whether a manager acts oppor-
tunistically depends in large part on how that manager feels about its work
situation...” (Lane et al, 1999, p. 1079). On the other hand, financial
economists observe that diversification is likely to decrease (and profitabil-
ity to increase) when managers are subject to significant disciplinary
events, such as a block purchase or a threatening acquisition, and when
the monitoring or control by lenders increases (e.g., through leverage
buyout).

Relying on similar data sets, which yield similar results, these two
streams of the literature reach opposite conclusions as to what is the rela-
tionship among ownership structure and diversification. Future empirical
research should attempt a more careful qualitative analysis of these two
contrasting theories about the relationship between ownership structure
(corporate governance), diversification and performance. Another
promising direction for future research should address the issue of differ-
ent organisational forms and how they impact upon the relationship
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between diversification and performance. Unfortunately, as noted by Hill
(1994), most of current research in this field does not recognise that
apparently similar organisational structures (M-form) rely in fact on differ-
ent centralisation, integration and control mechanisms. Within multidivi-
sional organisation we can find two radically different structures —
cooperative organisations and competitive ones. The former organisations
aim at exploiting interdependencies and ‘synergy’ among divisions by
relying on centralising and integrating mechanisms."” Cooperative organi-
sations use incentive systems that combine objective measures of divisional
performance (such as rate-of-return) and subjective modes of evaluation.
Moreover, incentive schemes aim at stimulating cooperation among divi-
sions (e.g., profit bonuses for divisional managers are associated with
corporate rather than divisional profitability). These types of organisa-
tions are efficient if firms pursue a strategy of related diversification and
therefore aim at exploiting economies of scope. A particular source of
economies of scope in a dynamic perspective arises from the reuse of
inputs across different generations of technological systems.'® These
economies are associated with reuse of knowledge, savings in testing and
production costs (initial design costs include testing and coordination of
different components). These economies are made possible by the use
of modular, upgradable technological systems, standard components or
gateway technologies that allow ex-post compatibility among incompatible
components. On the other hand, modular and upgradable systems imply
higher initial design costs, significant coordination costs among compo-
nent designers and search costs due to the location of reusable com-
ponents that increase with the number of available components.

Firms can economise the use of inputs and components by designing
organisations that promote cooperation, knowledge sharing and transfer
across divisions, business units etc. (Hill et al., 1992). On the other hand,
competitive organisations are best suited to attain benefits from efficient
internal governance of the capital market. These forms of organisations
emphasise the autonomy of division managers and rely on objective incen-
tive schemes (such as rate-of-return) that reward each division without any
connection with the performance of other divisions. Moreover, each divi-
sion is put in competition with other divisions for the allocation of corpor-
ate cash flow. Competitive organisations mimic the capital market and
should be comparatively efficient in firms that pursue a strategy of con-
glomerate diversification (Hill, 1994). This distinction makes it clear that
different strategies (related diversification against conglomerate diversifi-
cation) require different sets of structures and control systems.'” One
reason why the empirical evidence has not reached clear-cut conclusions
concerning the association between diversification and performance relies
most probably on the fact that the analysis that has yielded these results
fails to explicitly deal with unobserved heterogeneity due to differences in
management systems across diversified firms.
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The agency theory is not interested in exploring the implications of
diversification for the market structure; neither does it address the issue of
what are the relationships with technology. In this view of the firm,
technology and competencies are not relevant dimensions. The firm is
considered as a nexus of contracts whose nature is not substantially differ-
ent from market relationships.

Moreover, this approach does not account for the fact that efficient
financial markets, with powerful institutional investors (e.g., investment
funds and pension funds) that can exercise their voice, drive managers
towards short-term horizons and therefore may have negative effects on
investments in R&D (Hansen and Hill, 1991). Since these investments rep-
resent a major source of economies of scope for the firm, the short-term
orientation of managers induced by the capital market can inhibit related
diversification and growth.

3.1.8 Purposive diversification and the market power hypothesis

The idea that competition among multimarket firms eases overt or tacit
collusion was first introduced by Edwards (1955) and developed subse-
quently in the ‘new industrial organisation’ literature (e.g., Bernheim and
Whinston, 1990). In Edwards’ view, multimarket contacts lead conglomer-
ate firms to avoid aggressive price competition in order to reduce the risk
of generalised price conflicts. Conglomerate firms will find an equilibrium
where, for example, each firm behaves as a leader in markets where it is
stronger (because of cost advantage or the like) and as a follower in
markets where it is weaker. Through multimarket contacts, non-
cooperative firms can reduce information lag or uncertainty about rivals’
defection and learn how to converge on a ‘focal’ equilibrium (a set of
strategies that supports a cooperative-like outcome): ‘some modus vivendi
for coordination will arise’ among rivals that take part in a multiperiod
game which yields multiple equilibria (Kreps, 1990).

More recently, Scott (1993) tried an empirical test of multimarket
contact and market power (extra-profits) in diversified firms. The main
result achieved by this study is that multimarket contact alone, measured
by the number of ‘meetings’ between different firms in the same LBs, is
not conducive to market power, proxied by proi‘ltability.18 On the con-
trary, multimarket contact alone has a negative effect on profitability.
However, as earlier studies have demonstrated, multimarket contact and
market concentration (a proxy for the presence of barriers to mobility of
resources across sectors) have positive joint effects on profitability. This
result lends support to Edward’s hypothesis. Groups of interdependent
sellers (linked by multimarket contacts) recognise that mobility of
resources reduces their profits and therefore seek to meet in concentrated
markets where barriers to mobility are high and coordination is easier.
According to Scott this is an important facet of ‘purposive’ diversification.
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Scott concedes that diversification may be driven by the search for tech-
nical efficiency (exploitation of economies of scope etc.), market power
being an ‘innocent’ by-product of this process. However, when multimar-
ket firms meet in high concentrated markets purposive diversification and
market power are probably the intentional result of strategic interaction.

In contrast with the market power hypothesis, theoretical studies in the
industrial organisation literature have demonstrated that multimarket
contact may be the outcome of competition rather than (the search for)
collusion. For instance, Roller and Tombak (1990) show that in oligopolis-
tic markets firms that enter into technologically related markets, can
exploit the benefits of economies of scope arising from the use of flexible
technologies. Moreover, entry may increase competition and reduce
prices. The beneficial effects of competition on social welfare can be out-
weighed by the negative effects of inefficient production when diversifica-
tion occurs in the presence of diseconomies of scope (Dixon, 1994)."

The market power hypothesis has found quite weak support in the
empirical evidence. As discussed before, most evidence shows that diversi-
fication is not conducive to higher corporate performance. On the con-
trary, many studies have found a negative association between
diversification (especially unrelated diversification) and performance.

3.2 Technological diversification

This section explores the causes and consequences of technological diversifi-
cation. Moreover, we ask whether the forces that govern technological diver-
sification differ substantially from those that affect business diversification.

Most of the approaches surveyed in previous sections do not provide
any theory of technological diversification, nor do they explore the rela-
tionship between the span of technologies accumulated by the firm and
the scope of business activities. This relationship is quite complex, as
recent empirical studies have demonstrated. As mentioned before,
Granstrand and Sjolander (1990), Patel and Pavitt (1994a and 1994b),
Granstrand et al. (1997) and Gambardella and Torrisi (1998) have shown
that large corporations make use of, and develop, in-house capabilities in
many different technologies, including mechanical engineering, chemi-
cals and IT. But this does not elicit a corresponding degree of product
diversification. For instance, large chemical and electrical firms accumu-
late more competencies in non-metallic minerals technologies than the
large firms in non-metallic minerals technologies themselves.

3.2.1 The reasons why firms accumulate technical competencies outside
their core business

Why do firms accumulate technical competencies outside their core busi-
ness? There are two broad categories of reasons. First, product complexity
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and systemic interdependencies among technologies embodied in prod-
ucts. Second, the limits to appropriability of technology and opportunities
to reduce R&D risk and costs. Large multi-technology firms develop
complex products and systems that combine and integrate different tech-
nologies. As mentioned earlier, in many industries (from electrical house-
hold appliances to electronics) the number of distinct technologies
embodied in products has risen steadily over the past decades. Moreover,
new technologies often do not substitute for old ones but are combined
with them to produce new products or to improve established lines of
business. This pattern of technological accumulation contributes to widen
firms’ technological portfolios (Granstrand and Oskarsson, 1994;
Granstrand and Sjolander, 1990; Patel and Pavitt, 1994a).

Although some technologies can be acquired on the market, firms
must have some knowledge of most of the technologies underlying their
products. One reason is that changes in one component of a complex
system usually require adaptation of other components or the re-design of
the system architecture (Henderson and Clark, 1990). When the supply
chain is complex, as in the case of telecommunications equipment or
automobiles, the accumulation of technical capabilities in different fields
outside the firm’s distinctive capabilities is more important, especially
when the inputs acquired are very specialised. For instance, Ericsson has
maintained in-house technological and design capabilities in semiconduc-
tors used in its mobile phones even when relying on external suppliers
(Granstrand et al., 1997). These capabilities outside the firm’s distinctive
technologies have provided Ericsson with the ability to evaluate, absorb
and integrate external knowledge not available ‘off the shelves’ (cf. the
notion of absorptive capacity in Cohen and Levinthal, 1989).

Moreover, often coordination with external suppliers requires signific-
ant flows of proprietary knowledge that is difficult to protect (e.g., know-
ledge about processes or software) and the risk of opportunistic behaviour
is high due to the small number of available suppliers. In these conditions
the market for technologies is inefficient and firms are spurred to inter-
nalise the development (and probably also the production) of key inputs.

Other factors that induce to technological diversification are associated
with the efficiency of R&D activities and appropriability. A diversified
technological basis increases the ability of firms to appropriate the returns
from innovative efforts. Compared to specialised firms, a diversified firm
may have a better perception of the potential applications of a discovery.
This appropriability advantage yields greater expected profit from innova-
tion (Nelson, 1959). Relatedly, the ability to recognise more quickly the
potential applications of R&D reduces the probability of market preemp-
tion by rivals. Furthermore, technological diversification reduces the risks
of failure of innovative investments. As the market cannot provide com-
plete insurance against such risk, a diversified R&D portfolio may repre-
sent an efficient alternative form of insurance (Scott, 1993). Finally,
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technological diversification may reduce the average costs of R&D because
of economies of scope and spillovers across R&D projects. The specialised
inputs needed in one research project, such as know-how and indivisible
physical assets, cannot be easily traded on the market, while they can be
shared with other research projects within the same firm (Henderson and
Cockburn, 1993).

3.2.2 Technological diversification and competition

The studies discussed so far explain the rising technological diversification
and the differences with business diversification by focusing on the
increasing complexity of process and product technology and the imper-
fections in the market for technology. But, with few exceptions, they do
not explicitly link technological diversification with competition.

However, competition can have significant effects on technological
diversification. First, firms operating in competitive markets are spurred to
improve efficiency and quality by integrating different technologies (e.g.,
microelectronics or new materials with mechanical engineering). More-
over, to escape the rent-destroying effects of price competition, firms seek
to differentiate their products by improving their functionality. This
affects technological complexity and diversity (Scott, 1993).

Second, the nature of competition and its effects on technological
diversification varies across sectors. In markets characterised by a low
degree of product substitution, i.e. by a high preference for variety, and a
relatively high elasticity of R&D costs to product quality, firms cannot
easily displace their rivals by raising R&D intensity, while it is profitable to
introduce new varieties of goods. This strategy leads to a proliferation of
technologies (supporting new varieties) at the industry level (Sutton,
1996). Whether this will result in a greater technological diversification of
the firms depends on the degree of complementarity and spillovers
between technologies, and imperfections in the markets for these tech-
nologies. The presence of multi-technology corporations in reality sug-
gests that complementarity and imperfections in the market for
technology are important.

Finally, patented technologies can be used to deter potential competi-
tion. This is a process similar to brand proliferation in the product
markets and gives rise to ‘sleeping patents’ by established firms.*

4 Technology and business diversification: summary and
management implications
4.1 Types of diversification

A number of types of diversification patterns have been discussed in this
survey. In the evolution of a multiproduct, multitechnology firm, diversifi-
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cation takes place both in the product space and in the resource space. If
the original range (set of types) (of products or factors) persists over time
with the diversification process, then diversification can be defined as
(product- or factor-) rooted, otherwise it is floating. The direction of diversifi-
cation refers to the direction of the trajectory in those spaces. Concurrent
diversification or ‘hybrid diversification’ (by some authors) is diversifica-
tion taking place in several dimensions concurrently (which has proven to
be risky). Moreover, based on some notion of relations or relatedness
between the old and the new elements included, diversification is further
characterised as related or unrelated or conglomerate. When the relations are
buyer/seller relations, diversification amounts to vertical integration (or
vertical diversification), while horizontal (or lateral) diversification (or integra-
tion) involves competitive relations.”’

Traditionally the literature on diversification has referred to the range
and distribution of outputs of the firm, classified in terms of products,
(output) markets or business. Here we have complemented these types of
output diversification with different types of input diversification or resource
diversification. These latter types refer to the range and distribution of
inputs (factors, resources) of the firm, classified not only in terms of raw
material, physical capital, and financial assets but also in terms of tech-
nologies, knowledge, competences, IPRs, network relations and other
forms of intangible inputs (resources, assets, capital). In particular, our
survey has focused on technological diversification.

Formal models at firm level that try to analyse different diversification
trajectories and their interaction are still lacking, although there are
theoretical frameworks discussed in our survey that point to the inter-
action between technology, product and market diversification. Other
variables included in these models are R&D cost escalation, increasing
external technology sourcing (and thereby use of various types of
technology markets), and technological and business opportunities
through growth and differentiation of S&T and market needs (allowing
for division of labour), in order to meet company objectives in terms of
profits, growth and risk exposure through different strategies. Naturally,
a host of additional internal and external factors (economic, institu-
tional, political, social, cultural etc.) affect the diversification processes
and strategies.

Figure 2.1 attempts to summarise and extend previous conceptual
models, and indicate the main feedback links, e.g. behind the dialectics
between technology and product diversification.

As discussed earlier, technological diversification is affected by forces
that are in part different from those governing business diversification.
Moreover, the same forces that affect both technology and business diver-
sification may have a different impact upon each of them. This accounts
for the substantial differences between technology and business diversifi-
cation observed by the empirical literature.
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Figure 2.1 Variables affecting technology and business diversification.

As Figure 2.1 illustrates, there are three broad different sets of variables
that affect technology and business diversification:

® variables related to system complexity, R&D efficiency and transaction
costs;

* variables related to new technological opportunities and competition;

¢ variables related to the institutional environment (including the
financial markets and regulation of products’ markets).

The first category of variables includes system complexity, i.e. the exist-
ence of systemic interactions among different technologies embedded in
product subsystems or processes. Technological complexity in turn affects
the possibility to pursue autonomous innovations (which can be
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developed independently from other innovations) and systemic innova-
tions (which must be developed in close connection with complementary
innovations). Complexity can be reduced by the standardisation of
component technologies and the use of modular technological systems.
As mentioned earlier, modularity has a significant impact upon the organ-
isation and firms can choose among different levels of modularity and task
partitioning to pursue different diversification strategies.” Modern manu-
facturing systems allow a high level of modularity in production and spur
the adoption of complementary organisational innovations (e.g., in mar-
keting). As Milgrom and Roberts (1990) have pointed out, complementar-
ity makes it unprofitable to change only one or few dimensions of a
manufacturing system (e.g., CAD/CAM) without changing other dimen-
sions (e.g., the ordering and delivering process). Because of complemen-
tarity, then, the adoption of modular technological systems is a choice
characterised by non-convexities and increasing returns that can lead to
growth and diversification.” On the other hand, however, modularity
favours the division of labour among firms and therefore may reduce the
need for diversification.

The appropriability of technology and small numbers (of available sup-
pliers) also affect the incentive to lateral or vertical integration of tech-
nologies and businesses.

Finally, technological ‘genericness’ affects diversification. As discussed
before, firms that accumulate capabilities in general-purpose (or plat-
form) technologies can enter a large number of different sectors.

The second set of factors affecting technology and business diversifica-
tion is related to opportunities and challenges arising from the emer-
gence of new technologies. New technologies open new windows of
opportunity to existing firms and may result in process or product innova-
tions or product differentiation. However, new technologies can also have
disruptive effects on established firms for the benefit of newcomers. For
these reasons the accumulation of capabilities in technical fields outside
the firm’s core technologies can be a rational strategy since it allows the
firm to monitor, anticipate and absorb new knowledge that is relevant for
the existing business activities. However, technological diversification
spurred by new technologies does not necessarily lead to business diversifi-
cation. For one thing, business diversification in a given market probably
requires much more expertise than that required to monitor or absorb
knowledge produced by others. Moreover, business diversification may
require significant investments in complementary capabilities and is often
hampered by ‘innocent’ or ‘strategic’ entry barriers.?* Finally, the manage-
ment of a diversified portfolio of business activities is often much more
compelling than coordinating a portfolio of different technologies (i.e.
multi-technology management). As a matter of fact, firms like AT&T or
Xerox have demonstrated a unique ability to manage a diverse range of
technologies, from transistors to telecommunications and computing, but
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have failed to enter many downstream markets. These experiences suggest
that there are factors, such as industry-specific organisational capabilities,
which affect business diversification but not technological diversification,
and vice versa.

5 Conclusions

This chapter analyses different patterns of diversification and provides a
critical assessment of the main factors that impact upon technology and
business diversification. The chapter shows that there are factors that
affect both technology and business diversification and factors that influ-
ence only one of these dimensions of the firm’s strategy. To our know-
ledge this is the first attempt to compare different streams in the literature
on technological and business diversification.

The survey indicates that large firms operating in different sectors, from
automobiles to telecommunications equipment, tend to become multi-
technology corporations. For these firms technology conservation and
diversification dominate over technology substitution and competence
destruction. This pattern of technological accumulation implies an increas-
ing technological diversification that, however, does not translate into a
similar level of product diversification. In fact, there exist very different pat-
terns of business diversification — from related diversifiers to conglomerate
corporations. Related diversifiers tend to be ‘coherent’ in their patterns of
growth since they enter new businesses that have in common with their old
business significant technology or marketing capabilities. These firms,
including most multi-technology corporations, then aim to exploit
economies of scope and spillovers across technologies and markets. Con-
glomerate diversifiers pursue a different strategy centred on different types
of economies (e.g., financial economies). These differences in diversifica-
tion patterns are reflected in different organisations and management
structures — cooperative vs competitive (and divisionalised) ones.

In this survey we have compared different hypotheses about business
diversification. The transaction-cost approach is overly optimistic about
the ability of corporate managers of diversified firms to organise an
internal capital market more efficiently than the external market.
Williamson assumed that, by introducing a formal separation between
corporate (top) and division managers, diversified firms could keep the
monitoring costs of hierarchy under control. Moreover, Williamson relied
on the assumption that corporate managers were immune from the
problem of ‘on-thesjob consumption’ since their hierarchical position
should provide them with a ‘psychological commitment’ to maximise
profit. Both assumptions are arguable and have not found robust empiri-
cal foundations (Hill, 1994). On the other hand, the agency theory
appears overly optimistic about the disciplinary effect of the capital
market. As the empirical evidence clearly shows, capital markets are not
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immune from mistakes and in certain circumstances have provided wrong
signals and incentives to managers of diversifying firms (Schleifer and
Vishny, 1991). Moreover, this theory tends to overlook the potential
negative effects that the ‘short-termism’ of institutional investors may have
on long-term, risky investments such as those in R&D, which represent an
important source of a firm’s growth (Hansen and Hill, 1991).

Other views of business diversification, which point out the importance
of economies of scope and transaction costs, also have their own limita-
tions (e.g., Teece, 1980; Montgomery and Wernerfelt, 1988). This stream
of the literature largely focuses on firms as organisations endowed with
given capabilities which choose among a given set of available businesses
on the basis of different criteria, including the existence of exogenously
given (technological or commercial) similarity among different business
sectors. But firms can choose/modify their mix of technological cap-
abilities (obviously under constraints discussed before). Moreover,
through innovation and modification of technological capabilities, firms
can affect the technological relationship among business sectors, thus
opening up new opportunities of business diversification, and the set of
business sectors available for diversification. For instance, the invention of
the microprocessor has created new technological connections among
sectors (e.g., computers and telecommunications) and has spawned
several new products and business activities.

Finally, while there are some studies that are concerned about the
implications of business diversification for allocative efficiency in the
product markets, to our knowledge there are no attempts to see whether
the observed levels of technological diversification are dynamically effi-
cient. Recent restructuring and spinoffs of technological activities by large
corporations like AT&T (Lucent) suggest that, despite significant differ-
ences, the management of technology portfolios is probably subject to
problems similar to those experienced for the management of product
portfolios, including information asymmetry, ‘hubris’ and agency costs,
which can lead to overdiversification of technological activities and exces-
sive duplication of R&D efforts. Future empirical research should address
this issue and analyse the implications for economic performance.

6 Appendix — Measures of diversification

The diversity and diversification phenomena are universal and so is the
need to characterise and measure them. The resulting variety of diversity
measures in fact calls for a survey in its own right, as well as more theoretical
developments to guide the design and choice of measures. Here we have to
confine ourselves to some of the main approaches to measurements.

A key idea underlying our discussion is that the concept of diversifica-
tion depends upon the choice of classification and points in time
considered. What makes the definition somewhat ambiguous is that
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diversification may also occur if diversity is increased, which may happen
even without extension of the range of activities, depending upon how
diversity (variety, dispersion, heterogeneity) is measured.

6.1 Categorical measures of diversification

Categorical measures of product diversification were introduced by
Rumelt (1974) and further elaborated in Rumelt (1982). He introduced a
diversification taxonomy that relies on the specialisation ratio (SR), which
is the percentage of total sales accounted for by the largest line of business
of the firm, and a relatedness ratio (RR), which is the percentage of
related lines of business.

The RR is based on similarity between businesses in terms of produc-
tion technology, customer base and commercialisaton assets (similarity of
markets and distribution channels), and exploitation of common ‘science-
based research’ (p. 17). Drawing on an earlier taxonomy developed
by Wrigley (1970), Rumelt has distinguished among the following types
of diversification strategies: Single Business (SR>0.95), Dominant
(0.70<SR<0.95), Related (RS<0.70 and RR>0.70) and Unrelated
(SR<0.70 and RR<0.70). Within the Related category, Rumelt distin-
guishes between Related-Constrained and Related-Linked. The former is
focused on the exploitation of a ‘common core’ of activities while the
latter draws on ‘a linked network of disparate businesses’.

6.2 Objective, continuous measures of diversification

Continuous measures of diversification are based on SIC codes (Berry,
1971; Jacquemin and Berry, 1979; Montgomery, 1982; Palepu, 1985). The
most popular SIC-based indices of diversification are the Herfindhal index
and the Entropy index (Hart, 1971). The former is the sum of the squared
shares of the lines of business’ sales (H = 3x%) while the latter is the sum
of the shares of the lines of business’ sales times their logs (E = 3x;Logx;).
Jacquemin and Berry (1979) developed a measure of diversification based
on the concept of Entropy. They also distinguished between related and
unrelated diversification. In studies that use continuous, SIC-based indices
of diversification, the measure of relatedness simply relies on the level of
aggregation of industrial classification. This stream of the literature often
measures ‘unrelated diversification’ with the number of 2-digit SIC indus-
tries in which a firm operates while ‘related diversification’ is measured by
the number of 3-digit SIC industries (see, for instance, Markides, 1995;
Davies and Lyons, 1996; Byrd and Hickman, 1992). Others studies use a
different level of aggregation to distinguish between related and unre-
lated diversification. For instance, Morck et al. (1990) refer to unrelated
diversification when the bidder and the target of M&As operate in two dif-
ferent 4-digit SIC industries.
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We must notice that SIC measures depend on the reliability of segment-
reporting data, which are subject to firms’ accounting procedures and
managers’ perceptions of business segments. To correct in part this poten-
tial drawback, some studies have used Census Bureau data on employment
at individual plants and establishments that rely on SIC codes assigned by
external analysts such as Compustat and TRINET in the US. Census
Bureau data reduce managerial discretion since the Financial Accounting
Standards Board imposes separate accounting for business segments
which represent at least 10 per cent of the consolidated firm’s assets,
profits or sales (Lichtemberg, 1992; Comment and Jarrell, 1995).

But SIC-based measures have a supply-side or technological orientation
and they virtually ignore differences in marketing and distribution chan-
nels between sectors. In order to overcome the limitations of a purely
supply-side approach, Scott (1993) grouped 4-digit SIC manufacturing cat-
egories into ten 3-digit SIC wholesale categories. Each wholesale category
includes industries that share similar distribution channels, regardless of
technological distance or similarity among them. Drawing on data for
large US manufacturing firms, Scott found that multimarket firms share
similar distribution channels (see Scott, 1993, ch. 1).

Another potential drawback of SIC-based measures of diversification is
that they only account for potential relatedness. Actual relatedness
requires additional sources of information beyond the information pro-
vided by SIC codes (Stimpert and Duhaime, 1997). Since managers have
different beliefs and perceptions of relatedness, Stimpert and Duhaime
suggest studying managers’ conceptualisation of different dimensions of
relatedness: product-market relatedness (centred on customers, distribu-
tion, manufacturing process), differentiation relatedness (R&D, quality,
advertising and marketing skills), financial relatedness (cost leadership,
capital requirements etc.), commodity relatedness (access to raw mater-
ials, vertical links etc.). In this behavioural perspective, then, managerial
discretion is not viewed as a source of measurement errors but as a source
of new information that can improve the precision of empirical analysis.
Despite the different underlying approaches, continuous measures of
diversification appear to be highly correlated with categorical measures, as
different studies have demonstrated (Montgomery, 1982; Hoskisson et al.,
1993; Lubatkin et al, 1993).* In particular, Hoskisson et al. (1993)
assessed the construct validity of both categorical and objective measures
of diversification showing that the entropy approach yields results similar
to those of Rumelt’s subjective measure. They also suggest using jointly
subjective and objective measures in order to maximise measurement
accuracy.
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6.3 Other measures of diversification

Another measure of corporate diversification used in the financial liter-
ature is represented by the ‘market model’:

e = oyt Brm, t €,

where m; is the equity return on firm i in period t, rm, is the market equity
return and €, is the residual return whose risk is diversifiable. The R? sta-
tistic from this model, 1 — Var(e,) /Var(m,), indicates the extent to which
equity performance of the firm is explained by the market performance.
Thus the greater R* the larger is the level of diversification of risk — a
Var(e;,) /Var(m,) ratio around zero signals that the level of firm’s diversifi-
cation approaches that in the market (Amihud and Lev, 1999).

6.4 Distance and relatedness among sectors

Diversity is a useful concept in many disciplines. The conceptualisation of
diversity implies in turn a conceptualisation of differences or dissimilari-
ties between business lines or industries, and technologies. Indices of simi-
larity (or dissimilarity) could then be designed in numerous ways, some of
which could be used for a proper measure of distance or metric in the
standard mathematical sense (e.g. fulfilling the triangle inequality, imply-
ing that no detour can be a short-cut). Similarity indices and metrics in
particular could then be used for cluster analysis, again with numerous
techniques available. The diversity of measures thus prompts for a great
deal of caution in comparing results. In addition it is quite common to use
terms such as distance, closeness and proximity in just a qualitative, intu-
itive way (see e.g. Montgomery and Wernerfelt, 1988).

Rumelt pioneered the empirical analysis of degree of dissimilarity
among sectors by focusing on similarities or commonality in resources
such as technologies, skills and distribution channels across sectors.?® Sub-
sequent studies have developed further the measurement of relatedness.
For example, Scott (1993) and Teece et al. (1994) use a similar methodol-
ogy to calculate ‘relatedness’ among sectors and ‘corporate coherence’ in
diversification. Scott relies on a sample of 437 firms participating in the
Federal Trade Commission Line of Business Programme in 1974 (Scott,
1993, ch. 4) while Teece et al. (1994) analysed the data of 18,620 US diver-
sified companies provided by 1987 TRINET large establishment tape. The
approach shared by these two studies is based on the comparison between
the number of observed meetings (joint occurrences) of industries i and j
(number of firms that are active in both industry i and industry j),
Ji = 2:Cy G, and the expected number of meetings under the hypothesis
of random diversification (see Teece et al., 1994, p. 6; Scott, 1993, p. 45).

Vonortas (1999) uses a similar measure of relatedness between indus-
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tries in studying how firms diversify when engaging in research joint ven-
tures. The idea that the nature of R&D in two industries influences the
direction of diversification in terms of the probability that firms in one
industry enter into another industry goes further back to Scherer (1965),
MacDonald (1985), Scott (1982) and Scott and Pascoe (1987). We should
note, however, that beyond R&D and resource relatedness, differences in
profitability across industries also influence the probabilities of inter-
industry diversifications. This is more likely when there are large, sus-
tained profitability gaps between two industries (or business areas),
spurring entries from one to the other (possibly followed by exits). Meas-
ures of relatedness like these discussed here apply quite generally, and
could be used as measures of relatedness between technologies as well
(see for instance Jaffe, 1989; Granstrand, 1994).

6.5 Performance

There are different measures of performance that have been associated
with business (and technological) diversification. We can distinguish
between accounting measures, such as profitability (net profits, ROS, ROA
and ROE), sales growth, foreign sales and productivity, and market meas-
ures, such as stock market valuation and return on equity. Purely account-
ing and market measures of performance suffer from many drawbacks.
These measures should both be adjusted to account for risk. In comparing
the (accounting) performance of diversified with undiversified firms, one
has to consider the fact that the latter might perform better because they
have to offer greater expected returns to their shareholders as a
‘premium’ for a greater risk. The comparison can also be affected by size
effects, which play the same role as diversification (and indeed are often
correlated with diversification). Unfortunately it is difficult to find proper
risk adjustment instruments (Lang and Stulz, 1994, p. 1252).

Indicators that combine accounting and market values have been used
to overcome in part these drawbacks. The most popular of such indicators
is the Tobin’s ¢, that is, the ratio between a firm’s market valuation and
the replacement cost of its tangible assets (which is proxied by the book
value of physical assets). Tobin’s ¢ does not require risk adjustment since
it incorporates the capitalised value of diversification (and other assets) at
a given point in time. Moreover, it reduces the typical distortions arising
from accounting conventions and tax laws (Montgomery and Wernerfelt,
1988, p. 627). Tobin’s ¢ also has some drawbacks, the most important of
which is that it relies on the hypothesis of efficient financial markets,
which amounts to saying that the market value of a firm is an unbiased
estimate of the present value of its future cash flows (Lang and Stultz,
1994; Hall, 1999).
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6.6 Diversification modes

External growth through M&As and internal growth are often viewed as
alternative modes of product as well as technological diversification or
entry, just as divestment through external sales and internal closure are
alternative modes of exit (de-diversification). Like other scholars, Hill
(1994) has noticed that related product diversification most often is
pursued by internal growth to exploit idle resources (p. 301). The survey
by Ramanujan and Varadarajan (1989) illustrates this issue at length.
However, there is no clear evidence about the association between the
mode of diversification and relatedness between sectors (Yip, 1982; Chat-
terjee, 1990; Chang and Singh, 1999). Chang and Singh, in relating
modes of exit to modes of entry, use different measures of relatedness,
including R&D distance, market relatedness (measured by advertising
intensity) and human-resource differences between sectors. Only market
relatedness and human-resource relatedness are associated with M&A
diversification events. Case studies also indicate that at least sometimes a
mix of internal development followed by related acquisitions is used, just
as some unrelated diversifications occur as a by-product of acquisitions or
simply as an experimental learning exercise in a new area, thereby blur-
ring relatedness (Granstrand, 1982).

Notes

1 The term diversification can be used in one of two ways, and both uses can be
found in other chapters of this book (although most other chapters adopt
mainly the first usage rather than the second). First, diversification may mean
the degree of dispersion of activities over some established range. Second,
alternatively, diversification may mean a process of an increase over time in the
degree of dispersion of activities over a range, or an extension in the range of
activities conducted itself. Diversification involving an extension of the firm’s
range of activities is essentially the same as entry. If the new types are not only
new to the firm but new to the market, diversification is essentially the same as
invention (rather than simply adoption), and if commercially successful it is
the same as innovation. Finally, product differentiation could be seen as a
special case of related product diversification if product types are distinguished
at a fine level of detail. However, usually product diversification is distin-
guished from product differentiation with the latter referring to increasing the
range of product varieties (horizontal differentiation) or quality (vertical
differentiation) within a specific but not too narrowly defined product area, or
group (see Lancaster 1990 for an excellent survey).

2 See the Appendix for an illustration of objective measures of diversification
and the analysis of relatedness or coherence.

3 It is worth reporting in particular the results of Markides (1995) and Robbins
and Wiersema (1995). Markides focuses on US firms that restructured and
refocused their businesses during the 1980s. This analysis shows that profitabil-
ity increased after refocusing, thus suggesting that the sample firms were over-
diversified. Robbins and Wiersema’s paper focuses on US firms during the
1970s. The results of this paper are then particularly useful since they are not
affected by the wave of restructuring and refocusing that occurred in the
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1980s. This paper shows that firms that have diversified around their ‘core
business’ have outperformed conglomerate diversifiers.

It is worth noting that earlier studies have failed to separate industry effects from
the effect of corporate diversification. For instance, analysing the performance
of firms in different diversification categories, Rumelt admitted that he was not
able to say whether related business firms performed well because they were
active in rapidly growing ‘science-based’ sectors or, on the contrary, the presence
of firms with exceptional structural and strategic characteristics made these
industries particularly dynamic (Rumelt, 1974, p. 123).

The instance of fusing or merging technologies or confluence of technologies
(Jantsch, 1967) should, strictly speaking, be distinguished from combining or
integrating different technologies into a product, still with their distinctiveness
maintained, e.g. in engineering education.

Patent share is the share of technology i in the firm’s total patents; revealed
technological advantage (RTA) is the share of firm i in technology j’s total
patents relative to the firm’s share of total patents in all technologies. The RTA
indicates the comparative advantage of a firm in a given technical field. An
RTA above 1 (below 1) indicates that the firm has a comparative advantage
(disadvantage) in a given technology.

Nelson and Winter (1982) pointed to the existence of complementarities
among various trajectories or natural trajectories that are common to a wide
range of technologies, such as mechanisation of operations (ibid., p. 259).
Dosi (1982) focused on the role of ‘technological paradigms’ that represent
significant discontinuities in technological trajectories.

The logit model tested by Kim and Kogut is specified as follows: log
[Pit/ (1 —Pit)] =a + BXit, where Xit is the vector of covariates and
Pit=Pr(T=tlIT=t). The latter is the hazard rate defined as the probability of
entry at time t given no earlier diversification.

For another discussion see Pavitt, Robson and Townsend (1989).

Organisation scholars have analysed the role of ‘competence-destroying’ inno-
vations which introduce radically new products or processes and introduce
significant discontinuities in cost, performance and quality advantage com-
pared with earlier products or processes (see Anderson and Tushman, 1990).
It is useful to recall that Rumelt (1974) was very critical to the managerial view
of the firm, according to which the separation between ownership and control
and the diffusion of M-form would bring about an inefficient allocation of
resources and the dominance of objectives other than profit maximisation. On
the contrary, Rumelt claimed that the observed poor performance of diversi-
fied firms most probably depends on inappropriate organisational structures.
Moreover, he pointed out that we must distinguish between different forms of
diversification, which yield different expected financial results. However, pref-
acing the 1986 edition of his book, Rumelt admitted the ‘unanticipated side
effects’ of the multidivisional form, including the excessive financial orienta-
tion and the drawbacks of its planning systems (p. ix).

Milgrom and Roberts (1990) use the term ‘complementarity’ in the broad
sense of relation among groups of activities: ‘if the levels of any subset of the
activities are increased, then the marginal return to increases in any or all of
the remaining activities rises’ (ibid., p. 514).

In the strategic management literature this optimism is referred to as the
‘hubris hypothesis’ (see Roll, 1986).

Free cash flow is measured by operating income before depreciation less interest
expenditures, taxes, preferred and common dividends. Other costs associated
with the growth and diversification are bureaucratic costs, which include the
costs of hierarchy (salaries of higher-level managers), on-thejob consumption by
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managers, incentive distortions and influence costs (Williamson, 1985). In the
transaction costs perspective these costs must be compared with the cost of use
of the price mechanism to determine the optimal level of internalisation of
transactions.

Drawing on a sample of Fortune 500 firms, Argyres (1996) found that firms
with less divisionalised M-form organisational structure pursue a diversified
R&D strategy. Argyres argued that weak boundaries among divisions favour
internal communication and are consistent with a capability-broadening
(technological diversification) strategy. By contrast, strong inter-divisional
boundaries are associated with a capability-deepening (specialisation)
strategy.

Garud and Kumaraswamy (1995) refer to this source of economy of scope as
‘economies of substitution’, which take place when the ‘cost of designing a
higher-performance system through the partial retention of existing com-
ponents is lower than the costs of designing the system afresh’ (ibid., p. 96). A
technological system can be either a product, such as a computer, or a process,
like a chip fabrication system or an automobile manufacturing system.

Besides Chandler, many scholars of organisation, such as Mintzberg (1983),
have pointed out the importance of coherence between diversification strategy
(‘related-product’ vs ‘conglomerate’) and corporate structure. The analysis of
causal links between strategy and structure goes beyond the purposes of our
discussion here.

More precisely, Scott develops a measure of multimarket contact called ‘proba-
bilistic size’, which is a measure of the difference between the observed
number of contacts (or meetings) among firms and the theoretical number of
meetings under the hypothesis of non-purposive diversification (random walk)
(see Scott, 1993, ch. 4).

Large and diversified firms may incur managerial diseconomies that counter-
balance the benefits of flexible technologies or complementarity in production
(Dixon, 1994).

Another reason behind technology proliferation, which is directly or indirectly
related to competition, is represented by peer recognition — by investing in
niche technologies, firms pay a ticket to enter the scientific community.
Finally, patented inventions (or inventions reported in scientific journals) can
be used as a corporate reward system (see Frumau, 1992).

Some authors distinguish diversification from vertical integration.

The implications of task partitioning for problem solving and technology man-
agement have been analysed by von Hippel (1990). The opportunities of stan-
dardisation of components and modularity are particularly high in sectors
based on mechanical engineering, electrical and electronics technologies as
compared with chemicals and pharmaceuticals.

Modularity gives rise to economies of scope and may give rise to product
differentiation and to related diversification.

Obviously, there are entry barriers also in the technology market (e.g., patents,
secrecy and lead time). However, these barriers are often easy to circumvent by
imitation and inventing around activities (except in chemicals and pharmaceu-
ticals.

These results hold also when unweighted measures of diversification are used
(i.e., product counts).

The classification procedure does not establish a distance function or metric in
the standard mathematical sense of distance, fulfilling the triangle inequality
requirement.
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3 The empirical assessment of

firms’ technological “coherence”

Data and methodology

Stefano Breschi, Francesco Lissoni and
Franco Malerba

1 Introduction

A fairly common phenomenon in most industrial sectors is that firms are
“technologically diversified”, i.e. they master and innovate in more than
one technology field. The literature on innovation and technical change
has evidenced some robust stylised facts about firms’ technological diversi-
fication.

First, technological diversification is usually greater than product diver-
sification. In order to develop and produce new goods and services, inno-
vative firms have to manage a wide number of technologies. Thus, most of
them could be labelled multi-technology corporations, even if they are
specialised in one line of business (Granstrand, 1997).

Second, technological diversification may often anticipate product and
market diversification (Pavitt, 1998). This is so because technological
exploration in a wide range of technologies is a prerequisite for produc-
tion.

Third, firms’ profile of technological diversification is rather stable, i.e.
it changes slowly over time as a consequence of the inertia of special-
isation, incremental changes in knowledge production and modifications
in firms’ competencies (Cantwell and Andersen, 1996).

Fourth, large firms exhibit different profiles of technological diversifi-
cation, as a consequence of their history, market incentives and the spe-
cific institutional setting in which they operate. However, the profile of
technological diversification of large firms dealing with the same prod-
ucts, particularly in high-tech and technology-based industries, is very
similar (Patel and Pavitt, 1995a).

Based upon such evidence, a question that has recently gained the
attention of several scholars in the field of industrial organisation and
technical change concerns the nature and the determinants of firms’ pro-
ductive and technological diversification. On the one hand, there is
emerging evidence that the range of firms’ technological and productive
activities is not chosen at random, but it follows some “purposiveness”
(Scott, 1993). On the other hand, it has been shown that firms exhibit
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some “coherence” in the technological and productive activities they are
engaged in (MacDonald, 1985; Teece et al., 1994). However, much work
has still to be done at the conceptual and empirical levels in order to
define and measure concepts like coherence and purposiveness. This
chapter develops some methodological reflections about the empirical
treatment of “coherence” in firms’ technological diversification. We will
first address the conceptual question of defining what is meant by techno-
logical “coherence”, and discuss why firms should diversify their techno-
logical activities in a “coherent” way (section 2). We will then present the
main ingredients that are needed to build empirical tests of corporate
technological coherence. In particular, we will focus upon the problem of
measuring the degree of relatedness among technology fields, review
some approaches that have been proposed in the most recent literature
on the subject, and work out a new patent-based measure of “techno-
logical distance” (section 3). We will then compare the measure we
propose with the existing ones, and explore the main differences and
similarities, with respect to the main findings they lead to (section 4). The
chapter closes with some suggestions for further research, and a short list
of other research issues that may profit from further (methodological and
empirical) work on technological distance.

2 On the notion of “coherence”

It is useful to start our discussion with a broad definition of what is meant
by “coherence” in firms’ technological diversification. A first (weak) defin-
ition is the following one: a firm exhibits coherence when its technological activ-
ities are not allocated “randomly” across technology fields. According to this
definition, therefore, coherence in a firm’s technological activities should
be evaluated against what one would expect if this firm were choosing its
portfolio of activities in a random way. A second (strong) definition of
“coherence” is the following one: a firm exhibits coherence when ils techno-
logical activities are “related”, in the sense that they share some common or
complementary characteristics. According to this definition, therefore, coher-
ence should be evaluated on the basis of technological “relatedness”.'
Whereas the concept of business “relatedness” has been quite extensively
studied in the managerial literature, the corresponding notion of techno-
logical “relatedness” has been only casually analysed and its empirical
measurement has proved rather elusive.

On the one hand, technological relatedness may refer to production
technology. In order to produce a certain good, firms may have to master
more than one technology at the same time.? In this case, the relatedness
among two or more technologies is due to their complementarity (Milgrom
and Roberts, 1990; Scott, 1993). Moreover, when a complementary
technology is used together with a wide range of other technologies for
the development of several different products and processes, it may
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become a generic technology (Bresnahan and Trajtenberg, 1995).
According to this view, a generic technology is a highly pervasive
complementary technology.

On the other hand, technological relatedness may refer to the proper-
ties of the knowledge base. In this case, the relatedness among two or more
technologies is due to their sharing of a common knowledge base, heuris-
tics and scientific principles, such as the type of scientific inputs, search
procedures (R&D, learning-by-doing, design activities) and knowledge
sources (universities, public research institutes, users, suppliers).

There are two major theoretical reasons to expect firms to be active in
knowledge-related fields in the sense given above. First, learning tends to
be “local”. Firms’ innovative search takes place in the neighbourhood of
the technologies currently developed and innovative activities proceed
incrementally (Atkinson and Stiglitz, 1969; David, 1975; Malerba, 1992;
Antonelli, 1995). According to this argument, because of uncertainty and
change, firms are boundedly rational actors that focus on technological
domains, which present similarity in problem solving and knowledge bases
(Nelson and Winter, 1982; Dosi, 1997). Second, firms may be active in
more than one technology field because the same type of knowledge is
used in more than one technology. Therefore, firms have economies of
scope in the “use of one piece of knowledge” (Penrose, 1959; Teece, 1982).

In what follows, we will not discriminate between knowledge related-
ness as the outcome of a common knowledge base, and knowledge relat-
edness as the result of technical complementarity. However, as we will
discuss in section 5, discriminating between the two sources of knowledge
relatedness is a crucial research task, which requires further refinements
of our methodology.

3 How to test corporate technological “coherence”?
Methodological issues and a proposal

In this section, we discuss the main building blocks of an empirical test
aimed at assessing the extent to which firms diversify their technological
activities in coherent ways. In our view, there are four broad issues that
must be dealt with:

a the choice of an indicator of technological activity, and the selection of a
proper sample of technologically diversified firms, based upon such
an indicator;

b the choice between a weak and a strong definition of firms’ techno-
logical coherence;

¢ in the case of a strong definition of coherence, the choice of an indica-
tor of relatedness (or distance) among technologies (Does this suggest to us
that two technologies are related?), and of a proper measurement
system (What metrics should we adopt for measuring relatedness?);
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d following on from c), the choice of a proper index for summarising and
comparing the degree of coherence of individual firms’ (or firm classes’)
diversification patterns.

In the remainder of this section, we examine these issues in turn, and
discuss our choices and methodology.

3.1 Indicators of technological activity and firm sampling

Different indicators of technological activity may lead to quite different assess-
ments of the extent and coherence of firms’ technological diversification.

Ideally, one would like to have firms’ R&D expenditures broken down
by technologies (or industries). In practice, R&D expenditures are rarely
available at the firm level, least so broken down by technologies (or indus-
tries).” This explains why very few authors have proposed R&D-based tests
of the coherence hypothesis so far.*

More consistent attempts at evaluating the coherence hypothesis have
been carried out using survey data (Pavitt ef al., 1989; Pavitt, 1998).
However, the main limitation of this approach is that one can hardly gen-
eralise survey results, which are often country-specific, and almost always
do not provide time-series data. These weaknesses of R&D and survey data
explain the relative success of US (USPO) or European (EPO) patents as
indicators of firms’ innovation activities, especially for studies on firms’
technological diversification strategies (Patel and Pavitt, 1995b;
Granstrand et al., 1997). Compared to other indicators, in fact, patents
have several advantages.

First and foremost, they are easily available at the firm level, provide
quite a homogeneous indicator across countries, may refer to the results of
non-formalised research effort, and are available for fairly long time series.

Second, they provide very detailed information on the technological
contents of firms’ innovation activities, thanks to their detailed classifica-
tion systems and rich technical documentation. Thus, they make it pos-
sible to analyse innovation patterns at different levels of technical detail.

Third, patent applications are good indicators of firms’ technological
competencies: as long as a company applies for a patent to protect the
output of its own research efforts, this means that such a company is very
close to the technological frontier of the chosen field.®

Our study is based on the EP-CESPRI database, which contains all
patent applications by firms from the United States, Italy, Germany,
France, Japan and the United Kingdom, by priority date and IPC (Inter-
national Patent Classification) 12-digit code, from 1978 to 1993 (for a total
of more than half a million patents, and more then 48,000 firms) 5

Considering the period from 1982 to 1993, patent documents have been
classified into 30 different technological fields, based upon the original IPC
12-digit code (see Table 3.1).” According to this broad classification, techno-
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Table 3.1 1PC-based technology classification for the EP-CESPRI database

Electrical Engineering
Audiovisual Technology
Telecommunications
Information Technology
Semiconductors

Optics

Control Technology
Medical Technology
Organic Chemistry

10 Polymers

11 Pharmaceutics

12 Biotechnology

13 Materials

14 Food Chemistry

15 Basic Materials Chemistry

© 00T Tk QO N~

Chemical Engineering
Surface Technology
Materials Processing
Thermal Processes
Environmental Technology
Machine Tools
Engines

Mechanical Elements
Handling

Food Processing
Transport

Nuclear Engineering
Space Technology
Consumer Goods

Civil Engineering

logically diversified firms (i.e. firms patenting in more than one techno-
logical field) represent no more than 30 per cent of all patenting firms.
Moreover, their distribution over the number of technology fields in which
they are active is highly skewed, with the large majority of them (around 70
per cent) patenting in only two different fields (see Figure 3.1).
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Figure 3.1 Distribution of technologically diversified firms, by number of patenting

classes (percentage values, 1982-1993).

Source: EP-CESPRI database.
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However, technologically diversified firms are also the biggest innova-
tors. Overall, they account for more than 90 per cent of all EPO patent
applications. In addition, Aighly diversified firms (such as those diversified
in more than three fields) command nearly 88 per cent of all patents by
diversified firms (Figure 3.2).

3.2 “Weak” vs “strong” technological coherence

One of the most influential approaches to the problem of testing firms’
technological coherence was proposed by Teece et al (1994), who
extended to the issue of technological diversification some techniques
they had already employed when dealing with firms’ product diversifica-
tion.?
The test they propose is based upon the following statistics:
O;— py

S;= # (1a)
where O;indicates the observed number of firms that are active (i.e. diver-
sified) in both technology fields i and j, while u; is the expected number
of firms to be active in both technology fields i and j, if firms were

7.5
6.5
5.5
4.5

35

Percentage

25

1.5

0.5

2345678 910111213 1415161718 1920 21 22 23 24 25 26 27 28 29 30

Number of patenting classes

Figure 3.2 Distribution of patents by technologically diversified firms, by number of
patenting classes (percentage values, 1982-1993).

Source: EP-CESPRI database.
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assigned to technology fields on a random base. Therefore, §; measures
the extent to which the observed association between two technology
fields exceeds the level that would be expected if firms were assigned to
technology fields randomly.” The greater number of S;s that are found to
be significantly different from zero, the stronger the rejection of the
random diversification hypothesis.

Both Teece et al. (1994) and other authors (e.g. Piscitello, 1999) get a
positive answer from this testing exercise, which we have been able to
replicate with the EP-CESPRI database (results are reported in Table 3.B1
in the Appendix).

However, according to the definitions we proposed in section 2, the Sl-]--
test tells us only about the existence of “weak” technological coherence,
but cannot measure the strength of that coherence. That is, it tells us that
the technological activities of the observed sample of firms follow some
logic (since they are not distributed randomly across technology fields),
but not what kind of logic they actually follow.

In order to get such information we need a direct measure of that dis-
tance, based upon leading technologists’ and engineers’ judgements, and
independent from the behaviour of the sampled firms. A number of dif-
ficulties stand in the way of this effort, which we discuss and try to sort out
in the next subsection.

3.3 Measuring technological distance

The ultimate goal of our measuring effort is to build a matrix of weights
wy, where w; is the degree of relatedness between technologies iand j.

In recent times, there have been various attempts in the same direc-
tion. However, most of them were not motivated by the need to assess
firms’ technological diversification. Rather, they originated from an inter-
est in inter-industry technology flows and the impact of inter-industry
spillovers. Most of these approaches make use of patent data.'

A classical method, pioneered by Scherer (1982), is based upon classify-
ing patents according to their industry of origin (branch of manufactur-
ing activity of the firms that applied for the patents) and industry/
industries of use (branches of manufacturing activity most likely to adopt
the invented product or process). According to this method, therefore,
two industries are considered close to each other if a rather high share of
patents produced in one sector is actually used by the other one.

This method has been followed for constructing the so-called
“Yale-Technology—Concordance” (YI'C), based upon data from the Cana-
dian Intellectual Property Office (CIPO). As a rule, CIPO examiners
assign each individual patent document both one or more IPC technology
codes (using the IPC), and a few SIC industry codes, distinguishing
between “industry of manufacture” (IOM) and “industry of use” (IOU)
codes."
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For our purposes, these user-producer methods of measuring techno-
logical relatedness present two main limitations.

The first limitation is conceptual. Since they are based on user-
producer relationships and input—output flows, they are likely to capture
only the complementarity aspect of technological relatedness. For example,
technical knowledge contained in a patent on pesticides may be quite
useful for innovative activities in other sectors, even though it is unlikely
that the patent itself will be applied for outside the agricultural sector.'
The second limitation is more practical. Following this approach requires
a tremendous amount of manpower, thus forcing the researchers either to
adopt a specific classification system (e.g. SIC) or to find quite compli-
cated concordances between classification systems.

As an alternative, we propose lo measure the degree of relatedness belween
technologies by calculating the number of co-occurrences of the various IPC classifi-
cation codes, assigned by patent examiners to individual patent documents.
Patent examiners, both at EPO and in other patent offices, are usually
required to classify patents not just with one IPC code (the so-called main
or primary code), but also with a number of further codes (secondary or sup-
plementary codes). Whereas the primary code identifies the key technical
area interested by the invention claim, the supplementary codes point at
other technical areas to which the invention may contribute.

Thus, we assume that the frequency by which two classification codes
are jointly assigned to the same patent document measures the strength of
the technical relationship between the two, either in terms of knowledge
base links or in terms of complementarity. That is, it represents an inverse
measure of the technological distance between the two fields.

This basic intuition, however, can be exploited in a few different ways.
On the one hand, Verspagen (1997) has recently suggested to distinguish
between the main and the supplementary classes, by assuming that the
former refers to the object of claimed and appropriable knowledge, while
the latter refers to some non-appropriable additional knowledge, i.e.
knowledge that is not new and upon which no discovery claim is made.
Following this distinction, Verspagen (1997) assumes that the main classi-
fication code “provides a good proxy of the producing sector of knowledge and that
the listed supplementary IPC codes (taken as partially unintended by-products’ of
the main goal of the invention) give an indication for technology spillovers to other
industrial sectors’.

Contrary to Verspagen we make no assumption about the meaning of
the main classification codes as opposed to the supplementary ones. No
EPO technical document suggests by any means that the two kinds of codes
distinguish between knowledge-producing and knowledge-incorporating
fields. In fact, although the main classification code describes the central
characteristics of the main claim of the patent, the supplementary codes
indicate further features of the main claim as well as of the remaining
claims of the patent, i.e. they also refer to knowledge creation. Therefore,



Assessment of firms’ technological “coherence” 77

we do not attempt to distinguish between main and supplementary classifi-
cation codes, and weigh them equally in all of our statistical exercises.

These exercises have started with the retrieval of all patent applications to
the EPO over the period 1982-1993." This yields around 721,260 observa-
tions. Then, for each patent document, we aggregated the primary and the
secondary codes into the 30 technology fields, of the EP-CESPRI database
classification scheme (see section 3.1 above). Finally, we built a symmetrical
matrix W(30 X 30), whose generic cell w; reports the number of patent appli-
cations classified in both technology fields i and j, which represents the fun-
damental input for our attempt of measuring knowledge relatedness.

Once the W matrix was built up, the key problem to be solved was the
choice of a statistical index for summarising the degree of relatedness.
Here we had several candidates (for a full list of them, see Engelsman and
van Raan, 1991).

On the one hand, there are indexes that focus exclusively upon the fre-
quency of the elements under consideration. The §; index we discussed in
section 3.2 is one of those. By substituting the number of firms that are
active in both technology fields ¢ and j (O;) with the number of patents
that are classified both in 7and j (w;), we could reformulate it as:

Wi — My

T3

S. =

y (1b)
(from now on, the §; index calculated as in equation (la) will be referred
to as S;(0), as opposed to Sy(W) from equation (1b))."

However, these kinds of indexes measure the distance between pairs of
technologies in quite a crude way, since they ignore all the possible indi-
rect associations between i and j, due to their co-occurrence with other
technological classes.

The so-called similarity indexes measure the “profile likeness” of pairs of
technologies, by taking into account not just their association on the same
patent documents, but the distribution of all their associations with the
remaining technological classes. If ¢ and j are frequently found to be
jointly assigned to patent documents with other classes, and those classes
are the same for both ¢ and j, then ¢ and j are said to be similar, i.e. they
are supposed to share a common knowledge base or to be complementary
to the same set of other technologies.

One of the most widely used similarity indexes is the cosine index,
defined as:

n
Z Wiy
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D> w ®
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which we also have adopted to exploit our W matrix (we will refer to it as
C,»j(W)).15 This choice is motivated by our wish to use all the information
contained in that matrix, and to go as near as possible to a knowledge-
related measure of technological distance. Table 3.C1 in Appendix C
reports all the C;(W) values we calculated.

Once picked up a specific index of relatedness, a further problem that
should be somehow evaluated concerns the metrics to be adopted. Both
for §;and the C;index there is no a priori reason to assume the metrics to
be linear, i.e. a linear mapping between the index and the “true” distance
between the classes under scrutiny. However, this discussion goes beyond
the limits of the present chapter, and we set it aside.

3.4 Measuring firms’ technological coherence

On the basis of the technological distance measures we have proposed,
one could calculate a large number of indexes measuring the degree of
“strong” coherence in firms’ diversification patterns.

Here we focus upon two indexes, both of them first suggested, once
again, by Teece et al. (1994).

The first index measures the weighted-average-relatedness (WAR) of firm
ks technological activities outside a given class ¢ with the same firm’s
activities in that class. This is defined as:

Z’z‘fj

Vsl

py) ©)

Viall

WAR!=

where k is the observed firm, 7y is a measure of the relatedness between
technologies 7 and j, and p; measures the number of patents produced by
firm k in each technology field j. Thus the index measures the degree to
which technology field iis linked to all of the other activities of firm k.

For each firm, an average value of WAR, can thus be calculated to get
an index of global technological coherence. Further average values can be
computed for specific firm categories, such as firms with the same size (in
our case, size is given by the number of patents held by the firm), a similar
diversification range (the number of technological fields in which the
firm is found to be active), or active in the same technological field.

The main strength of the WAR index is its simplicity, while its main draw-
back is its dependence upon the individual firm’s diversification range. In
particular, one may suspect that the more technological fields the firm adds
to its portfolio, the more “weak links” between those fields and field i (low 7
values) will be added to the index, thus lowering its value.

In order to correct for this problem, Teece et al. propose a refinement,
called weighted-average-relatedness of neighbours (WARN). This index is calcu-
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lated as WAR, but it takes into account only those links that belong to the
so-called maximum spanning tree., i.e. those (n— 1) links which are strictly
necessary for creating a connected graph between firm k’s n technological
activities, and at the same time show the largest r; values. Once the
maximum spanning tree for each set of n technological fields has been
calculated, this can be used to work out the WARN index for each activity

iof firm k as:

Z T,
WARN} = "o (4)
A,

JFi

where A;= 1 if the link between 7 and j belongs to the maximum spanning
tree that relates firm k’s activities, and A;=0 otherwise. Notice that, for
firms patenting in two classes only, there is just one link to be included
both in WAR and WARN, which therefore are the same.

Finally, besides choosing between WAR and WARN, we had to select a
proper measure for 7, In the absence of better alternatives, Teece et al.
(1994) fell back on the S;(0) index, whose limitations we have discussed
in the previous sections.'® On the contrary, we can also rely on the W
matrix, and the C;(W) values based upon it. Therefore we have calcu-
lated, for each firm in our patent database, the whole range of its WAR,
and WARN;, indexes (one for each field in which the firm is active), and
then used them to explore to what extent firms’ diversification choices
appear to be coherent not just in a “weak” sense (as discussed in section
3.2), but also in a strong one. In order to compare our results with those
of Teece et al. (1994), we have also calculated, for each firm in the data
set, the two sets of its S;(0)-based and C,(W)-based WAR; and WARN;
indexes. Tables 3.C2 in Appendix C reports the cross-firm average values,
by diversification range (i.e. number of technological activities), for both
sets of indexes.

4 Applications and comparisons

4.1 WAR and WARN average values, by diversification range

A quick look at Table 3.C2 provides us with a few intuitions about the dif-
ferent properties of WAR and WARN indexes, at the firm level. In particu-
lar, they tell us that average WAR decreases along with the number of
technological activities firms are involved in, while the opposite happens
with average WARN. This result holds whatever distance index (S; or ;)
we employ.

This confirms the suspect that WAR indexes underestimate the degree
of firms’ technological coherence, because they take into account a
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number of “redundant” links among the technological classes in which
firms are active, i.e. links that do not belong to the maximum spanning
tree. On the contrary, the technological distance covered by firms diversi-
fying in classes i, j and z ought to be measured by taking into account just
“the shortest way” between the three of them, rather than all the possible
connections. Figures 3.1 and 3.2 summarise these results. They report the
standardised (0-1) values of average WAR and WARN from Table 3.C2,
and highlight even more clearly the decreasing trend of the former, and
the increasing trend of the latter. In addition, they suggest that, both for
WAR and WARN, the §;(0O)-based and C;(W)-based indexes are highly
correlated.

The latter result is confirmed by Table 3.2: the top-left cell in the
matrix shows the high degree of correlation among the WAR indexes, as it
does the bottom-right one for the WARN indexes.

The interpretation of the remaining cells in Table 3.2 is less intuitive:
on the basis of the results for diversification range-based averages in Table
3.C2, we would expect a negative relationship between WARs and WARNS,
no matter whether based on the same distance index or not. However,
average values by diversification range cancel out similarities across tech-
nologies, i.e. the possibility that cross-technology patterns of WARs and
WARNSs will be the same (as they actually are; we will come back to this
below).

-0- WAR(S)
-0 WAR(CosL)
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Figure 3.3 Average standardised WAR, by number of activities.
Source: elaboration on the EP-CESPRI database.
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Table 3.2 Correlation between WAR and WARN indexes, for §;(0) vs Cy(W) dis-
tance measures

WAR/S;(0)] WAR[Cy(W)] WARNIS;(0O)]  WARN[CyW)]

WAR[S,(0)] -
WAR[C(W)] ~ 0.781 -

WARNIS,;(0)]  0.797 0.628 -

WARN[C(W)]  0.648 0.853 0.748 -

Source: elaboration on the EP-CESPRI database.

One final comment on average WARN by firm’s diversification range is
that the pattern shown in Figure 3.4 clearly suggests that technological
coherence increases, rather than decreases, with the number of techno-
logical classes in which the firm is active. However, this pattern is more
evident when the number of classes increases from 2-3 to 4-7. This sug-
gests that a large number of firms may occasionally patent outside their
“core” class, but, when doing so, do not follow any clear-cut “technology
strategy”. This is especially true of firms with a limited number of patents.

On the contrary, as the volume of patenting and the number of classes
increase, a technology strategy clearly emerges, as the technological links

1 -o- WARN (S)
-0- WARN (CosL)

08

06

04

0.2

2345678 9101112131415161718192021222324252627282930

Figure 3.4 Average standardised WARN, by number of activities.
Source: elaboration on the EP-CESPRI database.
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between the target activities show up through a dramatic increase of the
average WARN index.

4.2 An examination by technological field: MDS analysis and firm

mapping

Further hints on the similarities and differences across S;(0)-based and
C;(W)-based WAR and WARN indexes come from an examination of
technology-based average values (Figures 3.5 and 3.6).

We first notice that, for both distance measures, WAR and WARN aver-
ages follow a similar pattern, which help explain the correlation indexes
of Table 3.2. In particular, S;(0)-based and Cy(W)-based WAR and WARN
averages follow a similar pattern for technological classes belonging to the
chemical area, and reach extremely high values for Organic Chemistry
(class 9), Pharmaceutics (class 11), and Biotechnology (class 12). These
are tightly linked classes [i.e., they show very high values both for S;(0)-
based and C;(W)-based], wherein pharmaceutical companies spread their
patents in quite an homogeneous way, a combination that shows up in
high values for WAR and WARN.

Looking at technological classes from 13 to 30, similarities of patterns
for the §;(0)-based and the Cj(W)-based indexes are confirmed. Moving
from “horizontal” process technologies (such as Surface Technology,

1
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-80- WAR(CosL)
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Figure 3.5 Average standardised WAR, by technological fields.
Source: elaboration on the EP-CESPRI database.
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Figure 3.6 Average standardised WARN, by technological fields.
Source: elaboration on the EP-CESPRI database.

Materials Processing, Thermal Processes, and Environmental Technology
(classes 17-20)) to mechanical classes (Machine Tools, Engines, Mechani-
cal Elements, Handling, Food Processing, and Transport (classes 21-26))
we notice a decline of WAR and WARN, i.e. a decline of the overall
technological coherence of firms active in those fields. This decline is pre-
sumably due to the different contents of the groups of technologies:
classes from 17-20 host technologies which are necessary complements to
a large number of other fields of invention, while classes 21-26 host a
large number of patents that are not defined by their application field,
but only by their design content.'”

The most striking differences are those between S§;(0)-based and
C;(W)-based indexes for the electronics-related classes (Electrical Engin-
eering, Audiovisual Technology, Telecommunications, Information
Technology, Semiconductors (classes 1-5)), as well as for two more
classes, whose applications also require complementary inputs from elec-
tronics (Optics and Control Technology (classes 6-7)). We notice that
while S;(0)-based WAR and WARN indexes are extremely high (second
only to the values observed for the chemical classes), the same does not
hold for the C;(W)-based indexes, which show possibly the lowest values
among the 30 classes.

These differences are not due to the choice of the distance index (S vs
C;), but to the different data matrixes upon which they are based (matrix
O vs matrix W, as defined in section 3.3). That is, differences between the
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two sets of indicators are explained by differences between firms’ behavi-
our (from which ex-post distance measures, such as those based on matrix
O) and patent examiners’ judgement (from which co-classification codes
for patents, and matrix W). More precisely, we observe that while firms
innovating in the electronics area tend to patent frequently in a number
of classes within the area, as well as in Optics and Control Technology,
patent examiners hardly classify those patents in as many classes, i.e. they
hardly assign them a wide spectrum of IPC codes.

This is confirmed by comparing the same distance indexes calculated
for both matrix O and matrix W, that is by calculating both the couple
Ci(0)-Cy(W) and the couple S;(0)-S;(W). A synthesis of the results of
this exercise is given by maps in Figures 3.7 and 3.8, both of them based
upon the so-called Multi-Dimensional Scaling (MDS) analysis (see Engels-
man and van Raan, 1991). Broadly speaking, the MDS maps summarise,
by means of a by-dimensional representation, the overall set of 29 biunivo-
cal distance indexes that link each of the 30 EP-CESPRI technological
classes to the other classes.!'®

Each dot in a map corresponds to one of the 30 technological classes,
dot size being proportional to the total number of EPO patents in that
class.

The closer two dots (iand j) are, the greater is the cosine index C; that

Telecom
Audiovisual

o ) ‘
Engines Space Tech. \
Transport Surface Tech! ‘_
Thermal proc. m
0 bhe—r

Medical Tech.

Mechanical Elem.
@
Machine tools Food Chem.
Materials proc.
Civil Eng @ ®
Handling
Consumer goods

Food proc.

Figure 3.7 Technology map based on firms’ diversification patterns (O-based MDS
analysis).
Source: elaboration on the EP-CESPRI database.

Note
Stress index = 0.207.
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Figure 3.8 Technology map based on patents co-classification (W-based MDS analy-
sis).
Source: elaboration on the EP-CESPRI database.

Note
Stress index = 0.130.

links them (C;(O) in Figure 3.7, C;(W) in Figure 3.8); that is, the relative
position of two dots simulate the technological distance between them
(no meaning, on the contrary, can be attached to their absolute position
in the map, i.e. to their distance from the top/bottom or right/left ends
of the map). The straight lines linking some pairs of dots signal above-
average S, values.

One notices immediately that while both C;(0) and S;(0) suggest elec-
tronics-related technological classes to be “close” and “tightly linked” (in
Figure 3.7, all dots for these classes cluster closely in the top-left region of
the map, and are connected by a large number of lines), the same does
not hold for Ci(W) and S;(W) (the relevant dots are more scattered, and
poorly linked; see the bottom-left corner of the map). On the contrary,
the relative positions of dots and the number of links within the mechani-
cal cluster (in particular: Engines, Mechanical Elements and Transport)
and the pharmaceutical one (in particular: Organic Chemistry, Drugs and
Biotechnology) do not differ much.

On the basis of our interpretation of W-based distance measures, these
findings suggest that the knowledge-base links and/or the technical com-
plementarities between electronics-related patents are not as far reaching
as the leading innovators’ strategies (as mirrored by the O matrix) seem
to suggest.
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This discrepancy may be explained by the existence, on the electronic
firms’ side, of some R&D and patenting strategies that go beyond the
pursuit of technological spillovers and complementarities. Alternatively,
the discrepancy between O-measures and W-measures may be due to dif-
ferent organisational arrangements, which lead the head-companies of
electronic groups to centralise all the patenting activity of their groups
(thus decreasing the overall technological coherence of their patents), as
opposed to mechanical and pharmaceutical groups’ strategy, which may
turn out, at a closer look, to allow controlled firms to patent
autonomously (so that each firm’s set of patents turns out to be more
technologically coherent than in the case of the electronics firms).

Testing these alternative explanations (and looking for other ones),
will require many further research efforts, most of them directed at
improving the distribution of EP-CESPRI patents by firm and at collecting
information on individual companies’ innovation strategies.'"” Here we can
only propose a first step in that direction, which consists in a closer exami-
nation of the patenting activities of a selected number of large companies,
namely the FORTUNE500 companies (from the Chemical, Pharmaceuti-
cal, Electronic, Computer and Photographic Equipment sectors) that we
were able to trace back in the EP-CESPRI database.*

Figure 3.9 illustrates quite clearly the lower technological coherence of
Electronic and Computer companies (bottom-left corner in Figure 3.9b)
if compared to Chemical companies (centre/top-right corner in Figure
3.9b), and even more to Pharmaceutical companies (top-right corner in
Figure 3.9a). In this case, the Cy(W)-based and S§;(O)-based average
WARN indexes are highly correlated.

However, we also notice the existence of two outliers (Intel and Xerox
in the bottom-right corner of Figure 3.9a), belonging respectively to the
Electronic and Computer sectors, whose C;(W)-based average WARN
indexes are comparatively much lower than the S;(0)-based ones. As for
the Pharmaceuticals companies, these two outliers patent in a very limited
number of fields, but differ from the latter in so far as they hold a very low
number of patents.

As long as the technological fields in the electronic area of the EP-
CESPRI database hosts many firms such as Intel and Xerox (as opposed to
chemical and pharmaceutical fields, which are much more concentrated)
this may suggest a first, tentative explanation of discrepancies between the
two groups of fields. If the electronic area hosts many companies patent-
ing simultaneously in a few technological classes belonging to it, and not
outside it, this will show up in high values for all indexes based upon firm
behaviour (i.e., indexes based upon matrix O, such as S;(0) and the
related WARN). At the same time, though, the technological classes in
the electronic area may be, individually, more self-contained than those in
the pharmaceutical area, so that patent examiners do not often need to
refer simultaneously to more than one of them for defining the novelty
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Figure 3.9 Average standardised WARN, by technological fields.

claim of the patent, as it happens with applications for new drugs and
chemical products.21 Thus, the two indexes may differ because of some
problems in the EP-CESPRI classification, and not as a reflection of differ-
ent innovation strategies in different industries. Once again, we need
further enquiries to verify this.
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5 Conclusions

International patents are a well-established indicator of technological
activity. However, not all their information potential has been exploited so
far. In particular, the most common econometric applications (such as
those directed at estimating the knowledge production function, and
other exercises on R&D productivity) tend to overlook the qualitative side
of patent-based information. On the contrary, this is the main target of
our methodological effort.

In particular, we have assumed that such a fine technological descrip-
tion of the patent content, as it is the multiple IPC classification assigned
to each patent document, deserves much more attention than it has
received so far. Other leading experts of bibliometric research share in
this view.

We have shown that, after working out a limited number of techno-
logical classes from the original 12-digit IPC codes, it is possible to assign a
large number of patents to more than class, and use these multiple assign-
ments to derive a measure of the “technological distance” among the
chosen classes.

We have then exploited such measures to explore the technological
coherence of multi-technology innovating companies, thus providing a
contribution to the study of corporate behaviour and the theory of the
firm. This exercise has confirmed Teece et al’s (1994) findings, by repli-
cating them with our code-based measure of technological distance (as
opposed to theirs, which was based on the application of the survivor prin-
ciple to the observed firm behaviour).

At the same time, though, this exercise raised quite a big empirical
puzzle about the behaviour of firms patenting in the electronic-related
fields. Here, code-based indexes were significantly lower than firm-
behaviour-based ones, but still more research has to be done in order to
explain such differences.

More research is also required in order to find further applications for
our measure of technological distance. In particular, the study of inter-
firm and cross-sector technological spillovers should benefit greatly for
more accurate distance measurement (Jaffe et al, 2000; Henderson,
1999).

Finally, combining patent information with more updated and detailed
information on the structure of manufacturing groups (including the dis-
tribution of their research activities across the various subsidiaries) would
allow us to conduct some more sophisticated research effort on the
innovation strategies of individual companies.
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6 Appendices

6.1 Appendix A Description of the EP-CESPRI data set, and a
methodological note on classification

6.1.1 Description of EP-CESPRI database

The EP-CESPRI dataset contains all patent applications to the European
Patent Office (EPO) from 1978 (EPO’s first year of activity) to 1993, by
firms and institutions from the United States, Japan, France, Germany,
Italy and the United Kingdom. It contains 17,394 patents and 4,802 firms
for Italy, 124,626 patents and 10,459 firms for Germany, 39,582 patents
and 7,121 firms for the UK, 51,690 patents and 6,835 firms for France,
164,790 patents and 14,395 firms for the US and 113,629 patents and
5,025 firms for Japan.

Firms that are part of business groups have been treated as individual
companies.

In case of co-patenting, each co-patentee has been credited the patent.

Individual inventors have been excluded from the dataset. Since indi-
vidual inventors are mostly self-employed and owners of small independ-
ent firms, their exclusion from the data set could underestimate the
contribution of smaller companies to the innovative activities. However,
the share of total patent applications held by private individuals in the
dataset is rather small (generally, less than 3 per cent of total patent appli-
cations).

6.1.2 Classification issues

Each patent document in the EP-CESPRI dataset contains a (primary)
classification code of the International Patent Classification (IPC), which
has been assigned by patent examiners of the EPO and identify the tech-
nical area to which the invention refers. The IPC is an internationally
agreed, non-overlapping and comprehensive patent classification system.
Currently, the IPC refers to almost 60,000 individual codes (12-digit) and
it may be used at different hierarchical levels (WIPO, 1994).

For practical purposes, the 12-digit IPC codes have to be aggregated in
some way. In this chapter, we have adopted a technology-oriented classifi-
cation that distinguishes 30 different technological fields. This classifica-
tion has been elaborated jointly by Fraunhofer Gesellschaft-ISI (Karlsruhe),
Institut National de la Propriété Industrielle (INPI, Paris) and Observatoire des
Sciences et des Techniques (OST, Paris). The concordance between the 30
fields of technology and the original IPC codes is available from the
authors.
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6.2 Appendix B Test of randomness in firms’ technological
diversification

Let the universe being studied consist of T firms each active in two or
more technology fields and assume there are in total n technology fields.
A firm is considered to be active in a given technology field if it has
autonomous research and development activities in that specific field. Let
G,=1 if firm ¢ is active in technology field ¢ and G;=0 otherwise. The
total number of firms being active in technology field i is therefore given
by: R;= 3,,G,. Using this notation, we can indicate the number of firms that
are active, in both technology fields i and j as follows: 0;=2,G,G;. By
applying the latter to all possible pairs of technology fields we get a square
(nX n) symmetrical matrix O, whose generic cell O; reports the number
of firms that are active in both technology fields ¢ and j.

A test of randomness can thus be performed by comparing the
observed value of O; with the value that would be expected under the
hypothesis that technological diversification is random. More particularly,
let us assume that in a population of 7 innovative firms, a number R; of
firms possess the characteristic of being active in technology field . This
implies, of course, that (7— R;) firms do not possess such characteristics.
Now, an independent sample (without replacement) of size R; of firms is
drawn from the population of 7 innovative firms and these firms are
assigned activities in technology field j. Given this experiment, the probab-
ility of obtaining x firms that are active in both technology fields ¢ and j is
distributed according to a hypergeometric random variable, with popu-
lation 7} special members R;, and sample size R;

P(X,= ) = (’f;) (f{_Rj/( g) (1)

The mean and the variance of X; are respectively:

E(X,) = RR/T (2)

B R Y P A Y
sl

A test of randomness in firms’ technological diversification can thus be
based upon the following statistic:

_ 05— 1y

O

T

(4)
where O; is the value of the generic cell of matrix O; u; and o;; are respec-
tively the mean and variance of the hypergeometric distribution we would
expect to obtain under the random hypothesis.
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Table 3.C2 Weighted average relatedness (WAR) index; firm average values, by

number of patenting classes (1982-1993)

No. of No.of No.of WAR[S;(O)] WAR[Cy(W)] WARN[S;(O)] WARN[Cy(W)]

classes  firms  patents

6896 18.015 0.104 18.015 0.104
2611 18.580 0.105 22.020 0.126
1297 18.606 0.104 24.027 0.140
744 18.135 0.098 24.891 0.143
429 18.272 0.098 26.496 0.153
326 17.509 0.091 26.606 0.154
232 17.605 0.092 27.286 0.160
164 17.345 0.086 28.480 0.163
139 16.875 0.081 28.497 0.160
94 17.068 0.084 28.894 0.166
66 17.407 0.085 30.023 0.173
67 15.756 0.075 29.036 0.161
54 16.076 0.074 29.311 0.160
55 15.551 0.073 29.691 0.172
45 15.028 0.073 29.394 0.170
31 15.224 0.073 29.687 0.181
25 14.269 0.064 30.172 0.170
33 14.737 0.062 30.287 0.167
35 14.372 0.060 30.820 0.172
15 15.192 0.068 31.120 0.183
22 14.910 0.065 31.895 0.183
16 14.905 0.061 30.975 0.173
14 13.159 0.051 30.907 0.167
17 13.345 0.055 31.285 0.172
10 13.479 0.058 31.936 0.182

8 13.247 0.049 32.135 0.176

7 13.511 0.058 31.406 0.180

7 13.423 0.055 32.601 0.187

1 13.500 0.071 33.022 0.199

Source: elaboration on the EP-CESPRI database.

Notes

1

2

3

Indeed, the terms “coherence” and “relatedness” are often used interchange-
ably in the literature dealing with the argument.

For example, a company engaged in the food industry needs to master at least
some chemical technologies and some mechanical engineering technologies.
In addition, as it is well known, R&D expenditures fail to capture a large part
of small- and medium-sized firms’ innovative efforts.

4 A possible exception is Harhoff (2000). However, this author is more con-

cerned with assessing the effects on productivity of inter-industry spillovers,
than on the problem of evaluating coherence in the patterns of firms’ R&D
expenditures.

In a limited number of cases, it may happen that the applicant company is a
user of the innovation, which has provided only a financial contribution to the
research effort. In a few more cases, it may be that a parent company, which



10
11

12

13

14

15

16

17

18
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holds no direct competencies in a given field, applies for a patent to protect
the innovation output of a subsidiary, especially if that output is considered
strategically relevant. However, both cases seem too rare for diminishing the
reliability of patents as indicators of individual firms’ own technological com-
petencies.

A more detailed description of the EP-CESPRI dataset, as well as more informa-
tion on the classification system can be found in Appendix A.

This classification was elaborated jointly by the Fraunhofer Gesellschafi-ISI (Karl-
sruhe), the Institut National de la Propriété Industrielle (INPI, Paris) and the Obser-
vatoire des Sciences et des Techniques (OST, Paris) in 1995 (see Hinze et al., 1997).
The methodological issues related to the extension of this test from product to
technological diversification are discussed by Piscitello (1999). A full descrip-
tion of the test is provided in the Appendix.

If the actual number of firms diversified in technology fields i and j (i.e. O,)
greatly exceeds the expected number wu; then there must be a strong (non
random) relationship between the two technological fields. If, on the contrary,
S; takes a negative value, this means that Oy is even lower than the number we
would observe if firms were to choose their technological fields randomly.
Possible exceptions are Harhoff (2000) and Goto and Suzuki (1989).

For a fuller description of the YTC see the May 1997 issue of Economic Systems
Research.

For a discussion along these lines, see Verspagen (1997). In addition to the
problem reported in the text, Verspagen also claims that user-producer
methods of measuring relatedness are likely to capture rent-spillovers, more
than knowledge-spillovers among sectors.

That is, we retrieved not only the patents also contained in the six-country EP-
CESPRI database, but the whole lot of patent applications to EPO, from any
country.

Note however that the use of an hypergeometric distribution as a benchmark
case for building up the S;(0) index is entirely plausible, while it is certainly
not true for the S;(W) index: while firms, in line of principle, could choose
their activities in a random fashion, it is impossible that patent examiners
assign classification codes in casual ways.

As with S, we can distinguish between C;(0) and C;(W), the former being the
cosine index based upon the matrix of co-occurrences of technical fields in
firms’ diversification patterns, the latter exploiting the W matrix.

They justified this choice by invoking a “survivor principle”, according to which
a sufficient degree of economic competition ought to lead to the disappear-
ance of relatively inefficient technological diversification patterns (such as
those involving unrelated technologies), and leave unscathed only the efficient
ones (such as those strictly based upon related technologies). This allowed
them to go on and assume the S;(0) index to reflect the (unmeasured) degree
of technological relatedness across fields. Inevitably, the suspect that of a tau-
tology to be hidden in this line of reasoning arises immediately, which will be
able to dispel only partially, both in this section and in section 4.

Classes from 27 to 30 are harder to comment upon. All of them are highly het-
erogenous, and they escape a clearly technologically oriented logical structure.
Two of them, Nuclear Engineering and Space Technology, are very small, and
were built to isolate and identify different countries’ patents in two military-
related strategic fields. Consumer Goods and Civil Engineering are, by and
large, residual classes that collect IPC codes, which could hardly be associated
to any of the previous classes.

MDS analysis is a statistical technique for representing the mutual relationships
amongst N elements (in our case the 30 technological classes) in a space with a



96 8. Breschi, F. Lissoni and F. Malerba

lower number of dimensions (possibly two dimensions), according to the crite-
rion that similar units must be located, on a map, closer than others, and vice
versa. The MDS procedure operates by minimising an appropriate index called
stress index. See also Engelsman and van Raan (1991) and Grupp (1996).

19 At present, the dataset does not attribute all patents of one group to a single
unit, but keep them distributed across all individual firms, regardless of their
group affiliation; nor does it check for differences between the patent appli-
cant’s and the patent inventor’s addresses, which could reveal that some
patents, although applied for by one company in a group, were actually
developed elsewhere in the group itself, if not outside it.

20 Itis useful to remind the reader that the data set contains data for six countries
only (see section 3 and Appendix A), and that many companies listed therein
since 1982 may have gone through many changes of properties, changes of
names and restructuring processes. This makes it hard to match closely the EP-
CESPRI database to frequently updated company directories such as
FORTUNED500, unless a dedicated additional effort of data scrutiny is pro-
vided, which goes beyond the purposes of this chapter, which are mainly illus-
trative.

21 The novelty claim of electronic and mechanical patents can refer only to the
design of a component or process, while patents in the pharmaceutical area
may be assigned to new applications for well-known (although possibly modi-
fied) compounds, which makes it more likely that a proper definition of the
patent content of the patent will require quite “distant” different IPC codes to
be quoted.
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4 The relationships between
technological diversification and
internationalisation

John Cantwell and Lucia Piscitello

1 Introduction and theoretical framework

The relationship between strategies for growth that the industrial enter-
prise can adopt — which traditionally refers both to product or industrial
diversification, and to geographical diversification, or internationalisation
— has been the subject of systematic research by economists and strategic
management researchers for more than 30 years. However, diversification
and internationalisation have often been considered and analysed sepa-
rately as two distinct phenomena or alternative routes to growth, in the
analytical framework derived from the theory of the growth of the firm
that originated from Penrose (1959). The traditional perspective con-
cerned essentially the firm’s expansion into new markets; moving into new
product markets at home (diversification), or creating new markets
abroad through exports and then foreign direct investment were viewed
as means of exploiting the firm’s potential for growth or its competitive
advantages. Diversification and internationalisation were viewed as being
directly interrelated, in that Penrose (1959) and others suggested that the
firm had a strategic choice between these two means of exploiting the
firm’s growth potential. In recent years, a new perspective has emerged on
internationalisation and diversification as means of extending the growth
potential or competence itself of the firm. In this event, corporate interna-
tionalisation and diversification may also be directly connected, as mutu-
ally interrelated ways of spreading the competence base of the firm, and
of acquiring new technological assets, or sources of competitive advant-
age. This had led to a new focus on the internationalisation and diversifi-
cation of corporate technology, as a reflection of the development of the
underlying capability of firms. In the internationalisation field, new theo-
retical and empirical models have been devised of the process by which
multinational companies access locationally dispersed technological
assets, through their own international operations and through alliances
with other firms (Cantwell, 1989; Kogut and Chang, 1991; Dunning, 1995;
Almeida, 1996; Frost, 1996; Kuemmerle, 1996; Pugel et al., 1996; Cantwell
and Barrera, 1998; Cantwell and Piscitello, 2000).
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In the diversification field, the notion of technological diversification
has been conceptualised as a means by which firms extend their techno-
logical base and capabilities, and it has attracted the attention of
researchers. Some authors have shown that an increase in technological
diversification at the firm level, defined as a rise in the breadth of corpor-
ate technological effort across a wider range, was an increasingly prevalent
phenomenon in Japan (Kodama, 1986), in the UK (Pavitt ¢t al., 1989), and
in Sweden (Granstrand and Sjolander, 1990; Oskarsson, 1993). Various
authors have proposed ideas which suggest the existence of a relationship
between technological diversification and the internationalisation of
technological activity. Nonetheless, the early literature investigating the
nature of this linkage had suggested that it is essentially a direct one.

According to our previous research results (Cantwell and Piscitello,
2000), we argue that the relationship between technological diversifica-
tion and internationalisation is by no means direct and that, at least until
very recently, it is an indirect one. In fact, the corporate internationalisa-
tion and diversification of technological activity are both ways of spreading
the competence base of the firm, and of acquiring new technological
assets, or sources of technological advantage. This has led to a new focus
on the internationalisation and diversification of corporate technology, as
a reflection of the development of the underlying capability of firms,
rather than (as in the past) simply a means of supporting the better
exploitation of established competence in new markets. In particular,
when controlling for the existing level of competence, for the absolute
and the proportional growth of rate of competence accumulation, as well
as for the firm’s technological size, we found that little direct relationship
between internationalisation and diversification themselves remain.

To sum up, empirical studies in this field have operated on the (some-
times implicit) premise of a direct relationship between a firm’s techno-
logical diversification and the internationalisation of its technological
activity. This contribution starts instead from the already documented
idea of an indirect relationship and goes further to analyse the net overall
association between them (that is, once the effect on each of other vari-
ables has been allowed for). In particular, does the broadening of the
firm’s technological base lead to a greater internationalisation of techno-
logical activities, does the geographical spread of technological activity
lead to a greater technological diversification, or do both occur? We inves-
tigate the net interrelationship between technological diversification and
the internationalisation of technological activities by using the concept of
sequential or Granger causality. Namely, we examined whether the rela-
tionship between these two phenomena is mutually sequential through a
technique developed by Holtz-Eakin ef al. (1988) that is based on the esti-
mation of the vector autoregression coefficients in short panel data.

The sample considered is a large cross-firm panel of technological activ-
ity over time, proxied by the corporate patenting in the US of 140 of the



Technological diversification and internationalisation 103

largest European and American industrial firms over the period
1930-1995. The use of a longitudinal data set is particularly appropriate
since the nature of the interaction over time between technological diver-
sification and internationalisation is not uniform across firms, but it
depends upon the characteristics of the firm and on its changing external
environment (Granstrand, 1998). We apply an extension of a model of
bivariate vector autoregressions for panel data proposed by Holtz-Eakin et
al. (1988) and Colombo and Garrone (1996). The econometric results are
consistent with the view that these two corporate growth processes are
mutually interdependent, and therefore they have to be jointly modelled
when studying their determinants and the factors that influence each of
them.

The organisation of the chapter is as follows. The next section
describes the data employed, while the proxies used to measure corporate
technological diversification and internationalisation are discussed in
section 3. The fourth section describes the model constructed to test for
the existence of causality between technological diversification and inter-
nationalisation, while section 5 reports the results and certain other test
statistics. The last section contains some concluding comments and sug-
gestions for future research.

2 The data

The study was based upon a database on the patenting activity in the US
of the largest US and European companies over the period 1901-1995,'
developed at the University of Reading (see Cantwell, 1995, and Chapter
10, this volume). The firms included in the database were identified in
one of three ways. The first group consisted of those firms which have
accounted for the highest level of US patenting after 1969; the second
group comprised other US, German or British firms which were histori-
cally among the largest 200 industrial corporations in each of these coun-
tries (Chandler, 1990); and the third group was made up of other
companies which featured prominently in the US patent records of earlier
years. In each case, patents were counted as belonging to a common
corporate group where they were assigned to affiliates of a parent
company.” The location of the original research facility that gave rise to
each patent (the country of residence of the original inventor) is recorded
in the data. The location of the parent company is another important
dimension of the analysis, as this is treated as the home country or the
country of origin of the corporate group. By consolidating patents attrib-
utable to international corporate groups, it is then feasible to examine the
geographical distribution of the technological activity of these firms
(Cantwell, 1995). In addition, the primary field of technological activity of
each patent can be derived from the US patent class system, which pro-
vides a measure of corporate technological diversification.
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In all, the historical path was traced of the US patenting activity from
the beginning of the century of 857 companies or affiliates that together
comprise 283 corporate groups.” In particular, we considered cumulated
stocks of patents data for individual years spaced at five-year intervals.
Starting with the 1930 cumulated stock we have 14 (1930, 1935,..., 1995)
observations for each firm.

The group of companies used in the econometric analysis of whether
the relationship between technological diversification and internationali-
sation is simultaneous, consists of 140 firms. In order to be able to apply
the bivariate autoregressive techniques generally used in causality analysis,
we excluded from the original 283 firms all those for which complete time
series relating to the period under examination were not available.
However, as shown in Tables 4.1 and 4.2 the group obtained can be
regarded as quite representative of the world’s largest firms in terms of
technological development as measured by patenting, and it shows many
of the same statistical characteristics as the overall database.”

Table 4.1 Data characteristics by industry’

283 firms 140 firms

No. % No. %
Chemicals 82 29.0 36 25.5
Electrical 44 15.5 21 14.9
Mechanical 108 38.2 51 36.9
Transport 49 17.3 32 22.7
Total 283 100.0 140 100.0

Table 4.2 Data characteristics by country

283 firms 140 firms

No. % No. %
The USA 92 32.5 63 44.8
Germany 40 14.1 20 14.2
The UK 65 22.9 24 17.0
Italy 7 2.5 4 2.8
France 29 10.2 13 9.9
The Netherlands 2 0.7 1 0.7
Belgium 1 0.4 1 0.7
Switzerland 9 3.2 5 3.5
Sweden 38 13.4 9 6.4

Total 283 100.0 140 100.0
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3 The measures of technological diversification and
internationalisation

A number of proxies have been proposed of a firm’s technological diversi-
fication, understood as the extent of the spread of its technological activity
across fields. Some authors have considered the number of technological
fields in which the firm is active (e.g. Patel and Pavitt, 1994) or the use of
the Herfindhal index and the entropy index to measure the degree of dis-
persion across fields (e.g. Oskarsson, 1993). Our proxy is based on the
consideration that technological diversification is inversely related to the
extent of the concentration of the firm’s technological specialisation in
favoured sectors. The firm’s specialisation can be measured by an index of
its revealed technological advantage (RTA) which for each particular
sector of technological activity is defined by the firm’s share in that sector
of US patents granted to companies in the same industry, relative to the
firm’s overall share of all US patents assigned to firms in the industry in
question. Specifically, denoting as P; the number of US patents granted in
sector or activity j to firm ¢in a particular industry, then the RTA index is
defined as follows:

(o S} (5 5)

The index varies around unity, such that values greater than one suggest
that a firm is comparatively advantaged in the sector of activity in question
relative to other firms in the same industry, while values less than one are
indicative of a position of comparative disadvantage. Importantly, the use
of RTA index allows us to control for inter-sectoral and inter-firm differ-
ences in the propensity to patent (Cantwell, 1993, 1995). The degree of
technological diversification of the firm is measured by the reciprocal of
the coefficient of variation (CV) of the RTA index across all the relevant
sectors for the firm.® Therefore, for firm i in each period considered, DIV,
will be proxied by the reciprocal of the CV:

DIV,=1/CV,= MRTA/O'RTAi

where oy, is the standard deviation and pggy, is the mean value of the
RTA distribution for the firm i.

A brief clarification of this measure may not be out of place here.
When CV;is low, the cross-sectoral distribution of RTA,is widely dispersed,
that is the profile of the comparative technological advantage of firm i, is
highly diversified across fields, and not highly concentrated in some activ-
ities rather than others. On the other hand, when CV;is high, the RTA dis-
tribution is highly concentrated in certain fields and the degree of
diversification of the firm will be low. Thus, CV; constitutes a direct
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Table 4.3 Statistical properties of the DIV and INT (140 firms)

Variables Mean Std Error Minimum Maximum
DIV30 0.54 0.29 0.20 1.81
DIV35 0.55 0.30 0.19 1.92
DIV40 0.56 0.27 0.19 1.70
DIV45 0.57 0.28 0.19 1.57
DIV50 0.58 0.29 0.18 1.54
DIV55 0.61 0.30 0.18 1.56
DIV60 0.61 0.30 0.18 1.80
DIV65 0.61 0.30 0.17 1.65
DIV70 0.63 0.29 0.17 1.63
DIV75 0.64 0.29 0.17 1.89
DIV80 0.66 0.29 0.17 1.91
DIV85 0.66 0.31 0.17 2.09
DIV90 0.65 0.30 0.17 1.84
DIV95 0.65 0.30 0.17 1.79
INT30 7.35 18.52 0.00 100.00
INT35 8.72 20.24 0.00 100.00
INT40 8.95 21.09 0.00 100.00
INT45 9.26 21.06 0.00 99.33
INT50 8.90 19.90 0.00 99.51
INT55 9.88 20.48 0.00 99.66
INT60 10.63 21.37 0.00 98.87
INT65 11.27 21.50 0.00 94.33
INT70 12.75 21.71 0.00 94.16
INT75 13.47 21.12 0.00 93.47
INTS80 14.01 20.80 0.00 92.22
INT85 14.57 20.50 0.00 91.87
INT90 15.93 20.80 0.00 92.50
INT95 17.77 21.85 0.00 95.60

measure of concentration but an inverse measure of technological diversi-
fication.”

With regard to the firm’s degree of internationalisation, we took the
foreign share of activity, which is the proxy almost universally used in
empirical studies (e.g. Pearce, 1989, 1993). For firm i, the proxy INT; is
defined as the share of patenting that is attributable to research located
outside its home country in each period considered.® The statistical prop-
erties of the proxies considered for technological diversification and inter-
nationalisation, DIV and INT, are illustrated in Table 4.3.
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4 The model for the study of the relationship between
technological diversification and internationalisation

4.1 The causality analysis

In examining the relationship between two variables, it is useful to recall
the concept of causality. Indeed, causality, of whatever kind, is always a
relationship, a relationship between facts or variables (Hicks, 1979).
Specifically, the present work investigates whether the technological diver-
sification and internationalisation of firms are mutually interrelated (even
if only indirectly). In fact, the direct contemporaneous association studied
previously (Cantwell and Piscitello, 2000) still leaves open the issue of
whether there is any indirect association between the two, having isolated
their direct relationship from the mutual direct effect of other variables.
Such an indirect association is then a consequence of the mutual impact
of other variables, and it may run in either direction sequentially. There-
fore, we used the concept of sequential or Granger causality, but in a
mutual way. In other words, we tested whether the two phenomena con-
sidered show a reciprocal influence in either direction.

From a methodological perspective, the analysis has been traditionally
conducted in an interactive framework. Nevertheless, the approaches used
most frequently are essentially cross-sectional or pure times-series analyses
and these might lead to biased results. In this context, a panel data
approach may be better able to identify and measure effects that are
simply not detectable in pure times-series, which do not allow the
researcher to control for individual heterogeneity; or in pure cross-section
analysis at a given point in time, which does not allow for the dynamics of
adjustment.’

In order to investigate the nature and the evolution of the relationship
between technological diversification and internationalisation, we apply a
model developed to test for Granger causality in short panel data. In
particular, we follow the approach developed by Holtz-Eakin et al. (1988)
to explore Granger causality between variables when using a panel data set
in place of a single time series."” When considering a panel data set, it is
necessary to take account of individual heterogeneity. For this reason, the
model allows for an “individual effect” which takes into account firm het-
erogeneity in the level of the two variables, and allows for cross-sectional
heteroskedasticity of the error terms.

Consider 140 cross-sectional units observed over 14 periods (that is
1930, 1935,. .., 1985, 1990, 1995). Let subscript ¢=1,..., 140 denote the
cross-sectional observations and ¢=1930,..., 1995 the time periods. The
following model then allows us to study whether INT causes DIV:

6 6

DIV, = ay,+ > ayDIV,, \+ > BINT,, , + o fi+ €, (1)
=1 =1
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where f;is an observed individual effect, and the lag length has been arbit-
rarily assumed to be up to m=6."

The symmetrical model has been defined to study whether DIV causes
INT:

6 6

INT, = yy,+ > vINT,,, + > 8,DIV,,  + ¢ fi+ &, (2)
=1 =1

In order to identify the parameters of the equations, we should deal with
the presence of the unobserved individual effect f. Since it is well known
that in models with lagged dependent variables it is inappropriate to treat
the unobserved individual effects f; as constants to be estimated, we trans-
form equation (1) to eliminate the individual effect. Let »,= ¢,/¢,_, and
consider multiplying equation (1) for time {— 1 by r, and then subtracting
the result from the equation for period ¢ Collecting all DIV and INT terms
dated ¢— 1 or before on the right-hand side yields:

7 7

DIV,= ay,+ > a,DIV,,_+ > bINT,,_, + u, (1a)
=1 =1

where w;, a,, @, and b, represent a combination of €;, o, @, B, and ¢,
from the previous equation. It should be noted that now the equations
obtained are simultaneous, as u; is correlated with INT;,_, and DIV, _,
through €;,_;.

More generally, this transformation is a quasi-differencing trans-
formation suggested by Chamberlain (1983). Importantly, there is no
need to recover the original parameters to test the hypothesis that INT
does not (Granger) cause DIV, conditional on the individual effect. Since
this would imply that b,=0 for each [/ and ¢ testing the non-causality
hypothesis amounts to a test for zero coefficients on the lagged INT vari-
ables in the transformed equation. More specifically, the linear tests asso-
ciated with the null hypothesis that /NT does not (Granger) cause DIV are:

Hy: b,=0VIE[]1,...,8], Vi€ [1970, 1975, 1980, 1985, 1990, 1995]

Analogously, to test the symmetrical null hypothesis that DIV does not
(Granger) cause INT, the equation is:

7 7

INT, = ¢+ > ¢INT,,_,+ > d, DIV, + v, (2a)
=1 =1

and the linear tests associated with the null hypothesis are:

Hy: d,=0VIE[],...,8], Vi€ [1970, 1975, 1980, 1985, 1990, 1995]
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If the absence of Granger causality is rejected these variables actually
share some interactions, and neither of them can be treated as strongly
exogenous in the estimation of the parameters of the other (Cantwell and
Piscitello, 1997).

4.2 The changing direction of sequential causality

The estimation of the models has been run in two stages by applying 2SLS
and GLS to the simultaneous equations systems (la) and (2a).'* The struc-
ture of the model allows us to impose and test linear constraints through a
procedure by which restricted and unrestricted models are compared by
examining the difference of the sum of squared residuals L= Qy— Q,
which conforms to a chi-squared distribution. Therefore, we tested both
the hypothesis of non-causality and the hypothesis of parameter stationar-
ity over time, which provides a preliminary perception of the nature of the
relationship between the two corporate strategies under consideration.
Tables 4.4 and 4.5 show the results of the tests for models (1a) and (2a)
respectively. In particular, the tables report the null hypotheses, the values
of the Qand L statistics, and the critical values of x§ (7).

As regards the first model (see Table 4.4), the results of the test that
INT does not cause DIV show that absence of causality is rejected with
$<<0.05, as is the hypothesis of parameter stationarity. The particular
hypothesis of parameter stationarity in the bivariate part of the equation is
also strongly rejected, thus confirming that the influence of internationali-
sation upon technological diversification is not constant but evolves and
changes over the period considered. The results of the analysis of causality
in the other direction are shown in Table 4.5. Again, the null hypothesis
that DIV does not cause INT is rejected with $<<0.05, as are the hypotheses
of parameter stationarity. To sum up, the results of this first step in the

Table 4.4 Exogeneity of DIV

Q L Xo.05(n)
Unrestricted model 22.7 - -
H,: INT does not cause DIV 69.2 46.5 24.9
b,=0
Vie [1995,...,1970], VIE[]1,.. ., 8]
H: Stationarity of parameters 1491.3 1468.6 55.8

@y, = constant

@, = constant

b, = constant

Vi€ [1995,...,1970], VIE[],.. ., 8]

H,: Stationarity of bivariate parameters 153.1 130.4 22.4
b, = constant

Vi€ [1995,...,1970], VIE[],.. ., 8]
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Table 4.5 Exogeneity of INT

Q L Xoos(1)
Unrestricted model 16.1 - -
H,: DIV does not cause INT 55.7 39.6 24.9
d,=0
Vi€ [1995,...,1970], VIE[1,..., 8]
H,: Stationarity of parameters 677.3 661.2 55.8

¢, = constant

¢, = constant

d, = constant

Vi€ [1995,...,1970], VIE[],..., 8]

H,: Stationarity of bivariate parameters 88.3 72.2 22.4
d, = constant

Vi€ [1995,...,1970], VIE[],. .., 8]

analysis suggests that the existence of a mutual sequential relationship
between DIVand INT cannot be rejected.

The second important result is that the structure of the coefficients
cannot be assumed to be fixed, but it varies over time. In fact, looking at
the coefficients obtained (see Table 4.6), it emerges that the underlying
structural relationship between technological diversification and interna-
tionalisation has tended to shift from a negative to a positive one,
although it is not a stable relationship. In particular, the shift to a positive
effect of internationalisation on diversification appears to have led the
more recent emergence of a positive effect of diversification on interna-
tionalisation. The former was significantly positive as early as 1965, while
the latter only became significantly positive in 1990 and 1995, and they
were jointly significantly positive for the first time in 1995. We have argued
that while the early negative relationship represented a choice over the
direction of use of scarce technological and managerial resources in the
early stages of large firm growth as discussed by Penrose, the more recent
emergence of a positive interrelationship can be understood as attribut-
able to the evolution of interconnected international networks for innova-
tion in the leading multinational companies (Cantwell and Piscitello,
2000). The process began when international network formation started
to have a positive potential impact upon the scope of technological cap-
abilities of the firm.

5 Conclusions

This chapter has attempted to shed light on the relationship between
technological diversification and internationalisation, particularly with
respect to its sequential nature. In fact, we acknowledge that the corporate
internationalisation and diversification of technological activity are both
ways of spreading the competence base of the firm, and of acquiring new
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INT on DIV DIV on INT
1935 —0.28 —=0.01
(—1.22) (—1.20)
1940 —0.00 —0.001
(~0) (—0.02)
1945 —0.22% —0.01
(—1.84) (—1.57)
1950 —0.03 —0.01
(—0.28) (—0.18)
1955 0.19 —0.02%*
(1.36) (—1.98)
1960 —0.02 —0.01%*
(—0.11) (—1.98)
1965 0.30%* —=0.01
(2.06) (0.30)
1970 0.23 —0.01
(1.87) (—0.16)
1975 —0.16 —0.01
(—1.05) (—1.46)
1980 —0.10 —0.01%=*
(1.03) (—2.12)
1985 0.23%*% 0.001
(2.63) (0.09)
1990 0.04 0.01%*
(0.47) (2.00)
1995 0.10%* 0.02%*
(1.81) (1.79)
Notes

* Significant at the 10 per cent level.
** Significant at the 5 per cent level.
*#% Significant at the 1 per cent level.

technological assets, or sources of technological advantage, and that their
relationship is by no means direct but is instead generally indirect. In order
to test the composite form of the indirect relationship, we have used a lon-
gitudinal data set that allows us to take into account cross-section character-
istics, that is individual heterogeneity as well as variations over time. Our
results suggest that, once allowing for the mediation of other variables,
these two corporate growth strategies are indirectly mutually associated.
The capacity to develop internationally derives from a position of
technological strength in the firm’s domestic base, which may lead to
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similar lines of technological development being established abroad;
while, in its turn, foreign innovation provides a further source of capabil-
ity that can be exploited to broaden the technological base of the MNC.
In other words, MNCs undertake international expansion in part to
exploit their existing technological advantage by increasing the scale and
the geographical scope of their operations; but at the same time, MNCs
use foreign expansion in part to develop international networks to create
advantages by drawing upon the locationally differentiated competitive
advantages.

Importantly, our empirical evidence suggests also the rejection of the
stationarity of coefficients, thus indicating that the underlying structure of
the relationship may have changed over time. In fact, a deeper investiga-
tion revealed that the relationship between technological diversification
and internationalisation is negative historically while it becomes positive
in the most recent periods, although it is not highly stable. In particular,
our results show that the relationship is negative until the most recent
period and it becomes significatively positive only in 1985-1995.

Arguably, an increase in technological interrelatedness (Pavitt et al.,
1989) and the emergence and rise of the internationally integrated MNC
(Dunning, 1993, 1994), both of which facilitate a more positive linkage
between the sectoral diversification and geographical dispersion of
corporate technological efforts, are both comparatively recent phenom-
ena in historical terms. In the past, foreign technological activity exploited
domestic strengths abroad, it was located in response to local demand
conditions and its role ranged from the adaptation of products to suit
local tastes through to the establishment of new local industries. The
capacity to develop internationally derived from a position of techno-
logical strength in the firm’s domestic base and led to similar lines of
technological development being established abroad. Today, foreign
technological activity increasingly aims to tap into local fields of expertise
and to provide a further source of new technology that can be utilised
internationally. MNCs are increasingly committed to the development of
international networks in order to exploit the locationally differentiated
potential of foreign centres of excellence.

Notes

1 The pros and cons of using US patents as indicator of technological activity are
well known and quite widely discussed in the literature (e.g. Schmookler, 1950,
1966; Pavitt, 1985, 1988).

2 Affiliate names were normally taken from individual company histories.

3 Births, deaths, mergers and acquisitions as well as the occasional movement of
firms between industries (sometimes associated with historical change in
ownership) have been taken into account.

4 The differences are mainly attributable to the fact that US firms were rather
under-represented in the original data (since we included all US firms granted
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at least 30 patents per year historically, but all European companies granted at
least 5 patents per annum), while Swedish firms over-represented (owing to a
particular search conducted on behalf of some Swedish colleagues, see Zander,
1994, 1997).

Firms have been allocated to an industry on the basis of their primary field of
production/market, and subsequently these industries have been combined
into four major industrial groups on the basis of the types of technology that
have been mainly developed by the firms in question. In particular, for the
four industries we have:

Chemical (C): where the sub-industries included are chemicals, pharmaceu-
ticals, textiles and clothing, coal and petroleum products.

Electrical (E): electrical equipment, office equipment.

Mechanical (M): food, drinks, metals, mechanical engineering, paper and
paper products, printing and publishing, non-metallic mineral products, pro-
fessional and scientific instruments, other manufacturing.

Transport (T): motor vehicles, aircraft, other transport equipment, rubber
and plastic products.

The choice of the relevant sectors is particularly important to define the range
over which the RTA distribution is to be considered. We analysed two altern-
ative measures. The first one is the coefficient of variation of the RTA distribu-
tion across all sectors in which firms in the relevant industry had a stock of at
least 100 patents at some point during the period 1930-1995. In this case the
number of sectors considered is the same for all firms in an industry, and it is
fixed over time. The other one is the coefficient of variation of the RTA distrib-
ution across a variable number of sectors, according to the constraint that
firms in an industry group collectively have an accumulated stock of at least
100 patents in each year considered separately. Although the two measures are
strongly correlated, the latter performs better in the following models and
therefore has been preferred.

This measure has often been used as well in the analysis of business concentra-
tion across firms within an industry, as opposed to concentration or dispersion
across sectors within a firm (see Hart and Prais, 1956). It is worth noticing that
for a given number of firms (N), there is a strict relationship between the
Herfindhal index (H) and the coefficient of variation (CV) (Hart, 1971). The
relationship is: H= (CV2+1)/N.

Using the same procedure applied to build the proxy DIV, we considered a second
proxy defined as the coefficient of variation across national shares of patenting for
the firm. However, this is strongly correlated with the foreign share measure and
therefore we preferred the proxy more commonly used in the literature.

For examples on causality with panel data, see Finkel (1995).

For a similar empirical approach, applied to the causality relationship between
a firm’s infra-muros R&D and co-operative technological agreements, see
Colombo and Garrone (1996).

It should be noted that it is desirable to specify an arbitrarily long maximum
initial lag length in order to ensure that €, is a white noise error term (Holtz-
Eakin et al., 1988, p. 1386).

For technicalities concerning the estimation, see Holtz-Eakin et al. (1988).
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5 Technological diversification and
strategic alliances

Paola Giuri, John Hagedoorn and
Myriam Marian:

1 Introduction

Over the 1980s firms and industries have experienced a process of
“technological convergence” or “technology fusion” (Rosenberg, 1976;
Kodama, 1986, 1992). Due to the complexity and multi-technology nature
of products, different firms and industries came to share similar and wider
technological bases (Granstrand and Sjolander, 1990; Granstrand and
Oskarsson, 1994; Granstrand et al., 1997; Patel and Pavitt, 1997). In many
cases these wider technological bases are achieved through firms’ techno-
logical diversification.

Unlike technological diversification, product diversification decreased
over time through the processes of restructuring and refocusing of large
diversified firms (Scott, 1993; Hoskisson and Hitt, 1994; Markides, 1995a).
Empirical work witnessed the difference between technological diversifica-
tion and product diversification (Granstrand, 1997; Granstrand et al.,
1997) suggesting that while in principle multi-technology firms can
develop a wide range of different products, there are severe limitations to
the acquisitions of the downstream assets needed to produce and com-
mercialise products in a high number of different markets (Gambardella
and Torrisi, 1998).

One way to get access to competencies that firms lack internally is by
developing linkages with other companies. During the past two decades a
number of studies in the economic and managerial literature have
focused on the extent, motivations and characteristics of strategic alliances
(Kogut, 1988; Contractor and Lorange, 1988; Hagedoorn, 1993; Dunning,
1993, 1995). There is also empirical evidence showing that the increasing
technological diversification of firms is frequently associated with the use
of strategic alliances (Mowery et al., 1998).

Based on these literature, our chapter explores empirically the relation-
ship between firms’ internal technological profile — internal technological
diversification — and diversification through strategic alliances — external
diversification — in Europe, the USA and Japan. It examines some stylised
facts highlighted in the literature about technological diversification,
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market diversification and strategic alliances, and explores the relation-
ship between diversification strategies and firms’ performances. More
specifically, this work looks at three issues.

It first describes the extent of firms’ internal technological diversifica-
tion versus external technological diversification. We believe that firms
invest internally in developing a wider range of technological competen-
cies compared to external agreements. This is because the internalisation
of knowledge aims at both enhancing firms’ core-competencies, and at
creating absorptive capacities to acquire technologies developed by
others.

Second, it shows that technological diversification is more pronounced
than product and market diversification. Although firms develop compe-
tencies in several technological fields they may find it difficult to access
production and commercialisation assets for entering different businesses.

Finally, the chapter studies the relationship between firms’ economic
performance, internal technological diversification and external techno-
logical diversification. Most of the literature focuses on the impact of
related and unrelated product diversification on firm performance. The
results indicate that related diversifiers outperform unrelated diversifiers
(Robins and Wiersema, 1995; Berger and Ofek, 1995; Markides and
Williamson, 1994; Varadarajan and Ramanujam, 1987; Dubofsky and
Varadarajan, 1987), and that refocusing has a positive effect on firms’
performance (Markides, 1995a; Comment and Jarrell, 1995). We expect
technological diversification to be positively correlated with firms’
performance in specific sectors like transportation equipment where
product development requires the integration of a wider range of differ-
ent technologies compared to sectors like the ICTs.

To analyse these issues we combine firm level data on technological
diversification, strategic alliances and economic performance in 13 indus-
trial sectors from 1990 to 1997. The empirical analysis is based on a world-
wide sample of 219 industrial firms selected from the largest 500
companies (Fortune 500, 1998-1999). For each company we collected
information about the internal technological profile (internal
diversification) and external alliances (external diversification). We assume
that internal technological competencies of firms are reflected in the rela-
tive number of patents granted in each sector. Therefore, patents granted
to our 219 companies are used to define their internal technological con-
figuration. Strategic alliances are used to trace their external strategies in
technology and production related operations. Firm level data are drawn
from three datasets.

USPTO patent data in the period 1990-1997 are used to measure
firms’ internal technological diversification (Techline, 1999). These
patents are classified in 27 technological classes.

Data on strategic alliances are drawn from the SDC database (Securities
Data Company). These data are used to measure technological diversification
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by external operations, and diversification in production and marketing
activities. The SDC database on joint-ventures, strategic alliances and licens-
ing provides information on about 115,000 agreements. We selected 12,342
alliances signed by our sample companies during the period 1990-1997,
and collected information on several of the agreements. By using the SIC
codes of the alliance we classified each operation by business sector. We
then developed a concordance table between the 27 technological classes in
which patents are classified and the SIC codes of the alliances in the manu-
facturing sectors. Alliances in the service sectors, with the exception of
telecommunication (SIC 4800) and software (SIC 7370), are excluded from
the analysis. According to their content, alliances were also classified as
technological alliances and production and marketing alliances.

Finally, the Compustat database provides information on firms’ eco-
nomic performance.

The chapter is organised as follows. Section 2 presents the background
literature on technological diversification and strategic alliances. It
focuses on the issues that will be explored in the empirical sections.
Section 3 describes the data. Section 4 compares internal and external
technological diversification to the diversification through production
and marketing alliances during 1990-1997. Section 5 develops a multiple
correlation analysis to study the relationship between internal and exter-
nal diversification, and economic performance. Section 6 concludes.

2 On technological diversification and strategic alliances.

A number of contributions explore firms’ technological and business
diversification. As far as technological diversification is concerned, these
studies show that during the past decades the complexity and multi-
technology nature of products and processes led firms to broaden their
technological base in order to develop new products and processes
(Granstrand and Sjolander, 1990; Patel and Pavitt, 1994; Granstrand and
Oskarsson, 1994; Granstrand et al., 1997). The literature suggests that
firms might develop technologies that are different but highly inter-
dependent with their distinctive capabilities. They can also invest in
complementary fields in order to be able to adopt and integrate technolo-
gies developed by external suppliers. Moreover, firms may want to develop
some knowledge in non-core technologies in order to have a window on
emerging technological opportunities. Or, still, they can internalise some
“general purpose technologies” which are used in different products and
processes. Some authors, however, point out that firms’ technological pro-
files are difficult to change. They tend to be stable over time and evolve in
a path-dependent fashion according to strong inter-sectoral differences.
Furthermore, firms that successfully diversify technologically maintain a
certain coherence between existing and new fields (Patel and Pavitt, 1997;
Teece et al., 1994; Breschi et al., 1998).
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Unlike technological diversification, product diversification decreased
over time due to the process of restructuring and refocusing of large
diversified firms (Scott, 1993; Hoskisson and Hitt, 1994; Markides, 1995a).
Hence, firms broaden their technological knowledge, but they do not use
all their competence to enter new businesses. Empirical studies witness
the difference between technological diversification and product diversifi-
cation (Granstrand, 1997; Granstrand et al., 1997). Some of them point
out that while in principle multi-technology firms can develop a wide
range of different products, there are severe limitations to the acquisitions
of the downstream assets needed to produce and commercialise these
products in many different markets (Gambardella and Torrisi, 1998).
Other studies focus on the impact of related and unrelated product diver-
sification on firm performance. The results indicate that related diversi-
fiers outperform unrelated diversifiers (Robins and Wiersema, 1995;
Berger and Ofek, 1995; Markides and Williamson, 1994; Varadarajan and
Ramanujam, 1987; Dubofsky and Varadarajan, 1987), and that refocusing
has a positive effect on firms’ performance (Markides, 1995a; Comment
and Jarrell, 1995).

A branch of the literature on technological diversification focuses on
the strategies that firms adopt to build up technological competencies
internally. The distribution of patents across technological classes is used
to measure the extent to which firms diversify technologically. In-house
R&D investment, however, is not the only means that firms can use to
enlarge their technological base. External collaborations help acquire
competencies that are more “exogenous” to the firm (Hagedoorn and
Duysters, 2002). They are a means to strengthen firms’ critical techno-
logical competencies, to acquire general-purpose technologies that com-
panies do not develop internally, to get access to frontier technologies
produced by firms in other sectors, and to expand knowledge in
complementary or more marginal fields. Some contributions explore the
trade-off between the internal development and the “outsourcing” of tech-
nologies. Richardson (1972) suggests that similar and complementary
activities should be maintained within the firm, while activities that are
complementary but dissimilar can be accessed externally. Prahalad and
Hamel (1990) claim that firms should invest internally in related areas or
in core technologies, and use external alliances to acquire technological
competencies in unrelated areas or in non core technologies. In addition,
firms can use strategic alliances to get access to new and complementary
technologies (Teece, 1986), to speed up firms’ learning processes, to
share the costs and risks of R&D activities, to exploit economies of scale
and scope in research, to access new markets or production facilities, or to
monitor the evolution of non core technologies (Hagedoorn, 1993).
These issues have been studied intensively during the past two decades,
when there has been a steep increase in the use of collaborative agree-
ments between domestic firms in related markets and foreign companies
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in global markets (von Tunzelmann, 1995; Freeman and Hagedoorn,
1995; Hagedoorn and Schakenraad, 1994; Chesnais, 1988).

This chapter focuses on strategic alliances as a means to exchange
technological knowledge and other downstream assets. The “competence-
based” theories of the firm provide a valid support to the study of this
issue. The basic idea is that economic institutions have different abilities
to support the acquisition and development of knowledge or other assets.
These abilities are firm-specific, they are cumulative, and determine firms’
competitive advantages. Inter-firm linkages can help combine these firm-
specific assets that require time to build up and that are hard to repro-
duce. Moreover, since the shared assets can be accessed without
separating them from the developer firm, the problem of tradability is
also bypassed (see, for example, Richardson, 1972; Kogut and Zander,
1992).

The empirical evidence suggests that various factors influence the
choice between different types of external agreements, such as the pace of
technological change, the complexity and the objectives of the transac-
tion. Pisano (1991) and Teece (1992) demonstrate that when techno-
logical change proceeds fast, companies prefer flexible forms of
organisation — i.e. strategic alliances versus mergers and acquisitions.
Other contributions show that in industries characterised by rapid techno-
logical change, the scope for learning, the organisational change and the
quick strategic response require flexible forms of organisation (Hage-
doorn, 1993; Eisenhardt and Schoonhoven, 1996). By contrast, when
transactions are complex, hierarchical organisations have superior moni-
toring and incentive aligning properties. Some contributions also show
that the larger the number of partners, the broader the product and/or
technology scope, and the wider the functional activities covered by an
alliance, the higher the likelihood of the alliance being a joint venture or,
more generally, an equity arrangement (Pisano, 1989; Garcia Canal, 1996;
Oxley, 1997). Even though the empirical evidence on the relationship
between the technological content and the organisational form of the
alliances are mixed (Osborn and Baughn, 1990; Gulati, 1995) the prefer-
ence for more hierarchical arrangements is more likely also when firms
develop or transfer tacit know-how.

To conclude, in recent years there has been a trend towards the
increasing technological diversification of firms and the intensification in
the use of strategic technological alliances. Although the relationship
between technological diversification and firms’ performances deserves
further attention, so far the empirical results suggest that there is a posit-
ive correlation between the two. The same positive relationship holds for
strategic technological alliances and firms’ performances, although the
results are not clear across sectors (Hagedoorn and Schakenraad, 1994).
By contrast, firms’ performances are positively affected by the process of
refocusing and restructuring of production and marketing activities
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(among others Markides, 1995a, 1995b; Montgomery and Wernerfelt,
1988; Amit and Livnat, 1988; Hitt and Ireland, 1986).

This work adds empirical evidence to some of these issues. It investi-
gates the relationship between infernal technological diversification and
diversification through strategic alliances, and highlights differences
across countries and sectors. It also explores the relationship between
internal and external technological diversification and firms’ economic
performances. More specifically, we explore the following issues.

First, the chapter compares firms’ internal technological diversification with
external technological diversification. We expect the former to be more pro-
nounced than the latter. Firms develop in-house critical technologies and
try to maintain a frontier position in these fields. However, the multi-
technology nature of products and processes leads companies to inter-
nalise knowledge in a wider range of technological fields. Competencies
developed internally are also needed to evaluate, understand and assimi-
late outside technologies (Cohen and Levinthal, 1989, 1990; Rosenberg,
1990), and allow firms to guide the evolution of external collaborations by
avoiding that the partners entirely shape the scope of the relationships.

Second, this work compares firms’ internal technological diversification
with external market diversification (see also Granstrand, 1997; Patel and
Pavitt, 1994, 1997; Granstrand et al, 1997). The expectation is that
internal technological diversification is more pronounced than external
market diversification. Although firms develop competencies in several
technological fields, they may find it difficult to get access to production
and commercialisation assets for entering different markets (Gambardella
and Torrisi, 1998). The internalisation of a wide range of technologies
does not imply the presence in “all potential” markets in which these tech-
nologies can be applied. Entry in different markets requires investments
in downstream assets, some of which are extremely specific.

Third, by means of multiple correlation analysis, this chapter describes
the relationship between firms’ performances, internal technological
diversification, and diversification through strategic alliances. We expect
the results to be sectorspecific, with some sectors like transportation
equipment displaying a positive correlation between firms’ performances
and technological diversification. This is because, compared to industries
like the ICTs, the transportation equipment sector requires the integra-
tion of a wider range of different technologies to develop the products.

3 Data

The empirical analysis focuses on a sample of 219 manufacturing firms.
We drew 265 industrial firms from the Fortune Global 500 (1998-1999).
From this sample we selected the 219 firms for which we have information
on patents and alliances. Fifty firms are European, 121 are American, 48
are Japanese, four are from South Korea and two from Canada. We used
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the company primary SIC code (Standard Industrial Classification) to clas-
sify each firm in one of the 13 industrial sectors as shown in the Appendix
(Table 5.A1).

For each company we collected information about the internal techno-
logical profile — internal diversification — and external alliances — external
dwversification. We assume that internal technological competencies of
firms are reflected in the relative number of patents granted in different
sectors.! Therefore, patents granted to our sample companies are used to
define their internal technological configuration. We use strategic
alliances to trace their external strategies in technology and production
related operations.?

The empirical analysis is based on three sources of data.

Patent data are drawn from the Techline database that provides data
on patents issued by the American Patent Office in 1990-1999. The total
number of patents issued to our 219 sample companies from 1990 to 1997
is 309,574. The distribution of patents by region and sector is shown in the
Appendix (Table 5.A2). The technologies in which firms’ patent are classi-
fied according to 27 technological classes are described in Table 5.A3 of
the Appendix.

Data on strategic alliances are drawn from the SDC database (Securities
Data Company, 1999). The SDC database on joint-ventures, strategic
alliances and licensing provides information on about 115,000 agreements.
We selected 12,342 agreements signed by our sample companies from 1990
to 1997, and collected information about the primary SIC code of the
participants, the activity developed within the alliance, the location of
the participants, the technological content of the alliance, the direction of
the technology flow, and all SIC codes in which the alliance is classified. By
using the SIC codes of the alliance we also classified each operation by indus-
trial sector and by one of the 27 technological classes in which patents are
codified. The Appendix (Table 5.A3) shows the concordance table between
technological fields — in which patents are classified — and the SIC codes of
the alliances in the manufacturing sectors, as indicated by the SDC database.
Alliances in the service sectors, with the exception of telecommunications
(SIC 4800) and software (SIC 7370) are excluded from the analysis.

Alliances are then distinguished into:

e production and marketing alliances: alliances aimed at obtaining down-
stream assets in marketing and production activities — i.e. Joint Mar-
keting and Joint Manufacturing operations. The total number of
market alliances is 5,840.

®  technological alliances: alliances in which some technological know-
ledge is exchanged trough technology transfer or joint innovative pro-
jects —i.e. Licensing Agreements and Joint Research Agreements. The
number of technological alliances is 6,502. Technological alliances
are divided into alliances through which firms acquire technological
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knowledge and alliances through which firms transfer their know-
ledge to third parties. To differentiate between these two types of
alliances we use the information on the direction of the technological
flow involved in the alliance. The analysis below will focus only on the
alliances used to acquire knowledge.

The distribution of technological and production alliances is shown in
Tables 5.A4 and 5.A5 in the Appendix.

One problem in comparing firms’ internal and external diversification
concerns the use of different measures for the two strategies. We use patents
to measure internal technological diversification, and strategic alliances to
describe external technological and market diversification. The problem is
that these two proxies measure different “objects”, and that one patent is
something smaller and technologically more specific than one alliance. Sym-
metrically, an alliance includes a wider range of activities and technologies
compared to a patent. This means that the comparison between the number
of sectors in which firms patent and the number of sectors in which they
develop alliances could be biased because we are not comparing similar
objects as it could be by comparing the patents produced by in-house R&D,
and those generated by developing technological alliances. In other words,
one would need data on the number and classes of patents developed inter-
nally, and the number and classes of patents developed by using external
agreements. Unfortunately, these data are not available.

To mitigate this problem, a possible solution is to use the information
provided by SDC on all technologies and sectors involved in each alliance.
For each operation we have the number and the sectoral classification of
the different technological “components”. By using the SIC codes of these
“components” we disaggregate each operation in different technologies,
from 1 to 11 sectoral classes. This allows us to compare the number and
classes of patents with the number and classes of alliances of the 219 com-
panies in the sample.

4 Technological diversification and alliances

This section compares firms’ internal technological profile with their
propensity to engage in external alliances. We use Herfindhal indexes as
indicators of diversification. The internal technological diversification
(ITD) is proxied by the Herfindhal index of the number of patents of
each firm in the 27 technological classes shown in the Appendix (Table
5.A8). The external technological diversification (ETD) is measured by
the Herfindhal index of the number of technological alliances in the
same 27 technological classes. Finally, the external diversification in pro-
duction and marketing activities (EPMD) is measured by the Herfindhal
index of the number of production and marketing alliances in the 27
classes. The index ranges between 0 and 1. A value close to 1 indicates
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that firms concentrate patents or alliances in few technological classes or
only in one technological class when the index is equal to 1. The lower the
index, the higher the degree of diversification.

Table 5.1 shows the average Herfindhal indexes by sector for the
period 1990-1997.° On average, firms are less diversified externally than
internally. The Herfindhal index for ITD is 0.24 compared to 0.46 and
0.50 for ETD and EPMD. In other words, firms produce patents in a wider
range of sectors than those in which they develop external technological
and production and marketing agreements. We will explore further the
relationship between internal and external diversification later in this
section. There are cross-sectoral differences in the level of diversification.
Firms in the ICTs and chemical and pharmaceutical industries are more
focused internally (ITD) than companies in the transportation equip-
ment, metal, machinery and electrical equipment sectors. The same
applies for ETD. As far as EPMD is concerned, chemical and pharmaceuti-
cal firms are more diversified than the sample average, while firms in the
transportation equipment sector are more focused than the average.

Table 5.2 shows the Herfindhal indexes by macro-regions. The differ-
ences across regions are less marked than those across sectors. Japanese
firms are more diversified technologically (ITD and ETD) than the Euro-
pean and the American ones, while European and Japanese firms are
more diversified in production and marketing alliances (EPMD) than
American firms. However, these patterns may reflect sectoral differences.
The multiple correlation analysis performed in section 5 will better high-
light sectoral and country differences.

We now turn to the relationship between firms’ internal and external
technological diversification (ITD and ETD). Table 5.3 shows the Pearson
correlation coefficients among the three indexes of diversification calcu-
lated at the firm level. They are all positive and significant, suggesting that
firms that diversify technologically, also diversify in marketing and produc-
tion activities, and that internal technological diversification is associated
with external technological diversification at the firm level.

Figures 5.1 to 5.3 show the position of each firm in terms of ITD, ETD
and EMPD. Figure 5.1 shows the scatter diagram of internal and external
technological diversification of firms. With the exception of a few com-
panies, most firms are located below the diagonal of the graph, meaning
that the Herfindhal indexes for patents (ITD) are lower than the Herfind-
hal indexes for technological alliances (ETD). This suggests that large
firms have, on average, a more diversified internal than external techno-
logical profile. This is consistent with the multi-technology view of prod-
ucts and processes that leads firms to internalise knowledge in different
fields in order to develop new products and processes. It is also consistent
with the idea that firms invest internally to improve knowledge in
different fields, both “core” and marginal ones, and to absorb technolo-
gies acquired externally. The few firms above the diagonal in Figure 5.1
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Table 5.3 Pearson correlation of Herfindhal indexes (firm-level elaborations),

1990-1997
ITD ETD EMPD
ITD 1.000 (219)
ETD 0.338 (203) 1.000 (203)
EMPD 0.434 (211) 0.472 (198) 1.000 (219)

Source: Techline (1999) and SDC (1999).

Note

*Correlation is significant at the 0.01 level (2-tailed). Number of observations in parenthesis.
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are less diversified internally than externally. Some of them, like AT&T,
Bell Atlantic, MCI WorldCom, Cisco System in the ICT and electronic
sectors are very focused internally and much more diversified in terms of
technological alliances. Finally, the Herfindhal index for ETD is 1 for a
small group of firms. However, since the total number of alliances of these
firms ranges between 1 and 8, the value of the Herfindhal does not
necessarily reflect a strategy of technology focusing. Some of these firms
are also very diversified internally.

Figure 5.1 also highlights the cross-sectoral differences shown in Table
5.1. The less diversified firms, both internally and externally, are in the
ICT sectors and in the software industry (e.g. Microsoft and Oracle). In
the chemical and pharmaceutical sectors there are both diversified and
focused companies. Specifically, pharmaceutical companies are less diver-
sified than those in chemicals and petrochemicals. The most diversified
firms are in the electrical equipment sector (e.g. General Electric) and in
the transportation equipment, metal and machinery industries.

Figure 5.2 confirms that internal technological diversification is more
pronounced than external market diversification. The difference between
the Herfindhal index for patents and the Herfindhal index for produc-
tion and market alliances is almost always negative. This suggests that
large companies are, on average, more diversified in developing internal
technological competencies than in engaging in external market alliances.
The sectoral differences are less marked.

Figure 5.3 compares firms’ diversification in technological alliances and
market alliances. It confirms the positive correlation between the two
Herfindhal indexes as many companies are located around the diagonal.
There are, however, cross-sectoral differences. Pharmaceutical and petro-
chemical companies diversify in production and marketing alliances more
than in technological alliances. Firms in the ICTs and in the automotive
and aerospace sectors are more diversified in developing technological
alliances than in market alliances. Since strategic alliances might be a
strategy to integrate or strengthen firms’ internal competencies, these
large firms broaden their technological competencies more than they do
with their business portfolio. This is consistent with the idea that, even
though a multi-technology firm might develop a wide range of products, it
would find it extremely difficult to acquire the downstream competencies
needed to enter different markets. Gambardella and Torrisi (1998) reach
similar results in the electronics industry. They find that technological
convergence in the computer, telecommunications, electronic and electri-
cal equipment industries is not followed by a similar degree of diversifica-
tion in downstream activities.

To sum up, there is a positive correlation between internal and external
technological diversification, and between technological diversification
and diversification in production and marketing activities. However, some
questions remain unanswered on the goals that firms pursue when they



Technological diversification and strategic alliances 129

Cisco 5. 1 Microsaft
A y Wang
7 . ® Sprnt a Oracle
MST
| " Bell A, wMCIW,
i u BellSouth
&1 EMC
| u |
M US Waest n Seagate
Nokia 3 =
Amesitach
~ % a Colgate o . Silicon
T AMP £ - ElL® m Graphics v
8 < () Marck s —Smithkiine
] 4 Glaxo O 4 [ ] 4!;
g Roche v m DEC z
2 ¥ Mazda
v B Phiip
g 3 m lsuzu a Morris n
=4 Pionaer &
a _ 9
8 5 ) Honkel @
B e " Coca Cola o
TS: NCR &
o =
'§ @ Weyerhouser :
: g4 A
E o0
: T T T —— T T
00 ] 2 E 4 5 B 7 B E] 10 11
External Diversification in Production & Marketing 1990-87
¥  Transport = ICT
@  Other Manufacturing 4 Electronics
2\ Metal ¢ Electrical equipment
Machinery © Chemicals & Pharma

Figure 5.2 1TD vs EPMD, 1990-1997.

engage in external collaborations. For example, do firms invest externally
in complementary or “non core” technologies that are not developed inter-
nally? Do firms invest internally in building up the absorptive capacity for
acquiring technologies through external agreements? Do firms invest both
internally and externally in critical technologies? In which sectors do firms
use alliances for accessing production and marketing assets?

A deeper inspection in our data, and specifically a look into the set of
technologies in which each firm patents and develops alliances helps
answer these questions. For each company in the sample we identified the
technological class with the largest number of patents, technological
alliances and production and marketing alliances. We then computed the
correlation coefficient among these top classes in the two sub-periods
1990-1993 and 1994-1997.
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Figure 5.3 ETD vs. EPMD, 1990-1997.

The correlation coefficients between the top technological classes in
which the 219 companies produce patents and engage in external collabo-
rations are all positive and significant, suggesting that in many cases large
firms concentrate patents and alliances in the same technological classes.
However, these correlation coefficients decrease substantially from
1990-1993 to 1994-1997. While in 1990-1993 firms engaged in techno-
logical alliances in the same fields in which they patented, in 1994-1997
firms developed technological alliances in more diversified and
complementary technologies compared to their core technologies.

There are, however, cross-sectoral differences. In the aerospace, electri-
cal equipment, machinery, metal and petrochemical sectors, the top
classes in which firms patent are the same as those in which they engage in
alliances in a lower number of cases compared to firms in the chemical,
pharmaceutical, computer and telecommunications sectors.
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Table 5.4 Spearman correlation between top technological classes in ITD, ETD,
EMPD (firm-level elaboration), 1990-1993 and 1994-1997

ITD ETD EMPD
1990-1993

ITD 1.000 (219)

ETD 0.831 (219) 1.000 (219)

EMPD 0.626 (190) 0.597 (190) 1.000 (190)
1994-1997

ITD 1.000 (219)

ETD 0.583 (192) 1.000 (192)

EMPD 0.680 (201) 0.620 (179) 1.000 (201)

Source: Techline (1999) and SDC (1999).

Note
*Correlation is significant at the 0.01 level (2-tailed). Number of observations in parenthesis.

We can go a step forward in this analysis by comparing the top three
technological classes in which each firm patents and develops techno-
logical alliances. In the ICT and electronic sectors — which includes com-
puter, semiconductor, telecommunications, electrical equipment and
other electronics — patents and technological alliances are concentrated
in the same three technological classes. These classes are computers,
telecommunications and semiconductors. Moreover, firms from all sectors
in the electrical-electronic filiere develop a large share of external alliances
among them. This process leads to a sort of technological convergence
among the electrical-electronic companies. Only firms in the electrical
equipment sector behave differently. They receive a large share of tech-
nologies from all the ICT sectors, but they are rarely the source of tech-
nologies to firms from the other sectors. Finally, alliances in other fields
are very rare for the ICT firms, while companies in the electrical equip-
ment and electronic sectors develop a high share of alliances in the chem-
ical, pharmaceutical, automotive, aerospace, machinery and metal sectors.

Patents and alliances in chemical technologies show up in the top three
positions for most of the firms in petrochemicals, chemicals and pharma-
ceuticals — the chemical filiere. This suggests that chemical technologies
provide general and basic knowledge that cut across the three sectors in
the filiere.

Second, in the pharmaceutical sector the top three technological
classes in which firms patent are the same in which firms develop techno-
logical agreements. By contrast, in chemicals and petrochemicals, only
one technological class is both in the top ranking for patents and techno-
logical alliances. This suggests that while pharmaceutical companies con-
centrate their innovative efforts in the same fields in which they also
develop external technological agreements, petrochemical and chemical
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firms do differently. They focus internally on some technologies (i.e.
chemicals, oil and plastics for petrochemical firms; chemicals, plastics and
office equipment for chemical firms), and develop external linkages in
other fields (chemicals, glass and pharmaceuticals in the case of petro-
chemical firms; pharmaceuticals, chemicals and computers in the case of
chemical firms). Hence, the “convergence” between internal and external
diversification strategies in these two industries is lower than in the phar-
maceutical sector.

A third remark concerns the pattern toward the “downward special-
isation” in the chemical and petrochemical sectors. By “downward special-
isation” we mean that firms in the petrochemical sector enter the
chemical sector, and that firms in the chemical sector move downward
into the pharmaceutical sector. Both patents and alliances confirm this
pattern. This is consistent with the history of the chemical industry in the
past decades. Due to increased competition, firms’ profitability in the
chemical industry started to decline in the early 1960s. In the 1970s and
1980s, the oil shocks, the entry of competitors from the developing coun-
tries, the slower demand growth, the diminishing opportunities for
product innovation made the profitability decline become a severe
problem. Firms in a large number of chemical markets, especially basic
intermediates, experienced excess-capacity. To solve their problems, firms
started a process of restructuring. A number of companies in the US and
Europe exited from the commodity chemical businesses, and moved into
downstream sectors. In their place, many oil companies took over existing
commodity chemical firms. This process led firms to specialise either on
commodity chemicals, or on more downstream specialty sectors. The
restructuring process occurred through a large number of inter-firm
alliances and acquisitions, both in production and R&D (Arora and Gam-
bardella, 1998).

A different example is given by the transportation equipment sectors,
in which patents and alliances occur in different technological classes.
Aerospace is a typical sector integrator of technologies for the realisation
of a final complex productsystem (i.e. aircraft, engine, missile). Firms in
the aerospace sector internally develop process technologies, industrial
machinery, industrial process equipment and electronic equipment.
External technological alliances occur for the joint development of air-
craft technologies, motivated by the exceptionally high costs of R&D pro-
jects and for the acquisition of other technologies to be integrated (i.e.
computing, electronics). The technical classes in which firms concentrate
the largest share of patents are different across firms in the aerospace
sector, while in most cases firms develop technological and production
and marketing alliances in the aerospace and parts technologies. By con-
trast, in the automotive industry, firms develop a larger share of alliances
in the same sector in which they patent (motor vehicle technologies). A
small number of alliances are used to get access to technologies and
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market assets in electronics, telecommunications, computers, semiconduc-
tors, electrical equipment, machinery and metal.

Firms in the machinery industry show a pattern similar to that in the
automotive industry. However, the motivation that leads firms to establish
a high number of collaborations with firms in other sectors are different
from those that command the pattern of alliances in the automotive and
aerospace sectors. The aerospace and aircraft sectors are integrators of
technologies developed by others. They develop technological, produc-
tion and market alliances to acquire knowledge that has to be integrated
into the final products or processes. By contrast, the machinery sector is a
transversal sector where firms develop alliances with firms in other sectors
that are “users” of their products.

A final point concerns the pervasiveness and the general-purpose
nature of the information technologies (Bresnahan and Trajtenberg,
1995). It is interesting that in non-IT sectors — such as the automotive,
aerospace, machinery and chemical sectors — computer technologies and
software show up in the top positions of technological alliances.

5 Diversification and economic performance

This section performs a multiple correlation exercise by means of OLS
regressions. The purpose of these regressions is to describe the relation-
ship between firms’ performance and diversification strategies. We use a
panel composed of 219 companies over 8 years during the period
1990-1997. From the Compustat database we collected various measures
of performance. In order to check for the robustness of our results we per-
formed five OLS regressions that use different measures of performance
as dependent variables. Specifically, the regressions use as dependent vari-
ables on the return on invested capital, the return on total equity, the
return on total assets, the gross profit margin, and the “Tobin’s q” given
by the ratio between the firm’s market value and its book value. The
regressors are our measures of internal and external diversification, the
number of firms’ patents and alliances in each year, the sales of the firms
as controls for their size, and country, sectoral and time dummies.* Table
5.5 lists the variables of the regressions. All these variables are expressed
in logs. The results of the econometric estimates are shown in Table 5.6.

Table 5.6 shows that our three measures of diversification — Herf ITD,
Hert ETD, Herf EMPD - are positively correlated with firms’ perfor-
mances, meaning that firms that focus have also better economic results.
However, only the coefficients of Herf ITD in the last three specifications
and the coefficient of Herf ETD in all five specifications are significant.
This suggests that not only do companies that focus internally have better
performances, but also firms that engage in external technological agree-
ments in few sectors have higher performances than companies that
develop technological alliances in a large number of sectors.
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Table 5.5 List of variables

Return on Invested Capital Income Before Extraordinary Items divided by

Return on Total Equity

Return on Total Assets

Gross Profit Margin

Tobin’s q

Herf ITD

Herf ETD

Herf EMPD

No. of Patents

No. of Technological
alliances

No. of Production and
Marketing alliances

Sales-turnover

Invested Capital multiplied by 100 — 1990-1997

Income Before Extraordinary Items divided by the
average of the most recent two years of Shareholders’
Equity — Total multiplied by 100 — 1990-1997

Income Before Extraordinary Items divided by the
average of the most recent two years of Assets — Total.
This result is multiplied by 100 — 1990-1997

Total Revenue minus Cost of Goods Sold divided by
Total Revenue* 100 — 1990-1997

Market Value (Monthly Close Price multiplied by
Common Shares Outstanding) divided by Book value
- 1990-1997

Internal technological diversification (ITD) proxied
by the Herfindhal index of the annual number of
patents assigned to each firm in the 27 technological
classes shown in the Appendix (Table 5.3A) —
1990-1997

External technological diversification (ETD)
measured by the Herfindhal index of the annual
number of firms’ technological alliances in the 27
technological classes shown in the Appendix 1 (Table
5.3A) — 1990-1997

External diversification in production and marketing
activities (EPMD) measured by the Herfindhal index
of the annual number of production and marketing
alliances in the 27 classes shown in the Appendix
(Table 5.3A) — 1990-1997

Number of annual patents assigned to each firm in
1990-1997

Number of annual technological alliances engaged
by each firm in 1990-1997

Number of annual alliances in production and
marketing engaged by each firm in 1990-1997

Gross sales reduced by cash discounts, trade
discounts, returned sales, excise taxes, value-added
taxes and allowances for which credit is given to
customers — 1990-1997

Source: Compustat (1998).
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Also the number of technological alliances is positively correlated with
firms’ performances. The coefficient of the number of technological
alliances is positive and significant across all five specifications. Therefore,
technological partnership is an effective means to get access to external
knowledge that firms probably internalise and upon which the firm builds
up internal competencies as suggested by the results in Table 5.4. This is
particularly so if companies concentrate their efforts in few technological
fields.

The coefficient of the number of patents over firms’ performances is
positive in four regressions, but it is significant only in one of them. This
may reflect differences among sectors in the importance of technology
over economic performance. To explore this issue, we run our regressions
for each of the eight broad sectors shown in the Appendix. Apart from a
few exceptions, the sectoral results (not shown here) are consistent with
the estimates shown in Table 5.6. The coefficient of the number of patents
is positive and significant in the chemical and pharmaceutical sector and
in the electrical equipment sector.

As far as the internal technological diversification (Herf ITD) is con-
cerned, the coefficient of Herf ITD is negative and significant only in the
transportation equipment sector. In the other sectors, it is either positive
and significant (in chemicals and pharmaceuticals and in the ICTs) or
negative but notsignificant (in the other five sectors). The coefficient of
Herf ETD is positive and significant in the chemical and pharmaceutical
sector. It is negative and significant in the electrical equipment industry.
In the other sectors the coefficient of Herf ETD is not significant. The
coefficient of Herf EPMD takes the positive sign in 5 sectors, but it is
significant only in the metal sector. In the other industries the coefficient
of this variable is not significant. Finally, the number of technological
alliances is positive and significant in chemicals and pharmaceuticals, in
the ICT sector and in transports. The number of alliances in production
and marketing activities is negative and significant in chemicals and phar-
maceuticals and in the “other manufacturing sectors”.

These results are also consistent with another set of regressions (not
shown here), in which we tested the correlation between the change in
the degree of diversification from 1990 to 1997 and firms’ economic per-
formances. The results confirm that technological refocusing is positively
associated with economic performances.

To sum up, when we run multiple correlation analysis to examine the
relationship between firms’ performance and the extent to which firms
diversify internally and externally, the results indicate that:

1 internal technological focusing is positively correlated with firms’ per-
formances;

2 the external technological focusing is positively correlated with firms’
performances;
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3 the number of technological alliances is positively associated with
firms’ economic results.

The estimates are also robust across different specifications that use differ-
ent indicators of firms’ performances. It is worth noting that these results
do not suggest that large firms refocus technologically. Rather, they say
that less technologically diversified companies have also higher returns on
invested capital, higher returns on total equity, higher returns on total
assets, greater gross profit margins, and higher ratios of market value over
book value. Better performances and technological focusing is also associ-
ated with a large number of cooperative agreements to get access to
technological knowledge in a restricted number of sectors. Hence, firms
that go in depth rather than in breadth in technological collaborations
achieve better economic results.

A final comment on the estimates in Table 5.6 concerns the “related-
ness” in firms’ diversification strategies. Given the level of aggregation of
technological classes on which we computed the Herfindhal indexes,
these results may also suggest that only in very diversified sectors like the
aerospace and the electrical equipment, internal and external techno-
logical diversification is positively associated with economic performance,
as firms must invest in very different technologies to develop their prod-
ucts. In other sectors, our measure of technology focusing may indicate
strategies of related diversification in several technological sub-fields. In
this respect, our results may be consistent with the literature on related-
ness and coherence in diversification. With respect to the effects of stra-
tegic alliances, this study suggests that the number of technological
alliances is positively correlated with economic performances, when
alliances are concentrated in the firms’ core technologies. This is also con-
sistent with other studies showing that mergers and acquisitions in unre-
lated sectors negatively affect company performances and lead to
divestiture within a few years after the acquisition (Porter, 1987; Singh and
Montgomery, 1987).

6 Conclusions

The aim of this chapter was to use added empirical evidence on the diver-
sification strategies of large firms in different sectors. The chapter
described the relationship between:

1 internal technological diversification and external technological
diversification;

2 internal technological diversification and external market diversifica-
tion;

3 firms’ performances and the extent to which they diversify internally
and externally.
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To explore these issues, we compared the Herfindhal index of firms’
patenting activity across 27 technological classes, with the Herfindhal
index of technological alliances across the same technological classes. The
results show that large firms from all sectors have, on average, a more
diversified internal than external technological profile. This is consistent
with the multi-technology view of the firm.

The comparison between firms’ Herfindhal index in market alliances
and the Herfindhal index in patents and technological alliances suggests
that firms, on average, diversify more in technological alliances than in
market alliances — even though there are some inter-sectoral differences.
In general these results are consistent with existing literature showing that
multi-technology firms might find it difficult to acquire the downstream
competencies needed to enter different markets.

By simply comparing the top positions in which firms patent and
develop technological alliances we also described the extent to which
firms use strategic alliances to strengthen their internal competencies, or
to enter different and complementary sectors. This comparison showed
that in most cases large firms concentrate patents in the same techno-
logical classes in which they engage in strategic alliances. However, this
pattern is more pronounced in sectors like the ICTs, chemicals and phar-
maceuticals than in the others. In more diversified sectors, such as the
aerospace, electrical equipment and machinery, firms develop a large
share of technological and market alliances in complementary and non
core technologies.

Finally, the multiple correlation analysis suggested that technological
refocusing, both through internal and external strategies, is positively
associated with firms’ economic performances. The number of techno-
logical alliances is also positively related with economic performances.
Further empirical investigation at a more disaggregated technological
level may better explore the relationship between relatedness in techno-
logical diversification and economic performances. This would provide a
support to the competence based theories of the firm, to the results on
coherent diversification and diversification in product and market opera-
tions.
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Table 5.A6 Herfindhal indexes of sample firms, 1990-1997

Sector Company ITD ETD EPMD
1990-1997 1990-1997 1990-1997
Aerospace AlliedSignal Inc 0.081 0.16 0.17
Aerospace BF Goodrich Co 0.128 0.39 0.59
Aerospace Boeing Co, The 0.084 0.38 0.47
Aerospace British Aerospace PLC 0.127 0.31 0.21
Aerospace Daewoo Electronics Co Ltd 0.177 0.18 0.2
Aerospace General Dynamics Corp 0.166 0.17 0.25
Aerospace Lockheed Martin Corp 0.074 0.26 0.23
Aerospace McDonnell Douglas Corp 0.086 0.24 0.45
Aerospace Mitsubishi Heavy Industries Inc 0.084 0.16 0.14
Aerospace Northrop Grumman Corp 0.086 0.38 0.56
Aerospace Rockwell International Corp 0.098 0.14 0.37
Aerospace Rolls-Royce PLC 0.201 0.26 0.52
Aerospace Textron Inc 0.112 0.55 1
Aerospace United Technologies Corp 0.116 0.22 0.24
Chemicals Akzo Nobel NV 0.165 0.38 0.43
Chemicals Asahi Chemical Industry Co Ltd 0.158 0.2 0.4
Chemicals BASF Group 0.236 0.44 0.46
Chemicals Bridgestone Corp 0.203 0.25 0.51
Chemicals BTR PLC 0.121 - 0.18
Chemicals Colgate Palmolive Co 0.472 0.56 0.48
Chemicals Degussa AG 0.213 0.31 0.26
Chemicals Dow Chemical Co 0.204 0.29 0.31
Chemicals E I DuPont de Nemours & Co 0.142 0.13 0.17
Chemicals Goodyear Tire & Rubber Co 0.329 1 0.36
Chemicals Henkel KGAA 0.219 0.76 0.83
Chemicals Hoechst AG 0.256 0.35 0.41
Chemicals Imperial Chemical Industries PLC 0.193 0.34 0.67
Chemicals Mitsubishi Gas Chemical Co 0.235 0.51 0.48
Chemicals Montedison SpA 0.296 0.43 0.18
Chemicals Procter & Gamble Co, The 0.178 0.37 0.38
Chemicals Rhone Poulenc SA 0.235 0.45 0.47
Computers 3COM Corp 0.419 0.49 1
Computers Apple Computer Inc. 0.427 0.71 0.75
Computers Compaq Computer Corp 0.359 0.56 0.72
Computers Dell Computer Corp 0.3 0.72 1
Computers Digital Equipment Corp 0.389 0.62 0.83
Computers Electronic Data Sys Corp 0.42 1 0.72
Computers EMC Corp 0.578 1 1
Computers Fujitsu Ltd 0.204 0.5 0.37
Computers Harris Corp 0.232 0.3 0.38
Computers Hewlett-Packard Co 0.146 0.51 0.6
Computers IBM 0.289 0.53 0.69
Computers Lexmark Int’'l Inc 0.305 1 -
Computers Microsoft Corp 0.732 0.75 1
Computers NCR Corp 0.202 0.88 0.8
Computers NEC Corp 0.224 0.33 0.29
Computers OKI Electric Industry Co Ltd 0.2 0.36 0.38
Computers Oracle Corp 0.686 0.83 1



Technological diversification and strategic alliances 145
Table 5.A6 continued
Sector Company ITD ETD EPMD

1990-1997 1990-1997 1990-1997

Computers Pitney Bowes Incorporated 0.187 0.56 -
Computers Racal Electronics PLC 0.28 0.72 0.39
Computers Seagate Technology 0.534 0.64 1
Computers Silicon Graphics Inc 0.466 0.62 0.81
Computers Sun Microsystems Inc 0.493 0.56 0.74
Computers Unisys Corp 0.311 0.38 0.62
Computers Wang Laboratories Inc 0.725 0.64 1
Electrical equipment ABB Asea Brown Boveri 0.09 0.15 0.11
Electrical equipment AMP Incorporated 0.486 0.21 0.33
Electrical equipment Electrolux AB 0.115 0.28 0.33
Electrical equipment Emerson Electric Co 0.11 0.38 0.44
Electrical equipment General Electric Co 0.072 0.11 0.14
Electrical equipment Hitachi Ltd 0.142 0.23 0.1
Electrical equipment Samsung Group 0.166 1 0.5
Electrical equipment Sankyo Co Ltd 0.337 0.33 0.16
Electrical equipment Sharp Corp 0.191 0.34 0.29
Electrical equipment Toshiba Corp 0.142 0.27 0.17
Electrical equipment Whirlpool Corp 0.153 1 0.4
Food and tobacco Coca Cola Co, The 0.23 0.28 0.96
Food and tobacco Conagra, Inc. 0.248 0.38 0.57
Food and tobacco Japan Tobacco Inc 0.184 0.66 0.5
Food and tobacco Nabisco Group Holdings Corp 0.652 -
Food and tobacco Nestle SA 0.192 0.5 0.76
Food and tobacco Philip Morris Companies Inc 0.322 0.63 0.82
Food and tobacco Sara Lee Corp 0.222 0.33 0.52
Food and tobacco Snow Brand Milk Products Co Ltd 0.24 1 0.5
Food and tobacco Unilever NV 0.332 0.34 0.38
Machinery American Standard Cos Inc DE 0.133 - 0.5
Machinery Applied Materials Inc 0.204 0.52 1
Machinery Baker Hughes Inc 0.19 0.5 0.38
Machinery Black & Decker Corp, The 0.127 1 0.5
Machinery Brunswick Corp 0.172 0.63 0.33
Machinery Caterpillar Inc 0.134 0.22 0.5
Machinery Cummins Engine Company Inc 0.301 0.29 0.33
Machinery Deere & Company 0.208 - 1
Machinery Dover Corp 0.142 - 0.5
Machinery FMC Corp 0.107 0.56 0.22
Machinery Halliburton Co 0.273 0.36 0.38
Machinery Ingersoll-Rand Co 0.144 0.5 0.56
Machinery Kawasaki Heavy Industries Ltd 0.086 0.25 0.22
Machinery Komatsu Ltd 0.107 0.33 0.3
Machinery Mitsubishi Electric Corp 0.14 0.32 0.2
Machinery Parker-Hannifin Corp 0.153 - 0.38
Machinery Tyco International Ltd 0.222 - -
Metal Alcatel 0.219 0.42 0.37
Metal Aluminum Company of America 0.121 0.44 0.5
Metal Ball Corp 0.144 0.28 0.47
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Table 5.A6 continued

Sector Company ITD ETD EPMD
1990-1997 1990-1997 1990-1997
Metal Gillette Co, The 0.125 0.5 0.17
Metal Illinois Tool Works Inc 0.173 0.5 1
Metal Kobe Steel Ltd 0.083 0.24 0.29
Metal Mannesmann AG 0.146 0.28 0.16
Metal Metallgesellschaft AG 0.116 0.21 0.25
Metal Nippon Steel Corp 0.088 0.18 0.21
Metal NKK Corp 0.102 0.2 0.35
Metal Pechiney SA 0.129 - 0.5
Metal Reynolds Metals Co 0.174 0.63 0.19
Metal Sumitomo Electric Industries Ltd 0.099 0.34 0.19
Metal Sumitomo Metals Industries Ltd 0.113 0.14 0.16
Metal Thyssen AG 0.115 0.21 0.15
Metal Usinor Sacilor 0.188 - 0.5
Metal Viag AG 0.13 0.33 0.18
Other electronics Allegheny Technologies Inc 0.086 - 1
Other electronics Alps Electric Company Ltd 0.182 0.31 0.43
Other electronics Canon Inc 0.191 0.33 0.42
Other electronics Cisco Systems Inc 0.721 0.55 0.48
Other electronics Eastman Kodak Co 0.19 0.22 0.15
Other electronics Fuji Photo Film Co Ltd 0.226 0.13 0.27
Other electronics Honeywell Inc 0.078 0.21 0.26
Other electronics Intel Corp 0.401 0.33 0.56
Other electronics Kyocera Corp 0.119 1 -
Other electronics Litton Industries Inc 0.189 0.38 0.31
Other electronics Matsushita Electric Industrial Co Ltd  0.152 0.22 0.22
Other electronics Micron Technology Inc 0.281 0.58 0.56
Other electronics Omron Corp 0.149 0.45 0.36
Other electronics Philips Electronics NV 0.16 0.22 0.2
Other electronics Pioneer Electronic Corp 0.283 0.44 0.82
Other electronics Raytheon Co 0.116 0.18 0.17
Other electronics Ricoh Co Ltd 0.24 0.28 0.34
Other electronics Samsung Electronics Co Ltd 0.182 0.63 -
Other electronics Siemens AG 0.093 0.2 0.12
Other electronics Sony Corp 0.242 0.33 0.35
Other electronics Tandy Corp 0.338 0.72 0.56
Other electronics TDK Corp 0.175 0.32 0.38
Other electronics Texas Instruments Incorporated 0.212 0.35 0.28
Other electronics Thermo Electron Corp 0.108 1 0.28
Other electronics TRW Incorporated 0.201 0.21 0.2
Other electronics Western Digital Corp 0.264 0.42 1
Other electronics Xerox Corp 0.267 0.6 0.54
Other electronics Zenith Electronics Corp 0.381 0.54 1
Petrochemicals Amoco Corp 0.205 0.2 0.38
Petrochemicals Atlantic Richfield Co 0.183 0.59 0.53
Petrochemicals British Petroleum Co PLC 0.228 0.87 0.33
Petrochemicals Chevron Corp 0.313 0.31 0.45
Petrochemicals ENI-Ente Nazionale Idrocarburi 0.238 0.59 0.28
Petrochemicals Exxon Corp 0.223 0.46 0.35
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Sector Company ITD ETD EPMD
1990-1997 1990-1997 1990-1997
Petrochemicals Idemitsu Kosan KK 0.24 0.22 0.42
Petrochemicals Japan Energy Corp 0.102 1 0.22
Petrochemicals Mobil Corp 0.279 0.51 0.43
Petrochemicals Norsk Hydro A/S 0.128 0.28 0.21
Petrochemicals Occidental Petroleum Corp 0.382 0.56 0.51
Petrochemicals Petrofina SA 0.345 0.5 0.54
Petrochemicals Phillips Petroleum Co 0.291 0.44 0.5
Petrochemicals Royal Dutch Petroleum Co 0.243 0.5 0.32
Petrochemicals Schlumberger Ltd 0.226 0.45 0.24
Petrochemicals Soc Nationale Elf Aquitaine 0.227 0.42 0.29
Petrochemicals Texaco Inc 0.269 0.28 0.58
Petrochemicals Total S.A. 0.146 0.5 0.55
Petrochemicals USX Corp 0.221 0.22 0.33
Petrochemicals Veba AG 0.171 0.32 0.19
Pharmaceuticals Abbott Laboratories 0.25 0.59 0.44
Pharmaceuticals American Home Products Corp 0.303 0.76 1
Pharmaceuticals Bayer AG 0.262 0.31 0.36
Pharmaceuticals Bristol-Myers Squibb Co 0.296 0.65 0.64
Pharmaceuticals Eli Lilly and Co 0.453 0.71 0.54
Pharmaceuticals Glaxo Wellcome PLC 0.411 0.66 1
Pharmaceuticals Johnson & Johnson 0.305 0.56 0.41
Pharmaceuticals Merck & Co Inc 0.437 0.82 0.59
Pharmaceuticals Novartis AG 0.258 1 0.33
Pharmaceuticals Pfizer Inc 0.321 0.55 0.43
Pharmaceuticals Roche Holding Ltd 0.411 0.88 0.52
Pharmaceuticals SmithKline Beecham Group PLC 0.447 0.78 0.8
Pharmaceuticals Warner-Lambert Co 0.285 0.83 0.5
Telecommunications AT&T Corp 0.646 0.38 0.36
Telecommunications Ameritech Corp 0.538 0.53 0.63
Telecommunications BCE Incorporated 0.251 0.45 0.65
Telecommunications Bell Atlantic Corp 0.677 0.47 0.51
Telecommunications BellSouth Corp 0.613 0.6 0.59
Telecommunications British Telecommunications PLC 0.268 0.39 0.59
Telecommunications CBS Corp 0.108 - 0.72
Telecommunications General Elec Co PLC, The 0.128 1 -
Telecommunications GTE Corp 0.131 0.42 0.59
Telecommunications Lucent Technologies 0.224 0.22 0.63
Telecommunications MCI Worldcom Inc 0.64 0.48 0.63
Telecommunications Motorola Inc 0.247 0.3 0.37
Telecommunications Nokia Group 0.492 0.6 0.37
Telecommunications Northern Telecom Ltd 0.253 - -
Telecommunications SBC Communications Inc 0.412 0.5 1
Telecommunications Sprint Corp 0.687 0.52 0.64
Telecommunications US West Communications Inc 0.512 0.63 0.76
Transportation equipments Bayerische Motoren Werke Ag 0.338 0.22 0.52
Transportation equipments ~ Chrysler Corp 0.184 0.2 1
Transportation equipments Daimler-Benz Ag 0.129 0.13 0.18
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Table 5.A6 continued

Sector Company ITD ETD EPMD
1990-1997 1990-1997 1990-1997
Transportation equipments Dana Corp 0.305 0.38 0.54
Transportation equipments Denso Corp 0.132 - 1
Transportation equipments  Fiat S.P.A. 0.141 0.27 0.27
Transportation equipments  Ford Motor Co 0.163 0.3 0.39
Transportation equipments  Fuji Heavy Industries Co Ltd 0.334 0.33 0.5
Transportation equipments  General Motors Corp 0.126 0.22 0.3
Transportation equipments Honda Giken Kogyo KK 0.207 0.3 0.66
Transportation equipments Hyundai Corp 0.176 0.24 0.28
Transportation equipments  Isuzu Motors Ltd 0.31 1 0.78
Transportation equipments Lear Corp 0.171 1 0.56
Transportation equipments Man AG 0.178 0.38 0.18
Transportation equipments Mazda Motor Corp 0.341 0.42 0.77
Transportation equipments  Mitsubishi Motors Corp 0.422 0.56 1
Transportation equipments  Nissan Motor Co Ltd 0.244 0.15 0.49
Transportation equipments  Renault, Regie National Des Usines 0.173 - 1
Transportation equipments Robert Bosch GmbH 0.201 0.22 0.22
Transportation equipments  Suzuki Motor Corp 0.478 0.56 1
Transportation equipments  Toyota Motor Corp 0.224 0.22 0.42
Transportation equipments  Volkswagen AG 0.381 0.28 0.66
Transportation equipments  Volvo AB 0.18 0.25 0.64
Wood and paper Avery Dennison Corp 0.149 0.25 0.5
Wood and paper Boise Cascade Corp 0.262 - 1
Wood and paper Georgia-Pacific Corp 0.187 1 1
Wood and paper International Paper Company 0.152 0.56 0.38
Wood and paper Kimberly-Clark Corp 0.164 0.5 0.47
Wood and paper Mead Corp 0.248 1 1
Wood and paper Union Camp Corp 0.163 - 1
Wood and paper Westvaco Corp 0.165 0.5 1
Wood and paper Weyerhaeuser Company 0.119 0.56 0.76

Source: elaborations from SDC (1999) and Techline (1999).
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Notes

1 We are aware of the limitations of patent-based proxies for measuring firms’
innovative activity, and for comparing sectors and countries’ innovative output.
For a review see Griliches (1990).

2 Company-level aggregation of subsidiaries was performed before selecting the
data.

3 We also calculated the Concentration Ratio for patents and alliances by firms
and sectors. The results are consistent with the Herfindhal indexes.

4 We also run the OLS regressions by using different controls for the size of the
companies. The results in Table 5.6 do not change significantly.
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6 Technological competencies in
networks of innovators

Fabio Pammolly and Massimo Riccabont

1 Introduction

It is widely recognized that networks of collaborative relationships among
firms are one important form of organization of innovative activities
(Powell et al., 1996; Kogut, 2000).

Particularly in high growth, technology intensive industries, networks of
collaborative relationships are increasingly analyzed as organizational
devices for the coordination of heterogeneous learning processes by
agents endowed with different skills, competencies, access to information,
and assets (Orsenigo et al., 2000).

Despite widespread agreement, available empirical analyses do not
address the specific relationships between firms’ internal competencies
and their external linkages.

In this chapter, we present an empirical investigation, based on a com-
prehensive data set of more than 11,000 R&D projects, on the role of
firms’ technological and market competencies in influencing their rela-
tional intensity. We highlight the importance of technological factors for
explaining the extent to which firms participate to R&D networks.

Since its path-breaking inception in the mid to late 1970s, the biotech
industry has appealed not only to scientists and new entrepreneurs, but
also to nearly all established pharmaceutical corporations for its promis-
ing commercial implications. Most of the large, R&D intensive, Estab-
lished Pharmaceutical Companies (EPCs) set up in-house capabilities in
the new fields of molecular biology and biotechnology, alongside too a
wide portfolio of collaborations that have given them access to the scient-
ific and technological competencies of the new Dedicated Biotech Firms
(DBFs) (Arora and Gambardella, 1994).

A rich transactional infrastructure for relational contracts and a dense
network of collaborative relationships spread out in the last twenty years."

Compared to other industries, R&D activities in biotechnology and
pharmaceuticals tend to be characterized by a clear separation between
the early upstream stages and the downstream stages of development and
commercialization. DBFs tend to be focused mainly on the early stages of
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target identification/validation and drug discovery, and act as Originators
of R&D projects that are licensed to the large, diversified, R&D intensive,
multiproduct and multitechnology pharmaceutical corporations, which
control the downstream stages of R&D and marketing (Developers) (see
Pisano, 1991; Henderson and Cockburn, 1996b). Despite this general dis-
tinction, it is important to say that during the 1990s many DBFs have
started to act both as Originators and Developers of R&D projects, with a
significant turmoil in terms of relational roles and profiles within the
industry.

In addition, the R&D network in pharmaceuticals is characterized by a
significant amount of technological and market horizontal heterogeneity,
both for Originators and Developers. In fact, if it is true that the biotech-
nology industry started with a small number of companies dedicated to
the development and production by recombinant techniques of naturally-
occurring proteins, since then the industry has undergone a tremendous
degree of diversification. There are now new companies dealing with
monoclonal antibodies, antisense molecules, ribozymes, gene therapy, cell
therapy, the search for natural compounds, drug delivery systems,
genomics (gene mapping, sequencing, expression), pharmacogenomics,
combinatorial chemistry, developmental biology, high throughput screen-
ing techniques, bioinformatics. All in all, “the industry as a whole is not
only very rich in methodology, but also very fragmented from a strategic
point of view” (Drews, 2000). In this chapter, also building upon our pre-
vious work (Orsenigo et al., 2000; Pammolli ef al., 2000), we trace the het-
erogeneity internal to the industry to two major technological regimes.
These regimes coexist within the industry, and have a strong influence on
the relationships between the extent of technological diversification and
firms’ relational behavior. The first regime started from the beginning of
the 1980s and, based on the molecularization of physiology, of pathology,
and pharmacology, associated with the “Molecular Biology Revolution”
has induced a high degree of specialization of R&D programs, in terms of
therapeutic and biological targets (see Galambos and Sturchio, 1996).
The second regime started from the beginning of the 1990s, being charac-
terized by a wave of dedicated firms that have entered the industry based
on general-purpose technologies such as combinatorial chemistry, genomics,
bio-informatics, and high throughput screening. These firms interact with
EPCs and “traditional” DBFs to classify, organize, and select the chemical
and biological knowledge generated by means of traditional, highly spe-
cialized, biological research techniques and hypotheses. By definition, the
new general-purpose research technologies cannot be assigned unambigu-
ously to any given field of application.

Against this background, this chapter is about the coexistence and the
complementarities between the vertical and the horizontal dimensions of
the evolution of networks, unraveling some major determinants of firms’
relational behavior for both Originators — that is, companies that special-



Technological competencies in networks of innovators 157

ize in the production of specific pieces of knowledge — and Developers —
multitechnology/multimarket companies that develop, produce, and
commercialize products over a relatively vast array of markets (see Pavitt,
1999).

We exploit the potential of our database to show how firms’ relational
intensities within the network are influenced, shaped, and constrained by
their heterogeneous technological profiles and, moreover, by the specific
matching among them.

We test different versions of an econometric model, in which the
dependent variables are defined, at the firm level, in terms of the number
of licensing-in (Developers) and licensing-out (Originators) agreements,
while the independent variables aim at capturing some fundamental
sources of heterogeneity across firms, especially as far as their special-
ization and diversification profiles are concerned (Granstrand et al.,
1997).

The distinction between Originators and Developers, together with the
availability of fine-grained information on technological characteristics
and areas of application of R&D projects, as well as on the technological
attributes of both EPCs and DBFs, enable us to establish a conceptual and
empirical bridge between the literature on networks and the broad field
of competence-based views of organizations and firms (Teece et al., 1994).

As for Originators, we show that the number of collaborative agree-
ments that they subscribe tends to be higher in the case of specialized
firms, particularly those that are active in the development of general-
purpose research technologies.

As for Developers, we were able to include in our sample all the most
important multinational firms. Our focus on R&D projects within a broad
but relatively homogeneous area, biopharmaceuticals, enable us to assume
that activities, technologies, and areas of application which pertain to a
given firm have somehow grown out of a complex idiosyncratic bundle of
specifics and competencies. The number of licensing agreements comes
out to be explained, on the one side, by the extent of firms’ market and
technological diversification and, on the other side, by the control of eval-
uative and integrative capabilities associated with economies of scope and
technological coherence (Cohen and Levinthal, 1989; Arora and Gam-
bardella, 1994; Teece et al, 1994; Henderson and Cockburn, 1996a,
1996b).

The remainder of the chapter is organized as follows. Section 2
describes the database, the estimation methodology, and the variables and
measures to be used in the quantitative analysis. Section 3 turns to a
description of the results. Section 4 concludes summarizing the findings
of our analysis.
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2 Technological competencies and networks of innovators
in pharmaceuticals

In this section, we provide a characterization of firms’ technological com-
petencies and profiles in pharmaceutical R&D, showing how they affect
positions and roles of both Originators and Developers in the network of
R&D collaborations.

First, we introduce a set of indicators and measures, which are meant to
capture, at the micro level, some major dimensions of firms’ competence
bases. Second, we discuss the econometric framework of the analysis,
which is based on a general theory of stochastic networks.

2.1 Data

The sample for this study is drawn from the Pharmaceutical Industry Data-
base (PHID) built at the University of Siena. PHID combines several sector-
specific proprietary datasets about R&D activity, collaboration and final
drug markets with data from public sources as well as confidential informa-
tion and press releases. PHID covers 11,418 R&D projects developed by
2,262 organizations including: 427 pharmaceutical companies,® 1,222
biotech firms® and 613 universities and other public and private research
centers, between 1989 and 1999. Twenty-two percent of all the projects in
our database were developed in collaboration by two or more partners.

For each R&D project, the database provides the following information:

1 Originator Firm/institution that started the R&D project on a new
chemical compound with potential pharmacological activity (or
known chemical compounds for new pharmacological targets). Typ-
ically, it is the holder of the patent on the new compound (or the new
indication).

2 Developer Firm/institution that developed the project. This is the same
as the Originator for the in-house projects. For the licensed com-
pounds, the Developer is the licensee who is entitled to develop it
further. Frequently the relationship between Originators and Devel-
opers is not just a pure licensing contract. In 67 percent of the cases it
amounts to an R&D collaboration with fairly complex contractual and
organizational settings. Moreover, 12 percent of the collaborations are
between one Originator and many Developers. In these cases, we con-
sidered different projects for different Developers.*

3 Therapeutic categories Projects have been classified according to their
targets in terms of likely therapeutic markets. We adopted the ATC
(Anatomic Therapeutic Classification) at the 3-digit level. For
example, HIV-antiviral corresponds to the ATC3 class J5C.” At the 3-
digit level, therapeutic classes reflect quite closely to the basic degree
of risk and innovativeness of the compounds. For each new product
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the ATC Scientific Committee decides if it can be classified in a class
that already exists. If not, new groups/classes are created for new
markets for which these products are indicated.

4 Pharmacological actions and biological targets The main pharmacological
activity of the compounds is described in standard terms. Back to the
HIV-antivirals example, we can discern proteinase inhibitors from
reverse transcriptase inhibitors and other products with different bio-
logical targets.

5 Development history The PHID database monitors the whole develop-
ment history of the projects starting from the patenting date of the
compound (priority and issue), through preclinical and clinical devel-
opment stages (I, II, III), to registration and final launch on the
market. For unsuccessful projects it registered the stage in which they
have been discontinued.

6  Collaborations and licensing activity For the licensed compounds, PHID
records the development stage (preclinical, clinical I, II, or III) at
which the collaboration agreement was signed, and the type of collab-
oration that was specified by the parties.

As for the present chapter, our data set includes the collaborative rela-
tionships that were drawn before the start of clinical research activities.
The set of linkages that we consider is composed by agreements that take
different contractual forms. However, they are all characterized by the
presence of a specific licensing contract. Moreover, thanks to information
on the start of any R&D project, we are able to distinguish, for each agree-
ment, the Originator from the Developer. All the collaborations selected
according to this criterion were then carefully inspected to verify their
genuine R&D content. The final sample is composed of 859 R&D agree-
ments, which involve a panel of 355 firms, encompassing 83 EPCs and 272
DBFs, from 1980 to 1998. For each firm, in-house projects are monitored,
covering a total of more than 9,000 projects. Firms are classified according
to (a) year of founding; (b) nationality; (c) number of employees; (d)
total revenues (pharma and consolidated); (e) R&D expenditures
(pharma and consolidated); (f) sales in seven countries (the USA,
Canada, the UK, France, Germany, Spain, and Italy), and (e) a set of
indicators of the extent of technological specialization/diversification.

2.1 Relevant technological profiles

Our analysis is based on a pooled, cross sectional approach, which builds
upon four sets of indicators, which are aimed at characterizing different
technological profiles within the industry.

Number of projects At one extreme, each R&D project can be considered as
the unique representative of a given market/technology micro-class, being
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targeted to the specific mechanisms and biological targets, based on a
given research hypothesis and strategy. In this case, technological diversifi-
cation of the ith firm would be measured by the count of its R&D projects
(NP)).

Diversity At another extreme, each R&D program can be classified accord-
ing to the specific therapeutic micro-classes (relevant markets and fields of
application), and biological targets and mechanisms. In this case, the
traditional measures of the extent of corporate diversification can be
used. In particular, we compute two values for the Herfindhal Index of
Diversification (see Berry, 1972), with reference to Therapeutic Classes
and Biological Mechanisms of Action:

D (NPy)?

THER_DIV,=1— (7
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BIO_DIV,=1— ﬁ
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The index equals to 0 if the ith firm is entirely committed to a single ther-
apeutic class or biological target, while it tends to 1 when firm ¢ diversifies
its R&D activity over a large number of therapeutic classes and/or biologi-
cal targets and pharmacological mechanisms.

Coherence In the absence of a topology defined on cognitive and techno-
logical spaces, we refer here to the “survivor principle” that has been used
to measure the extent of purposive diversification (Scott, 1991) and
corporate coherence (Teece et al., 1994). Based on the survivor principle,
“activities which are more related will be more frequently combined
within the same corporation” (Teece et al., 1994). In other words, we do
assume that firms tend to diversify their R&D efforts in related areas, in
order to benefit from scope economies and to exploit the full range of
potential applications of their technological core competencies (Nelson,
1959; Henderson and Cockburn, 1996b). As a consequence, the fields in
which a firm is active possess some inherent degree of technological relat-
edness, and pairs of fields/activities which are highly frequent in the
sample of firms are considered as related.

In this vein, we introduce two measures of technological coherence, for
both therapeutic classes (THER_COH;), and biological targets and
mechanisms (BIO_COH,). First, the dichotomous variable P, is intro-
duced, which is equal to 1 if firm  has at least one R&D project in class &,
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and 0 otherwise. Then, we compute the number M,, of firms that are
active in both class k and class £

My,= ZszRl

Finally, based on the survivor principle, we can measure the degree of
coherence of projects of company ¢ in class / with all other projects in dif-
ferent classes:

> MNP,
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> NP,
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THER_COH, =

where Z\_/IH is a standardized measure of market interdependence,® and NP,
is the number of projects of firm ¢ in the class k. Finally, the firm-level
index of market coherence is obtained as the mean of the coherence
measures for all the classes it is active in. Analogously, we compute the
index BIO_COH;, which measures the degree of corporate coherence in
terms of biological targets.

Centrality The measure of technological diversification in terms of central-
ity is analogous, in principle, to the relatedness index just discussed.
However, the centrality index is defined and measured at the level of the
industry (in our case, considering all firms and R&D projects that are
monitored in PHID) taking into account the number of potential partners
active within any give technological field or market. In other words, the
emphasis is now on technological relatedness defined looking at the
characteristics of each firm relative to the others, for the overall industry.
More precisely, the index C; computes the number of therapeutic/biolog-
ical classes in which both firm i and j have at least one in-house R&D
project each. Then, the matrix C is dichotomized, coming to the binary
matrix C. Cell C;=1 if firms i and j meet in at least one area, 0 otherwise.
As we have already pointed out, the index has been computed taking into
account not the sample of firms considered in this chapter, but the overall
populations of firms and R&D projects. In synthesis, the Centrality Index
for firm ¢ is computed as the proportion of the total number of firms
active in pharmaceutical R&D (n) that co-occur with firm i at the level of
therapeutic and biological classes:

>e
i#j

THER_CEN,= —

7
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The meaning of the index is straightforward, since it measures the degree
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of generality/specialization of firms’ therapeutic and biological compe-
tencies. If firm 7 is active in a class which is populated by all the other n—1
firms within the industry, then the index is equal to 1. On the contrary, if
the sth firm is highly specialized in some biological or therapeutic niche,
then the index comes close to 0.

2.3 Control variables and descriptive statistics

In order to check for different explanations of firms’ relational intensity
within the network, we take into account a set of variables at the firm level
(see Table 6.1): Type (EPC vs DBF: dummy variable EPC,); Size, as meas-
ured by revenues in 1998 (LOGREV)), Age (AGE)); R&D Expenditures in
1998 (LOGRD); and Nationality (dummy variables JAP_Dum;, EU_Dum,).
To take into account another important source of heterogeneity, we intro-
duce a dummy variable (GPT)) that distinguishes the firms that are spe-
cialized in GPTs from the others (dummy variable GPT_Dum;,).

Table 6.2 shows that all the variables that are introduced have skewed
distributions, revealing that the population of firms in our sample is unbi-
ased and highly heterogeneous. Table 6.2 shows also that EPCs and DBFs

Table 6.1 Definition of variables

Variable Definition

NLIN; Number of R&D licenses subscribed by firm ¢ as a licensee,
1980-1998

NLOUT; Number of R&D licenses subscribed by firm i as a licensor,
1980-1998

AGE, Age of the ith firm computed from the date of founding

NP, Number of internal R&’D projects started by firm 4, 1980-1998

LOGREV;, Log of total revenues of the ith firm, 1998

LOGRD Log of R&D expenditures of the ith firm, 1998

THER_CEN; Index of inter-firm technological centrality in terms of projects
therapeutic classes, 1980-1998

BIO_CEN,; Index of inter-firm technological centrality in terms of projects
biological targets, 1980-1998

THER_DIV;  Diversification of the ith firm research project portfolio in terms of
therapeutic classes, 1980-1998 — Berry, 1972

BIO_DIV; Diversification of the ith firm research project portfolio in terms of

biological targets, 1980-1998 — Berry, 1972

Measure of intra-firm technological coherence in terms of

therapeutic classes, 1980-1998 — Teece, Rumelt, Dosi, Winter, 1994

BIO_COH;  Measure of intra-firm technological coherence in terms of biological
targets, 1980-1998 — Teece, Rumelt, Dosi, Winter, 1994

GPT_Dum;  Dummy variable: 1 if the ith firm is specialized in high throughput
screening, combinatorial chemistry, genomics, 0 otherwise

JAP_Dum,; Dummy variable: 1 if firm ¢is _Japanese, 0 otherwise

EU_Dum; Dummy variable: 1 if firm 7is European, 0 otherwise

EPC, Dummy variable: 1 if firm ¢is an established pharma, 0 otherwise

THER_COH;

i
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Table 6.2 Descriptive statistics

DBFs EPCs

Mean  Std Dev Min Max  Mean  Std Dev Min Max

AGE 9.949 4.721 1 22 - - - -
NLIN 3.257 3.866 0 27 15.723 22.074 0 118
NLOUT 5761 5.129 0 28 2.181 2.768 0 14
NP 16.768 14.996 1 96 66.940 77.271 1 317
LOGREV 6.743  0.892 4.204 9.434 9.102 1.205 5.010 10.570
LOGRD 7.0563  0.550 4.365 8.945 8.460 1.094 5.316 10.080
THER_CEN 0.631 0.241 0 0.938 0.772 0.201 0 0.969
BIO_CEN 0.080 0.087 0 0.434 0.293 0.189 0 0.747
THER_DIV 0.687 0.254 0.058 1 0850 0.152 0.029 1
BIO_DIV 0.583 0.326 0.017 1 0614 0.336 0.025 1
THER_COH 0.199 0.090 0 0.524 0.305 0.091 0 0.496
BIO_COH 0.342 0271 —-0.176 1.193 0.625 0.243 —0.092 1.112
Obs. 272 Obs. 83

tend to be vertically differentiated in their behavior within the network:
DBFs act mainly as Originators/Licensors, while lead pharmaceutical
firms act on the market mainly as Developers/Licensees. The two popula-
tions of Originators and Developers characteristics differ significantly, and
must be analyzed separately. Table 6.3 shows the correlation matrix of
explanatory variables for DBFs and EPCs.

2.4 The econometric analysis

In our analysis of the relationships between projects’ and firms’ attributes
and firms’ degree distributions within the network of R&D collaborative
agreements that we consider, we apply Poisson and Negative Binomial esti-
mation techniques. The Poisson regression has been widely applied to
models with count dependent variables.”

However, it is difficult to find, in the literature, a careful characteriza-
tion of the economic or statistical rationales for the dependent variable
being Poisson distributed.’

In the context of this chapter, we introduce a probabilistic framework,
based on a fairly general theory of random graphs (Erdés and Rényi,
1960), which enables us to demonstrate that — under quite general con-
ditions — the number of R&D agreements drawn by any given firm is
asymptotically Poisson distributed. On this basis, we are allowed to analyze
separately the determinants of relational intensity of Originators and
Developers.

The probability that two firms subscribe a licensing agreement on a
given research project is modeled as a Bernoulli random variable X, which
takes values 0 and 1, with P(X=1) = p, P(X=0) = q. If we assume that the
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n(n— 1) random variables X defined over the population of » firms active
in pharmaceutical R&D are independent, the total number of relation-
ships comes up to be distributed according to a binomial distribution
function, with parameters n(n— 1) and p

P8, = 1) = bl n(n=1), p) = (”Wk— 1>>pkqm<nnk_

Moreover, if p depends on 7 in such a way that pn— A as n— %, where A is
a positive constant, the Binomial Distribution b(k; n(n—1), p) tends to a
Poisson distribution with mean A

Pk A) ~ AL/ K

In other words, if the number of active collaborations is constrained by
firms’ characteristics (size, age, location, competencies, etc.) and potential
partners are, at least in part, substitutes, the probability that any two given
firms subscribe an agreement decreases as the number of potential part-
ners increases. Under such circumstances, the binomial distribution
follows closely the Poisson distribution.

As we are interested in the total number of agreements subscribed by
each firm £, we characterize the asymptotic distribution of the discrete
positive sequence 0=/, =L =...=, First, an investigation of the relation-
ship between 7 and p is needed. In particular, Erdés and Rényi (1960)
show that p(n) is neither too rigid nor too elastic," the probability that r
firms subscribe exactly k agreements is an asymptotic Poisson distribution
with mean A, = nb(k; n—1, p):

P(X, =1 ~ e,/

Based on this result, we hypothesize that a Poisson process generates the
contacts counts that we observe. The parameter A, of the Poisson distribu-
tion is estimated as a function of a set of explanatory variables. In particu-
lar, we take into account two families of effects on A,. A first group of
independent variables influence p, that is the propensity to collaborate in
drug discovery and development. A second set of independent variables
narrows the relevant subgroup of potential partners. In particular, we
have introduced some proxies of technological coherence, diversification,
and centrality within the network, in order to capture the relevant techno-
logical determinants of firms relational behavior.

According to any competence/resource-based view of the firm, organi-
zations are unique combinations of relatively coherent bundles of techno-
logical competencies. At this level of the industry, corporate identities
coexist with, and benefit from, high levels of organizational and techno-
logical heterogeneity. In this vein, the mean =variance property is a
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(well-known) major shortcoming of the Poisson regression model. Hence
— to allow a higher degree of cross sectional heterogeneity — we generalize
the Poisson assumption and pass to consider a Negative Binomial model,
in which the parameters are distributed gamma instead of being deter-
ministic (see Hausman et al., 1984).

Finally, it is important to notice that in the specific network that we
consider the number of licenses-in agreements must be equal to the
number of licenses-out. This constraint imposes a restriction on the two
equations that we estimate separately. As a consequence, we verify to what
extent this restriction influences our results by means of Seemingly Unre-
lated Poisson Regression (SUPR) estimates, allowing the disturbances
across equations to be freely correlated.

3 Firms in networks: on some technological determinants

In this section we present the results of the estimates of the Originators
and the Developers models (Tables 6.4, 6.5, and 6.6). We test four differ-
ent specifications (models I-IV), in which we introduce and compare our
different measures of firms technological diversification.

The Developers model provides a measure of the relevance of in-house
technological features (number of projects, diversification, coherence,
and centrality) to explain the number of licensing-in agreements — meas-
ured in terms of number of agreements signed as licensees from 1980 to
1998 — controlling for nationality, size, and R&D intensity. The results of
Poisson and Negative Binomial estimates, presented in Table 6.4, can be
summarized as follows:

—

EPCs subscribe more licensing-in agreements than DBFs;

2 EPGs act more as Developers if they perform a higher number of in
house R&D projects, which are diverse, coherent, and central in terms of
therapeutic classes (NP, THER_DIV, THER_COH, and THER_CEN are
all positive and significant). Interestingly enough, even the largest firms
in the sample do not have research programs in all therapeutic classes
(for a similar result, see Henderson and Cockburn, 1996b). Moreover,
the number of licensing-in agreements is positively related to centrality
of firms’ technological competencies, in terms of biological mechanisms
(BIOCEN is positive and significant in model 1IV);

3 Large firms — both in terms of total assets and revenues — are likely to
develop more licensing-in agreements. Coefficients of R&D expendi-
tures are not significant, aside from the Poisson regression of models
III and IV, where they are negative and significant, suggesting that
licensing-in agreements might substitute in-house R&D expenditures;

4  Japanese firms subscribe, ceteris paribus, far less R&D licensing agree-

ments than US firms, while the large European multinationals are

almost aligned to the US ones;
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5 The level of heterogeneity, as measured by the delta (8) coefficients,
is always high and significant, reaching the lowest value in model IV
(0.734), confirming that the sample is unbiased and heterogeneous.

Analogously, the Originators model focuses on firms technological fea-
tures (number of projects, diversification, coherence, and centrality) as
determinants of licensing-out behavior, measured in terms of number of
agreements subscribed as Licensors from 1980 to 1998. The results of
Poisson and Negative Binomial estimates are reported in Table 6.5 and
can be synthesized as follows:

1 DBFs tend to act as Originators of projects that are then sold to, and
developed by, EPCs (EPC is always negative and significant);

2 Firms collaborate more as Originators if they are specialized on
biological mechanisms (BIO_CEN is negative and significant) and, at
the same time, are central in terms of therapeutic applications
(THER_CEN is positive and significant);

3 Not surprisingly, older, larger, DBFs tend to sign a higher number of
agreements, while the R&D intensity coefficient is generally not
significant, except for model IV, where it is significant and positive;

4 Model IV minimizes the over-dispersion parameter (d), which is
always positive and significant.

So far, we have tested the license-in and the license-out models sepa-
rately. In order to take into account the interdependence between the two
models that is originated by equality between the number of licensing-in
agreements and the number of licensing-out agreements, we test a Seem-
ingly Unrelated Poisson regression model (SUPR)."

Table 6.6 presents the parameter estimates and the standard error for
the SUPR model comparing the diversification measures defined above.
The results are almost perfectly in line with the outcomes of the equation
by equation Poisson estimates. The only remarkable difference appears in
the relatedness model, where the coherence parameter is now significant
also in the license-out case.

In addition, the £ estimates are not statistically significant, with the excep-
tion of the first model. That is to say the seemingly unrelated model is not
significantly outperforming the equation by equation Poisson models. This
is not surprising, since Originators and Developers play complementary and
different roles within the network, with marked difference in terms of their
respective technological profiles. As a consequence, the license-in and the
license-out models are not significantly interrelated.

All in all, the following results emerge from our analysis:

1 EPGs act typically as Developers of projects originated by DBFs. This
result suggests that the network of R&D collaborative agreements in
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biopharmaceuticals is structured around, and based on, a division of
innovative labor that relies on substantial degrees of vertical differenti-
ation and specialization across firms (see Arora and Gambardella,
1994). In fact, the EPC dummy coefficient is always significant: posit-
ive in the Developer models, and negative in the Originator ones. In a
nutshell, our findings confirm that a wvertical division of innovative
labor is in place within the industry, with DBFs active in the early
stages of R&D, and EPCs specialized mainly in the downstream devel-
opment and commercialization activities.

Another relevant distinction emerges from the data. On the one side
(Developers) the four measures of technological diversification are all
significant in determining the propensity to license-in. On the other
side (Originators) only the measures of centrality and generality of
firms’ technological bases are significant both in Poisson and Negative
Binomial regressions. That is to say, a second major organizational dis-
tinction results from our analysis of the horizontal dimension of firms’
heterogeneity within the network: Originators succeed within the
network when they specialize on a cluster of related biological targets
or research technologies. On the contrary, the relational intensity of
Developers seem to be explained by their absorptive and integrative cap-
abilities (see Cohen and Levinthal, 1989; Henderson, 1994), as
reflected by our measures of the extent and coherence of techno-
logical diversification.

In addition, our analysis reveals the existence of some interesting rela-
tionships between the extent and nature of firms’ technological diver-
sification and the number of collaborative agreements they enter into.
These relationships are generated by the interplay between the verti-
cal and the horizontal dimensions discussed above. Notably, in the
Developers model, THER_CEN and BIO_CEN are significant and
positive while, in the Originators model, BIO_CEN is negative.
Notably, Developers that are central in terms of biological mechan-
isms and/or application fields collaborate more. On the contrary,
Originators license out mostly when they are specialized on specific
biological targets or research technologies that can be applied to a
vast array of application fields/therapeutic classes. All in all, the divi-
sion of labor within the industry is sustained by the coexistence of ver-
tical specialization for Originators and horizontal diversification for
Developers. In this context, Originators and Developers rely on
technological profiles that are complementary in nature. In fact, the
probability of two firms signing a contract is highest when the Devel-
oper has many internal programs diversified across a bundle of
related therapeutic classes and biological targets, while the Originator
controls specific biological mechanisms or research technologies,
which apply to a vast spectrum of therapeutic needs.
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4 Conclusions

We have analyzed some fundamental mechanisms underlying firms’ rela-
tional activity in the R&D network that has shaped the evolution of the
pharmaceutical industry in the last twenty years.

Although the pharmaceutical industry is particularly apt a context in
which to make our points, we do believe that our analysis has more
general applicability.

It is well known that specialization in knowledge production and divi-
sion of innovative labor can be crucial mechanisms for positive feedback
from growth through scale economies to more growth (Bresnahan and
Gambardella, 1998; Pavitt, 1999). This is especially true when vertical
disintegration of economic activities is complemented by the upsurge of
“general specialties”, which are able to sell the fruits of their invention to a
wide variety of distinct types of fields of application and customers/devel-
opers.

Despite these results, little empirical work has attempted to investigate
the interplay among the vertical and the horizontal dimensions of division
of innovative labor in markets and networks, as well as their relationships
with firms competencies, market and technological diversification, and
coherence (Teece et al., 1994).

Against this background, this chapter shows how major structural fea-
tures of firms’ technological competencies can explain differences in
firms’ relational intensity in networks.

As for Originators, we have shown the existence of a clear advantage
from technological specialization in knowledge production, especially in
general purpose technologies. This result is interesting, because, in prin-
ciple, an Originator diversified across many therapeutic classes could need
access to a diverse set of downstream assets (given its size) and therefore,
being more likely to license out. However, the evidences produced above
suggest that if the firm is specialized technologically, it is more likely to
produce licensable molecules and technologies.

As for Developers, the number of licensing agreements seem to be
explained, on the one hand, by the extent of market and technological
diversification and, on the other hand, by evaluative and integrative cap-
abilities associated with economies of scope, internal spillovers of know-
ledge between programs, and technological coherence in R&D (Cohen
and Levinthal, 1989; Teece et al., 1994; Henderson and Cockburn, 1996b;
Arora and Gambardella, 1994).

The positive relationship between indicators of technological coher-
ence and the number of collaborative agreements signed by Developers
seems to show that coherent R&D diversification increases not only the
Developer’s absorptive capacity, but also the likelihood that the Developer
has the downstream assets required to exploit the technology (Nelson,
1959).
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In general, our findings are coherent with the well-established theo-
retical statement according to which technology shapes industry-level out-
comes. Specifically, this chapter has shown how the specific features of
firms’ technological competencies shape the formation and evolution of
networks in modern industries and influence firms’ centrality within them.

Notes

1 One fourth of total active pharmaceutical R&D projects were done in collabo-
ration (1,218 out of 4,974: Scrip, 2000). Some pharmaceutical companies allo-
cate a fourth or more of their research budgets to funding research programs
at DBFs (see Stuart and Robinson, 2000), bolstering biotech firms’ financing
for at least one third ($5.3 of $15.5 billion: Scrip, 2000). Total biotech
fundraising includes partnering incomes and all public (IPOs, Secondary offer-
ings, PIPEs and Converts) and private (Venture capitalists funds and Public
grants) financing. Partnering figure is based on up-front payments and equity
investments for disclosed transactions (Scrip, 2000).

2 Subsidiaries, divisions, and research laboratories of pharmaceutical firms are
included. For each project of these subunits our database reports the ultimate
parent company.

3 We defined biotech companies to be all the companies in our database that
were founded after 1976 (the year in which the first biotech company, Genen-
tech, was founded) and that were originators of projects in the database that
applied biotechnological methodologies to the discovery and development of
new drugs. We also checked our database to avoid joint-ventures among larger
established companies fell into this category. After inspecting our sample, we
were confident that this criterion enabled us to single out the NBFs.

4 These are non-exclusive licensing contracts in which the Originator typically
licenses the compounds to several Developers who test it for different indica-
tions/pathologies. The testing of the same compound for different
indications/pathologies also justifies the fact that we treat them as different
projects.

5 The Anatomical Classification of Pharmaceutical Products has been developed
and maintained by the Furopean Pharmaceutical Marketing Research Associ-
ation (EphMRA) starting from 1971. A Classification Committee has been con-
stituted to take care for new entries, changes and improvements. The first level
of the Anatomic Therapeutic Classification indicates the anatomical main
group (C - Cardiovascular System). The second level identifies the main thera-
peutic groups (C1 — Cardiac Therapy). Finally, the third level separates out the
pharmacological/therapeutic subgroups (C1B — Anti-Arrhythmics). The third
ATC level is a widely accepted standard (applied for instance by antitrust
authorities around the world) to classify products for purposes of identifying
the manufacturing market in pharmaceuticals.

6 According to the random assignment hypothesis adopted in Teece et al.
(1994), the number of firms active in both class [ and &, x,, is assumed to be a
hyper geometric random variable depending on the number of diversified
firms active in classes /, k, and the total number of diversified firms. In analogy
to the t-statistic, the standardized measure of market interdependence is com-
puted as

My, — py
oy

M=
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where u o are the mean and the variance of x,, respectively.

7 The Biological Centrality Index (BIO_CEN)) is obtained in the same way,
based on the classification of R&D projects in terms of biological targets and
mechanisms.

8 Hausman et al., 1984; recent surveys are in Cameron and Trivedi (1998) and
Winkelmann (1997).

9 A remarkable exception can be found in Arora and Gambardella (1994), as
they introduce a formal model according to which the number of agreements
subscribed by large pharmaceutical firms should obey to a binomial distribu-
tion. Regrettably — due to the lack of data on EPCs’ attributes and behavior —
Arora and Gambardella rely on the assumption that large firms face a perfectly
elastic supply of projects, up to a maximum.

10 en 2= p(n) <en*? Ve>0.

11 The SUPR model (King, 1989) is the correspondent of the seemingly unre-
lated linear regression model (Zeller, 1962) for event count data. However, dif-
ferently from the former, the SUPR model yields in principle more efficient
estimates than separate Poisson models even if, as in our case, the same
independent variables are present in both equations.
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7 Technological diversification,
technology strategies and
licensing in the chemical
processing industry

Fabrizio Cesaront

1 Introduction

This chapter discusses the processes of technological diversification of the
worldwide largest corporations operating in the chemical processing
industry, and the propensity that they show to license out their technolo-
gies. The economic and managerial literature in recent years has paid
greater attention to the issue of corporate technological diversification. By
defining the nature and assessing the motivations of this strategic choice,
this study provides an example of how technological diversification can
also be used by the largest chemical companies to capture value from
their internal R&D activity, through licensing. In so doing, this study tries
to assess the effects of technology licensing for those companies without
strong technological competences.

R&D activity typically involves a change in the resource, technological
and business base of companies, which can lead to an enhancement or
reduction of internal competences. The distinction is between compe-
tence-enhancing and competence-destroying technological innovation
(Tushman and Anderson, 1986). To the extent to which the shift in the
competence base adds new competences (and technologies) to the exist-
ing base, and existing competences (and technologies) are retained or
conserved, than R&D activity implies a process of technological diversifica-
tion. This pattern is indeed very typical (Granstrand, 1994). The eco-
nomic literature has widely recognised that when resources that have been
acquired to support a specific business have multiple uses, then the exist-
ence of economies of scale and scope creates incentives to firms to diver-
sify into new businesses (Penrose, 1959; Teece, 1982; Chandler, 1990). In
this sense, technological diversification is somehow related to downstream
business diversification. In the acquisition of new technological compe-
tences, companies sustain sunk fixed costs that can be spread over several
businesses.

If this represents a traditional pattern, in this study we want to show
that an alternative strategic option can be pursued as well. Indeed, in the
case of the chemical industry, the technological surplus generated by
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processes of technological diversification according to the needs of busi-
ness diversification, provided an incentive to chemical corporations to
license their technologies to other firms. Largest corporations have exten-
sively operated in the market for chemical process technologies. Thus, we
state in this study that the propensity to license out their technologies is
positively related to the extent of their technological diversification, and
that technology licensing represents an additional possibility for gaining
value from technological surplus.

Technological diversification mainly responds to internal reasons.
Companies’ decision to broaden their technological competences lies on
two main causes (Granstrand et al., 1997; Patel and Pavitt, 1997). First, in
the case of complex products and production processes, companies need
to maintain the (technological) control over all the components of the
supply chain, even in the presence of technological outsourcing. The
effective integration of outside components and sub-systems requires an
adequate absorptive capacity (Cohen and Levinthal, 1989), in order to
understand, co-ordinate and manage systematic change. The result of this
pattern is an increase in the firms’ technological activity spent outside the
distinctive technological competences.

As shown by Granstrand and Sjolander (1990) and Patel and Pavitt
(1993, 1994), the systemic complexity of process and product technolo-
gies often require the development of complementary technologies even
in generic technologies like mechanical engineering, chemicals and
information technologies. By using information on US patents by large
firms, Patel and Pavitt showed that the extent of diversification in the
technological base — as measured by patent classes — was much wider than
their presence in downstream markets and product mix. Hence, product
and technological diversifications often exhibit different degrees.

Second, companies need to explore and to experiment with emerging
technologies, in order to assess and appreciate the potential business
opportunities. This means that firms need also to invest in technological
activities that are marginal to their technological portfolio, at least in the
early stages of the research effort. At the same time, competences in fields
such as computing or materials are becoming essential for a wider
number of sectors, and firms need to accumulate and integrate such tech-
nologies with their core competences, by undertaking processes of
technological diversification.

Both forces have an “internal” justification, i.e. companies increase
their degree of technological diversification in order to strengthen the
business competitiveness of existing products and processes, or to explore
new business opportunities. However, the main point that will be stressed
in this chapter is that technological diversification offers to companies a
further (“external”) option, i.e. the opportunity to license out their tech-
nologies to other firms. It is well recognised that licensing represents one
of the possible means that companies can exploit to capture value from
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their innovative activity (Teece, 1986, 1998). However, the possibility to
pursue this strategy depends on the existence of a set of conditions that
are not easily satisfied, among which Teece has identified the appropri-
ability regimes, the dominant design paradigm, and the presence of
complementary assets.

In recent years, more and more companies in the industrialised coun-
tries are licensing out of their unutilised technological portfolio (patents)
as a means to gain financial or economic benefits (Granstrand, 1999). A
recent survey conducted on 133 firms and 20 universities from Western
Europe, North America and Japan operating in different industrial sectors
(BTG, 1998), shows that nearly two-thirds of organisations have a share of
unutilised patents, and one in eight have in excess of 1,000 patents. At the
same time, most of them find licensing out attractive, primarily because of
financial, economic or commercial benefits. Indeed, about two-thirds of
organisations reported to license technologies to other organisations. In
turn, this implies that the management of technological knowledge and
other intellectual property rights has to become a “core competence” of
any successful enterprise (Rivette and Kline, 2000). The strategic use of
patents, technologies and other intellectual property right can enhance
the success of a company in three different ways: a) by stacking out and
defending a proprietary market advantage; b) by improving firms’ finan-
cial performance (realising the “hidden value of patents”); and, c) by
increasing firms’ competitiveness.

It has to be noticed that the presence of cognitive problems, and the
nature of transaction costs limit technology licensing to develop and
diffuse (Arora et al, 2001). On the one hand, the technological know-
ledge is often dependant on the context in which it has been produced,
and so it becomes difficult to transfer to other, different domains. In
other words, the “stickiness” of technological knowledge reduces the
probability of an effective division of innovative labour among different
agents (von Hippel, 1990 and 1994). On the other hand, the tacit nature
of technological knowledge, the presence of information asymmetries,
and the uncertainty deriving from technology contracting increase the
amount of transaction costs. In turn, property rights for intangible goods
can be difficult to define and enforce (Arrow, 1962). These factors cause
difficulties in contracting for technologies.

Despite the presence of these problems, the existence of sizeable
markets for technologies worldwide has been well documented (Arora et
al., 2001). During the 1990s, these markets have grown, especially in some
leading hi-tech industries, like software, electronics and the chemical
sector. Furthermore, they have a potential for expanding, if conditions on
the effective organisation of these markets are created. Among the sectors
in which technology markets operate, the case of the chemical processing
industry is one of the most relevant. The trade and licensing of process
technologies is a common pattern of this industry. For this reason, by
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studying the behaviour of the largest chemical corporations we aim at
analysing whether technological diversification affects companies’ licens-
ing strategies. Our results confirm this assumption. We performed a
regression analysis to examine the relationship between technological
(and business) diversification and technology licensing, and we found that
companies which diversify more in terms of technological competences
license more to other firms as well.

The chapter is organised as follows. Section 2 provides a brief introduc-
tion on the extent of technology licensing in the chemical industry, by
showing the evolution of technology strategies by the largest chemical
companies. Section 3 describes the methodology and the data used in the
quantitative analyses. The analysis has been carried out by using an exten-
sive database of the chemical plants built worldwide during the 1980-1996
period. Information on products, processes and licensors have been used
in order to map the patterns of technological and product diversification.
Section 4 presents empirical results about the relationship between
technological and product diversification, and assesses the existence of
sectoral and regional differences. Section 5 presents the results of the
regression about the relationship between technological diversification
and technology licensing. Section 6 discusses the implications of techno-
logy licensing for companies coming from developing countries and pro-
vided with weaker technological competences. Section 7 concludes.

2 Diffusion of technology licensing in the chemical industry

The emergence of the petrochemical revolution in the 1940-1950s gave
rise to the upsurge of a world’s market for process technologies. This was
mainly the result of a set of conditions in the cognitive space, the solution
of transactional problems, and the growing demand of chemical com-
pounds since the Second World War, which shaped the industry structure
and allowed a worldwide division of labour between technology suppliers
and chemical companies (Arora et al., 2001). The exchange of process
and product technologies was mostly carried out through licensing agree-
ments. The main actors in the chemical market for technologies were
firstly the so-called Specialised Engineering Firms (SEFs), although large
chemical companies were largely involved in licensing their proprietary
technologies. Table 7.1 provides an estimate of the value of the market for
process technologies, and compares the five sub-sectors — General Chemi-
cals, Pharmaceuticals, Petroleum Refining, Rubber and Plastics, and Soaps
and Cosmetics — both in terms of number of licences and of per-unit
value.

While the presence of SEFs in this market for technologies has been
the result of an increasing division of labour at the industry level, the pres-
ence of large companies is rather a recent event. To be sure, few of them
have been active technology licensors for a long time — especially in some
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Table 7.1 Value and number of licences by sector (millions of dollars, 1990-1997)

Estimated value per licence  No. of licences  Total value per sector

General Chemicals 104.2 248 25,835.4
Pharmaceuticals 117.4 1,394 163,606.7
Soaps and Cosmetics 3.0 29 87.0
Rubber and Plastics 3.0 41 123.0
Petroleum Refining 6.2 33 203.2
Average 46.7 349 16,298.3

Source: Cesaroni and Mariani, 2001.

branches of the chemical industry, like polyolefins, and particularly poly-
ethylene (PE) and polypropylene (PP). Union Carbide and Exxon Chem-
ical, with their Univation Technologies joint venture, Montell, Nova and
Borealis are some of these examples. Indeed, 40 to 50 per cent of new PE
capacity is built using technology licensed from third parties (Chemical
Week, 1997a).

The interesting point, however, is that more and more chemical com-
panies, also operating in sub-markets different from polyolefins, are
approaching this new strategy, and the licensing process technology is
rapidly emerging as one of the most popular growth strategies in the
chemical industry. The examples of Dow, Monsanto and DuPont,
traditionally reluctant to license their proprietary know-how, are rethink-
ing their strategies and are representative of this new strategic approach.

Dow Chemical began its licensing activity in 1995, evaluating all its 120
manufacturing processes for licensing potential, mainly aiming at con-
trasting rising R&D costs with a new revenue source. It also recognised the
success of such long-time process licensers as Union Carbide and BP
Chemicals, and the potential of licensing revenues to be less cyclical than
commodity businesses. Further, Dow saw opportunities to acquire new
technologies by licensing know-how from other companies. The key of
this new strategy was an extensive inventory of Dow’s existing portfolio to
determine what technologies could be of value to other companies and
which technologies Dow needed to acquire. This task was promoted by a
newly formed licensing group, which also worked closely with Dow’s busi-
ness groups to ensure that potential licensing revenues for each of the
processes would exceed a business group’s potential loss of monopoly
technology position. In the moment in which the licensing group was
formed, Dow’s goal was to have a portfolio of a half-dozen technologies to
be repeatedly licensed, so as to increase its licensing revenues from
$10-20 million/year, to $100 million/year by 2000 (Chemical Week, 1997b).

A similar path was covered by DuPont Specialty Chemicals, which
formed in 1998 a group to license its process technologies, including acry-
lonitrile, aniline, sulfuric acid, and a range of performance chemicals
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processes, with the aim of generating $10 million/year in licensing rev-
enues and add 10 licensees/year to its existing listing of about 50. The cre-
ation of the new group was the result of a changing behaviour towards
technology licensing. In the past, indeed, DuPont carried out licensing
only reactively, while the objective of the new group was to open up
DuPont’s 25 specialty chemicals businesses to licensing, some of which
have been available for license for the first time. Indeed, DuPont observed
an increasing interest in its acrylo process, especially from Middle East
and Asian producers, where only two technology suppliers were operating.
The new licensing group coordinated its activities with the Corporate
Technology Transfer Group, which was formed in 1994 to oversee all
technological transfer activities (Chemical Week, 1998a).

Similarly, Eastman Chemical established in 1998 a technology licensing
unit, called Eastman Global Technology Ventures, in order to sell its
under-utilised intellectual property portfolio. Indeed, in the view of the
company this choice offers potential for non capital-intensive growth and
near-term returns. Hence, the company started assessing its portfolio for
possible products (Chemical Week, 1998b).

What is behind this increasing interest towards technology licensing
shown by the largest chemical producers? The first simple answer is that
by both licensing and selling products made by using the same technolo-
gies firms can increase the financial return from R&D investments, espe-
cially when companies have a share of under-utilised technology assets
available for licensing. In this sense, licensing becomes an important
growth mechanism for firms. Furthermore, the examples of BP Chemicals
and Union Carbide, which have been long-time successful process techno-
logy licensors, may have persuaded other companies to license, attracted
by the prospects of creating more value from existing technologies.'

Licensing, however, implies certain risks, mainly because the licensees
can become potential future competitors in the final product market. In
order to avoid this risk, companies usually adopt two different solutions.
On the one hand, they select for licensing those technologies that are
not critical for them. On the other, they keep in-house processes that
are a technological step ahead of those licensed. Hence, while they are
licensing some process technologies, they are working on the next gen-
eration of technology for internal production needs. For example,
Monsanto and Nova behaved in such ways, respectively (Chemical Week,
1997b).

It is worth noting, however, that these two solutions represent only one
possible mean to avoid or reduce the risks involved in licensing, and can
be considered traditional answers. On the contrary, under certain con-
ditions, licensing out the latest (or the “best”) technology becomes the
optimal strategic choice as well. One of these conditions is given by the
presence of existing technology suppliers (such as SEFs). By providing
technologies to potential entrants, SEFs created new competitors in the



182 F. Cesaroni

product market and increased the “rent dissipation effect”, i.e. the erosion
of profits due to other firms competing in the downstream product
market (Arora and Fosfuri, 1999). This created enough incentives for
larger chemical companies to enter the technology market.

3 Methodology and data

Our sample is composed of the 40 largest US, European or Japanese cor-
porations operating in the chemical industry and listed in Fortune 500
(1998 classification). Eighteen companies are European, 18 are from the
US and 4 are Japanese. Twenty companies have their core business in
petroleum refining, 10 in chemicals, 7 in pharmaceuticals, 2 in plastics
and rubber and 1 in soap and cosmetics.

The quantitative analysis has been carried out by using data on chem-
ical plants built worldwide since 1980. Data on chemical plants have been
drawn from the Chem-Intell (1998) database, which contains information
on about 36,000 plants, concerning:

a  the different firms involved in the construction of the plant — i.e., the firm
owner of the plant, its nationality, the name and nationality of the
mother company (in the case the owner firm belongs to a group), the
name and typology of the technology licensor (it is possible to identify
whether the licensor is a SEF, or a large chemical company, or a small
firm);

b the production/technology — i.e., the name of the chemical compound
produced in the plant, and the kind of process technology used for its
production;

¢ the plant—i.e., the country in which the plant is located, its production
capacity, the operative costs, and the year of construction.

First, we used information on the chemical compound produced in each
plant belonging to the companies of our sample in order to assess their
degree of product diversification. Then, information on the process
technology involved in each plant has been used to assess the degree of
technological diversification. Notice, however, that when we talk about
“technological diversification” we are not taking into account technologies
different from chemical processing technologies. In other words, the only
technological diversification that we were able to assess refers to the capa-
bility of producing different chemical compounds. It may clearly be pos-
sible that companies belonging to our sample are enlarging their
technological competences outside the chemical industry, but this pattern
cannot be evaluated by using the Chem-Intell database.

In order to define companies’ technological competences, we used
information on technology suppliers — i.e. technology licensors — that pro-
vided the process technology for each plant. Three cases are possible:
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a the technology has been supplied by an external licensor;

b the technology has been supplied by an internal division of the same
company, i.e. the company has used a proprietary technology;

¢ information on the technology supplier is not available.?

Hence, we defined companies’ technological competences as the sum of
process technologies that each company either used internally for produc-
tion purposes, or licensed to other firms. At the same time, this distinction
allowed us to assess the extent to which companies licensed out their tech-
nologies, and whether they licensed technologies that are not used for in-
house production purposes. As it will emerge clearly in the following
sections, it is worth noting that in some cases companies used their
technological competences both for internal production purposes and for
external licensing. In this situation, they offered to other companies the
(technological) possibility to compete in the same downstream product
market.

The Chem-Intell database reports information on the chemical com-
pound being produced in each plant, and the process technology used
therein. The definition of these technologies is internal to the Chem-
Intell database, and the number of process technologies listed is greater
than 2,000. We grouped these technologies into 25 different classes (see
Table 7.2), and used this classification both to measure product and
technological diversification. In some cases, however, we preferred to use
the original list of technological classes in order to have a finer under-
standing of technological competences owned by each company. In this
sense, while technological classes reported in Table 7.2 can be considered
as macro-technologies, the original list of process technologies can be con-
sidered as the corresponding micro-technologies.

Table 7.2 Technological classes

1 Agrochemicals 14  Minerals and Metallurgy
2 Air Separation 15 Miscellaneous
3 Coal Processing 16  Organic Chemical Refining
4  Desalination 17 Organic Chemicals
5  Engineering Materials 18  Petrochemicals
6  Environmental 19 Pharmaceuticals
7  Explosives 20 Plastics and Rubber
8  Fertilisers 21 Polymers
9  Food and Drink Processing 22 Pulp and Paper
10 Gas Handling 23 Storage Tanks
11 Industrial Gases 24 Synthetic Fuels
12 Inorganic Chemicals 25 Textiles and Fibres
13 Inorganic Chemicals — Chlor-alkalis
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4 Multi-technology corporations in the chemical processing
industry

The first step of the analysis was to compare the companies of our sample
in terms of their degree of technological and product diversification,
during the period 1980-1996. As introduced in the previous section,
technological diversification has been measured by means of the Herfind-
hal index of the process technologies in the 25 classes, that our companies
either use internally or license out to other companies. On the contrary,
product diversification has been measured by means of the Herfindhal
index of the chemical compounds produced by each company in the
same 25 technological classes.?

Figures 7.1 and 7.2 show the distribution of the indexes for techno-
logical and business diversification. The two distributions have different
shapes. While the companies of our sample are more distributed over the
five classes of Herfindhal index in terms of technological competences,
the distribution of the index for products is more skewed towards the left.
This means that while most companies have production plants distributed
over many of the 25 technological classes, only few of them have the same
diversification in terms of technological competences, while many show
technological competences concentrated over few classes. The average
index for technological competences is 0.47 (standard deviation 0.28),
while the average index for business operations is 0.28 (standard deviation
0.20). The correlation between the two measures is however positive (and
equal to 0.59), thus showing that companies which diversify more in terms
of products have a larger competence base as well.

The picture emerging from Figures 7.1 and 7.2 is rather different from
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Figure 7.2 Product diversification (Herfindhal index).

those emerging in different industries. For instance, Gambardella and
Torrisi (1998) compare technological diversification and diversification in
downstream operations of the largest companies in the electronics indus-
try. They show that while companies in their sample have a high degree of
technological diversification, the extent of downstream diversification for
the same companies is more heterogeneous. However, the difference of
results between the electronics and chemical sectors might be due only to
methodological concerns. Contrarily to this study, in order to measure the
technological competences, Gambardella and Torrisi used patent counts,
while they used information on new subsidiaries and acquisitions in order
to assess downstream diversification.

An alternative explanation might be lying in the composition of the
chemical industry in terms of the five sub-sectors — general chemicals,
petroleum refining, pharmaceuticals, rubber and plastics and soaps and
cosmetics.” The companies belonging to these sectors have indeed a dif-
ferent behaviour both in terms of technological and product diversifica-
tion. As shown in Figures 7.3 and 7.4, while companies with their core
business in petroleum refining, and even more those in general chemi-
cals, have a high degree of diversification both in technologies and in
products, companies in pharmaceuticals, rubber and plastics and in soap
and cosmetics are more specialised. They manage both a reduced number
of process technologies in chemicals, and a reduced number of chemical
products (see Appendix for details).

At least companies in the general chemicals and petroleum refining
sectors, and at least within the chemical processing industry, can be con-
sidered multi-technology corporations (Granstrand, 1998), having diversified
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into several technological areas. Notice also that most of the firms in our
sample are indeed the major chemical manufacturers worldwide, both in
terms of sales and R&D. As expressed by other studies (see for instance
Granstrand, 1998), this might suggest that technological diversification is
strictly correlated with corporate growth and growth of R&D expendi-
tures. The importance of economies of scale and scope (Chandler, 1990),
and the need to take advantage of an increasing technological interrelat-
edness may partly justify this pattern.

The pattern described by Figures 7.3 and 7.4 has a historical justifica-
tion as well. Indeed, the process of technological and knowledge creation
and accumulation has a long tradition, provided that many of the com-
panies in our sample are more than 100 years old. For example, BASF has
been created in 1861, Hoechst in 1880 and Bayer in 1881. Even after the
oil shock in 1973, without fundamental discoveries, chemical companies
have systematically developed their stock of knowledge in processes and
products (Aftalion, 1991). The enhanced application of electrochemistry
in organic synthesis, the advances in chemical engineering (such as the
use of rotary compressors in ammonia synthesis), and the development of
new synthetic processes for the preparation of established products are
examples of product improvements that brought to an enlargement of
firms’ technological competences. Similar developments were promoted
in order to pursue product innovations. Acting as producers of intermedi-
ate products for downstream industries, chemical companies have broad-
ened their technological competences in order to satisfy changes in
demand. For example, under pressure from major clients like the automo-
tive industry, many companies have brought improvements to plastics.
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Similar pressures came from agriculture, in order to develop new pesti-
cides or enhanced solutions for plant protection. In sum, the require-
ments of many downstream industrial sectors have spurred the chemical
industry to develop new derivatives, and to pursue a strategy of techno-
logical diversification.

Furthermore, with the advent of the petrochemical revolution, petro-
leum-refining companies realised that economies of scope could be
exploited by entering into the market of chemical products. Indeed, tech-
nologies for large-scale chemical processing and technologies for large-scale
oil refining became very close. This created strong incentives for diversifying
both in technological competences and in downstream business. In turn, the
increased competition in chemical markets due to the entry of new competi-
tors from the petrochemical sector pushed the chemical companies to move
downwards, by engaging in a process of additional diversification in the spe-
cialty chemical market (Arora and Gambardella, 1998). And this partly justi-
fies the higher technological diversification both in technologies and in
products of chemical companies compared to petrochemical companies —
Herfindhal index is equal to 0.29 for technologies and 0.17 for products for
chemical companies, and is 0.43 and 0.24 for petrochemical companies.

Obviously, differences emerge in terms of company’s behaviour within
each sector. Even in general chemicals, some companies show a high
degree of technological or product specialisation — e.g. Norsk Hydro’s
Herfindhal index is 0.81 for technologies, and 0.44 for products (see
Appendix for details). These differences seem to suggest diverse strategic
behaviour and objectives. So, while some companies tend to concentrate
on few technologies by operating a high number of plants (e.g., Atlantic
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Richfield and Dow Chemicals), others operate a similar number of plants
with a higher number of different process technologies (e.g., Texaco and
Hoechst). The two contrasting patterns may be the result of opposite strat-
egies in terms of growth of technological competences, and respond to
the classical “breadth vs depth” strategic dilemma. Some companies have
concentrated on a limited set of technologies, and others have broadened
their technological base. In order to define the proper diversification
strategy, companies take into consideration several factors; among others,
the capability to spread the costs of innovative activity and technological
development over many production plants, or the possibility to license the
technology to other firms. Notice, however, that the first solution can be
applied only in the presence of a large downstream market, but since the
1980s the chemical industry faces a decline in the demand growth. Hence,
licensing represents a promising opportunity to recover the costs of R&D
activity, especially for broadly diversified firms.

5 Different uses of the technological portfolio: in-house
exploitation vs licensing

The traditional managerial theory has always considered in-house
exploitation of technologies as the most efficient way to capture value
from internal R&D activity (Teece, 1986, 1988). Over the past decades,
however, there has been a growing attention to alternative solutions,
among which a particular interest has been placed over the strategy of
technology licensing. The recent development of specialised markets for
technology is a clear signal of this pattern. As suggested in section 2, the
chemical industry is one of the key examples of this process, and the com-
panies of our sample seem to pay a similar attention to the strategy of
licensing out their proprietary technologies.

In order to analyse their propensity to licensing, or their willingness to
use technologies for internal production purposes, we considered all the
plants in Chem-Intell in which companies appeared as technology licen-
sor. In this count we included also the technologies used internally in pro-
prietary production plants, and the technologies that companies both
exploited in-house and licensed out to other firms. Figure 7.5 reports the
results of this analysis. It emerges clearly that most of the largest corpora-
tions license out a large amount of processing technologies developed
internally. On average, 59.5 per cent of the technologies are sold to other
firms. However, if we compare each company with one another, it is pos-
sible to observe some interesting differences. While there are firms that
license out more than 80 per cent of their proprietary technologies (e.g.,
ICI, Elf and Texaco), there are other firms that sell only a small amount of
their technologies (e.g. Dow Chemicals and Roche), or that do not license
at all (e.g. Novartis and Idemitsu Kosan). These differences reflect con-
trasting strategic approaches of companies.
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An interesting result emerging from Figure 7.5 is that most firms have a
share of technologies that at the same time exploit in-house and license
out to other firms. Without controlling for other conditions, this result
seems to suggest that companies license their processing technologies to
potential competitors in the product market, thus reducing expected
profits in the product market. However, they are increasing rents in the
technology market, so that firms’ strategies may be the result of the com-
parison of the losses in product market with the earnings in the techno-
logy market. Also in this case, differences emerge in firms’ strategies.
While some of them tend to limit or to avoid this possibility, even though
by licensing out, others have a very high share of technologies that both
exploit in-house and license to other firms. ENI and Norsk Hydro, for
instance, license out 100 per cent of technologies that they use for pro-
duction purposes as well.

In order to explore the effect of technological diversification on com-
panies’ propensity to license out their technologies, we performed a
regression analysis. Our sample is composed of our 40 firms. We first
regressed the log of the number of technologies that companies licensed
to other firms — L_TECLIC — against the value of the Herfindhal index for
the technological diversification — HER_TECH. As control variables, we
used:

e a measure of company’s size, i.e. the log of revenues in 1997 -
L_REV97?

® a country dummy, in order to take into account regional effects —
D_USA;

e a set of sectoral dummies, in order to take into account the effects of
belonging to one of the five chemical sectors specified above —
D_SECT1 ... D_SECT4.

Thus, by using a linear specification, our regression is:

L_TECLIC, = a + B, HER_TECH, + B, L_REV97, + B, D_USA,
+B,D_SECT1,+...+ B, D_SECT4, +e,

where e; is the error term.

Results of this exercise are reported in Table 7.3. It emerges that the
degree of technological specialisation is indeed negatively correlated with
the number of technologies that companies of our sample license out to
other firms. Firms with a larger technological base show a higher propen-
sity to license their technologies. This result, however, may be affected by
problems of endogeneity between the dependent variable (I_TECLIC)
and the Herfindhal index of technological diversification. Hence, we pre-
ferred to make use of a “two-stage least squares” technique (2SLS), and
use an instrument for HER_TECH. Among others, the instrument that
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Table 7.3 Diversification and licensing: OLS (dependent variable: L_TECLIC)

Coef. Std err.
HER_TECH —0.727 0.374*
L_REV97 0.201 0.149
D_USA 0.164 0.162
D_SECT1 0.191 0.552
D_SECT?2 —0.077 0.510
D_SECT3 —0.376 0.528
D_SECT4 0.271 0.605
_CONS —1.085 1.738
Number of obs: 40
F(7, 32): 3.26
Prob.>F: 0.0099
R-squared: 0.4166
Adj. R-squared: 0.289

Notes
*p<0.1; ¥ p<0.05; ¥** p<0.01.

best resulted correlated with HER_TECH, but not with the disturbance
term, resulted the Herfindhal index of product specialisation
(HER_PROD). Indeed, as indicated in the previous section, firms with a
higher product diversification show a high technological diversification as
well. Intuitively, companies enlarge their technological base primarily to
satisfy the technological needs of the businesses in which they operate (or
intend to operate). In this sense, technological diversification may be the
result of processes of product diversification. We tested this assumption by
regressing HER_TECH against HER_PROD. Results are reported in Table
7.4. Table 7.5 presents the results of 2SLS regressions.

In Table 7.5 we presented two specification of the regression. In the
first specification, the number of technologies that companies licensed
out to other firms (L_TECLIC) has been measured in terms of the 25
technological classes reported in Table 7.2. Results in this case are as
expected, and confirm that the propensity to license increases as the
degree of technological diversification increases as well. Linking this result
with those presented in Table 7.4, it emerges that the higher the degree of
product diversification, the higher is the degree of technological diversifi-
cation and, in turn, the higher is the number of technologies that com-
panies license out. This result is confirmed by the second specification of
Table 7.5. There, instead of considering the 25 technological classes,
L_TECLIC has been measured in terms of the over 2,000 micro-technologies
that we aggregated in order to obtain the 25 technological classes.
Because I._TECLIC shows in this case a higher variability compared to the
previous specification, results of the 2SLS regression are statistically more
significant.
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Table 7.4 Technological vs product diversification: OLS (dependent variable:

HER_TECH)

Coef. Std err.
HER_PROD 0.476 0.222%%%
L_REV97 —0.131 0.062%:#*
D_USA —0.008 0.072
D_SECT1 —0.429 0.232*
D_SECT?2 —0.267 0.220
D_SECT3 —0.225 0.240
D_SECT4 —0.031 0.274
_CONS 1.941 0.687%##
Number of obs: 40
F(7, 32): 4.930
Prob.>F: 0.001
R-squared: 0.519
Adj. R-squared: 0.414

Notes
*p<0.1; *#* p<0.05; *** p<0.01.

Table 7.5 Diversification and licensing: 2SLS (dependent variable: L_TECLIC)

Dependent variable: L_TECLIC,,,, L_TECLIC,,,,

Coef. Std err. Coef. Std err.
HER_TECH (HER_PROD) —0.727  0.374* —1.581 0.524% %
L_REV97 0.201 0.149 0.705 0.209%:**
D_USA 0.164 0.162 0.165 0.227
D_SECT1 0.191 0.552 1.859 0.774%%%
D_SECT2 -0.077 0.510 0.947 0.714
D_SECT3 —0.376 0.528 0.150 0.740
D_SECT4 0.271 0.605 0.887 0.848
_CONS —1.085 1.738 —5.788 2.435%%#*
Number of obs 40 40
F(7,32) 3.260 13.560
Prob.>F 0.010 0.000
R-squared 0.417 0.748
Adj. R-squared 0.289 0.693
Notes

#p<0.1; %% p<0.05; 5% p<0.01.

In sum, results of these analyses confirm that the propensity to exploit
technological competences through licensing increases in the presence of
multi-technology corporations. This represents a rather new result. Tradi-
tional theory on technological diversification states, indeed, that the
process of technological diversification increases firms’ R&D expendi-
tures, which call for a need to recover them through expanding the busi-
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ness base. Firms may satisfy this need either by choosing to engage in
processes of market diversification (i.e., internationalisation), or in techno-
logy-related product diversification, or in technologyrelated partnering
(Granstrand, 1998). Results of our analyses, however, illustrate that there is
also another general response to the rising of R&D costs: exploiting the
technological surplus induced by processes of technological diversification
by selling the proprietary technologies in the market for technology.

It is worth noting that all the companies in our sample are large com-
panies directly involved in downstream operations of production, distribu-
tion and marketing. Contrarily to (small) firms which do not possess the
required complementary assets, and which can gain profits from their inno-
vative activity only through licensing, in this case technology licensing is not
a second-best solution. Licensing represents then an additional business
opportunity that companies can pursue logether with internal production. As a
matter of fact, many companies of our sample use their technological com-
petences both for in-house production and for licensing. But this option is
available only under certain conditions that allow markets for technology to
operate. Among these is the possibility to codify the technological knowledge
that, in turn, improves the possibility of its accumulation and transfer.
Hence, firms may have advantages in promoting the codification of techno-
logical knowledge (Arora and Gambardella, 1994). Indeed, this pattern actu-
ally happened in the chemical industry, thanks to the developments of
chemical engineering, and the efforts promoted by SEFs in order to codify
chemical processing technologies (Cesaroni and Mariani, 2001).

6 Effects of technology licensing on developing countries

The last section of this chapter aims at evaluating the effects of the strat-
egies of technology licensing promoted by large companies in the chem-
ical industry, and especially on chemical firms operating in the less
developed countries (LDCs). In general terms, one of the main con-
sequences of the existence of markets for technology and international
technology trade is that barriers to entry in the downstream product
markets decrease (Arora et al., 2001). In the presence of lower entry bar-
riers, companies with weaker technological competences, but provided
with distinctive downstream complementary assets (i.e., production, mar-
keting and distribution) can enter the product markets and become pos-
sible competitors of incumbent firms, simply by acquiring the needed
processing technologies. The main idea is that the fixed costs of develop-
ing the technologies have been already sustained by the technology sup-
pliers, and hence are largely sunk. As a result, the cost of acquiring the
technology is lower than it would be if companies had to develop it in-
house. Of course, this process offers a great advantage especially for those
firms without significant technology expertise (i.e., those supporting
higher development costs). On the contrary, the development of a market
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for process technologies means that the ownership of process technolo-
gies is no longer a distinctive competence of the large established firms.

This pattern happened in the chemical industry (Arora and Gambardella,
1998). SEFs arose in the second post-war period in the US, following the
rapid growth of demand for chemical products. SEFs were a fundamental
source of process technologies primarily for many American chemical pro-
ducers. During the 1950s and 1960s, however, the American SEFs were also a
powerful engine for growth of the European and Japanese chemical indus-
try. In so doing, they provided the chemical processing technologies that
allowed European and Japanese firms to catch up with US companies. Later,
the same pattern was replicated from all the advanced countries towards
firms in the LDGs. US, European and Japanese SEFs supplied chemical pro-
cessing technologies to local companies, and stimulated a process of eco-
nomic growth of the local chemical industry (Arora et al, 1996). As a
consequence, the rise of technology suppliers in the advanced countries
increased the competitiveness of foreign rivals to the Western chemical man-
ufacturers, thanks to the technologies provided by Western suppliers.

Our data offers a partial confirmation to this pattern. If we consider all
the worldwide chemical plants belonging to firms coming from develop-
ing countries, and look at the suppliers of process technologies, then we
can observe that more than 90 per cent of the local companies exclusively
refer to external suppliers (Figure 7.6). Only a limited number of local
producers have the technological competences and expertise to develop
some proprietary process technology.

At the same time, this result shows that most of those firms, now com-
peting with Western manufacturers, were able to take advantage of the
existing international market for process technologies. They could enter
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Figure 7.6 Supply of process technologies (companies from LDCs).
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Table 7.6 Nationality of licensors operating in LDCs

Share of licensors

Western Europe 2,976 43.6%
North America 2,160 31.7%
Asia 1,142 16.7%
Rest of the World 544 8.0%
Total 6,822 100.0%

the markets of chemical products, without significant technological com-
petences. Hence, they could save resources and time of internal processes
of technology development. Notice also, that more than 90 per cent of the
technology suppliers operating in the LDCs come from countries other
than LDCs (see Table 7.6), and more than 40 per cent come from
countries of Western Europe. Hence, the process of growth of the chem-
ical industry in the LDCs was mainly promoted by external sources. But
companies from LDCs are now the main competitors of the largest chem-
ical corporations of the advanced countries.

For the period covered by the Chem-Intell database (1980-1996), about
7.7 per cent of the process technologies (1,174 out of 15,239) supplied to
companies from the LDCs came from the corporations of our sample. This
result clearly shows that the largest corporations are an important factor in
the market for technology. On the side of companies from the LDCs,
however, this pattern has relevant strategic implications. If markets for
process technologies reduce the role of technological knowledge as a source
of distinctive capability, the latter has to be sought in other directions. The
heterogeneity of demand is a potential source of distinctive advantages
(Arora et al, 2001). In other words, knowledge about the local product
markets in which companies operate, a clear understanding of customers’
needs, and investments in linkages with the peculiar resources existing at the
local level are potential sources of distinctive advantages (Porter, 1998).

According to this theoretical framework, one possible response is to
increase the degree of product diversification, in order to satisfy a diversi-
fied demand. Indeed, many companies from LDCs show a rather high
degree of product diversification (see Figure 7.7). The important point in
this respect is that the processes of product diversification have been pro-
moted without substantial technological competences, i.e. most of the
process technologies come from external suppliers. In sum, the existence
of international markets for process technologies, also promoted by the
licensing activity of the largest corporations, not only allowed companies
from LDCs to enter the product market, by reducing the costs of techno-
logy acquisition, but allowed companies to provide distinctive solutions to
a heterogeneous demand.
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Figure 7.7 Product diversification for companies from LDCs (Herfindhal index).

7 Conclusions

The aim of this study was to discuss the nature of patterns of technological
diversification promoted by the largest multi-technology corporations in the
chemical processing industry. The long tradition of this industry and the
nature of the chemical processing technology make this analysis particularly
interesting. The key question that this study tried to answer was: Provided that
the chemical companies of our sample show a wide technological portfolio,
how do they manage their technologies? The economic and business liter-
ature has already discussed the reasons of processes of technological diversifi-
cation, among which the need to maintain a control over all the components
of the technological supply chain, and the opportunity to explore new
technological trajectories and research fields are the most relevant. However,
once developed (i.e., once that choices of technological diversification have
been implemented), how do companies use their technologies? Do they use
technologies only for internal production purposes, or do they sell those tech-
nologies to other firms? And, what about under-utilised technologies?

The answer to those questions has relevant implications. What emerges
clearly in the case of the chemical processing industry is that most large
multi-technology corporations uses internally developed technologies
both in-house and for external licensing. Truth to tell, the characteristics
and nature of chemical processing technologies, the existence of SEFs,
and the developments of chemical engineering make the case of this
industry quite peculiar. However, the story of the licensing activity in the
chemical industry might become a common pattern also in different
industries (see, for instance, the semiconductors). Hence, this industry
may represent an example of a more general pattern.
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The economic justification of technology licensing (as a firm strategy) lies
on the possibility of increasing the returns from innovation. It is worth
noting that, in order to pursue a strategy of technological diversification,
companies have to increase their investments in R&D. If the company does
not face a sufficiently large demand, the possibility to recover the costs of
R&D activities through in-house exploitation drastically reduces. And this is
particularly true when technological diversification is directed towards fields
that are marginal to the “core” technological competences, or to the firm’s
main business. So that licensing out may become an appealing strategy. And,
indeed, this is what has happened to most large chemical companies.

One important implication of this approach is that technology licensing,
and the consequent rise of specialised markets for technology, lowers the
entry barriers to downstream product markets. This creates advantages
particularly to companies without strong technological expertise, because
they can acquire the processing technologies required to enter a product
market at costs that are lower than investments of in-house technology devel-
opment. In other words, markets for technology promote a division of inno-
vative labour at the industry level between technology suppliers and
technology users. And multi-technology corporations may play relevant role
on the supply-side. Again, the analysis of the chemical processing industry
provides evidence of this pattern. Licensing of process technologies allowed
companies from less developed countries to enter many product markets in
chemicals, without having strong technological competences. And the largest
corporations of advanced countries were an important actor in this respect.

There is a consequent corollary to this framework. If technological
entry barriers have lowered, because technologies are available at lower
costs in technology markets, companies can (and have to) concentrate on
their distinctive capabilities other than technology. In the case of firms
from developing countries, this means to concentrate on satisfaction of
customers’ needs. The knowledge of local markets is a clear competitive
advantage for them, compared to companies coming from other coun-
tries. Indeed, the capability to satisfy a heterogeneous demand comes
directly from the existence of markets for technology, because they can
acquire the required process technologies directly from the market. As
the results of our analyses have demonstrated, chemical companies from
LDCs show a high degree of product diversification, completely induced
by technologies provided by other companies.

In sum, the strategy of licensing out the marginal or surplus technolo-
gies resulting from processes of technological diversification promoted by
larger multi-technology corporations represents an advantage not only for
large firms themselves, but also for the economy of specific regions or
industrial sectors. The former can increase the financial or economic
returns from their innovative activity. The latter can undertake a process
of economic growth and enhance the overall level of profitability.
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Notes

1 In 1997, Union Carbide and Exxon Chemical set up a joint venture to sell
technology for producing polyethylene (PE). The new joint venture company,
Univation Technologies, started licensing Carbide’s Unipol gas-phase process
and Exxon’s metallocene technology. In the PE licensing business, it held a
leading position with roughly 50 per cent of the market (Chemical Week, 1997b).
One of the objective of the joint-venture was to offer cutting edge processes and
supply catalysts used in the manufacturing of PE for the Asia Pacific region. The
joint venture targeted at the Asia-Pacific region because consumption of all
types of PE was projected to grow 7-9 per cent annually till 2000. Indeed, at that
time, Asian demand for PE was comparable to North America’s and surpassed
Western Europe’s (Business Times Singapore, 1997).

2 This latter case can be interpreted either as a “missing value” case due to some
imperfections of the database, or as the case in which that technology is
“common knowledge” in the industry. In other words, it may be the case in
which the technology is rather mature and diffused among the different com-
panies. In order to avoid any error of judgement, the cases of missing value have
not been taken into consideration in the following analyses.

3 For both indexes, the Herfindhal index varies between 0.04 and 1. The first
value represents a situation of max diversification (equal shares), while the
second represents a situation of max specialisation (only one sector with share
equal to 1).

4 The inclusion of each company of our sample in one of the five sub-sectors
reflects the classification reported in the Fortune 500 list (1998 classification).

5 Information on revenues have been drawn from Fortune 500 (1998 classifica-
tion).
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8 Large companies from all sectors
patenting in ICT

Is there a link between corporate
technological diversification and
the information revolution?

Sandro Mendon¢a*

1 Introduction

This paper focuses on the increasing tendency among the world’s largest
companies to patent in information and communication technology
(ICT) when they patent outside their core technical domains. This empiri-
cal work draws on the established Multi-technology Corporation (MTC)
literature but seeks to add another piece to the puzzle by contributing
with new information about recent, under-emphasised trends. By
analysing the composition of technological diversification we aim at insert-
ing specific qualifications on what has already been pointed out in the
literature, thereby complementing what is already understood about this
complex and evolving phenomenon.

Two main questions are addressed. First, we seek to find out if the
diversification phenomenon, as measured by patents, has been evenly dis-
tributed across technological fields. We introduce this as a general point
and then proceed to investigate which technologies stand out as most
prominent. Second, besides arguing that some technologies are more rel-
evant than others for MTCs we also wish to provide evidence on one
precise point: we examine the hypothesis that ICT is distinctively import-
ant in corporate technological diversification when compared with other
technology families.

This work uses patent counts and classifications based on the SPRU-
OTAF (Science and Technology Policy Research Unit — Office of Tech-
nology Assessment and Forecast) database for nearly 500 of the world’s
largest innovating companies as ranked by sales revenues. We also use
complementary data on the 200 largest US manufacturing firms of the
twentieth century compiled from Chandler (1990) and Fortune magazine
by Louca and Mendonca (2002). We rely on descriptive statistics through-
out. The results for the period under analysis, which is 1980 to 1996, can
be summarised as follows:
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a Large firms are increasingly diversifying into ICT, Drugs and Biotech
and Materials technology,

b ICT is clearly the field attracting more patents when companies
patent outside their core technical fields,

¢ There is considerable variety across industries in the level and pace of
increase in ICT patenting.

We suggest that the apparent pervasiveness of the development of ICTs
can be associated with the neo-Schumpeterian Long Wave (LW) hypothe-
sis of long-term techno-economic change. In this way we attempt to show
that the MTC and the LW literatures are connected for they deal with
linked phenomena.

Section 2 presents the theoretical and historical frameworks that
provide the conceptual orientation to our empirical exploration. This
section also provides introductory evidence that turbulence among the
200 largest US industrial corporations in the last decades of the twentieth
century is related to the rise of ICTs as the core technology of a new
techno-economic paradigm. Section 3 discusses both the potential and the
perils of using the patent data as an indicator of technological capabilities.
Section 4 presents the key empirical findings. Section 5 appreciates the
patterns found in the light of the theoretical framework and suggests
some areas for further research. Section 6 concludes.

2 Theoretical framework and reasoned historical
background

The body of theorising about the organisation of business that we adopt is
the Penrosian/evolutionary capabilities approach. The reasoned historical
viewpoint that serves as a backdrop for the statistical analysis is the neo-
Schumpeterian Long Wave theory as put forward by Freeman and Pérez
(1988) and Freeman and Louca (2001).

2.1 Business organisations and the nurture of technological knowledge

Much of the empirical contributions to the field of innovation studies has
helped to rationalise, and has been stimulated by, evolutionary economics
and related modes of theorising about the institutions of capitalism. The
explanations of technical and corporate change usually call upon con-
cepts of learning, path-dependence, organisational adaptation, selection
mechanisms, etc. (Winter, 1987). A concrete spillover of the technological
diversification literature has been a contribution to the debate around
‘core competencies’ in the management literature (Prahalad and Hamel,
1990). Evidence suggests that a small number of distinctive competencies
are insufficient to coordinate continuous technical change within the
organisation as well as throughout the company’s supply chain and
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broader business environment. Large innovative companies need to
master a range of competencies with varying degrees of commitment and
relative advantage. Contemporary technological profiles among large
industrial firms tend to nurture a mix of technologies including fields of
excellence plus ‘background’, ‘niche’ and ‘marginal’ competencies
(Granstrand et al., 1997).

As Pavitt, Patel, Granstrand and colleagues have put forward in several
contributions to the study of MTCs (for instance Granstrand and Sjolander,
1992; Patel and Pavitt, 1994b) the most striking feature of large innovating
companies is the wide range of fields in which they command technical
expertise. In a pioneering article, Granstrand and Sjolander (1990, p. 36)
defined the MTC as a “corporation that operates in at least three different
technologies”. This diversified knowledge base develops in interaction with
external sources of knowledge, indeed, as Hagedoorn et al. (2000) showed,
technological diversification is also associated with strategic alliance build-
ing. By combining patent and alliance indicators these authors found fresh
evidence that companies develop internally a wider range of technologies
when compared with external agreements.

This research on the MTC has helped to give empirical content to the
competencies/capabilities perspectives of the firm, which put corporate
learning, internal and external relationships and dynamic processes of
change in centre stage. The capabilities view, in its various guises (Penrose,
1959, 1995; Prahalad and Hamel, 1990; Teece and Pisano, 1994), focuses on
the firm-specific knowledge that allows an organisation to produce goods
and services and improve on them. For the limited purposes of this research
we will take Teece and Pisano’s (1994) definition of dynamic capabilities as
the patterns of organisational and production methods (routines) and tacit
knowledge “which allow the firm to create new products and processes, and
respond to changing market circumstances” (1994, p. 541). This approach
will provide a context to interpret the corporate patenting trends depicted
in our study as shifts in knowledge bases over time.

2.2 Business history and technological evolution

As Landes (1991) emphasises, historians analyse changes in the mode of
production that economists usually take for granted. With Landes, but
also with Marx and Schumpeter, we believe that any attempt to under-
stand technological innovation and its organisation must pay attention to
change and the sequence of change.

Big business institutions were rare until the late nineteenth century.
Since then the world has witnessed the rise (and fall) and continued
change of many large corporations, especially in advanced economies
like the US. But institutions do not enter metamorphoses alone, they
co-evolve with technology (Nelson, 1999) and it could be argued
that the MTC, which has emerged as a major stylised fact in the late
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twentieth century, can be seen as a new organisational subspecies of
capitalism.

Following the early Schumpeterian insights about long-term industrial
and technological change authors like Freeman and Pérez (1988) and
Freeman and Louca (2001) have used the concept of techno-economic
paradigm to refer to the structural changes that new clusters of important
technologies induce across the whole economy. The appearance and dif-
fusion of innovations turns out to be a very uneven process and certain
combinations of radical innovations may even give rise to phenomena
described as technological revolutions. Even so, these authors argue that
since the British Industrial Revolution there are major empirical regulari-
ties as well as techno-economic transformations. The long periods of con-
sistent socio-economic development ignited by these factors are known as
long waves. According to this view, at the moment of this writing, we are
living through the tough times of transition that characterise the passage
from a techno-economic paradigm to another.

In an important restatement and empirical assessment of the theory,
Freeman and Louca (2001) apply and develop the framework in relation
to the third of the industrial revolutions, the Information Revolution. The
key radical innovation behind its rise was the development of the elec-
tronic microprocessor. This key factor is called the ‘Core Input’, and its
characteristics are a) falling relative prices, b) universal availability and c)
a broad range of applications. The producers of core inputs are called
‘Motive Branches’ (e.g. the semiconductors industry). Those new indus-
tries producing or delivering the most emblematic applications of the new
paradigm are ‘Carrier Branches’ (computers, software and telecommuni-
cations industries). The main ‘Organisational Innovation’ highlighted for
this wave is the network. We shall adopt these categories in our analysis.

2.3 Big business and ICT in historical context

Large companies in all industries are hardly able to exploit all the new
market opportunities emerging in and around their traditional business.
A clear illustration of this has been the case of information processing
machinery. It was IBM, NCR, Remington and Honeywell, producers of
punch cards and adding machines, typewriters and heat regulators, and
not the producers of electrical equipment (GE and RCA) that were able
to diversify into computing technology. ICT producers, as we would call
them today, are essentially newcomers in the Fortune’s top list. An argu-
ment put forward by Louca and Mendonca (2002) is that this is not
merely an exception, but a pattern of evolution that challenges the estab-
lished firms, leading to their adaptation or replacement by new firms.
Using cross-sections of the 200 largest US manufacturing firms for six
dates covering about 100 years, this study points out that persistence among
the giants of the twentieth century is very limited. Only 28 (5 per cent) of
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the total number of companies considered appear in the list for all the six
years, whereas 267 (49 per cent) appear only once, with the ‘persistent’
giants being typically born in the 1880s. The average level of entrants
throughout the century is substantial, around 70, or 35 per cent in 200, per
data point. Transition, however, is not smooth rather it occurs by impulses
and has increased in the last years of the past century, with the peaks of
entry happening at the beginning and the end of our time period.

The specific industries driving the increase in turnover and shift in
company rankings for the last years of the twentieth century have been the
carrier branches of the new techno-economic paradigm. The perform-
ance of the Office Equipment industry (non-existent in 1917) in 1983 and
1997 is remarkable, both in terms of significant new entries, as can be
seen in Table 8.1, and improved average ranking in terms of sales. This
movement is accompanied by the relative decline of the large producers
based on the mechanical and chemical processes that dominated the
fourth Kondratiev wave characterised as an age of mass production, auto-
mobiles and oil (Freeman and Louca, 2001).

These trends represent a pattern of structural change in our popu-
lation since they indicate changes in the weight of the sectors of an
economy. The increase in the relative importance of the ICT sector has
been the responsibility of essentially ‘newcomers’, confirming the disturb-
ing effect of the new ICT technological paradigm on established industrial
patterns. However, more than being interested in transformations in the
pattern of business activity in the population of large companies, we are
also interested in qualitative change. If ICT is both a creative and destruc-
tive force in highly concentrated corporate structures, one might suspect
that it has also influenced the range of capabilities companies must master
to go about their business. What these patterns of internal change have
been, and how ICTs and other new technologies have become profoundly
embedded in the corporate knowledge base, is precisely the focus of the
contribution.

Table 8.1 Industrial sectors with the largest number of entrants along the
twentieth century

1930 1948 1963 1983 1997

Food, Beverages and Tobacco 16 10 15 5 7
Chemicals, Pharmaceuticals 10 11 9 11 7
and Cosmetics
Oil, Plastic and Rubber 14 7 4 12 5
Electrical and Electronic Equipment 1 3 11 6 7
Aerospace 2 4 10 1 -
Office Equipment 3 - - 3 19
Total entrants in each data point 87 65 73 44 80

Source: Lou¢a and Mendonga, 2002.
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3 Data, methodology and hypotheses

To capture the internal process of change within the corporation we will
take patents as the prime source of information about in-house techno-
logical capabilities.'

3.1 Technical knowledge

Following Granstrand (1998) and many other authors, we will equate
technology to a body of engineering knowledge. Even though capabilities
are tacit, necessarily unobservable, and measuring them is therefore infea-
sible, Granstrand and Sjolander (1990, p. 36) suggested a number of
proxies that could be used to measure the degree of technological diversi-
fication, such as disciplines and professions represented in the R&D per-
sonnel, patent statistics, expert panels etc. With these authors we are
aware of the epistemological difficulties of measuring the hidden know-
ledge structure that underlies the performance and change in the (very)
large firm. However, since the patent indicator constitutes a precious
window (however narrow) into those deeper corporate characteristics, i.e.,
the potential to generate improved technical knowledge, it will be used
here to screen the breadth and depth of technological competencies of
companies across given patent classes.

3.2 The database

The analysis is based on the SPRU-OTAF database. This database reports
accumulated patents assigned to their main classes for the years 1980-85,
1986-90 and 1991-96, patents for 463 of the world’s largest companies®
distributed according to 14 principal product groups. This data set repre-
sents a huge effort of consolidation of 4500 subsidiaries and divisions: dif-
ferent assignee names, kept or bought by the 463 firms up to 1992, were
identified using the ownership profile of 1992 and attributed to their
parent. The method of consolidation is described in detail in Patel
(1999). Working with the SPRU database implies therefore working with
its original characteristics as building blocs. In the analysis below, besides
using the original classifications we also proceed to a further reorganisa-
tion given our specific research objectives.

Three reasons lie behind this reorganisation. The first is synthesis, sim-
plification is important because patterns emerging from SPRU’s original
34 individual classes times 14 sectors during three time periods are diffi-
cult to always bear in mind or even to visualise. Second, new information on
unexpected patterns can be gained with a new aggregation of patent cat-
egories. Finally, the reliability of conclusions is substantially upgraded by
allowing for sensitivity testing. The rearrangement of the technology clas-
sifications is shown in Table 8.2.°
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An important clarification here is the operational definition of ICT.
The definition of ICT we employ sees ICT as a set of information process-
ing, storage and transmission technologies that have been enabled by the
advent of microprocessors in the early 1970s (Mansell and Steinmueller,
2000). With this definition in mind we incorporate four patent classes in
our core ICT family: Telecommunications, Semiconductors, Computers
and Image and Sound Equipment. This Narrow group of technologies we
call ICT N. The sectors that specialise in this technology set are called ICT
industries (or Motive/Carrier branches in the Freeman, Louca and Pérez
terminology): Computer and Electrical/Electronics sectors. Moreover, the
ICT+ category was constructed to represent the family of technologies
that has been strongly influenced by the advent of the microchip and
incorporated a strong digital element. The ICT+ group includes Instru-
ments and Controls, Photography and Photocopy, Electrical Devices and
Systems and Generically Electrical Industrial Apparatus. Our two ICT cat-
egories can be joined in a new one, ICT B, which increases the potential
for testing the sensitiveness of our conclusions using different operational
definitions (more or less strict) of ICT.

3.3 The patent indicator

The limitations of patents as indicators of technological activity are well
known and will not be discussed in detail here although we incorporate in
our approach a great deal of care derived from lessons taken from many
contributions (Pavitt, 1985; Narin and Olivastro, 1988; Griliches, 1990; Patel
and Pavitt, 1995). Patents are an indicator not a measure. Patents are a codi-
fied institutional record of invention and, unfortunately, cannot be assumed
to be in direct and constant correspondence to innovative efforts. There are,
for instance, different inter-firm propensities to patent and differences in the
patenting patterns across technologies and across industries. For the present,
however, it will suffice to make reference in section 5 to a set of four recent
studies that strengthen the legitimacy of using US patents to assess the
technological evolution of big business institutions.

3.4 Research objectives

It is worth emphasising that this empirical engagement is mainly con-
cerned with the ‘What’ (what is happening?) question and not with the
‘Why’ question. We have, therefore, an exploratory goal. Answering the
‘Why’ question would require a more in-depth, qualitative case-study type
of analysis. Our data does not allow us to infer the main motivations
behind specific patterns of technological diversification. Notwithstanding,
we make an attempt to discuss main interpretations of the empirical find-
ings in section 5. We believe the comparative advantage of this research
lies above all in its original empirical results.
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An aspiration of this chapter is to discuss a relatively implicit assump-
tion in the most known and influential literative on technological diversifi-
cation: the assumption being that technological diversification of
industries is relatively uniformly spread across technological fields. We
hypothesise, and explore the data accordingly, that if technologies are not
equal in their opportunities for future development and potential for
interrelation with existing technologies, certainly there could be techno-
logical fields or technological families attracting more diversification
efforts than others. This we wish to confirm. Furthermore, ICT is certainly
one of the most likely candidates to figure among the most “demanded
patent fields”, at least in recent times. This will be the fundamental
hypothesis under review.

Our analysis is complementary in a broad sense to the research of
Granstrand, Patel and Pavitt (1997) and others as it accepts the main MTC
insights and because it will try to give an account of the relative attracting
power of ICTs in the context of corporate technological diversification.
Moreover, our focus can also be regarded as complementary to the analy-
sis of Gambardella and Torrisi (1998) and von Tunzelmann (1999) who
have concentrated on the degree of technological diversification within
the ICT sectors themselves: our emphasis is the reverse, how have ICT
technologies been developed outside ICT sectors?

It is also worth emphasising what we are not researching. First, organi-
sational competencies such as strategic or marketing competencies cannot
be assessed through this data set. Second, we will not try to establish
country differences. Third, we also cannot assess intra-industry hetero-
geneity due to the way the data set is built. Fourth, we will not try to assess
the role (facilitating or inhibiting) of ICT in the process of diversification
itself.

4 The link between technological diversification and ICT:
empirical findings

The goal of this section is to specify in more detail what sorts of techno-
logical knowledge companies are developing (diversifying into) as
expressed by patent data. More specifically, we will carefully scrutinise the
dynamics of the ICT capabilities of our corporation sample.

4.1 The explosive growth of ICTs, Drugs and Biotech and Materials
technology

It is widely acknowledged in the innovation literature that the accelerated
development and diffusion of ICT was a distinctive feature of the last
quarter of the twentieth century. Table 8.3 shows that the growth of
(narrowly defined) ICT was striking when compared to other techno-
logical fields. It is also interesting to detect that the other most dynamic
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Table 8.3 Technology families’ growth

(1991-96/1980-85) (%)

ICTN 287.3
ICTB 230.5
Materials 201.4
Drugs and Biotech 191.6
All technologies 180.7
ICT+ 174.7
Other 168.8
Transport 143.8
Fine Chemicals 142.6
Mechanical 140.2
Chemicals 121.2

Source: Elaborations on the SPRU-OTAF database.

technological groups are Materials and Drugs and Biotechnology. This
comes as no surprise as numerous analysts and futurists have systematically
anticipated these as key generic technologies in the last 30 years. It can be
seen that the number of patents in ICT N in 1991-96 is about three times
what it was in the period 1980-85. It also comes out that ICT N corres-
ponds to almost one third of total patents in the early 1990s while its
weight in the early 1980s was one fifth. It also can be noted that the
broadly defined ICT group or ICT B has been rising to explain almost 50
per cent of all patents during the 1991-96 period.* This behaviour con-
trasts, for instance, with the unchanged flow of mechanical innovations as
measured by absolute patent counts, a trend which has been emphasised
by Patel and Pavitt (1994a), which has not been enough to sustain the rel-
ative fall in share of mechanical classes in total patents.

4.2 The extent of technological diversification across industries

The analysis shown bellow in Table 8.4 is based in Patel’s (1999) corre-
spondence between industries and their main bundles of technical
fields (see Appendix 2). For instance, this classification puts ICT N tech-
nologies in the centre of Computer and Electrical/Electronics indus-
tries’ competencies, it then becomes possible to assess the extent of
technological diversity in each industry by the proportion of patents
granted outside the industries’ ‘core technical fields’ (CTF). The
numbers in Table 8.4 were calculated by simply subtracting the patents
obtained in the respective core technical fields and dividing the remain-
der by the industries’ total. We can see that all sectors have at least 25
per cent of their patent portfolio in technological areas not directly
related to their core business. For instance, Electrical/Electronics,
Computer and the Pharmaceutical sectors are among the least diversi-
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Table 8.4 Industries patenting outside ‘core technical fields’

1991-96 (%)

Aerospace 74.0
Materials 69.5
Metals 66.5
Photography and Photocopy 65.3
Motor Vehicles and parts 63.6
Machinery 62.0
Mining and Petroleum 58.3
Paper 57.7
Chemicals 47.0
Rubber and Plastics 45.1
Food, Drink and Tobacco 42.6
Electrical/Electronics 39.3
Pharmaceuticals 30.2
Computers 25.1
All industries 48.3

Source: Elaborations on the SPRU-OTAF database.

fied, which can be interpreted as indicating that the explosive patenting
performance in the related technological areas has been primarily
driven by the specialist sectors.

An alternative measure of technological diversification is to calculate the
sum of the squares of the shares of all the classes for each industry, the
Herfindhal index (H). A lower H indicates that companies or industries are
spreading their patents across a broader set of fields or, in other words, it
reveals that the agents command knowledge in more technologies. By calcu-
lating the H of the industries on the basis of the 34 patent classes we find
that the Computer sector, as well as the Electrical/Electronics sector,
appears again to be focusing on their core technological competencies over
time.? Putting it another way, the ICT sectors, or the Motive/Branch
branches in the Freeman-Louc¢a—Pérez terminology, have been diminishing
substantially the weight of non-ICT technologies in their portfolios. This
again suggests that the growth in the patents of the Computer industry has
been driven by ICT N, i.e., the core technology of the sector, something one
could expect from the theory. This pattern is also in line with the findings
derived from the same database by Gambardella and Torrisi (1998) and
Patel (1999) and also Hagedoorn et al. (2000) who used Techline data for a
similar sample of large European, Japanese and American companies.

4.3 The ‘attraction’ of ICT and other generic technologies

We have just seen that ICT, Drugs and Biotech and Materials technology
are a legitimate object of particular interest due to the evidence on a)
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their explosive growth and b) of a broadening industry base from which
these technologies are being originated. Figure 8.1 shows the result of
sorting the highest growth technological groups between 1980-85 and
1991-96 when companies from all sectors patent outside the traditional
technical fields that traditionally characterised of their sectors. It emerges
that generic technologies are the most diversified into (above average).
The case of ICT N is particularly striking. This is the most ‘demanded’
technological group, being more than three times more diversified into
during 1991-96 than 1980-85. This performance is resilient if com-
pounded by ICT+. This can be interpreted as indicating that technical
knowledge about ICT is getting widely dispersed across industrial sectors
and that the ICT family behaves in a distinct fashion when compared to the
rest of the technological families, including the other generic technologies.

When considering the problem of assessing trends in technological
diversification or specialisation the H is usually applied to companies,
industries and countries. In this sub-section we instead apply the index to
technologies on the basis of the industries’ contribution to them, that is,
we calculate it the other way around. In this case, one is changing the
angle of analysis and investigating the sectoral source structure of a
technology (the extent to which different industries are contributing to
total patenting in one technical field). A high index reflects concentration
of technological activity: the fewer industries ‘supplying’ the patent class
means that fewer industries are integrating that technical field in their
knowledge portfolios in a substantive way.

In Table 8.5, several technological families seem to be diversifying the
sources where new inventions and improvements are recruited from,

350%
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Figure 8.1 Patenting increase in technologies that have been diversified into
(1991-96,/1980-85).

Source: Elaborations on the SPRU-OTAF database.
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Table 8.5 Herfindhal index: technology families in terms of industries

H 1980-85 1991-96 Change
Chemicals 0.1861 0.1573 —0.0288 Div
Fine Chem 0.2494 0.2759 0.0264

Pharm and Bio 0.4028 0.3885 —0.0144 Div
Materials 0.1366 0.1401 0.0035
Mechanical 0.1300 0.1356 0.0055
Transport 0.5156 0.4764 —0.0392 Div
ICTN 0.3672 0.3189 —0.0483 Div
ICT+ 0.2053 0.1990 —0.0063 Div
ICT B 0.2691 0.2587 —0.0103 Div
Other 0.1041 0.1102 0.0061

All technologies 0.1308 0.1383 0.0075

Source: Elaborations on the SPRU-OTAF database.

especially the ICT N group. The ICT families appear to be recruiting
patents from a broader set of industry contributions. Both ICT N and
ICT+ appear to be recruiting patents from a broader set of industry con-
tributions. It seems as though more industries are entering into ICTs in a
serious way and enlisting important additions to the total amount of ICT
patents generated.® This observation represents a very interesting dif-
ference between ICT (technologies) and the ICT sectors. These findings
set the tone for a deeper inquiry, namely into the way in which this diversi-
fication is primarily orientated towards ICT. An interesting question now
is what are the most ‘pro-ICT’ industries and what specific ICTs are
attracting non-ICT specialists.

4.4 The ICT component of corporate technological portfolios

Table 8.6 shows that all (but one) industries (Paper) increased the weight
of ICT N in their technological portfolios when comparing the periods
1980-85 and 1991-96. This result is very important and it is again substan-
tially stronger for ICT N than it is for ICT+. Companies of all industries
are consistently patenting into ICT and when they go the movement tends
to be into ICT N, the most science-based of the ICT technologies. On
average, if we take the row for all industries, it is as if each industry
increased its patenting by 11 percentage points (18.8 per cent plus 11.1
per cent). Concerning the non-ICT sectors, it can be noted that the level
of ICT N is important (above 10 per cent) for the Aerospace and Motor
Vehicles and Parts sectors, Machinery, and very much so for the Photo-
graphy and Photocopy industry. Furthermore, the Metals and Materials
sectors both register a step-jump rise (above 5 percentage points) in the
ICT N component of their technology portfolios, which is a substantial
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Table 8.6 The ICT component of the corporate technology portfolio

ICT N ICT+ ICT B

1980-85 1991-96 1980-85 1991-96 1980-85 1991-96
(%) (%) (%) (%) (%) (%)

Aerospace 12.7 13.3 20.0 19.5 32.6 32.8

Motor Vehicles 9.7 15.8 20.0 22.9 29.7 38.7
and Parts

Machinery 7.0 12.9 18.0 18.2 25.0 31.1

Photograph and  23.9 36.5 47.9 37.5 71.8 74.0
Photocopy

Electrical/ 41.7 53.3 29.2 23.6 70.9 77.0
Electronics

Computers 59.1 70.2 22.1 17.9 81.2 88.1

Metals 2.2 7.4 13.3 18.8 15.5 21.2

Mining and 2.5 2.6 7.6 7.0 10.1 9.7
Petroleum

Materials 1.7 7.1 11.1 9.4 12.9 16.5

Chemicals 1.2 2.2 7.7 6.6 8.9 8.9

Rubber and 2.3 2.8 5.2 5.9 7.5 8.7
Plastics

Paper 4.2 2.9 9.0 7.7 13.2 10.7

Pharmaceuticals 0.5 0.6 2.6 2.0 3.1 2.6

Food. Drink and 0.9 1.0 4.2 4.4 5.1 5.4
Tobacco

All industries 18.8 29.9 19.2 18.5 38.0 48.4

Source: Elaborations on the SPRU-OTAF database.

change especially taking into account their low initial shares. The above
six sectors, which reveal a strong performance in ICTs, account for half of
the non-ICT sectors.

ICT N was the group registering more net increases into its individual
patent classes followed by Drugs and Biotech and Materials. Overall, the
ICT family is the most pervasive in technology development, although this
trend slowed down for 1991-96 in relation to Fine Chemicals and Drugs
and Biotech, which have been strongly increasing their share of the
corporate technological portfolio. In our database, the stepjump in the
importance of ICT N patents for non-ICT sectors happened basically
during the 1980s. Nonetheless, the stylised fact appears to be robust. ICT
N was the technology family that increased more on the average portfolio
during our time span.

We should also add two further comments in interpreting our results.
Both these caveats point out that the ICT N trend across sectors is under-
estimated in our analysis. First, if we brake down ICT N for the Aerospace
industry it emerges that Telecommunications and Semiconductors have
been registering sharp rises (therefore the small rise of 0.08 per cent from
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1980-85 to 1991-96 in Table 8.6 can be misleading). Second, if we could
account for software activity the performance of the Pharmaceuticals
sector in ICT N would probably be much stronger due to the innovative
use of computer simulation technology in this sector (Nightingale, 2000),
the same is true again for the Aerospace industry in the precise case of the
digitalisation of the engine control systems (Prencipe, 2000).

4.5 Variety across industries when patenting outside the ‘core technical
fields’ into ICT

Measuring the extent of technological diversity in each industry by the
proportion of patents outside the industries’ ‘technological competencies’
yields a list of the most ‘preferred’ technologies when companies patent
outside their traditional technological competencies. The propensity to
patent in ICT” when companies patent outside their CTF can be described
as:

Patents granted in ICT

P ity to patent in ICT =
ropensity to patentin Total patents granted outside CTF

This approach shows that the ranking of technology families when they
patent outside their core technological fields competencies is rather stable
for the generality of the industries. However, if there was a change in this
path dependent knowledge structure this has been driven by ICT. As we
can see in Table 8.7, ICT N climbed up the ranking of corporate diversifi-
cation in five of our industries, it remained in the same relative position
for 6 and only fell down in 2 industries. This table provides ordinal
information derived from computing the sectors’ propensity to patent in
ICT (data not shown). For the average company, ICT N climbed up from
the sixth position it was occupying during 1980-85 to second in 1991-96.
Changes in the propensity to patent in ICT N are striking. In the first
period only 8.3 per cent of the patents were obtained in ICT N when com-
panies patented outside their core technological competencies, as for the
later period that figure was 15.8 per cent. The propensity to patent in ICT
N doubled (on average), making it the second ‘most demanded’ techno-
logy only behind ICT +.

This indicator also makes the Motor Vehicles and Parts, Photography
and Photocopy, Machinery and Aerospace sectors stand out as those with
the highest propensity to engage in ICTs when patenting outside their
CTF. Also with this indicator, the secondary importance of ICT N for
Chemical and associated sectors (Pharmaceuticals, Mining and Petro-
leum, Paper, Rubber and Plastics, Food, Drink and Tobacco) becomes
apparent.
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Table 8.7 Ranking of ICT N share in the technological portfolios of the industries

Industry Ranking of ICT patent share in technological
portfolios in 1991-96 (change from 1980-85 to
1991-96)

Photography and Photocopy First (no change in relative position)

Motor Vehicles and parts Second (fourth in 1980-85)

Aerospace Second (no change)

Average of all industries Second (sixth in 1980-85)

Machinery Third (no change)

Materials Fourth (fifth in 1980-85)

Metals Fifth (sixth in 1980-85)

Paper Sixth (no change)

Food, Drink and Tobacco Sixth (seventh in 1980-85)

Rubber and Plastics Seventh (no change)

Chemicals Seventh (sixth in 1980-85)

Mining and Petroleum Seventh (sixth in 1980-85)

Pharmaceuticals Seventh (no change)

Source: Elaborations on the SPRU-OTAF database.

4.6 Industries’ contributions to ICT N patenting

This sub-section is devoted to assess the contribution of the different
industries to total patenting in ICT N. Table 8.8 shows the percentage of
ICT patents in 1980-85 and 1991-96 that are explained by ICT sectors,
i.e., the Computers and Electrical and Electronics sectors. The figures
indicate that the ICT sectors have by no means a monopoly on ICT
patenting and that their share has indeed decreased from 1980 to 1996. In
contrast, Pharmaceuticals and Bioengineering-related sectors explain 90.9
per cent of all the patents in the Drugs and Bioengineering field while the
Materials-related sectors explain 20 per cent of patents in material techno-
logy. Our previous sections showed the existence of an increase in the
share of the ICT N component in almost all the non-ICT industries. It can
now be seen that this trend is behind a small increase in the share of their
contribution to overall ICT N patenting, even in the face of the very fast
and accelerating rate of growth of patenting by the Computers and Elec-
trical/Electronics sectors.

This result is in line with the Hicks et al. (2001) study on the composi-
tion of patenting activity in the US. In this study ‘information technology’
companies are found to be responsible for the production of three-
quarters of the ‘IT” patents (broadly correspondent to our ICT N category)
between 1993 and 1998. However, if our methodology is correct, the
increase in ICT N patents, or ‘IT” in the Hicks et al. (2001) terminology, is
coming from a broader range of sectors than their findings suggest. Hicks
et al. (2001, p. 686) found the ‘IT” sector to be responsible for 98 per cent
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Table 8.8 Percentage of ICT patents accounted by the ICT sectors

ICT N ICT+ ICT B
ICT sectors in 1980-85 77.3 46.1 61.6
ICT sectors in 1986-90 73.9 46.4 61.7
ICT sectors in 1991-96 74.5 44.9 63.2

Source: Elaborations on the SPRU-OTAF database.

of the growth in ‘IT’ patents while our figures point to a considerably
lower degree of concentration even though that share increased in the
later period of 1991-96. The Computer and Electrical/Electronics sectors
(our ‘IT sector’) were on the whole responsible for just 73 per cent of the
increase in ICT N patents. It is important therefore to check the sensitivity
of these results by evaluating the effect of including the Photography and
Photocopy sector in the class of ICT industries. In this case the percentage
of ICT N patents generated by ICT sectors averages at 89 per cent for
1991-96 with an increasing trend as well. Either way, the divergence with
Hicks et al. (2001) remains. Table 8.9 displays the contribution of ICT
sectors versus non-ICT sectors to the increase in patenting defined as the
difference between the numbers of patents in the three periods.

The non-ICT sectors contribution to ICT N (patent counts and per-
centage) is depicted in Table 8.10 for our 12 non-ICT industries. As can
be seen in column (a), this is a highly skewed distribution, those that con-
tribute substantially to ICT N contribute a lot: the four largest contribut-
ing sectors are equivalent to 80 per cent of the patents. Photograph and
Photocopy explains more than 50 per cent of the total of ICT N that are
generated by non-ICT sectors in 1991-96 while the next two contributing
sectors — Motor Vehicles, and Parts and Machinery — put in a further 31
percent. A number of other interesting patterns can also be detected with
the help of Table 8.9. First, column (b) shows that several industries have
recently registered a huge increment in the absolute number of patents in

Table 8.9 Sectoral contributions to the increase in ICT N patents

Growth between Growth between Total Growth in the
1980-85 and 1986-90 and period 1980-96
1986-90 (%) 1991-96 (%) (%)

ICT sectors 68.9 75.4 73.0

Non-ICT sectors 31.1 24.6 27.0

ICT sectors 85.8 90.9 89.0

including
the Photography and
Photocopy sector

Source: Elaborated from SPRU-OTAF database.
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Table 8.10 Non-ICT contributors to ICT N

1980-85 1991-96  a (%) b (%) ¢ (%)

Aerospace 761 1,144 5.5 50 14.5
Chemicals 325 899 4.3 177 4.0
Food, Drink and Tobacco 18 37 0.2 106 1.1
Machinery 684 2,344 11.2 243 19.7
Materials 57 212 1.0 272 75.6
Metals 106 526 2.5 396 19.6
Mining and Petroleum 309 352 1.7 14 2.8
Motor Vehicles and Parts 1,545 4,129 19.7 167 25.1
Paper 65 65 0.3 0 0.0
Pharmaceuticals 49 85 0.4 73 0.61
Photography and Photocopy 2,537 11,117 53.0 338 43.2
Rubber and Plastics 35 58 0.3 66 4.2
Total 6,491 20,968 100.0 223 43.7

Source: Elaborations on the SPRU-OTAF database.

Notes

a Contribution of each industry to the total increase of ICT N patents in 1991-96.

b Net growth in patent counts from 1980-85 to 1991-96.

¢ ICT N as percentage of total increase in patenting of each industry between the periods.

ICT N: Metals (396 per cent), Photography and Photocopy (338 per
cent), Materials (272 per cent), Machinery (243 per cent). Second, stat-
istics in column (c) tell us that almost half (43.7 per cent — the total row)
of the increase in total patenting in our database between 1980-85 and
1991-96 was the responsibility of a growth in patenting in ICT N (the
whole of classes in ICT B explain 61.4 per cent of total patent growth). It
is also worth noting that ICT N represented almost 76 per cent of the
increase in the number of patents obtained by the Materials sector, 43 per
cent for Photography and Photocopy, 25 per cent for Motor Vehicles and
Parts, and 20 per cent for Machinery and Metals sectors.

Third, although strong trends are detectable some caveats should be
kept in mind: a) the increase of ICT contribution of non-ICT sectors is
less strong in the later period; b) patenting has been consistently higher
in Computers and Image and Sound Equipment classes; c) finally, the
Computer industry continues to increase its patenting share in total of
ICT N patents generated by the ICT sectors at the expense of the Electri-
cal and Electronics sector.

5 The ICT-MTC link: a tentative discussion of the findings

The first words of comment must acknowledge the possibility that our
results can simply be explained by artificial shifts in the indicator that
could bias it towards ICT. Next we discuss the usefulness of the conceptual
frameworks employed and present challenges for further research.
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5.1 Appraisal of the empirical analysis: the propensity to patent in ICT

Recent studies on the patenting practices of business firms by Cohen et al.
(2000), Hicks et al. (2001) and Jaffe (2000) argue that there is no solid evid-
ence implying that the observed shift in patenting shares towards ICT is due
to confounding variation in the indicators. First, 80 per cent of all patents
were granted to business firms in the last quarter of the twentieth century,
out of these about half were granted to the world’s largest innovative firms
(Patel and Pavitt, 1995; Pavitt, 1998). Second, a survey questionnaire adminis-
tered to 1,478 R&D labs in the US manufacturing sector suggests that patents
have become a more central protection mechanism and that statistics can be
relied upon somewhat more for the large firms than in the early 1980s
(Cohen et al., 2000). Third, Jaffe (2000) in a recent paper was not able to
establish that the intellectual property reinforcement by US courts since the
early 1980s has given rise to any significant distortions in the propensity to
patent across different technologies. Fourth, Hicks et al. (2001), find that the
propensity to patent (patents per million dollar expenditure) in ICT has
doubled in the last twenty years but with no correspondent decrease in the
quality of patents as measured by patent citations, indeed a slight increase is
reported. In summary, the combination of these results reveals that the rise
of a pro-patent institutional environment in the US might have increased the
patenting rates in most technologies but in a step-wise fashion. In the specific
case of ICTs, which have grown exponentially with no quality deterioration,
the possibility that the patent indicator lost reliability due to patent policy
changes or patent-portfolio races is not supported.
Our empirical results were made robust in three ways:

a they were tested against reclassifications of the data and qualifications
were offered when variance was detected,;

b we also attempted various approaches and techniques in order to
filter robust empirical regularities, those that do not change with dif-
ferent ways of measuring different aspects of the same phenomena;

¢ whenever possible the findings were compared with similar studies
using SPRU-OTAF and other databases.

We thus believe that the movement towards technological diversification is
not evenly distributed across neighbouring technological fields as some
studies would imply, and the shift of patenting shares towards ICT is not
due to spurious turbulence in the indicators.

5.2 Appraisal of the theory: the development of dynamic capabilities in
ICT

In our sample the cluster of ICT-related technologies is, simultaneously,
a) the technology group growing the most in terms of number of patents
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granted and b) the area where companies are developing capabilities
faster on average. If our appreciation of these trends is correct, the follow-
ing qualification should therefore be kept in mind when thinking about
MTGs: diversification is directed more to some technologies than to
others. The increasing dispersion of ICT capabilities (their pervasiveness
in development) should not be underestimated. ICTs are key for an
increasing number multi-technology companies.

The patterns derived for the particular case of the ICT-related indus-
tries are in accordance with results of Gambardella and Torrisi (1998) and
von Tunzelmann (1999), who using SPRU-OTAF data found evidence of
increasing technological convergence within the ICT sectors coupled with
a low level of extra-ICT diversification. These patterns of ‘internal cross-
fertilisation’ and ‘deepening’ can be understood as indicative of the long-
term technological (and competitive) potential of ICT capabilities.

From another perspective Hagedoorn et al. (2000), using patent and
alliance indicators from Techline and SDI databases, help to confirm the
results we wish to emphasise in our study, that cutting-edge ICT capabilities are
not restricted to of ICT sectors. The comparison between patent and alliance
data done by these authors provides interesting complementary information:

a the Mechanical sector concentrates its technological alliances in Semi-
conductors and Computers;

b the Automotive sector concentrates its technological alliances in Com-
puters and Telecommunications;

¢ for the Aerospace industry the second most important kind of alliance
involves Computer technology,

d for the Chemical sector Computer technology is the third most
important type of alliance;

e the second most important technology alliance developed by the Phar-
maceutical sector concerns Medical Equipment and Medical Electronics.

Their key finding, in what concerns this chapter, is that the external
acquisition of ICT capabilities was a top priority for many non-ICT indus-
tries during the 1990s:

It is interesting that in non-IT sectors — such as automotive, aerospace,
machinery and chemical sectors — computer technologies, including
software, appear in the top three positions of receiving technological
alliances ... Companies that do not have internal competencies to
master such technologies seem to use external strategies to acquire or
jointly develop them.

(Hagedoorn et al., 2000, p. 20)

Recent results brought forward by Cantwell and Noonan (2001) on
technological relatedness measured by the degree to which different
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technologies are co-patented by the same industrial sectors, also suggests
that ICTs may be regarded as increasingly pervasive. This paper con-
tributes evidence that ICT appears increasingly associated with other
technological groups, namely chemicals and transports. The upsurge in
the technological relatedness of electronic technologies is felt in the
period 1969-95 and is driven by telecommunications, special radio
systems, semiconductors, image and sound equipment and office/data
processing systems.

Our work exhibits, however, a discrepancy in relation to Hicks et al.
(2001) who used the Techline patent database of the CHI consultancy
company. We find that large non-ICT companies have been responsible
for 15 per cent to 25 per cent of the ICT patents generated in the early
1990s and not just 2 per cent as claimed in that paper. In trying to account
for such a disparity we should first point out the differences between the
samples, in fact their analysis is based on patent counts for about 560 US
Companies for the years 1989-98. Second, we alert to differences stem-
ming from possible disharmonies between the data classifications, which
are not infrequent in patent analysis.® Although these factors probably
explain for a part of the divergence between the two studies there cer-
tainly remains an uncounted residual.

5.3 Appraisal of the historical framework: changing capabilities and
the new techno-economic paradigm

The neo-Schumpeterian LW framework served well in guiding the analysis
through the complex web of changes taking place in contemporary historical
time. A by-product of our empirical study is that it can be considered a partial
test of the theory, the results are positive in this regard. Our interpretation is
that the evidence on the (widening) pervasiveness of ICT capabilities can be
used to support the neo-Schumpeterian LW hypothesis that a period of struc-
tural changeis triggered by a new key productive factor (the ‘Core Input’) and
the new set of technological combinations associated with it.

Large companies of all sectors are dynamically expanding their ICT
capabilities, the engine of growth in the last quarter of the twentieth
century. The impact of ICT on large companies in many sectors suggests a
link between multi-technology trends and the rise a new technological
paradigm. The work of Helpman and his colleagues (1998) illuminates
this link by suggesting that ICT is a typical general-purpose technology by
evidencing strong complementarities with other technologies. Further-
more, our findings are in line with a study by Fai and von Tunzelmann
(2000) on the historical evolution of technological scale and scope. The
long-term patent analysis in that paper, using Reading University’s data-
base, points to a preponderance of a diversification strategy in techno-
logical capabilities, or scope over scale, in the last quarter of the twentieth
century. Their hypothesis is that:
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in the guise of emerging technological paradigms, firms may extend
their patenting into these fields and relatively diminish that in their
old areas of strength. In such cases, the technological scope of a firm
may increase without any necessary change of in technological scale.
On the other hand, if the technological opportunities of a rising para-
digm were exploited in extreme, it might appear that technological
concentration occurs, again with uncertain impacts on technological
scale.

(Fai and von Tunzelmann, 2000, p. 8)

Our research confirms that the ‘Core Input’ behaves as expected by
the LW theory: Semiconductors is the single fastest moving patent class
(an explosive growth technology by all accounts) and is basically pro-
duced by the specialist sectors (the Electrical/Electronics and Computer
industries explain above 80 per cent of the Semiconductors patents
throughout the three time periods). The ‘Motive/Carrier Branches’ of
the emerging paradigm also exhibit a growth pattern that is consistent
with the theory: the ICT sectors, i.e., the computer industry (in particu-
lar) and the Electrical/Electronics industry, are among the fastest
growing sectors in terms of patents produced. The last element of the
LW we can pronounce about is ‘Organisational Change’. With the help
of other pertinent work, notably Hagedoorn et al. (2000), we are able to
draw attention to the association between the rise of the ICT in techno-
logical diversification and the phenomena of networks for ICT develop-
ment, which again confirms the reasoned historical account of Freeman
and Loucga (2001).

Therefore, the pervasive, although uneven, development of ICT know-
ledge among large companies has implications for economic growth
debates. For instance, a paper by Harberger (1998) presents a distinction
between two types of growth: ‘mushrooms’ versus ‘yeast’. In the latter case
growth starts from one point and spreads uniformly. Mushrooms instead
grow randomly, and not in a uniform way. Harberger argues that modern
US productivity growth is driven largely by the internal growth of some
sectors in a given period whereas in other periods other industries assume
that role implying the ‘mushrooms’ hypothesis. Our findings suggest a
need for extra caution in growth accounting exercises when technologies
such as ICT are involved. ICT capabilities are not only developed by the
specialist sectors and their diffusion is highly structured. What we pick up
from studying our specific period in the evolution of corporate cap-
abilities is that the impact of ICT on aggregate trends is likely to be quali-
tatively complex. In this sense our findings point to forces pervasive
enough to have farreaching effects in the population of the world’s
largest manufacturing firms, a ‘general-purpose’ feature that David and
Wright (1999) would interpret as further evidence that the 1990s were a
decade of ‘yeast-like’ productivity growth. Moreover, the economy-wide
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adjustments required for exploiting ICT are bound to take their time,
which only an historical perspective can fully appreciate (Pavitt and Stein-
mueller, 2001).

5.4 Unsolved questions and new hypotheses: incomplete corporate
coherence and the relational role of R&D

This research is insufficient to allow us to make a strong statement about
the microeconomic and technological reasons behind the depicted
trends. The database would have to be much larger and more detailed to
allow us to know what exactly those ICT patents are and what they mean
for those non-ICT specialist firms that obtain them. For instance, the data-
base could be expanded to encompass the multiple technological fields in
which each patent is classified, other information could show citations of
ICT patents granted to ICT and non-ICT firms, patents in which software
technology was incorporated, etc. However, case studies cannot be easily
replaced as a source of empirical knowledge. Indeed, it would also be valu-
able to investigate if and how business organisations from non-specialist
sectors have contributed to other general-purpose technologies identified
by economic historians. For the remainder of this chapter we wish only to
present two hypotheses that could be researched using these and other
approaches.

First, an interesting question is the extent to which R&D is increasingly
being used as an instrument of external coordination. R&D can be seen as
a strategic asset that companies use with the intention to strategically
manage technological and productive relations with other players of the
national (and international) system of innovation and web of relations in
which the firm is embedded. This source of advantage can be used to
manage relations with innovative suppliers (but also with), rivals, buyers,
potential entrants, producers of substitute products, universities, govern-
ment laboratories, regulators, etc. Knowledge is power, and big business
institutions might be found to use it to obtain more knowledge and
sustain themselves as central knots in a network of technological and eco-
nomic relations. We might suggest that there is room for future interest-
ing research on the ‘third face of R&D’ in connection with the view of ICT
as the most strategic technology for corporate development in the late
twentieth century.

Following this speculation, alliances and other loose-coupling gover-
nance mechanisms should be at centre-stage of multi-technology analysis
in the future. Another interesting question is the extent to which ICT as
functioned as a catalyst of diversification by facilitating the processes of
social interaction and sustained networking or market exchanges among
different specialists. These ideas are compatible with the findings from a
variety of sources:
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a  Cohen, Nelson and Walsh (2000) on the new rationales for patenting;

b the discussion of modularity in product innovation (Brusoni et al.,
2001);

¢ the signalling incentives behind the publishing of scientific papers by
companies as pointed out by Hicks (1995);

d the increasing role of Intellectual Property Management (Granstrand,
1999);

e the rise of the importance of markets for technology (Arora et al.,
2001).

Potential managerial and public policy implications could be explored.
For instance, the necessities of networking imply an increased need for
social skills among engineers and other employees. This might be
achieved through the integration of social sciences in higher courses of
natural sciences and engineering.

A second proposal for future research considers enlarging the notion
of the multi-technology corporation. A large company active in natural
science-based technologies might sooner or later need to develop social science-
based technologies carried out by ‘social R&D units’ in order to improve
managerial competence in uncertain socio-economic environments. Dosi,
Teece and Winter (1992) addressing the issue of corporate coherence
from the product side, argue that companies, as a rule, “diversify into
‘related product lines’, and that this ‘coherence’ is relatively stable over
time” (1992, pp. 185). They present as a first page example the case of
Royal Dutch/Shell that, having spent the twentieth century in the oil busi-
ness, “diversified into petrochemicals and little else”. (1992, p. 185) The
authors fail to note that Shell tried to diversify into other energy busi-
nesses, like nuclear power, with dismal success. But why were conglomer-
ates (product line incoherence) unsuccessful and multi-technology
companies apparently very successful? A famous, yet still secret, report of
Shell Group Planning staff dating from the early 1980s, when the
company was facing serious trouble, gives interesting clues. The Shell
report, entitled Corporate change: A look at how long-established companies
change, argued that the most long-lived companies in the world (Sumit-
omo, Du Pont, Procter & Gamble, etc.) have been historically “tolerant of
activities at the margin: outliers, experiments, and eccentricities within the
boundaries of the cohesive firm, which kept stretching their understand-
ing of possibilities” (de Geus, 1997, p. 14).

Long-term corporate survival implies regeneration and this means
keeping technological options open because they are costly to develop
and the evolution business environment is uncertain. In this sense, a
certain degree of tolerance for impurity in technological activity may be a
formula to prevent competencies becoming rigidities. As Hodgson (1999,
p- 126) states in his description of the so-called impurity principle, every
socio-economic system relies on at least one ‘structurally dissimilar sub-
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system’ in order to function. Incomplete coherence or impurity in techno-
logical activity could be, in this sense, a necessary condition to facilitate
corporate learning and change. This is, indeed, the role that Shell, Daim-
lerChrysler and other large companies have assigned to their strategy
departments, which act as internal consultancies in technology foresight
and business environment monitoring.’

6 Conclusions

A key idea suggested by the empirical work leading to this chapter is that
the movement towards technological diversification is clearly not evenly
distributed across technological fields. ICT, Drugs and Biotech and Mater-
ials technology are the highest growth technology families and simultan-
eously those in which companies are increasingly patenting when they
patent outside their core technical fields. However, technological diversifi-
cation is distinctively strong in relation to ICT, for other technologies pat-
terns are less clear.

Looking at the relation between the multi-technology trend and the
new information and communication technologies by using patent data
we found that dynamic capabilities in ICT are more widespread than pre-
viously emphasised in the literature. While the ICT industries (Comput-
ers and Electrical/Electronics companies) have focused in their
technology scope there is evidence that core ICT technologies have been
progressively diversified the sectoral base from which new patents have
been harvested. It emerges that ICT capabilities, the engine of growth in
the last quarter of the twentieth century, are pervasive for an increasing
number of large corporations. Moreover, the speed of diversification into
ICT has been considerably fast given the relatively short time span of our
data. This implies that there is compelling evidence to believe that there
has been a significant ‘bias’ or leaning towards ICT in corporate techno-
logical diversification during the last two decades of the twentieth
century. As could be expected, there is considerable inter-industry vari-
ance in the level and pace of increase in ICT patenting as well as differen-
tiated trends among specific ICTs (Semiconductors, Computers,
Telecommunications, Image and Sound). Considering the evolving link
between ICT patenting and technological diversification our empirical
information shows that:

a ICT is important, and increasingly so, for the Photography and Photo-
copy, Motor Vehicles and Parts, Aerospace, Machinery industries;

b ICT is not so important, but rising fast in importance, for Metals and
Materials;

c¢ ICT is apparently not so important for Chemicals and related sectors
(Pharmaceuticals, Food, Drink and Tobacco, Paper, Mining and
Petroleum, Rubber and Plastics).
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It is a contention of this chapter that the increasing component of ICTs
in corporate technological diversification can be related to the neo-
Schumpeterian Long Wave hypothesis as conceptualised by Freeman,
Louca and Pérez. Our findings are consistent with its main propositions
and show the usefulness of the operational categories of that theory. In
this way we also attempt to show that the MTC and the LW literatures are
linked for they deal with related phenomena. An aim of this contribution
has been to argue that the expansion of the ICT component in the
corporate knowledge base may be a specific feature of an ongoing
process of structural change. We hope that this investigation manages at
least to unveil some new mysteries, and areas for future research.

Appendices

Appendix 1 The SPRU-OTAF patent classes

Inorganic chemicals
Organic chemicals
Agricultural chemicals
Chemical processes

Hydrocarbons, mineral oils, fuels and igniting devices

Bleaching, dyeing and disinfecting

Drugs and bioengineering

Plastic and rubber products

Materials (including glass and ceramics)

Food and tobacco (processes and products)
Metallurgical and metal treatment processes
Apparatus for chemicals, food, glass, etc.
General non-electrical industrial equipment
General electrical industrial apparatus
Non-electrical specialised industrial equipment
Metallurgical and metal working equipment
Assembling and material handling apparatus
Induced nuclear reactions: systems and elements
Power plants

Road vehicles and engines

Other transport equipment (excluding aircraft)
Aircraft

Mining and wells machinery and processes
Telecommunications

Semiconductors

Electrical devices and systems

Calculators, computers and other office equipment

Image and sound equipment
Photography and photocopy
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Instruments and controls

Miscellaneous metal products

Textile, clothing, leather, wood products
Dentistry and surgery

Other — (ammunitions and weapons, etc.)

Appendix 2 Correspondence between industry and ‘core technical fields’

Industry (i.e., principal product group) ‘Core Technical Field’

Aerospace Aircraft;
General Non-electrical Industrial Equipment;
Power Plants

Chemicals Organic Chemicals;

Electrical /Electronics

Food, Drink and Tobacco

Machinery

Materials
Metals

Mining and Petroleum

Motor Vehicles and Parts

Paper

Pharmaceuticals

Photography and Photocopy

Rubber and Plastics

Agricultural Chemicals;

Drugs and Bioengineering
Telecommunications;

Semiconductors;

Electrical Devices;

Computers;

Image and Sound Equipment

Food and Tobacco;

Chemical Processes;

Drugs and Bioengineering

General Non-electrical Industrial Equipment;
Metallurgical and Metal Working Equipment;
Chemical Apparatus;

Vehicles Engineering;

Mining Machinery;

Specialised Machinery

Materials

Metallurgical and Metal Treatment Processes;
Materials;

Metallurgical and Metal Working Equipment
Organic Chemicals;

Inorganic Chemicals;

Mining Machinery

Vehicles Engineering;

General Non-electrical Industrial Equipment;
Other transport equipment

Materials;

Specialised Machinery

Organic Chemicals;

Drugs and Bioengineering

Photography and Photocopy;

Instruments and Controls

Plastics and Rubber Products;

Materials

Source: Adapted from Patel, 1999.
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Notes

*

Helpful comments and suggestions by Alfonso Gambardella, Pari Patel, Ed
Steinmueller and Nick von Tunzelmann on earlier versions of this chapter are
gratefully acknowledged. Keith Pavitt's influence is much greater than can be
depicted from the reference list. He was a sounding board against which many
of the ideas were initially tested. Without his support and his willingness to be
challenged this chapter would not have been written. I am also grateful to Paul
Wright whose rigorous scrutiny constituted a key contribution in the revision of
the final version of this chapter. The use of SPRU’s, University of Sussex, data-
base is gratefully acknowledged. This research benefited from a scholarship for
advanced studies by CISEP-ISEG, Technical University of Lisbon. The usual dis-
claimer applies.

We do not assume, for instance, patents to be a proxy of inventions stemming
from R&D resources, thus implying the notion of ‘knowledge production func-
tion’ akin to the much abused ‘linear model of innovation’. This view would
face theoretical and empirical problems that can be avoided here (see Pavitt,
1985)

More specifically, the population is made up of the largest companies according
to sales as reported in the Disclosure Global WorldScope database, excluding
those based outside the Triad, e.g., Australia, Latin America, South Africa and
South Korea.

We will refer to technological classes or individual patent classes to distinguish
from technological families or groups in the forthcoming analysis. Appendix 1
shows the complete names of the 34 individual classes.

The patent study by Hicks et al. (2001) establishes that information and health
technologies had grown by more than 400 per cent between 1980 and 1999,
with information technologies (computers, telecommunications, semiconduc-
tors, . . .) accounting for 25 per cent of total US patents by the later date.

The calculations of H for the industries on the basis of individual patent classes
and technology groups are not shown for reasons of economy of space.

It should be noted here that the only non-diversifying ICT N class is Computer
technology, something that should be interpreted as stability of the sectorial
source structure of this class (the Electrical/Electronics and Computer indus-
tries explain 77 per cent of all Computer patents throughout the three periods).
Two notes: 1) this concept is an extension of the propensity to patent concept;
and 2) naturally it makes no sense when applied to ICT sectors.

That is why we also controlled for the inclusion of the Photography and Photo-
copy sector in our ICT sectors as part of our sensitivity analysis.

For an account of the cases of Shell and DaimlerChrysler and for an exploration
of the connection between social sciences and organisational competencies see
Mendonga (2001a, 2001b).
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9 The changing boundaries of the
firm

Empirical evidence from the
aircraft engine industry

Andrea Prencipe’

1 Introduction

Two research traditions have analysed the boundaries of the firm. The
first tradition is the theoretical and empirical literature on the theory of
the firm. The competing theoretical paradigms provide different and
diverging interpretations of firms’ boundaries. In the last decade there
has been a surge of interest in the internal resources of the firm. Drawing on
the seminal work of Penrose (1959), the resource-based view of the firm
has emerged as an alternative paradigm for theoretical interpretations of
the business organisation. In contrast to the contractual view that main-
tains that a firm can be conceived as a nexus of contracts, the resource-
based view conceives a firm as an organised bundle of resources.

The second tradition of research that deals with the boundaries of the
firm is the composite stream of literature on the division of innovative
labour. Recently, much of the debate has revolved around the concept of
modularity. Industrial economists, management scholars and organisation
theorists have discussed the implications of this concept for inter-firm divi-
sion of labour (Arora et al, 1998; Sanchez and Mahoney, 1996). It is
argued that modularity is a characteristic of the product, its underlying
technological knowledge and firm’s organisation design. The conclusion
drawn is that there is a perfect overlap between the product boundaries
and the boundaries of a firm’s technological knowledge.

Building upon these two streams of literature, the aim of this chapter is
to investigate the dynamics of the boundaries of firms operating in the air-
craft engine industry. Firm’s boundaries can be measured and assessed
along multiple dimensions. This chapter aims to analyse the extent to
which aircraft engine manufacturers rely on internal or external suppliers
for the design, development and manufacture of components, subsystems,
materials and production equipment of the aircraft engine.

The civil aircraft engine industry shows some peculiar features that
render it interesting in relation to the issue of boundaries of the firm. The
aircraft engine is a multicomponent, multitechnology product. This poses
significant managerial challenges for aircraft engine manufacturers in
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terms of the technological capabilities to be developed and make-buy
decisions. These challenges are exacerbated by the existence of various
driving forces at work in the industry that ‘enable’” and ‘push’ engine man-
ufacturers to externalise greater parts of their activities in relation to the
research, design, development and manufacture of new engines.

This chapter argues that the nature of the boundaries of the firm is
complex and determined by the interplay of the product and technology
dynamics. It shows that the boundaries of the firm are multifaceted and
should not be confined to (or confused with) the boundaries of the firm
as defined by product interfaces. In other words, the technological bound-
aries of the firms differ fundamentally from the boundaries of the firm as
defined by make-buy decisions. A corollary of this is that decisions to out-
source technological knowledge do not follow automatically make-buy
decisions related to product components. These results show that the
scope for technology outsourcing for aircraft engine manufacturers is
limited due to the technological requirements of engine integration and
the co-ordination task they perform in the industry. Although engine
manufacturers make extensive use of collaborative agreements, they main-
tain a broad range of in-house technological capabilities in order to under-
stand and co-ordinate the technological work of the network of suppliers
involved in the industry. External sources of technologies are considered
complementary to internal sources.

This chapter is organised as follows. Section 2 discusses the literature
on the boundaries of the firm. Using the interpretative framework pro-
posed by Miller et al. (1995) to study complex product systems industries.
Section 3 illustrates the structure of the innovation process and the role of
the industry’s major actors. Section 4 discusses the multitechnology, multi-
component nature of the aircraft engine and details the driving forces
impinging on engine makers’ in-house technological capabilities. Section
5 presents the results of the analysis of engine makers’ technological pro-
files as reflected in US patent statistics. Section 6 concludes.

2 Literature review and the analytical framework

2.1 The modularity paradigm

The concept of modularity has become centre stage in the debate on the
appropriate forms of technological and organisational co-ordination.
Drawing on the concept of decomposability put forward by Herbert Simon
(1962, 1976), industrial economists, management scholars and organisa-
tional theorists have elected modularity as the principle that should
inform product and organisation design and firms’ cognitive activity.
Modularity was first proposed as a product design strategy aimed at
decomposing products through the definition of stable interfaces among
its components (modules). Accordingly, the design of each module can
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be improved within a predefined range of variation and a predefined
period without impacting on the design of other modules (Ulrich, 1995).
Management scholars and industrial economists have used the concept of
modularity to analyse the dynamics of products’ underlying technological
knowledge, organisational design, and inter-firm relationships (Arora et
al., 1998; Sanchez and Mahoney, 1996). The position that emerges from
research on modularity is as follows. By adopting a modular design strat-
egy, firms fully specify and de-couple both components and the different
stages involved in the product development process. They focus either on
the development of the product architecture or on the different modules.
In this way, firms reflect the modular development process and embed the
modular knowledge underlying each component. A corollary of this line
of reasoning is that modularity in products, organisations and technolo-
gies is positively correlated. As a consequence, a greater division of labour
at each level (product, organisation and technology) characterises the dif-
ferent industrial settings.

According to modularity advocates, therefore, the evolution of an
industry technological knowledge base into more general and abstract cat-
egories allows for a better understanding of the inner workings of products
and processes. Such an understanding enables the adoption of more
complex design strategies (e.g. modularity). Firms de-couple the develop-
ment of the product architecture from the development of the modules,
and then specialise in either the architecture or a few modules. Further-
more, since the product architecture acts as a sort of ‘glue’, the organisa-
tional processes underlying architecture and module development are
also separated and carried out independently. The combined effect of the
different dimensions of modularity paves the way to a greater division of
labour both within and across firms at the level of product, organisation
and technology. A corollary of this is that a firm’s boundaries are defined
by the boundaries of the products (i.e. the product’s interfaces).

2.2 Technological and organisational co-ordination: what the
management literature suggests

Modularity advocates argue that due to the positive correlation between
product, organisation and technology modularity, industrial sectors are
characterised by a greater inter-firm division of labour at each level.
Accordingly, co-ordination across firms is achieved through the market
mechanism, since modularity characterises and informs products, the
organisations designing and producing them, and the technological
knowledge underlying the products. Though management scholars
acknowledge the far-reaching effects of the modularity paradigm, they
argue that in order to understand the relationships between product,
organisation and technology analysis of further dimensions is required. In
particular, the number of external sources, technological change and the
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different dynamics underlying technologies and products are factors that
should be taken into account.

2.2.1 Systemic vs autonomous innovation and the number of external
sources

Chesbrough and Teece (1996) deal with the issue of technological and
organisational co-ordination within the discussion of the appropriate
organisational form for technological innovation. They maintain that the
appropriateness of a firm’s organisational form is defined by the interplay
of two sets of factors, namely the number of external sources of know-
ledge and the types of technological innovation.

With regard to the former, Chesbrough and Teece argue that when the
number of external sources (i.e. suppliers) is low, firms should adopt
integrated forms to counteract the likely suppliers’ opportunistic behavi-
our and wvice versa. With regard to the latter, they identify two main types of
innovation, autonomous and systemic. Autonomous innovations can be
pursued independently of other innovations because they are charac-
terised by standardised interfaces with existing component technologies
that are often codified in industry standards. Systemic innovations can be
realised only in combination with complementary innovations. The man-
agement of this system of innovations requires the continuous exchange
and sharing of information and knowledge across units of production
since systemic innovations redefine the interfaces “throughout an entire
product system” (p. 68).

These different features of innovation call for distinct organisational
designs. Autonomous innovations can be easily co-ordinated via market
mechanisms, since their integration with existing technologies rests on
well-defined interfaces. In this case firms can adopt virtual structures that
are more responsive than integrated ones, since they can use market-
based incentives to access quickly and economically the technical
resources they need. Likewise, they can easily form alliances with other
companies deemed relevant for the commercialisation of the autonomous
innovation. Large integrated companies are unable to duplicate such a
responsive mode. Systemic innovations instead are best managed within
the same company. When innovations are interdependent, virtual corpo-
rations become vulnerable due to their inability to co-ordinate the
required exchanges of knowledge and information through the market
mechanism, and to settle conflicts between companies over integration.
According to Chesbrough and Teece, integrated companies can therefore
take advantage of their scale and their complementary assets when sys-
temic innovations are introduced. Similarly, market leadership is required
when new standards have to be set.
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2.2.2 Technology vs product: technological and organisational
co-ordination

Building on Chesbrough and Teece (1996), Granstrand et al. (1997) draw
some conclusions on firms’ technology outsourcing decisions. They distin-
guish two sets of factors that affect corporate outsourcing decisions: a) the
degree to which the innovation is autonomous or systemic and b) the
number of independent suppliers outside the firm. On these grounds,
they propose a two-by-two matrix that identifies four cells. Each cell is asso-
ciated with a different case calling for a particular degree of internal
technological capabilities. In particular, Granstrand et al. identify four
intermediate corporate positions between full integration and full
disintegration, namely exploratory research capability, applied research
capability, systems integration capability, and full design capability. For
instance, when the number of external sources is low and the innovation
is systemic, then companies should maintain a wide range of in-house cap-
abilities, from exploratory and applied research down to production
engineering.

Granstrand et al. (1997) have enriched the framework proposed by
Chesbrough and Teece (1996). In identifying the above-mentioned inter-
mediate stages between full integration and full disintegration, they
contend that decisions related to products are distinct from those con-
cerning their underlying technological capabilities. They argue that “what-
ever the type of innovation and the number of external sources,
companies should maintain capabilities in exploratory and applied
research in order to have the competence to monitor and integrate exter-
nal knowledge and production inputs” (p. 20). This identifies a critical
deficiency in the research that does not distinguish between technologies
and products.

This chapter builds upon the works of Chesbrough and Teece (1996)
and Granstrand et al. (1997) to explore the dynamics of the changing
boundaries of firms operating in the aircraft engine industry. It under-
stands a firm’s technology base as a stock of technological capabilities (Dier-
ickx and Cool, 1989). The aircraft engine industry was specifically chosen
because of the significant managerial implications posed by the multitech-
nology, multicomponent nature of the aircraft engine. The multicompo-
nent nature of the aircraft engine requires engine manufacturers to
maintain a differentiated set of technological capabilities in terms of
component knowledge, knowledge about the ways in which the com-
ponents are linked together and interact as a system, and knowledge
about the system as a whole. The multitechnology nature of the aircraft
engine demands that engine manufacturers develop capabilities in mul-
tiple technological fields. Due to some driving force at work in the indus-
try, however, engine manufacturers usually focus on those capabilities
regarded as crucial and contract out peripheral ones. This leads to critical
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outsourcing decisions and puts severe demands on the types of R&D activ-
ities that are carried out in-house.

3 The structural context of the innovation process in the
aircraft engine industry

This section illustrates the main characteristics of the structural context of
the innovation process in the aircraft engine industry. The discussion
opens with a summary examination of the main characteristics of complex
product systems industries as identified by Miller et al. (1995) and Hobday
(1998). Based on this work, an interpretative scheme is proposed to
identify the roles of the main actors involved in the innovation process
and to highlight the factors influencing sources, pace and direction of
technical change in the aircraft engine industry.

3.1 Mass-manufactured products vs complex product systems industries

Complex product systems have been defined as “high cost, engineering-
intensive products, sub-systems, or constructs [i.e. capital goods] supplied
by a unit of production” (Hobday, 1998: 690). Hobday has identified a
number of dimensions to compare and contrast mass-produced products
and complex product systerns.2 Accordingly, complex product systems
differ from simpler, mass-produced products in terms of product and pro-
duction characteristics, dynamics of the innovation process, competitive
strategies, managerial constraints, industrial co-ordination and market
characteristics.

3.2 The aircraft engine industry as a complex product systems industry

The aircraft engine industry shares some of the characteristics of complex
product systems industries as identified by Miller et al. (1995) and Hobday
(1998). An aircraft engine is a high cost capital good composed of many
interacting and often customised elements that belong to different
technological fields. The number of components varies according to the
size and, therefore, thrust of the engine. The powerful engine powering
such aeroplanes as the Boeing 747 and the Airbus A340 may encompass
up to 40,000 components. In addition, although the same basic engine
powers these two aeroplanes, certain engine parts need to be customised
to each application. The software governing the engine control unit is a
case in point since it has to be fine-tuned with the avionics system of the
aeroplane.

Aircraft engines are batch produced. The design, development and
production of a new aircraft engine involves several firms and the degree
of user involvement is very high. Airframers, airlines, regulatory bodies,
specialised suppliers and engine makers closely collaborate during new
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engine development programmes. The development costs of a new
engine are extremely high, notably between US$500 million and US$2
billion.” These figures highlight that any failure of a programme may
badly affect the financial situation of an engine maker and/or push it
towards receivership as in the case of Rolls Royce during the development
of the RB211 engine in the 1970s. Such huge financial outlay has led to
financial collaborative agreements between engine makers and suppliers
for the development of new engines.

With regard to the dynamics of the innovation process in the aircraft
engine industry, the Abernathy and Utterback (1975) life cycle model
does not seem to capture its salient characteristics. Although the turbofan
engine configuration can be regarded as the industry dominant design, its
emergence does not seem to have slowed down the rate of product
innovation. In the aircraft engine industry, product and process innova-
tions are closely intertwined and product innovations are always perform-
ance maximising.

3.3 The structure of the innovation process in the aircraft engine

industry

Miller et al. (1995) argue that the appropriate unit of analysis for studying
the process of innovation in complex product systems industries is the
network of actors involved in the process as well as the single supplier
companies. They propose that the innovation parameters of complex
product systems industries can be described in terms of a meso-system
composed of three main groups, notably the innovation superstructure,
the systems integrators (in this case the engine makers), and the innova-
tion infrastructure. Drawing on such framework, this section illustrates the
structure of the innovation process in the aircraft engine industry.

The scheme depicted in Figure 9.1 is organised as follows. The engine
manufacturers make up the core of the meso-system; they co-ordinate the
functioning of the innovation process by organising the roles of the differ-
ent actors involved. Suppliers are part of the innovation infrastructure.
They provide materials, components, subsystems, machine tools and soft-
ware to the engine makers. Suppliers are increasingly involved in new
engine programmes both financially as risk and revenue sharing partners,
and technologically as they take on larger chunks of engine design and
manufacturing tasks. Governmentfunded laboratories and universities are
also part of the innovation infrastructure. They provide the research infra-
structure as well as the technologies and training. Engine makers and the
innovation infrastructure are the supply side of the industry. They can be
regarded as the sources of technical change.

The innovation superstructure represents the ‘market’ for aircraft
engines. Airlines, airframers, certification agencies and professional
bodies that comprise it, heavily influence the pace and direction of tech-
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Figure 9.1 The aircraft engine industry meso-system.

nical change. The airlines are the buyers of the engines. Airframers define
engine requirements in relation to aircraft characteristics and pass them
on to the engine manufacturers. Certification agencies and professional
bodies form the remaining part of the innovation superstructure. The
former set engine certification requirements, whereas the latter act in the
context of information exchange between the different parties involved in
the process. A substantial role in directing technical change is also played
by the high level of regulations imposed by national governments and
international organisations.

It is worth analysing the role of each group and how they interact in the
innovation process in order to have a better understanding of the func-
tioning of the process itself. Each group therefore will be examined in
turn.

3.4 Engine makers

As reported in Figure 9.1 the engine makers represent the core of the
innovation meso-system of the industry. Engine makers design, develop
and manufacture engines according to the airlines’, airframers’ and regu-
lator’s requirements. They co-ordinate the activities of a large number of
specialised suppliers, integrate components and add value through their
systems integration capabilities.
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At the systems integration level, the industry is highly concentrated.
The large turbofan market (over 35,0001b) is dominated by the so-called
Big Three or Primes, notably General Electric Aircraft Engines, Pratt &
Whitney, and Rolls-Royce. In the medium- and small-sized engines market
(below 35,0001b), the main actors are AlliedSignal Engines, Rolls-Royce
Allison, General Electric Aircraft Engines, Pratt & Whitney Canada,
Williams International and two international joint-ventures, CFM Inter-
national and International Aero Engines. CFM International was set up by
General Electric and Snecma, whereas International Aero Engine (IAE) is
composed of Pratt & Whitney, Rolls-Royce, Motoren und Turbinen Union
(MTU), Fiat Avio and Japanese Aero Engine (in turn a consortium of
Japanese aerospace companies). In the turboshaft/turboprop market, in
addition to the previously mentioned engine makers, it is worth mention-
ing the French company Turbomeca. In the aircraft engine industry, East
Asian firms play a relatively minor role. They are in fact suppliers or at the
most joint venture partners, such as Mitsubishi Heavy Industries and
Kawasaki Heavy Industries from Japan and Samsung Aerospace from
Korea (Nakamoto, 1997).

In the last ten years a number of mergers and acquisitions has further
concentrated the industry. AlliedSignal Engines acquired Textron
Lycoming and Garret Engines, and Allison Engines was acquired by Rolls
Royce. Mergers and acquisitions have also taken place at the supplier
level.

3.5 The innovation infrastructure

3.5.1 Risk and revenue sharing pariners and specialised suppliers

The industry is characterised by an ever-increasing number of inter-
national collaborative agreements for the design, development and manu-
facture of new engines. This practice has been borrowed from the military
side of the industry where collaborations among companies from different
countries have been taking place since the early 1970s. The reasons why
the development of new engines is shared among different companies lie
in the increasing development cost and related risk of failure of the pro-
gramme. Competition in the large turbofan market is in fact severe and
price-based. Industry trade journals report that engine list prices are
heavily conceded by engine makers in order that they can secure a
foothold in the spares market business considered to be the ‘gold mine’ of
the industry.

Thus, new engines are developed using a new form of contractual rela-
tionship, labelled a risk and revenue sharing partnership (RRSP). Accord-
ingly, suppliers, typically first-tier ones, are invited to join the engine
programme early on and to buy a stake in it (usually one or more com-
ponents or an entire subsystem) in order to share the risks and future
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revenues (if any) of the programme. The shares held by suppliers have
been increasing over time. On the one hand, engine makers want to ‘split’
risks and revenues across several suppliers to reduce their own stakes and
to gain customers (i.e. airlines) via the involvement of suppliers of the
same nationality as the customers. According to some industry experts, air-
lines (usually statefunded) are more likely to place engine orders when
national component suppliers have been involved in the engine pro-
gramme. On the other hand, component suppliers, especially from devel-
oping countries, push to get bigger engine programme shares in order to
get experience with more engine parts. The industry therefore is charac-
terised by a three-tier structure made up of engine makers, RRSPs and
suppliers. The world’s largest RRSPs are MTU, Snecma and Fiat Avio.

3.5.2 Governmenl-funded laboratories: the role of national governments

Mowery and Rosenberg (1982) argue that government policy has influ-
enced both the demand and supply of the US commercial aircraft indus-
try. On the supply side, the industry has received government support via
research on commercial application technologies undertaken at national
laboratories such as NASA, direct funding of firm internal research pro-
grammes, and spill-over from the military side. The demand side has been
influenced via the imposition of heavy regulations for safety and subse-
quently environmental concerns.

The support of national governments for the development of new
engine technologies via direct and indirect funding is still strong. Govern-
ment in both developed and developing countries fund research as well as
development programmes; the former to strengthen the technological
leadership of their national champions, the latter to improve their techno-
logical capabilities in such a value-added industry.® As regards Western
countries, there are several differences between the organisation of sup-
ports for technical progress between Europe and the US.

3.5.3 The role of universities

Universities are also part of the innovation infrastructure. Their role is not
confined to being mere providers of general knowledge, however. Univer-
sities are heavily involved in research projects with a much larger scope. In
fact, the scope of academic research projects ranges from design of com-
ponents, verification of company’s design and development and verifica-
tion of design codes, through the population of experimental databases
and exploration of component physical behaviour, to the training of
researchers and technical process improvements. Companies interviewed
fund studentships on specific topics and contemplate using in-house profes-
sors for trouble-shooting and problem-solving activities as well as for
longer-term research guidelines. The importance of the role played by
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academic units is demonstrated by the fact that the companies interviewed
consider the technological areas investigated in collaboration with them
to be highly confidential. It is worth noting that academic collaboration is
a phenomenon that interests engine makers as well as first and second tier
suppliers.

3.6 The innovation superstructure

3.6.1 The regulatory network imposed by national governments

The effects of regulation on aircraft engine demand are both direct and
indirect. Direct effects concern the issuing of rules that regulate engine
noise and emissions and the certification of new engines. These effects are
analysed in the following sections through a discussion of the role of certi-
fication bodies. The indirect effects are discussed below.

The indirect effects result from the heavy regulatory network imposed
by national governments and international bilateral and multilateral
agreements to regulate the exploitation of the air space over each
national state by air carriers. These rules influence air carriers’ competi-
tiveness in terms of price and route structuring. According to such rules,
air carriers are granted licences to exploit the air space. The International
Air Transport Association (IATA) is the regulatory body with regard to
fares. Bilateral air carriers’ agreements (for instance code sharing)
overlap this heavy regulatory network.

This dense regulatory structure has shrunk dramatically in the last 20
years. In the US, the tight control of the Civil Aeronautics Boards (CAB)
that since 1938 had controlled pricing policies and entry and exit from air
transportation, came to an end in 1978 (Mowery and Rosenberg, 1982).
The deregulation had a profound impact on the US air carriers’ route
structures. Air carriers have in fact adopted a hub-and-spoke strategy. Air-
lines choose an airport as hub where they concentrate passengers coming
from other airports (spokes) to redirect them to yet others (spokes). In
Europe, the European Union’s Third Package of aviation liberalisation
became effective in April 1997 giving airlines the right to cabotage in
another country (Rolls-Royce, 1997). However, according to industry
sources this last stage in European liberalisation was only a symbolic move
for the European Governments since national carriers still enjoy big cost
advantages in their respective domestic market (Boeing, 1999; Rolls-
Royce, 1997).

3.6.2 The certification agencies and the professional bodies

Certification agencies are part of the innovation superstructure. Engines
have to comply with rules defined by regulatory agencies, such as the
Federal Aviation Administration (FAA) in the US and the Joint Aviation
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Authorities (JAA) in Europe. There is a close, dialectic, and ongoing dia-
logue between engine makers and regulatory agencies during the design
and the development of new engines. Safety requirements have an import-
ant and constraining effect on the application of new technologies. The
introduction of new technologies is in fact always extensively discussed
between engine makers and regulators. New technologies often attract
specific new regulations and stringent testing procedures. In this way, the
severe testing procedures imposed via new rules act as targeting devices for
innovation (Miller et al, 1995). The first phase in the dialogue between
engine maker and regulator ends with the formal certification of the
engine after long and arduous testing carried out by the engine maker
and overseen by the regulator. According to Miller et al. (1995) this focus-
ing role played by the regulator for the introduction of the innovation is a
salient characteristic of many complex product systems industries as com-
pared to mass-productions where innovation is predominantly mediated
by the market.

The fact that the introduction of new engine parts based on innovative
technologies is discussed between engine manufacturers and the certifica-
tion authority does not lessen the importance of feedback as mediated by
the market. Information related to engine behaviour gathered by engine
operators (i.e. airlines) and maintenance engineers is deemed extremely
valuable by the engine makers during the innovation process. One of our
interviewees emphasised that the acquisition of maintenance companies
by engine makers in the last five years has realised as a by-product an
important source of information about customer requirements.” The
acquisition of information related to engine behaviour is now facilitated
by digital engine control technologies that have replaced the hydrome-
chanical control system. Digital engine control units, also labelled FADEC
(i.e. full authority digital engine control unit) are able in fact to monitor
and store engine performance data throughout the life of the engine
(Prencipe, 2000).

3.6.3 The airlines

Airlines are another group part of the innovation superstructure of the
aircraft engine industry. As they are the final customers for the engines,
they are in a position of considerable power to influence the performance
characteristics of an engine. Airlines demand reliable engines with low
operating costs for a variety of reasons but ultimately to boost their profit
margins.® In addition, they demand quieter and less polluting engines to
comply with the rules set by airports and regulatory agencies.

Airlines’ strategies heavily influence the rate and direction of techno-
logical change in the aircraft engine industry. An airline’s demand for air-
craft in terms of size and range depends on its route structures. Route
structure in turn depends on firms’ individual strategies but it is also



246 A. Prencipe

influenced by the rules imposed by national governments. As mentioned
earlier, since deregulation in the US, airlines have adopted a hub-and-spoke
strategy, which requires a change in the composition of airline fleets in
terms of long- and medium-range aircraft. Long-range or medium- and
short-range aircraft and twin or quad require the optimisation of different
engine design parameters such as specific fuel consumption and noise.

3.6.4 The airframers

The airframers are also part of the innovation superstructure. Though
they are no longer the final customers of the engine manufacturers, air-
framers play a central and active role in future (and futuristic) engine
configurations as well as during new engine programmes within an estab-
lished engine configuration. Airframe/engine integration is of paramount
importance for efficient and safe air transport. Radical changes concern-
ing the engine design configuration involving new airframe/engine instal-
lation solutions require the joint and close co-ordination effort of both
airframers and engine makers. Even within established engine design con-
figurations, such as the turbofan, airframers heavily influence aircraft
engine characteristics. The choice of engine cycle, size and thrust is in fact
weighted by its intended application.

4 The driving force impinging on the in-house
technological capabilities of aircraft engine manufacturers

Using the framework proposed by Miller et al. (1995) to study complex
product systems industries, the foregoing sections analysed the role of
each actor in the industry highlighting their influence on source, rate and
direction of technical change. Particular attention was paid to the dense
regulatory network imposed by national governments and certification
bodies and how it stimulates and affects the introduction of new technolo-
gies. Engine makers are required to have a clear understanding of such
rules as well as of customer requirements. The analysis has highlighted the
organisational and technological co-ordination endeavours that engine
manufacturers undertake throughout new engine development pro-
grammes.

Aircraft engines are multitechnology multicomponent products. The
large turbofan engines can encompass up to 40,000 components. These
components may differ in kind and variety. They belong to different and
often distant technological fields. To name but a few, thermodynamics,
aerodynamics, fluid dynamics, tribology, heat transfer, combustion, struc-
tures, materials, manufacturing processes, instrumentation and controls
(Mattingly et al., 1987). The number of components can increase further
over time, as firms have to cope with customers’ evolving needs as well as
ever-tighter regulations. The multicomponent and multitechnology
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nature of the aircraft engine requires that engine makers be active in mul-
tiple technological fields in order to design, develop, integrate and manu-
facture engines.

Therefore, engine makers’ activities span many different knowledge
domains:

a the scientific and technological fields underpinning the high variety
of components and subsystems,

b  organisational (e.g. project management) and relational (e.g. market-
ing) capabilities required to manage and integrate the roles of the
actors involved in the industry;

¢ knowledge about client requirements, and

d knowledge about rules and regulations for engine certification.

The challenging task for engine manufacturers is to integrate these dif-
ferent knowledge domains in order to be able to identify business
opportunities, and translate regulatory and customer requirements into
technical specifications that can be met relying on its own and suppliers’
technological capabilities. There are, however, some driving forces that
play a counteracting role that affects engine makers’ technological cap-
abilities (Table 9.1). As argued below, the combined overall effect of these
factors ‘enables and pushes’ engine makers towards greater externalisa-
tion of activities.

4.1 The enablers

Internal accumulated technological knowledge related to the engine
system enables engine makers to understand better the behaviours of
components within the engine’s operating environment. The accumula-
tion of this ability rests upon advances in scientific and technological disci-
plines, complex mathematical models and design knowledge embodied in

Table 9.1 The driving forces affecting engine makers’ technological capabilities

Enablers Pushers

¢ Internal accumulated technological ~  Spiralling costs of development

knowledge of the engine system ® Pressure from developing countries
behaviour ¢ Cutin defence budget (entailing

¢ Accumulated technological personnel reduction)
knowledge of the engine * Advantages of specialisation

components suppliers

¢ Increasing use of ever more powerful
computational capacity

¢ Knowledge codification process

¢ Modularisation of the engine system
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people. The use of powerful computers and sophisticated computer
models also underpins the progress of knowledge in this industry. In
particular, computational fluid dynamics (CFD) enables engine designers
to optimise the shape of compressor and turbine blades to improve their
efficiency. The use of increasingly powerful computers does not, however,
downplay the importance of empirical data gathered via experimental
activity and during engine in-flight service, and the engineers’ embodied
tacit knowledge. CFD codes are, in fact, always validated using empirical
data related to engine behaviour and performance stored in the databases
held by engine makers. These databases represent an important and
extremely valuable part of the memory of these companies. In addition,
engineers’ accumulated experience and rules of thumb are still promi-
nent in the choice of new design routes.

A better understanding of the technological principle governing the
engine system enables engine manufacturers to conceive engines in terms
of basic modules. In particular, engine makers can specify component
interfaces in terms of their functional and spatial specifications as well as
their physical properties. In this way most complex interactions take place
within rather than across the same modules. Modular aero engines have
been launched since the early 1970s. The section on aircraft engines con-
tained in Jane’s All the World Aircraft has included ‘modular engines’ and
‘engines composed of modules’ since 1970. From an operational view-
point, the concept of modular engines has its origin in the efforts of
engine makers to standardise component parts to ease the maintenance
of engines in use. Gardiner and Rothwell (1990) illustrated the case of the
RB211 engine for which Rolls Royce was able to scale-down or scale-up (or
more precisely de-rate and up-rate) the original design to cater for a
variety of market requirements and power outputs. Such modular design
enabled Rolls Royce to exploit economies of scale and scope across a sub-
stantial number of engines and over time.

This design philosophy is common in the industry. By adopting it,
manufacturers can launch engine families rather than single engines and
take advantage of the associated cost benefits. Using a common engine
core manufacturers spread the recovery of non-recurring design costs
over several market segments and benefit in terms of cost from larger
scale production. Thrust ranges can be targeted by the addition to the
engine of a tailored low-pressure system. Modularity in this industry also
paved the way for the practice of ‘retrofitting’ and ‘design commonality’
whereby engine makers improve existing engine versions by introducing
technological modifications, which, in turn, permit performance
improvements within the same thrust range. The Chief Design Engineers
interviewed confirmed that modularity is a powerful tool to reap
economies of scale, scope and knowledge in design, production and use.
Similarly, they confirmed that there is a strong trend towards greater
modularity.
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4.2 The pushers

New engines are increasingly developed via international collaborative
agreements among engine makers and suppliers. The development of
new engines is split among different companies because of the increasing
development cost and related risk of failure of the programme. Competi-
tion in the large turbofan market is fierce and price-based. Table 9.2
reports on companies’ collaborative agreements between 1985 and 1996.”
The relatively low number does not permit a statistical analysis of the port-
folio of agreements of each company. A close scrutiny of the content of
each of them proved to be extremely useful, however. The content of each
agreement was reviewed and arranged according to the kind of activity
involved in the contractual agreement. A two-tier classification was devised
in order to investigate at which level in the industry the division of labour
occurs. Six types of activities are identified, namely research, develop-
ment, manufacturing, testing, maintenance and ‘other’. Also, those agree-
ments involving engine development and manufacturing were further
classified in relation to the scope of the deal.

The table shows that the number of agreements shows a sharp rise in
1992-96 (from 30 to 65). Analysis of the content of each agreement
reveals that they are set up for several reasons. The activities concerned
include suppliers’ involvement in new engine programmes, research on
new engine technologies, manufacturing of engine components and
engine maintenance and repairing.®

It is worth noting that whereas agreement portfolios of RRSPs are
focused almost exclusively on new engine programmes, engine makers are
involved in agreements of all sorts. In particular, alongside new engine
programmes, manufacturers’ agreements involve research, development
and manufacturing of specific components and testing equipment. The
broader scope of the agreement portfolios of engine makers indicates that
they resort to a larger number of external sources than RRSP companies.

Table 9.2 Total number of collaborative agreements (number in brackets indicates
agreements that have been terminated)

Activity Scope 1987-91 1992-96  Subtotal
Design/manufacturing  Engine 12 27 (1) 39 (1)
Design/manufacturing ~ Component 4 4
Manufacturing Engine/component 3 7 10
Research 7 11 18
Testing - 1 1
Maintenance 2 11 13
Design/manufacturing Airframer 3 2 5
Other 3(1) 2 5 (1)

Subtotal 30 (1) 65 (1) 95 (2)
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Not only do engine manufacturers enter collaborative agreements to
develop new engines, but they also team up with research centres and sup-
pliers to acquire and develop new technologies for future engine con-
cepts. Using US patents section 5 assesses the impact of the increasing use
of external sources of technologies on engine manufactures’ technology
bases.

The largest number of agreements (39 out of 95) falls in the category
related to new engine development programmes. This result reflects the
increasing use of partnership agreements for the development of new
engines. CFM International, for instance, is a long-standing joint venture
between General Electric Aircraft Engines and SNECMA. The CFM56 has
become the world’s best selling engine. International Aero Engine is the
response to this joint venture by Rolls Royce and Pratt & Whitney teaming
up with MTU, Fiat Avio and Japan Aero Engine. Furthermore, new turbo-
fan engines, such as the GE90, the Rolls-Royce Trent, and the Pratt &
Whitney PW4000, were developed using RRSP agreements. As mentioned
at the beginning of the section, the flourishing use of RRSP is due to the
rising development costs of new engines and high risks of programme
failures.

The shares held by suppliers have been increasing over time. On the
one hand, engine makers want to share risks and revenues across several
suppliers to reduce their own stakes and to gain customers (i.e. airlines)
via the involvement of suppliers of the same nationality as the customers.
According to some industry experts, airlines (usually state-funded) are
more likely to place engine orders when national component suppliers
have been involved in the engine programme. On the other hand, compo-
nent suppliers, especially from developing countries, push to get bigger
shares of engine programmes in order to be able to learn about more
engine parts.

5 Stability and variation of aircraft engine makers’ in-house
technological capabilities

The purpose of this section is to assess the degree of stability and variation
of engine manufacturers’ technological profiles over time. The analysis of
the stability and variation of engine manufacturers’ technological profiles
allows an assessment of the changing boundaries of engine makers’
technological capabilities. In particular, Herfindhal indices and Cantwell’s
(1989, 1991, 1993) methodology’ are used to understand whether engine
manufacturers are ‘broadening out’ their technological capabilities or
specialising in a few of them. Increased specialisation would indicate a
positive correlation between the technological boundaries of the firm and
the products’ boundaries, and vice versa.
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5.1 The breadth of technological capabilities

The boundaries (or more precisely the breadth) of the technological cap-
abilities of the companies analysed can be assessed using concentration
indices, notably the Herfindhal index and the concentration ratio. The
Herfindhal index is one of the most commonly used measures of concen-
tration. As is well known, it is defined as the sum over all classes of the
squares of the shares of the variable. As regards this study, the Herfindhal
index for company j in one time period is:

H;= 2ic1s8 (Xij/XJ)2

where i = technological field; j = company; x = number of patents granted
to company j in the technological field i during the period in question;
X = total number of patents granted to company j during the period in
question.

In this case there are 58 classes corresponding to the 58 identified
technological fields. The Herfindhal index then varies between 0.017 (i.e.
1/58, each technological field has the same share) corresponding to max
diversification and 1 corresponding to max specialisation (share of the
highest technological field is 1). Therefore, the lower the index, the
greater the breadth of the technological capabilities of the company at
issue.

Table 9.3 shows the Herfindhal index for the companies under
consideration. The degree of technological specialisation of the com-
panies analysed as reflected in the Herfindhal is very low. In other words,
all companies are rather diversified in terms of the technologies listed in
the 58-technological field map. Engine manufacturers display the lowest
Herfindhal indices as compared to the RRSP companies. Although the
dynamics of their Herfindhal indices display a rather erratic pattern over
time, the differences in each index across the time period are rather small
and overall the index is very low throughout the period examined. These
low values and hardly little change in the magnitude of the indices suggest
that the companies are not pursuing a strategy of specialisation at the
technological level.

Table 9.3 Herfindhal index distribution (minimum: 0.017)

Company 1977-81 1982-86 1987-91 1992-96
Company A 0.036 0.038 0.045 0.03
Company B 0.036 0.028 0.034 0.032
Company C 0.037 0.039 0.034 0.036
RRSP A 0.055 0.05 0.038 0.035

RRSP B 0.045 0.053 0.049 0.056
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5.2 Stability and dynamics of change in the long term: some statistical
evidence

This section assesses statistically two propositions: a) the ‘stability’ or ‘per-
sistency’ over time of companies’ technological profiles in the industry in
question and b) the ‘variations’ in such profiles. The ‘stability’ or ‘persis-
tence’ of a firm’s technological profile over time finds its place in the
broader view that technological learning within business organisations
follows a cumulative path. This learning process, in other words, is not
random. This view also squares with Nelson’s (1991) point that firms in
the same industry differ in that each firm has its own field of distinctive
technological capabilities. These capabilities are firm-specific and the
underlying learning processes are not readily imitable by other firms
(Pavitt, 1990). In the context of this chapter, the argument of persistency
relates to the idea that system integrator companies continue to maintain
in-house a broad spectrum of the technologies relating to a wide range of
components composing the aircraft engine despite increasingly outsourc-
ing engine’s components. This proposition can be examined statistically
by testing the revealed technological advantage (RTA) distributions in the
two different time periods. The second proposition refers to the changing
degree of technological specialisation of the firms in the industry in ques-
tion. The variation of the degree of technological specialisation can also
be assessed statistically.

Table 9.4 reports on the results of the regression analysis of the RTA
distribution in 1987-96 on the RTA distribution in 1977-86. The hypothe-
sis that B is significantly different from zero can be accepted for all the
companies sampled. Therefore, the technological profiles of the com-
panies examined can be considered persistent over the two time periods
examined, against the proposition that it is random. This hypothesis (test
b =0) is accepted at 0.01 level of significance for Company B, Company C
and RRSP B, and at 0.05 level of significance for Company A and RRSP A.

According to the results presented in Table 9.4, it can also be argued
that both ‘persistency’ and ‘variation’ take place during the periods exam-
ined. The test (b= 1) is accepted at any reasonable level of significance. In

Table 9.4 Results of company regression analysis of the RTA index in 1987-96 on
the index in 1977-86

Company a B p-value p-value (I—0)
(test b=0) (testb=1)

Company A —0.053 0.309 0.024 0.000 0.691

Company B —0.045 0.372 0.002 0.000 0.628

Company C —0.006 0.405 0.000 0.000 0.595

RRSP A —0.083 0.305 0.007 0.000 0.695

RRSP B —0.124 0.466 0.000 0.000 0.534
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particular, RRSP A displays a relatively high regression effect,
(1 =b) =0.695, indicating a relatively stronger change in its technological
profile as compared to the other companies sampled. This result confirms
that this RRSP has started pursuing full systems integration strategy. The
magnitude of the regression effect of the Big Three also shows some varia-
tions in their technological profile. RRSP B displays the lower regression
effect confirming its stable technological profile as a supplier. All in all,
these companies show path-dependent technological development
together with incremental change.

The test of the proposition that firm technological specialisation
pattern has tended to fall calls for a test of the magnitude of the regres-
sion effect against that of the mobility effect. Cantwell (1991, 1993) argues
that the breadth of firm technological specialisation increases when
(b/R) <1. Put another way, a fall in the degree of technological special-
isation takes place when the magnitude of the regression effect outweighs
that of the mobility effect. The ratios (b/R) for the companies analysed
are reported in Table 9.5.

Accordingly, all companies except Company A display a b/R<1. This
result would indicate a fall or a ‘broadening out’ of their patterns of
specialisation. According to the statistical tests reported in the table these
results are not significant, however."” Therefore, while a fall in the pattern
of specialisation (or de-specialisation) cannot be considered a strong
trend, the results certainly show that the companies examined are not
increasing their levels of specialisation.

6 Conclusions

This chapter has illustrated the main features of the structure of the
innovation process in the aircraft engine industry highlighting the man-
agerial implications that engine manufacturers face in terms of the
technological capabilities required to co-ordinate the network of actors
involved in the development of new engines. The industry is characterised
by some driving forces impinging upon the in-house technological cap-
abilities of the aircraft engine manufacturers whose combined effect

Table 9.5 Results of company regression analysis of the RTA index in 1987-96 on
the index in 1977-86

Company R (I-R) b/R p-value
Company A 0.296 0.704 1.043 0.754
Company B 0.403 0.597 0.923 0.558
Company C 0.486 0.514 0.833 0.171
RRSP A 0.351 0.649 0.868 0.294

RRSP B 0.496 0.504 0.939 0.641
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‘enables’ and ‘pushes’ manufacturers to resort to suppliers to a greater
extent than hitherto. The impact of these forces points to a greater divi-
sion of labour between engine manufacturers and suppliers.

The patent analysis presented in this chapter showed that engine
makers maintain a broad range of in-house technological capabilities. The
breadth of these capabilities has been shown to increase over time. Along
the same lines, the results of the regression analysis of the engine manu-
facturers’ technological profiles did not display any trend towards an
increased level of technological specialisation, confirming that they main-
tain a broad set of in-house capabilities, despite increasing outsourcing of
components. Therefore, there is a trend in the industry towards a greater
division of labour between engine manufacturers and suppliers. The com-
bined effects of the driving forces are leading to a more disintegrated
industry. Engine makers, however, are not focusing their capabilities on
only a few technological fields and there is no trend towards greater
technological specialisation. The most likely explanation is that the
technological boundaries and the product boundaries of engine manufac-
turers differ. In other words, decisions to outsource components do not
necessarily entail outsourcing technological knowledge. Component out-
sourcing and technology outsourcing though connected are distinct phe-
nomena. It is argued that the scope for technology outsourcing for engine
manufacturers is limited for two interrelated reasons: a) the compelling
technological and product requirements for the engine integration, and b)
the need to co-ordinate the network of the actors involved in the industry.

Engine manufacturers do divide up engine development tasks across a
number of external suppliers, but this fask-partitioning capability (Von
Hippel, 1990) hinges on their multitechnology bases. This chapter
showed that the capabilities of engine manufacturers must span a wide
spectrum of technologies in order to co-ordinate from a technological
viewpoint the work of suppliers, airframers, airlines and regulatory bodies.
Co-ordination in the aircraft engine industry is not achieved through
arms’ length relationships but needs to be actively pursued by all-round
knowledgeable engine manufacturers.

7 Appendix 1 Methodology

This chapter draws on data collected during a four-year field study of the
aircraft engine industry. It relies on qualitative and quantitative data.
Using multiple data sources allows data triangulation. Qualitative data
were collected through a systematic review of the technical literature, spe-
cialised engineering journals, trade publications and interviews. Intervie-
wees included company personnel, industry experts and academics.
Technical literature and articles from specialised journals provide the
basis for the discussion of the technological drivers and developments of
the aircraft engine. Information was also collected via face-toface and



The changing boundaries of the firm 255

telephone interviews with engine makers, airframers, airlines, industry
experts and regulatory bodies. This information was used to discern and
describe the role of the main actors of the industry in the innovation
process as well as to validate the accuracy of the quantitative analysis.
Patent statistics and collaborative agreements were the main sources of
quantitative data. As regards patent data, we make reference to an original
data set designed by rearranging the US Patent Office classes. The data-
base encompasses patent data of the major engine makers and suppliers
of the aero-engine industry between 1977 and 1996. Patents are
rearranged according to a detailed sector specific taxonomy that relates
each patent to a specific engine component or subsystem. Two primary
examiners of the US Patent Office and a company engineer validated the
taxonomy. The taxonomy encompasses 58 sub-technological fields. By
using this taxonomy, it was possible to build a technological profile of the
companies under study. The companies’ technological profiles are under-
stood to reflect their technology bases or, in other words, their set of in-
house technological capabilities. Therefore, the analysis of companies’
technological profiles enables an evaluation of the dynamics of the bound-
aries of their technological capabilities over time. The data related to col-
laborative agreements are collected by searching the Securities Data
Corporation (SDC) database and the DIALOG database. The data on
external linkages, such as alliances, joint ventures, licensing, measure the
extent of inter-firm division of labour.

7.1 The methodology proposed by Cantwell

To test the two propositions of section 5 the revealed technology advant-
age (RTA) distributions of each firm in two ten-year periods, namely
1977-86 and 1987-96, are compared. As described below, the RTA index
reflects the firms’ degree of technological advantage with respect to other
companies in the same industry. Following Cantwell (1989) the Galtonian
regression model is used. This statistical methodology was first used in
economics to study firms’ size distribution (Hart and Prais, 1956) and
income distribution (Hart, 1976). Recently Cantwell has applied the same
methodology to analyse cross-sectional distribution of countries’ and com-
panies’ technological activities.

The RTA index reflects the relative technological advantage of one
firm with respect to others across a range of identified technological
fields. This index has been used to study inter-country comparisons
(Balassa, 1965; Cantwell, 1989; Laursen, 1998; Soete, 1981) as well as intra-
industry and inter-firm comparisons (Patel and Pavitt, 1997). The RTA of
a company in a specific technological field is given by its US patent share
in that field, relative to the firm’s overall US patent share in all fields. In
other words, the numerator of the RTA index is given by the number of
US patents held by a firm in a technological field divided by the number
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of US patents in that technological field granted to companies in the same
industry. The denominator is given by the firms’ total number of US
patents in all technological fields divided by the number of US patents
assigned to firms in all technological fields in the industry in question. In
symbols:

RTA; = (Py/2Py) / (2 Py/ %Py
where P; = number of US patents granted to firm j in sector i.

This index varies around unity so that values greater than 1 reflect a
comparative technological advantage of the firm in a particular techno-
logical field in respect to other firms in the same industry, whereas values
less than 1 suggest a relative technological disadvantage.

The use of this index overcomes some of the limitations of the use of
patent statistics as a proxy measure of companies’ technological cap-
abilities. As regards the different propensity to patent that characterises
technological fields and firms, the RTA is normalised in the numerator
for inter-field variation and for international interfirm differences in the
denominator. According to Cantwell (1991), there may still be inter-field
variations in inter-firm propensity to patent. Some firms may be more
likely to patent in some fields than others, and wvice versa. However,
Cantwell suggests that this intra-firm variance is lower than the inter-field
difference. It can therefore be “hypothesised that on relatively large
numbers the propensity to patent of a given firm in any sector [i.e.
technological field] cannot be expected to have any systematic bias as
compared to that firm’s notional average propensity to patent and the
notional average propensity to patent of all firms in that sector [i.e.
technological field]” (Cantwell, 1993: 221).

The regression model used to compare the RTA indices in the two time
periods ((t—1) =1977-86 and t=1987-96) is the following:

RTA, =a +BRTA,_,, + ¢,

where i=technological field i; t=time period t; o, 3 =linear regression

parameters.
The underlying assumption is that the regression is linear and the
residual € is independent of RTA,_,,. Further, such a regression model is

valid if the RTA distribution conforms to a bivariate normal distribution."!
Also the RTA indices have been normalised in order to render them sym-
metric around unity, so that each RTA index varies between —1 and +1.
Laursen (1998) argues that in regression analysis the RTA index must be
always adjusted in a way that it becomes symmetric since an unadjusted
RTA would lead to misleading results.

Following Cantwell (1989), the temporal analysis of the distribution of
the RTA index revolves around the values that the (3 coefficient takes. To
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put it another way, the magnitude of B is a measure of the stability of the
technological profile between the two periods in question. If 8 <0 the
composition of the firm’s technological profile is characterised by high
turbulence, the ranking of the technological fields is reversed and the
prediction that the company technological profile is stable over time is
proven to be incorrect. As a consequence, one can infer that firm techno-
logical learning processes are neither constrained by nor linked with
existing technological skills. If =0 the composition of the firm’s
technological profile follows a random order. The stability hypothesis is
instead proven when 3>0. As explained later, however, a positive value
of B still allows for some gradual evolution of the firm technological
profile.

When =1 the ranking of the technological fields remain stable. Each
technological field maintains the same proportional position in the sense
that the relatively more important remain more important, and the relat-
ively less important remain less important. Where (3> 1, instead, the relat-
ively more important fields become even more important. The same trend
holds for the less important fields. Where 0 < <1 the ranking of the
technological fields remains unchanged, but they move closer to one
another. In other words, companies ameliorate their position in disadvan-
taged fields, but slip back in advantaged fields. According to Cantwell
(1991) the size of (1 —f) measures what he defines as the ‘regression
effect’. The magnitude of the ‘regression effect’ is estimated by (1 —b),
where b is the slope of the sample regression line.

To sum up, a test of B significantly greater than 0 is a test of the
proposition that the firm technological profile is stable over the periods in
question. Further, if B is significantly less than 1, then this profile tends to
change incrementally. The rate of this phenomenon is measured by the
size of the regression effect (1 —b). Therefore, if the test of 0 <B <1 is
significant, then the ‘persistency’ and the ‘variation’ propositions work
together.

Cantwell argues, however, that a positive regression effect does not
necessarily imply that the technological profile is broadening. He suggests
that variations in companies’ technological profiles and, in particular,
their degree of technological specialisation, can also be evaluated by cal-
culating the variance in the RTA index. This measure of dispersion pro-
vides an assessment of how the RTA indices are distributed around the
mean. A high variance shows a high degree of technological specialisation
in that a company is focused on a few technological fields and vice versa; a
low variance indicates that the firm’s technological capabilities span a
broad range of fields, therefore showing a low degree of specialisation. To
appreciate change in the variance of a distribution over time, Cantwell
follows Hart (1976).

The variance of the RTA distribution at time is given by the following
equation:
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o° = p*c* ., t 0%
The square of the correlation coefficient (p®) is given by:
p*=1-(0°/0%) = (0% —0%) (1/0%)
Combining the two equations:
(0% —0%) =B0*_,, = p’o?,

In order to assess how the variance in one time period relates to the
next time period, the last equation can be rewritten as follows:

0'21/0'2(:—1) =B*/p?

Therefore, the variation in the degree of technological specialisation
between two time periods as reflected by change in the variance in the
RTA distribution can now be assessed by the variation in the size of the
ratio B*/p® In particular, using the estimated regression values b and R,
the degree of technological specialisation will rise if (b/R) > 1, and it will
fall if (b/R) <1.

According to Cantwell (1991), the estimate of the regression coeffi-
cient (R) represents a measure of the mobility of the technological fields
within the RTA distribution. A high value of R shows that the relative
importance of the technological fields is relatively unchanged, whereas a
low value indicates that some technological fields are moving closer to
one another, others further apart. Cantwell defines (1 —R) as the
‘mobility effect’ and argues that the magnitude of such an effect can in
some cases outweigh the magnitude of the ‘regression effect’. If this is
the case then, although the regression effect may be significant enough
to suggest a fall in the extent of technological specialisation, that is
(1 —Db) >0, this can be offset by the size of the mobility effect, that is by
a change in the proportional position of the technological fields, in
symbols: (1 —R)>0. Therefore, a test of the proposition that a
company’s extent of technological specialisation has fallen calls for an
assessment of the magnitude of the regression effect alongside the
mobility effect. In particular, the former should be bigger than the
latter, that is: (1 —b) > (1 —R), or that (b/R) <1.

Notes

1 This chapter has benefited from discussions with Mike Hobday and Keith
Pavitt. I would like to thank all company personnel, industry experts and US
Patent Office primary examiners that gave their valuable time for interviews
and Walter Garcia who gave me access to the Securities Data Company (SDC)
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database. Financial support from the Targeted Socio-Economic Research
(TSER) Programme of the European Commission (Research project Corporate
Governance, Innovation, and Economic Performance in the EU, Contract no. SOE1-
CT98-114; Project no. 053) is gratefully acknowledged.

For a comprehensive discussion of the main features of complex product
systems industries see Hobday (1998). For a description of the life cycle of a
complex product system see Davies (1997).

Interviewees underlined that new engine programmes break even after 15-20
years.

4 As confirmed by an industry expert “the reasons government [in developing

11

countries] will do that [i.e. ask engine makers to involve national companies in
the development of new engines] are very many, but essentially two. The first is
the aero gas turbines are closely related to defence and therefore a country has
to have the ambition in the medium or long term to have a defence capability
equal to the best. The other issue is the view, totally correct view, that if you
invest in very high value added technologies like the aero gas turbine, you get a
spreading of the capabilities which are research, design and even manage-
ment, because we are managing a very complex technology. (...) So many
developing countries will be open to say why don’t you invest in my organisa-
tion to develop gas turbine technologies for this country, because there will be
spin off effects for many other people in the country.”

It is worth noting, however, that the main reason why engine makers have
entered the maintenance business is to be found in the increasing profit
margins characterising this business as opposed to the nearly negative cash
flow deriving from the sale of aero engines. By strengthening their position in
the maintenance business, engine makers claim to be able to provide a total
engine service, from physical product to engine life maintenance. In some
cases the acquisition of engine maintenance companies by engine makers was
part of the financial deal struck with airlines.

An engine’s fuel consumption and reliability influence around 60 per cent of
the total airline direct operating cost (DOC). The remaining 40 per cent is
related to airframe costs (Todd, 1992).

The method of compilation of the database on which Table 9.2 is based is fully
described in Prencipe (2000).

Companies’ names have been disguised for confidentiality reasons.

Cantwell’s methodology is fully described in the Appendix.

According to Laursen (1999), the statistical test for b/R <1 is equivalent to an
F-test of whether the variance between the two periods changes. The null
hypothesis is that the variances are equal. In none of the cases presented in
Table 9.5 it is possible to reject the null hypothesis.

The normality tests were calculated using the Microfit software package and
showed that the RTA distributions analysed can be considered to be approxi-
mately normal.
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10 An historical change in the nature
of corporate technological
diversification

John Cantwell'

1 Introduction

In this chapter historical case study evidence is presented which suggests
that corporate technological trajectories tend to be generally path-
dependent, but with a continual drift that changes the composition and
extent of technological diversification. Cantwell and Fai (1999) had
observed path-dependency in the profiles of corporate technological
specialisation of 30 large firms over the 60-year period from 1930-90, in
that these profiles tended to persist over time, even if they were subject to
gradual or incremental change. However, that study also found some evo-
lution and diversification in the patterns of corporate technological cap-
abilities over time. This chapter looks in greater depth at the specific
historical paths followed by four of these large firms in their corporate
technological trajectories, and over the longer period 1890-1995. In
doing so more can be said about the precise nature of the evolution that
occurred, and about the character of changes in corporate technological
diversification. What is more, the question can be addressed of whether, if
profiles of corporate technological capabilities tend to persist over periods
of 60 years (such that the specificities of a firm’s primary technological
origins can still be identified as being present 60 years later), does the
same hold for periods as long as 100 years or more?

The four firms chosen were the two of the world leaders in each of the
chemical and electrical equipment industries respectively. The origins of
most of the present leaders in the chemical industry can be traced back to
the end of the nineteenth century and even further back in the case of the
German companies (Beer, 1959). The leading German firms, which were
the international pioneers of in-house corporate research and develop-
ment (R&D), enjoyed great early success, none more so than Bayer (L.F.
Haber, 1971). The post prominent companies including Bayer merged
their operations into IG Farben between 1925 and 1945, before reconstitut-
ing themselves individually again in the postwar era (as Hoechst, BASF
and Bayer). Their continuing presence in an internationally leading capac-
ity over a hundred years later constitutes a remarkable demonstration of



266 J. Cantwell

the perseverance of technological prowess. Only slightly less remarkably,
Du Pont had been the first US company to open in-house research facili-
ties in the chemical industry, and having risen to a leading world position
in the inter-war period, also has a record of success that traces back over a
hundred years. Likewise, in the electrical equipment industry, the largest
firms in the US and Europe trace their origins back to the nineteenth
century. In terms of the longevity and the significance of their techno-
logical contributions, perhaps the two best known of these are General
Electric and American Telephone and Telegraph (AT&T), whose
research histories have been well documented (Reich, 1985), but both of
which continue to be world leaders through to the present day.

The focus of attention here is on the long-term paths of technological
development of these companies, based on the proposition that history
matters, in the sense that the technological characteristics of such large
companies (during the period under consideration) were heavily influ-
enced — and constrained — by the type of technological activities that they
or their predecessors had carried out in the past. This notion of organisa-
tional continuity can be supported with reference to David’s (1994) expla-
nation of the role of historical experience in forming mutually consistent
expectations that facilitate coordination without the need to rely perpetu-
ally on centralised direction, and the role of the interrelatedness that
tends to develop among the constituent elements of complex human
organisations, as well as by the earlier concept of the central place of
organisational routines as representing embedded experience in the
course of evolutionary social learning (Nelson and Winter, 1982). In
order to compare the evolutionary paths in the sectoral composition of
the innovative activity of firms over time we require a quantitative measure
of their technological activities. This chapter uses patents granted in the
US to Du Pont, IG Farben (and later Bayer), General Electric and AT&T
as a measure of the extent and the spread of the technological achieve-
ments of these companies. We contend that patents may be used with
relatively good confidence as a proxy measure of the rate and direction of
the technological change of these companies, active as they all are in
science-based industries.

The chapter is divided into five sections. The next section introduces
the data to be used in the analysis, discusses the suitability of using patent
statistics as a measure of corporate technological activities, and briefly
reviews the methodology adopted. Section 3 looks at the evolution of
technological capabilities at Du Pont and IG Farben (and later Bayer)
through the use of corporate patent data, and section 4 conducts an
equivalent analysis of General Electric and AT&T. In the final section
some summary cross-firm comparative measures of corporate techno-
logical diversification are presented and assessed, and conclusions are
drawn with respect to the distinctive technological paths followed by each
company.
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2 The data and methodology

2.1 The companies selected

The research presented in this chapter, based on a study of four firms, is
part of a wider project on long-term patterns of technological change
(over a period of more than a century) of the largest US and European
industrial companies. For the purposes of the wider project, two types of
information have been collected manually from the US Index of Patents and
the US Patent Office Gazelte. First, all patents were recorded that were
assigned to a selection of large US-owned and European-owned firms
between 1890 and 1968. From 1969 onwards equivalent information has
been computerised by the US Patent and Trademark Office (USPTO).
The firms selected for the historical patent search were identified in one
of three ways. The first group consisted of those firms which have
accounted for the highest levels of US patenting after 1969; the second
group comprised other US, German or British firms which were histori-
cally among the largest 200 industrial corporations in each of these coun-
tries (derived from lists in Chandler, 1990); and the third group was made
up of other companies which featured prominently in the US patent
records of earlier years (a method that proved most significant for a
number of French firms that had not been identified from other sources).

In each case, patents were counted as belonging to a common corpor-
ate group where they were assigned to affiliates of a parent company. Affil-
iate names were normally taken from individual company histories. In all,
the US patenting of 857 companies or affiliates was traced historically;
together these comprise 284 corporate groups. Owing to historical
changes in ownership, 17 of the affiliates were allocated to more than one
corporate group over the period as a whole. Where patents have been
assigned to firms, the inventor is normally an employee of the company or
is directly associated with it in some other way, but occasionally independ-
ent individual inventors do choose to assign their patents to firms
(Schmookler, 1966). Assignments by independent individuals were more
common in the nineteenth century but, at least from the inter-war years
onwards, the typical assignor was a prominent member of a corporate
research laboratory, or some other similar in-house company facility.
Although it is normally difficult to trace these named individuals in sec-
ondary sources on the firms concerned (as they are not usually also senior
managers), the location of assignors can be checked against business
history sources on the international location of activity in particular firms.
Such checks on a selection of large firms have confirmed that whenever a
location has been responsible for significant numbers of patents being
assigned to a company, that firm did indeed have some in-house facility in
the location in question at the relevant time. Companies checked in this
fashion include various US firms active abroad and European companies
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in the US (Stocking and Watkins, 1946; Beaton, 1957; Wilkins, 1974, 1989;
Chandler, 1990) including IG Farben and its predecessors (Plumpe,
1990), Du Pont and ICI (Hounshell and Smith, 1988), Courtaulds and
British Celanese (Coleman, 1969), and AT&T, General Electric and the
British GEC (Reich, 1985; Jones and Marriot, 1971).

The six firms that were granted the largest volume of US patents histor-
ically were, in descending order, General Electric, AT&T, Westinghouse
Electric, IG Farben, RCA and Du Pont (for the years 1890-1947, the
details for which are given in Tables 10.3 and 10.6 below). So as to be able
to compare the long-run trends in technological specialisation of the two
leading firms in each of two broadly defined industries — electrical equip-
ment and chemicals — in this chapter GE, AT&T, IG and Du Pont are the
companies selected for closer study. For the purposes of data continuity in
the case of the earlier historical years, the founders of IG — namely, Bayer,
BASF, Hoechst and Agfa — are treated together collectively prior to the
formation of IG Farben in 1925. With the break-up of IG Farben after
1945, for the purposes of the post-war period attention is directed instead
to the leading member of what had been the IG group, namely Bayer.

To construct a measure of technological specialisation of firms the first
step is to devise a classification of fields of technological activity, which is
derived from the USPTO patent class system. Fortunately, as these classes
change the USPTO reclassifies all earlier patents accordingly, so the classi-
fication is historically consistent. This study uses the classification scheme
that was in operation at the end of 1995, which is then applied backwards
in time. Every patent was classified by the USPTO under at least one such
class and sub-class. Although patents can be assigned to more than one
field, the primary classification was used in all cases. Various broad cat-
egories of technological activity were derived by allocating classes or sub-
classes to common groups of activity. Patents granted to the companies
included in the study were classified in this manner to a total of 23 techno-
logical sectors for each industrial group, representing the principal areas
of development in each of these industries respectively. For the wider
project patents have been allocated to one of the 56 fields of techno-
logical activity set out in Table 10.1. However, not all of these fields are
important for the firms of a given industry, so for this study some of the
less significant fields are grouped together in each industry, such that
the sectoral composition across 23 areas is specifically designed to suit the
analysis of patterns of specialisation in the chemical and electrical equip-
ment industries separately. The particular disaggregation chosen for each
industry is shown in Table 10.2.

2.2 Patent statistics as a measure of technological activities

Patent statistics present a potentially very rich source of empirical evid-
ence on questions related to technological change (see Schmookler, 1966;
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Table 10.1 The classification of 56 fields of technological activity
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Food and tobacco products

Distillation processes

Inorganic chemicals

Agricultural chemicals

Chemical processes

Photographic chemistry

Cleaning agents and other compositions
Disinfecting and preserving

Synthetic resins and fibres

Bleaching and dyeing

Other organic compounds
Pharmaceuticals and biotechnology
Metallurgical processes

Miscellaneous metal products

Food, drink and tobacco equipment
Chemical and allied equipment

Metal working equipment

Paper making apparatus

Building material processing equipment
Assembly and material handling equipment
Agricultural equipment

Other construction and excavating equipment
Mining equipment

Electrical lamp manufacturing

Textile and clothing machinery
Printing and publishing machinery
Woodworking tools and machinery
Other specialised machinery

Other general industrial equipment
Mechanical calculators and typewriters
Power plants

Nuclear reactors

Telecommunications

Other electrical communication systems
Special radio systems

Image and sound equipment
Illumination devices

Electrical devices and systems

Other general electrical equipment
Semiconductors

Office equipment and data processing systems
Internal combustion engines

Motor vehicles

Aircraft

Ships and marine propulsion

Railways and railway equipment

Other transport equipment

Textiles, clothing and leather

Rubber and plastic products
Non-metallic mineral products

Coal and petroleum products
Photographic equipment

Other instruments and controls

Wood products

Explosive compositions and charges
Other manufacturing and non-industrial
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Table 10.2 The relationship of the 23 fields of technological activity used for each
industry, to the original 56 sector classification

Field Chemical industry Electrical equipment industry
56 sector codes included 56 sector codes included
1 2 2-12, 55
2 3 13
3 4 14
4 5 24
5 6 15-23, 25-30
6 7 33
7 8 34
8 9 35
9 10 36
10 11 37
11 12 38
12 13, 14 39
13 16 40
14 15, 17-30 41
15 3341 42,43
16 42-47 44-47
17 48 48
18 49 49
19 50, b4 50, 53
20 51 51
21 52,53 52
22 55 53
23 1, 31, 32, 56 1, 31, 32, 56

Scherer et al., 1959; Pavitt, 1985, 1988; Griliches, 1990). The learning
process which generates accumulated capability in companies relies on
inputs of new knowledge and inventions, and so long as the pattern of
knowledge requirements thus reflects the underlying distribution of
technological competence across firms, corporate patents may be used as
a proxy for the underlying pattern of technological change, and not
merely as a direct measure of inventions. It is argued that US patent data
provide the most useful basis for international comparisons, given the
common screening procedures imposed by the US Patent Office (Pavitt
and Soete, 1980; Soete, 1987; Pavitt, 1988). Additionally, as the US is the
world’s largest single market, it is likely that firms (especially large ones),
will register for a patent there after patenting in their home countries. It is
also reasonable to assume that such foreign patents registered in the US
are likely to be on average of higher quality or significance. US patents
reveal to which firm each patent was granted, and with which type of
technological activity the patent is associated.

Looking within the innovating firms themselves, the hypothesis here of
path-dependence and persistence in the profiles of corporate techno-
logical specialisation comes not so much from the characteristics of the
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knowledge generation process (R&D) itself, but from the structure of
downstream learning and problem-solving in and around production,
which calls for the creation of specialised knowledge inputs in specific
fields. Thus, our use of patent statistics regards them as a measure of
inputs (into innovation, the creation of new commercial products and
processes) and not outputs (from R&D); that is, codified knowledge
inputs into the processes of problem-solving and learning in production,
through which technological competence is created. Of course, this does
imply that there may still be potential problems with an input-based classi-
fication scheme derived from the patent class system, given the way in
which technologies from different disciplinary foundations may be integ-
rated, and given some arbitrariness in the division between certain patent
classes. We have tried to alleviate this difficulty by devising a classification
scheme that groups together patent classes that are the most technologi-
cally related, as described above.

So while Schmookler (1966) used patents as a direct measure of inven-
tion as such and others (Scherer, 1983; Bound et al., 1984) have since
used them as an indirect (output) measure of R&D inputs, the patents
granted to the largest industrial firms are used here instead as an indirect
(input) measure of the pattern of technological change in these com-
panies. In this sense patents represent knowledge inputs into the corpor-
ate learning processes that give rise to changes in production methods,
the creation of which knowledge has generally been tailored to the
problem-solving agenda of such learning in production. This is a valid
inference so long as the knowledge requirements of the learning
processes by which firms generate accumulated capabilities reflect the
profile of those resultant technological competences across types of inno-
vative activity. Just as the location of inventors that assigned patents to
each firm has been checked against the known location of corporate
research facilities as mentioned above, so too the sectoral distribution of
corporate patenting has been checked against the more qualitative or
archival evidence of business history sources on the equivalent firms.
Again, we have found an approximate matching between the quantitative
patterns of patenting and the qualitative accounts of the primary fields of
R&D and productive expertise of the same firms (as described in Plumpe,
1995; Hounshell and Smith, 1988; Reich, 1985). In one respect what is
done here is to provide a greater formalisation of propositions on the evo-
lution of the composition of technological specialisation and the degree
of technological diversification that can already be found descriptively in
business history stories.

Without fully reviewing the literature on the use of patent statistics, it
may be worth mentioning two of the problems that have been raised. First,
the fact that companies do not patent all their inventions and therefore,
any comparison may be biased in favour of those firms which rely more on
patenting relative to secrecy; and second, the fact that those inventions
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which do get patented differ in their economic and commercial signific-
ance. With regard to the first problem, there is evidence which suggests
that differences in the propensity to patent are more significant when
comparing firms from different industries (Scherer, 1983). We may
assume that companies in the chemical industry (or alternatively in the
electrical equipment industry) have a similar attitude towards patenting,
allowing for a comparison of their technological capabilities based on
their patenting activity. However, we have to consider that even within a
company the propensity to patent varies between technological fields.
Therefore, for the comparative analysis here an indicator of relative
specialisation is used rather than absolute numbers of patents, as
explained below.

The second question regarding the difference in quality of patented
inventions may not necessarily be a significant obstacle when assessing the
breadth of a company’s innovative capabilities. Since patents are not only
issued on the most significant inventions but also on other related discov-
eries, they are useful in the analysis of general trends in the sectoral com-
position of technological activities (which may cover a wider spectrum
than important invention alone). For instance, a major shift in the level of
a company’s patenting in a particular sector, relative to the aggregate
level, is likely to indicate a shift in the focus of its technological efforts.
Consequently we may conclude that despite differences in the “quality” of
individual patents, comparisons between rival companies across the entire
distribution of their respective patenting can shed light on the composi-
tion or spread of the technological expertise of firms. Other evidence con-
firms the suitability of patent data as a measure of corporate technological
effort, particularly in inter-firm comparisons within an industry (Griliches,
1990). They are available, they go back over a hundred years, and allow
for a technological classification at a greater level of detail than any other
measure of technological activity (such as R&D statistics).

The business histories of the firms studied here can also be cited to
show how patenting mattered to them as part of their strategy, and with
respect to the construction of technology exchange arrangements with
other large firms in their respective industries (see Cantwell and Barrera,
1998). Reich (1977) discusses the importance of patents to the struggle to
control radio that included both GE and AT&T. Plumpe (1990) shows
that the level of IG Farben’s patent applications in Germany was consis-
tent with its research and development (R&D) activities, which gives us an
indication of the company’s reliance on patents. In addition, IG Farben’s
negotiations with Standard Oil, which led to the establishment of a joint
venture in the US, together with the activities of the US subsidiary of IG,
General Aniline and Film, confirm how these patents had to be extended
to the US market. However, since we will be using data on patents granted
to these companies in the United States, it should be allowed that Du
Pont, being a US company, was more prone to patent in its home country
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than would have been IG Farben. This is another reason for using relative
rather than absolute numbers.

2.3 The indicators of corporate technological specialisation derived
[from patenting

Arguments such as those just considered, and other issues that have been
well documented demonstrate the need for caution in the use of patent
statistics (Basberg, 1987; Pavitt, 1988; Griliches, 1990; Archibugi, 1992;
Patel and Pavitt, 1997, 1998). However, a number of the difficulties in the
use of patent data have been avoided in our approach through relevant
disaggregation and the construction of an appropriate index. Inter-
industry differences in patenting propensity are reduced as the chapter
deals with intra-industry comparisons only, although admittedly the indus-
trial groups are defined very broadly (but so too is the span of activity of
the very large companies under consideration). It is recognised that inter-
sectoral (across technological fields) or inter-firm differences in the
propensity to patent may arise, but these are controlled for here by the
use of the Revealed Technological Advantage (RTA) index (Cantwell,
1989, 1993; Cantwell and Andersen, 1996; Patel and Pavitt, 1997, 1998).
The RTA is an indicator of a firm’s technological specialisation across a
spectrum of technological activity relative to that of other firms in the
same industry. The RTA of a firm in a particular field of technological
activity is given by the firm’s share in that field of US patents granted to all
companies in the same industrial group, relative to the firm’s overall share
of all US patents assigned to all firms in the industry in question. If P
denotes the number of US patents granted in a particular industry to firm
iin technological activity j, the RTA index is defined as:

RTA; = (Py/2Py) / (ZPy/ 2Py
The index varies around unity, such that a value in excess of one shows
that the firm is specialised in that field of activity in relation to other firms
in its industrial group. In this manner inter-sectoral differences in the
propensity to patent are normalised in the numerator of the RTA index,
and inter-firm differences are normalised in the denominator. There still
remains the possibility of intra-firm and intra-sectoral differences in the
propensity to patent, but it is likely that the respective variances of these
two factors are systematically lower than the inter-firm and inter-sectoral
differences.

The degree of technological diversification of the firm is measured by
the inverse of the coefficient of variation of the RTA index, CV,, across all
the relevant fields for the firm. Therefore, for firm i in each period con-
sidered, the proxy DIV; for technological diversification will be the recip-
rocal of the CV,. In particular:?
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DIV,=1/CV,= MRTA/ ORrTA,

where ogpy, is the standard deviation and pgry, is the mean value of the
RTA distribution for the firm i.

3 Technological development at IG Farben and Du Pont

A central proposition here is that, to a great extent, the research tradi-
tions of the companies which joined in the formation of IG Farben in
1925 regulated the subsequent technological development of the new
company, and are likely to be reflected as well in the path of its descen-
dants. The major German chemical companies such as Bayer, BASF and
Hoeschst had their origins in the dyestuffs industry, one of the most
dynamic chemical sectors at the turn of the century. These companies
managed to bridge the gap between industrial and academic chemistry by
incorporating and organising research within the dye workplaces. Con-
sequently, they had accomplished great innovative and technical achieve-
ments prior to their amalgamation into IG Farben. Certainly in the first
part of the twentieth century, the technological supremacy of these com-
panies was still unchallenged (Beer, 1959). These German companies had
traditionally dominated the world dyestuffs market, including in the US.
Furthermore they had established barriers to entry which proved very dif-
ficult to circumvent. These seemed to be the case when, with the outbreak
of the First World War, the US market was cut off from German imports.
Lacking a research tradition in this area, American companies found it
almost impossible to replicate the broad range of dyes which the Germans
had introduced.

It seems that after the First World War, dyestuffs had nevertheless lost
relative importance, and the German chemical companies expanded into
other areas of activity, such as nitrogenous fertilisers, plastics, photo-
graphic products and synthetic materials (L.F. Haber, 1971). However,
the 1926 figures for IG Farben’s research staff show that as much as 76 per
cent of the labour employed at the companies laboratories was still con-
centrated in dyestuffs and dyeing processes research; with about 9 per
cent of the research staff engaged on the newer fields of pharmaceuticals,
synthetic fibres and photographic chemicals (Plumpe, 1990). Other tech-
nologies gaining ground on dyestuffs included cleaning agents and other
compositions (coatings and plastics in particular), and coal and petro-
leum research (the oil from coal hydrogenation process).? Yet the fastest-
growing technologies from the 1930s were those grouped under synthetic
resins and fibres. By the 1930s the chemical industry seems to have built
upon organic chemistry to move into synthetic materials, photographic
chemistry and petrochemicals.

By contrast, Du Pont’s origins had been in the explosives business. Its
first research laboratory (which opened in 1902) had been established to
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deal with the problems inherent in the manufacturing process. However,
a threat to the company’s monopolistic position in the smokeless powder
market seems to have prompted the need for diversification. This move
was influenced by the company’s excess capacity following the expansion
of production during the First World War, and for which alternative uses
would have to be found in peace time. With cash available after the war,
and based on its experience with cellulose technology (used in the manu-
facturing of explosives), the company expanded into related areas mainly
through the acquisition and further refinement of firms and technologies
(Hounshell and Smith, 1988). Following this strategy, by the time of IG
Farben’s merger, Du Pont had broadened its areas of activity. In addition
to explosives, the company had diversified into paints (Duco being a
major innovation), silk, leather and cellulose. As with explosives, these
products were based on nitrocellulose technology. The company had
bought its way into the production of cellophane and developed moisture-
proof cellophane, a successful new product. In addition, Du Pont had
finally accomplished the production of dyestuffs following a major
struggle to circumvent the barriers established by the German companies
(which involved the government’s establishment of a higher import tariff
in the years following the war). R&D expenditures in 1926 give us an idea
about the extent of this diversification — roughly 15 per cent of research
spending was into explosives, 25 per cent in general chemicals, 27 per
cent in paints and related chemicals, 19 per cent in dyestuffs and 6 per
cent in plastics (Hounshell and Smith, 1988).

Comparing the evolution of the German companies with that of Du
Pont prior to 1926, it appears that their technological strategies had been
different (Dornseifer, 1989, 1995). Whereas the German firms had relied
more on internal generation of innovation (through their strong in-house
research), Du Pont had relied more on external sources, i.e. acquisitions.
Lacking a research tradition in areas outside its core technology, Du Pont
took advantage of the strengths of its organisation to incorporate those
acquired technologies and develop them further (Chandler, 1990). By
contrast, IG Farben’s predecessors had continued to rely on the internal
dynamism of the research organisations that they had built.

Table 10.3 presents evidence on US patents granted to the largest
chemical firms. In absolute terms (see last row) US patenting activity in
the chemical sector experienced sustained growth throughout 1890 to
1947, with the partial exception of the period 1920-24, when there was a
fall attributable to the effects of the war. The position of the German
dyestuffs companies (here amalgamated under IG Farben) is even more
remarkable than the high shares, given that, as mentioned above, US com-
panies had a higher propensity to patent their innovations in the US.
Indeed, Du Pont lagged behind in second place until the late 1930s. This
overwhelmingly commanding position of IG Farben (in what follows this
name also applies to its predecessors prior to 1925) was particularly
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apparent in the period prior to the First World War. However, the figures
for the 1920-24 and 1940-47 periods may be somewhat underestimated,
since after the two wars the Alien Property Custodian confiscated thou-
sands of German patents, which had not yet been assigned to the relevant
companies. Nevertheless, note that although IG Farben was dissolved in
1945, the relevant period allows for the inclusion of two additional years
(to 1947) during which the confiscated American subsidiaries of IG
Farben were still patenting.

3.1 The evolution of technological capabilities in IG Farben and Bayer

Table 10.4 presents the cross-field RTA index over time for the IG group
and latterly for Bayer. As explained earlier, the RTA index shows the
firm’s share of patenting in a given technological field (among patents
granted to all large firms in the chemical industry), relative to its equival-
ent share of total chemical industry patenting in all fields for each period
considered. It can be seen that, in spite of the fact that IG Farben’s
research remained heavily concentrated in organic chemistry (as that of
its predecessor companies had been) as shown by an RTA value consis-
tently above one, changes began to occur to its profile of technological
specialisation in other parts of the cross-sectoral distribution. There was
even some decline in related bleaching and dyeing processes after the
merger that constituted the IG group in 1925.

Looking back to the turn of the twentieth century, it can be seen that
Table 10.4 provides evidence that is entirely consistent with what is already
known about the early development of the chemical industry, and of the
large German firms in the chemical industry in particular. That their his-
tories were essentially coincident at that stage reflects the dominant posi-
tion in the industry of the German leaders. The industry began with the
development of artificial dyestuffs in the 1870s, from which it moved into
photographic chemicals and synthetic fibres in the early years of the twen-
tieth century. The predecessors of IG Farben led the way, as is shown by
the RTA values above one in 1890-1919 in Table 10.4. In the 1920s and
1930s the IG group diversified further into fertilisers (listed here under
agricultural chemicals) and pharmaceuticals. Following the formation of
IG in 1925 synthetic resins and fibres steadily gained in importance in the
group’s profile of technological effort, the RTA rising from 0.45 in
1925-29 to 1.14 in 1940-47. The latter may partly reflect the company’s
research into synthetic rubber which led to the development of PVC
(Freeman, 1982). In addition, intensification of research in photo-chemi-
cals (from 1.92 to 2.65 over the same period) seems to have been associ-
ated with developments in related product areas, namely an involvement
in photographic equipment (here included under the other scientific
instruments category, the RTA for which was well above 1 throughout
1925—47). In this case technological diversification was linked to product
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diversification into the photographic sector, as represented by the Agfa
branch of the group, this and other parts of the IG group having
developed the complementary technological expertise in photographic
chemistry.

One noteworthy diversification feature of the inter-war period is that
coal and petroleum research reached an all-time high in the period
following the merger (particularly from the late 1930s). This confirms
other evidence about IG Farben’s renewed interests in coal liquefaction,
which had been initiated at one of the company’s predecessors (Beer,
1959). While this may have originally been commercially inspired in the
1920s and early 1930s when other chemical firms followed suit in investing
in the apparently promising field of oil from coal, most other large firms
that had experimented with this possibility divested from the area during
the 1930s as the early promise was disappointing. This helps to explain
how IG’s RTA in the field rose from 1.08 in 1925-29 to 2.72 in 1940-47.
The reason seems fairly clear — by this stage IG Farben had become
obliged to assist in the Nazi war effort, and as is well known the principal
German military weakness was that it lacked its own oil supply.

Perhaps the most remarkable part of the IG story comes from updating
the account to consider the subsequent profile of technological special-
isation of its largest successor company, Bayer. In this context we focus on
a comparison of the pattern of technological specialisation of the IG
Farben group as a whole over 1890-1947 with that of Bayer over 1947-95,
but with an eye on the position of Bayer in the most recent sub-period,
1991-95, to see whether there are any substantive shifts in the pattern of
specialisation that appear to have emerged in the latest years. A rationale
for comparing two very long-term periods of 1890-1947 and 1947-95 is
itself the belief that the knowledge base of firms is cumulative and incre-
mental (Nelson and Winter, 1982; Rosenberg, 1982; Cantwell, 1989).
What comes out of this comparison is indeed a picture of the most
remarkable continuity. The oldest strength in dyestuffs has held up and
indeed even reasserted itself most recently (an RTA of 1.23 in 1991-95),
while the new developments that had emerged early in the twentieth
century and been either reinforced or established as a strength in IG
Farben in the inter-war period remain evident in Bayer today. Thus, con-
sider the RTA values in 1947-95 in synthetic resins and fibres (1.41), pho-
tographic chemistry (3.26) and instruments (2.39); pharmaceuticals also
stands at 1.31, but this advantage has been eroded recently (0.86 in
1991-95). In contrast, the inter-war specialisation in oil-related chemicals
has disappeared (an RTA in the Bayer years of 0.29), driven as it was more
by external military demands than by the specificities of internal cap-
abilities and commercial logic. In contrast, what had been for IG in the
1930s the newly emergent strength in fertilisers and agricultural chemicals
has successfully reappeared in Bayer (an RTA of 1.53 in 1947-95, and 1.96
in 1991-95).
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3.2 The evolution of technological capabilities at Du Pont

Looking at the evolution of Du Pont’s technological specialisation (Table
10.5), through to 1947 the company preserved its founding strength in
the field of explosives. However, given its incredibly high degree of focus
on explosives (an RTA of 11.16 in 1890-1919), it was almost inevitable
that growth would take the form of — to some extent — moving away from
its original research activities in and around explosives and allied tech-
nologies (chemical and distillation processes, cellulose, silk and leather
with textile applications — with RTAs in 1890-1919 of 1.76, 5.40 and 13.49
respectively), initially into rubber and plastics (2.70 in 1890-1919), and
then into synthetic resins and fibres (3.05 in 1925-29). The emergence
and subsequent rise of the development of synthetic materials in the
1920s and 1930s seems to be for Du Pont the most striking phenomenon
of the inter-war period. This confirms other evidence regarding the
company’s research into polymers which eventually led to the discovery of
nylon, the first synthetic fibre and Du Pont’s most successful product.*

By contrast with IG Farben, organic chemistry was never an area of
comparative strength at Du Pont, and it emerged to respectability in this
field (an RTA of 0.99 in 1935-39) only after the First World War. Since
this was not a traditional area of research for the company, its moderate
catching up partly reflects the company’s cooperative agreement with the
ICI (after 1929), a central objective of which was to enable these partners
to better match the industry leader, IG Farben (see Cantwell and Barrera,
1998). A sustained position in rubber and plastic technologies through
the inter-war years reflects in part the rise in Du Pont’s research in poly-
mers leading to the discovery of neoprene (Hounshell and Smith, 1988).
An interesting feature hidden by aggregation in Table 10.5 is the growth
of the development of textile and clothing machinery (within mechanical
engineering), which may have spun off from the interest in synthetic
fibres, and particularly nylon.

What is most striking from a comparison with IG Farben is that while
Du Pont began with a much more focused spectrum of technological
specialisation early in the twentieth century than that of IG, reflecting its
later start and smaller size, it had become notably more diversified than
IG by the 1940s. This again can be related to the strategy of acquisitions
rather than internal growth. Over 1890-1947 as a whole, Du Pont held a
technological specialisation among others in cleaning agents and compo-
sitions (an RTA of 1.61), chemical processes (1.20), synthetic resins and
fibres (1.81), disinfecting and preserving (1.09), textiles and leather
(1.15), non-metallic mineral products (1.77), rubber and plastic products
(1.43), distillation processes (1.08) and of course in explosives technolo-
gies (3.14). Within chemical processes, the most important technologies
were coating processes, adhesive bonding and chemistry and electrical
and wave energy. Cleaning agents and other compositions included paints
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282 ] Cantwell

and lacquers, with “Duco” (the trademark product) being its most import-
ant innovation in this field (Hounshell and Smith, 1988).

However, despite a path that emphasised technological diversification
at Du Pont compared to greater consolidation among the IG group, Du
Pont’s corporate technological trajectory from 1900-47 was in many
respects even more coherent in its direction than that followed by IG. The
early moves away from explosives mainly represented the development of
nitro-cellulose technologies — cellulose (used in the manufacturing
process of explosives), silk and leather, chemical processes (including
coating and bonding) and paints. From here came the development of
cellophane. Then, having worked with rayon and cellulose acetate textile
fibres, the company was well placed to diversify into (and to lead) the syn-
thetic fibre revolution (Hounshell and Smith, 1988).

Much of this structure was then preserved in the post-war period. In
1947-95 (and in 1991-95) Du Pont retained an RTA greater than one in
distillation processes, chemical processes, synthetic resins and fibres, tex-
tiles, clothing and leather, rubber and plastic products. However,
although this remained true also of explosives in 1947-95 as a whole (an
RTA of 2.70), it is striking that by 1991-95 this original primary source of
strength had finally lapsed (the RTA value standing at 0.56). Conversely,
to a greater extent than in the post-war experience of Bayer, new strengths
have emerged in Du Pont in 1947-95 in mechanical processes (an RTA of
1.23 in 1947-95 and 1.57 in 1991-95), electrical equipment (1.05 in
1947-95 and 2.56 in 1991-95), and coal and petroleum products (1.56 in
1947-95 and 1.74 in 1991-95). The latter emergent strength in oil-related
chemicals may be somewhat ironic given Bayer’s post-war retreat from that
field, but in Du Pont it can be traced back to the development of polymer
intermediates that derived from the long tradition in explosives (Houn-
shell, 1995). So perhaps some residue of Du Pont’s path-dependent
history stemming from its beginnings in explosives remains through to the
present day after all.

4 Technological development at GE and AT&T

As has been seen already in the case of chemicals, the science-based indus-
tries that began towards the end of the nineteenth century were charac-
terised by growth through horizontal diversification into technologically
related fields. However, vertical diversification into related mechanical
fields mattered too, as in the case of IG’s move into photographic equip-
ment, and Du Pont’s move into textile machinery. Nevertheless, horizontal
science-related diversification was the essential theme of corporate techno-
logical trajectories in the chemical industry. In comparison, the develop-
ment of vertically integrated systems was relatively more important in the
electrical equipment industry, broadly defined. The electrical equipment
industry focused from the outset on the design of complex and interrelated
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technological systems, of which certain components might lie either ahead
(salients) or behind (reverse salients) the general front of development at
any point in time, whereby progress in other parts of the overall system is
either facilitated or constrained (Aitken, 1985; Hughes, 1983, 1989).

While in the chemical industry the largest German companies were the
world leaders, in the electrical industry that role was taken up by the
largest US firms. The firms examined here were associated with the found-
ing of the two central planks of the industry — namely, electrical lighting,
power, traction and related machinery (in the person of Edison, whose
role is discussed by David, 1991), and the telephone (in the person of
Bell). General Electric was formed in 1892 from the merger of the Edison
General Electric Company and the Thomson-Houston Electric Company,
while AT&T was originally a subsidiary of American Bell set up in 1885,
which with financial reorganisation in 1899 became the holding company
for the entire Bell group (Reich, 1985). The original overlap between
these two branches of the industry lay in electrical devices and systems,
and in some general machinery. This overlap illustrates how the leading
firms in this industry were concerned to establish integrated systems, and
not the (perhaps interconnected range of) more narrowly defined prod-
ucts that were typical in the chemical industry. The connection between
the two segments of the industry became much sharper from the inter-war
years onwards with the development of the radio, and subsequently the
television. The radio was the primary focus of growth in the electrical
equipment industry in the inter-war period, and both parts of the industry
made critical contributions to this new area of development.

Table 10.6 shows the comparative patenting records of the leading
firms in the electrical equipment industry. It shows how AT&T (Bell) was
the leading research organisation and the dominant corporate patenter in
the 1920s (which made it the highest ranked patenting firm in any indus-
try), but that at other times — before the First World War and once again
from the 1930s onwards — this role fell to GE. The early 1920s saw a sub-
stantial growth and diversification of research at AT&T, which gave rise to
the establishment of Bell Telephone Laboratories in 1925, the formation
of which gave a further impulse to R&D in the company (Maclaurin, 1949;
Nobel, 1979; Reich, 1985). Westinghouse Electric was not far behind the
big two, while RCA was set up by GE in 1919 to take over the assets it had
acquired of American Marconi in the nascent radio industry. By 1921
Westinghouse Electric and AT&T had also entered into a partnership with
RCA in the radio industry, which therefore of course was also a partner-
ship with GE in the development of radio systems (Reich, 1977). During
the post-war period while GE has remained the industry leader the others
have gradually declined somewhat (and in the case of AT&T been broken
up), and large firms from other countries have caught up. The German
firm Siemens is a prime example, but there are also the newer Japanese
companies that have not been considered here.
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4.1 The evolution of technological capabilities at GE

Given the complex systems nature especially of that part of the electrical
business in which GE was active, and given what is known about the
breadth of interest of GE in particular from the beginning across the
range of electric lighting, power and transport components, it is hardly
surprising that the evidence on the spread of GE’s technological special-
isation set out in Table 10.7 shows that it was far more diversified in its
range of expertise in 1890-1919 than were our other large companies.
Although this high initial span of corporate technological diversification is
indeed partly attributable to the systems nature especially of this segment
of the electrical equipment industry from the start, it may also have some-
thing to do with relatively wide inventive interests of Edison, and his com-
parative advantage as an inventor in the design and construction of
electromechanical systems (Reich, 1985). This is akin to David’s (1991)
assessment of the significance of the individual personality of Edison as an
influence on historical paths, in this case helping to establish GE as an
innovator across a broad front, which has remained as a feature of GE’s
capabilities (compared to its major competitors) through to the present
day.

This having been said, GE embarked on a further technological diversi-
fication in the final decade of the 1890-1919 period (Reich, 1985), and
this is encompassed in the aggregation of the years 1890-1919 into a com-
bined period for the purposes of comparison with other companies (for
which change was concentrated in the inter-war years). The earliest
strengths in electric lighting, power and traction are here reflected in
RTA values greater than one for 1890-1919 in illumination devices, elec-
trical lamp manufacturing equipment, general electric equipment, other
machinery and industrial equipment, vehicle (components) and other
transport equipment. Other areas of GE technological advantage are best
related to developments that came in the early part of the twentieth
century. An RTA greater than unity in metallurgy can be related to the
development of ductile tungsten filaments for incandescent electric light-
ing, while that in chemicals may relate to advances in heat insulation and
refrigeration (Reich, 1985).

What is most striking about GE’s subsequent corporate technological
trajectory is its high degree of path-dependency and persistence, even
across the very wide front of capabilities over which it operated. Almost all
the primary fields of advantage in 1890-1919 were also areas of advantage
for GE in 1940-47 (including illumination devices, electric lamp manufac-
ture, chemicals and pharmaceuticals, metallurgical processes, other
machinery and industrial equipment, other general electrical equipment,
motor vehicles and engines, other transport equipment, building mater-
ials and coal and petroleum products). Perhaps even more remarkably,
GE continued to enjoy an RTA greater than one in all these fields in
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1947-95! However, in its original core field of lighting it had declined by
1991-95. Thus, by this last period, GE’s RTA in illumination devices had
fallen to 0.90, while in electric lamp manufacturing equipment it had
dropped as low as 0.45. No doubt lighting is not as central to new develop-
ment in the electrical equipment industry now as it once was, but given
the overall forcefulness of GE’s technological path-dependency over a
wide range of activities, this retreat from its historical origins is notewor-
thy, even though it has taken the best part of a century to reach that
turning point away from the past.

4.2 The evolution of technological capabilities at AT&T

AT&T (Bell Telephone as it was) began with a much sharper focus in its
technological specialisation than that at GE, concentrating its efforts on
the telephone, and on related technologies. This is readily apparent from
Table 10.8, and from a comparison of Table 10.8 with Table 10.7. In
1890-1919 the company was primarily focused on its origins in telecom-
munications (an RTA value of 4.50), together with the closely allied fields
of other electrical communication systems (3.68) and image and sound
equipment (3.12). Also, it had established a related base in metal product
technologies (an RTA of 1.22), no doubt given the need to work on the
detailed development of telephone receivers, transmitters, cables and
the like. Between them, these four fields of technological endeavour were
the only ones out of the 23 areas of activity under consideration in which
AT&T held RTA values greater than one in 1890-1919. In contrast, GE
had an RTA above unity in no less than 16 out of 23 fields over the same
period (see Table 10.7).

From the 1920s onwards, and especially after the formation of Bell Lab-
oratories in 1925, AT&T was engaged in a substantial technological diver-
sification largely in support of (rather than away from) its continuing core
interests in telecommunications (Reich, 1985). This theme is again well
illustrated in Table 10.8. In 1925-29, AT&T had added to the fields in
which it held an RTA value above one (among others) the three areas of
metallurgical processes (1.08), rubber and plastic products (1.33) and
office equipment and other data processing (1.40). These three new fields
of strength are likely to have been related to respectively the firm’s devel-
opment in the 1920s of metallic contacts for telephone switching appar-
atus and the properties of magnetic materials, enamel and phenol-fibre
insulation, and telephone and telegraph transmission parameters (Reich,
1985). In 1930-34 an RTA above one was further attained in other
machinery and industrial equipment (then 1.04), representing again a
recognition of the role of vertical systems integration in the direction of
diversification in the electrical equipment industry.

By 1940—47 all these new fields just referred to continued to hold an
RTA greater than unity in AT&T - metallurgical processes at 1.80,
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machinery and industrial equipment at 1.40 and rubber and plastic prod-
ucts at 1.93 — but with the partial exception of office equipment and data
processing at 0.98. Needless to say the established advantage was retained
through to 1940-47 in telecommunications (2.15), other electrical com-
munication systems (2.04), image and sound equipment (1.05) and metal
products (1.22). In other words, over a combined period of well over 50
years AT&T preserved its core technological competence, but effectively
built around it. As has been commented upon already, AT&T was also
involved as a major contributor to the development of the inter-war radio
industry. However, while it had moved substantively into special radio
systems (an RTA of 1.02 in 1925-29) and various instrument technologies
(0.87 in 1930-34), these never became its relative strength compared to its
major rivals (and most notably compared with RCA, of course). Even in
image and sound equipment there was a significant relative decline in the
1940s (from 1.50 in 1935-39 to 1.05 in 1940—47), following the advent of
commercial television in the US and the new focus of experimentation
that this provided (Abramson, 1995).

In essence, AT&T’s technological profile persisted also into the post-
war period. In the years 1947-95 considered together, AT&T retained its
indicator of positive corporate technological specialisation in telecommu-
nications (2.77), other electrical communication systems (1.48), image
and sound equipment (1.00), as well as in metallurgical processes (1.20)
and rubber and plastic products (1.19), but had lost its position in metal
products (0.85). Key strengths persist all the way through to the latest
period of 1991-95 in its core fields of telecommunications (2.77) and
other electrical communication systems (1.12). However, by 1991-95 the
company had witnessed some decline of its relative capabilities in image
and sound equipment (0.86) and metallurgical processes (0.86), and a
clear fall in metal products (0.30) and rubber and plastic products (0.69).
Replacing these areas, AT&T now has advantages in instruments (1.18)
and semiconductors (1.19), for which the antecedents had been laid in
the inter-war years, but on which a relative focus of development attention
emerged only recently. Yet despite some shift in the overall composition
of its technological trajectory, AT&T’s continuing strong concentration
on its telecommunications origins (2.77) is evident.

5 Diversification revisited, and some conclusions

The evidence seems to confirm that all the large firms considered here
followed specific and path-dependent corporate technological traject-
ories, in that the distinctive characteristics of their early years exercised an
influence on the composition and breadth of their subsequent techno-
logical capabilities, and the direction in which they evolved. Despite the
fact that these large companies broadened their areas of research, until at
least the post-war period they remained specialised in those fields which
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had been their original stronghold. However, Du Pont and GE seem to
have experienced a more radical departure from their original core
technology than did IG Farben (and later Bayer) and AT&T. Nevertheless,
even the extension of Bayer’s and AT&T’s research activities also led to a
gradual diversification into some other related areas of strength. It is
noticeable that the intensification of research in certain key areas appears
to have spun off allied innovations in other fields. This underlines the
importance of interrelatedness of technology, whereby a major techno-
logical breakthrough tends to generate further innovations in connected
fields, a feature of particular significance for firms in the science-based
industries. It also helps to show the usefulness of patent statistics as a
means of tracing the historical paths followed by large firms when con-
sidered across their entire distribution, as important patents are unlikely
to be isolated while unimportant ones may be. While the patterns
described here are entirely consistent with the qualitative evidence of busi-
ness histories, they add some precision by facilitating clearer comparisons
between the positions and paths of firms operating in similar industries.
Having commented on the extent of corporate technological diversifi-
cation and how it evolved historically in each of our individual company
descriptions of paths of specialisation, it is time to summarise these trends
through an examination of our more formal indicator of diversification
DIV, the reciprocal of the coefficient of each company’s RTA distribution
across fields (as explained above). The values of this indicator are set out
in Table 10.9. The first row of the table, concerning 1890-1919, affirms

Table 10.9 Evolution of corporate technological diversification, 1890 to 1995

Period 1G Farben Bayer Du Pont GE ATST
1890-1919 1.04 N.A. 0.71 1.64 0.66
1920-24 0.57 N.A. 1.06 1.35 1.07
1925-29 1.23 N.A. 1.00 1.32 1.33
1930-34 1.27 N.A. 1.14 2.03 1.59
1935-39 1.10 N.A. 2.00 2.01 1.71
1940-59 N.A. 0.79 2.68 1.87 1.65
1960-64 N.A. 0.83 1.90 1.42 1.37
1965-68 N.A. 0.91 2.66 1.68 1.09
1969-72 N.A. 0.91 2.63 1.87 1.16
1973-77 N.A. 0.95 1.98 1.41 1.15
1978-82 N.A. 1.34 1.58 1.31 1.19
1983-86 N.A. 1.34 1.50 1.36 1.32
1987-90 N.A. 1.50 1.46 1.20 0.89
1991-95 N.A. 1.31 1.17 1.28 0.98
1890-1995 0.89 1.15 2.56 2.04 1.52

Source: As for Table 10.3.

Note
N.A. = Not applicable.
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what has already become clear from the discussion of Tables 10.5 through
to 10.8. That is, corporate technological diversification was much more
pronounced from the outset in general electrical systems (as represented
by GE, with a DIV value of 1.64 in 1890-1919) than it was in chemicals
(1.04 in what became the IG group combined, and a still more concen-
trated 0.71 in Du Pont), but telecommunications was more like the latter
than the former (with a DIV as low as 0.61 in AT&T for the equivalent
period).

By the end of the inter-war period both Du Pont and AT&T had largely
caught up with the span of diversified technological development at GE.
Thus, in 1935-39 Du Pont’s DIV value had risen as high as 2.00, and that
of AT&T to 1.71, as against a value of 2.01 in the case of GE. IG Farben
was the firm out of step in this respect, in that while it had been gradually
diversifying through to 1930-34, at which stage it remained more diversi-
fied than Du Pont (a DIV value of 1.27 as against 1.14 for Du Pont), in the
later 1930s what appeared to be its natural commercial path became dis-
torted by the need to be attuned to the military objectives of the new
German government. The fall in IG’s DIV value in 1935-39 (to 1.10) was
particularly associated with its further move into oil-related chemicals,
exactly at the time when Du Pont was diversifying heavily into a range of
new chemical processes following (and associated with) its successful
transition into synthetic resins and fibres.

Bringing the story closer to the present day, there tends now to be less
difference between large firms in the scope of their technological diversifi-
cation, compared to the inter-company variety of diversification that was
often observed in the past. By 1991-95 the DIV measure seems to have
converged among firms to a range of around 1.0 through to 1.3. Com-
pared to the long-term historical average value of DIV (for 1890-1995 as a
whole) this represents a rise for Bayer (to 1.31 in 1991-95, as opposed to
1.15 in its own post-war history, or even 0.89 for the IG group in earlier
times), a fall for AT&T (from 1.52 as a long-term average through to 1.32
in 1983-86, and then 0.98 in 1991-95, although the sharpness of this
recent structural shift reflects the break-up of AT&T and the greater
focusing of its remaining business), but a significant decline for Du Pont
(1.17 in 1991-95 vs 2.56 in 1890-1995) and GE (1.28 in 1991-95 vs 2.04 in
1890-1995).

Looking across companies and over time the general trend that is
observed is of a steady initial increase in technological diversification his-
torically, followed by a renewed concentration in more recent times. The
three of our four companies with the greatest continuity of historical iden-
tity (Du Pont, GE and AT&T) describe this pattern most clearly, in that
the DIV values with which they began in 1890-1919, and those with which
they finished in 1991-95, were both well below their respective long-term
averages for DIV in 1890-1995 as a whole. If one allows for the specificities
of the experience of IG Farben in its later years (its contribution to the
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German war effort), and for the smaller size of Bayer which was only part
of the original group and the recovery of the German chemical industry
in the early post-war period, one can also see an historical trend towards
diversification, from a DIV value of 1.04 in 1890-1919 through to 1.27 in
1930-34 and then to 1.34 in Bayer in 1978-82. Although Bayer’s DIV
value did not decline after 1978-82, it has seen no further sustained
increase since that time (standing at 1.31 in 1991-95).

While in the early post-war years there was some continuation of the
inter-war diversification trend (into e.g. photographic chemistry) in both
Du Pont and Bayer, from around 1970 Du Pont has refocused its techno-
logical efforts (with a fall in DIV from 2.63 in 1969-72 to 1.17 in 1991-95).
In comparison the reversal of the diversifying trend began earlier in the
post-war period in the electrical equipment industry, with some moderate
refocusing of technological efforts in GE until around 1970 (the DIV indi-
cator fell from 2.01 in 1935-39 to 1.87 in 1969-72), and in AT&T until the
mid-1980s (a drop from 1.71 in 1935-39 to 1.32 in 1983-86, having been
as low as 1.16 in 1969-72). Since then there has been a clearer refocusing
upon a more closely related set of technological activities in GE from
around 1970 (from 1.87 in 1969-72 to 1.28 in 1991-95) and in AT&T
following its break-up (from 1.32 in 1983-86 to 0.98 in 1991-95).

Some explanation can be offered for the apparent switch in the long-
term direction of corporate technological diversification in at least this
group of the largest firms (in terms of their patent volume), away from
pro-diversifying change and towards an increasing focus of effort. In the
first phase of the growth of large industrial companies, from around the
end of the nineteenth century through to the Second World War, product
diversification and technological diversification were much more closely
connected to one another, through attempts to realise the joint
economies of scale and scope (as documented in depth by Chandler,
1990). In the second phase of such growth since 1945, and especially since
around 1970, corporate technological diversification has acquired a new
motive apart from the simple support of product or market diversification.
That is, in more recent times the primary motive has become the potential
rewards from rising technological interrelatedness between formerly
largely separate and discrete branches of innovative activity. These are
new and more dynamic economies of scope, associated with continuous
knowledge spillovers between allied fields of learning, and with the cre-
ation of new and more complex technological combinations.

While for many smaller companies this shift of motives has meant a new
impulse towards greater technological diversification than in the past to
incorporate what have become the most closely related areas to their own
core business, in some giant firms the greater potential inner benefits of
interrelatedness has meant instead a refocusing of efforts around that
combination of their established areas which have become most closely
related (Cantwell and Santangelo, 2000). Thus, the drivers of corporate
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technological diversification have shifted from the coverage of related
products and markets in the first phase of large company growth, to the
relatedness to be found in innovative activity itself, and in the construc-
tion of new technological combinations in the second phase in the growth
of large firms. So technological diversification associated with a steady
movement outwards into new markets and technologically related prod-
ucts has been gradually replaced by often more focused combinations of
technological activity to capture the fruits of interrelatedness in the com-
petence creation process itself.

Meanwhile, path-dependency has prevailed throughout the last
hundred years or so of the corporate technological trajectories of these
large firms, but it is a path-dependency accompanied with the gradual
drift that is associated with most stochastic processes. The gradual drift
away from the initial competence base of a large firm implies that while
the direction of corporate technological diversification may be explicable
ex post (as argued by Breschi, Lissoni and Malerba in Chapter 3, this
volume, it constructs a coherent and not a random set of new combina-
tions), it is not predictable ex ante with any degree of precision or reliabil-
ity. Bayer has continued with IG Farben’s traditions in dyestuffs,
photographic chemistry and fibres through to the present day, but Du
Pont has eventually moved away from its historic origins in explosives.
AT&T continues to hold its primary position in electrical communication
systems, but GE has eventually moved away from illumination devices and
lamp manufacture. Taken together these large company technological his-
tories show how corporate technological trajectories have the typical prop-
erty of path-dependency with some continual drift, and not a strong kind
of “lock-in” configuration of the kind sometimes proposed in the context
of other discussions of path-dependency and its implications.

Notes

1 The author is grateful for the support of the UK Economic and Social Research
Council, who funded the project on long-term technological change in the
largest US and European firms on which this chapter draws, and to Pilar
Barrera, who worked with him on that project. He is also grateful for the help of
Jane Myers and Jim Hirabayashi at the US Patent and Trademark Office.

2 The CV measure has often been used as well in the analysis of business concen-
tration across firms within an industry, as opposed to concentration or disper-
sion across sectors within a firm (see Hart and Prais, 1956). It is worth noticing
that alternative measures could be used (e.g. the Herfindhal index) but that for
a given number of firms or sectors (N), there is a strict relationship between the
Herfindhal index (H) and the coefficient of variation (CV) (Hart, 1971). The
relationship is: H= (CV?*+1)/N.

3 There is evidence that during the inter-war period there was a close overlap
between oil and petrochemical research in the chemical industry (Freeman,
1982).

4 “Nylon became far and away the biggest money-maker in the history of the Du
Pont Company” (Hounshell and Smith, 1988, p. 273).
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11 Multi-technology management

Ove Granstrand

1 Introduction

1.1 How proper is the diversification fashion?

Fashions and fads plague management thinking, and to some lesser extent
— hopefully — management practice. It is in fact a significant challenge to
members of corporate boards and top management to avoid being overly
fascinated by fashions and fads. These may very well build on some sound
ideas but are then typically oversold by a host of preachers among fame-
driven scholars, money-driven consultants and stock-traders and novelty-
driven managers (often at higher levels!) and media, all jockeying for
advantages. Diversification, with its converse specialization, is one particu-
lar example of a strategic issue being heavily subjected to fashionable
thinking. An average corporation’s list of product offerings has been
lengthened and shortened like women’s skirts over the years, at least in
the Western industrialized world. In the 1960s and 1970s conglomerate
diversification US-style came into vogue, based on ideas of attaining
attractive growth and risk dispersion through applying various manage-
ment skills across a portfolio of businesses, acquired or home-grown,
related or unrelated, financed externally or internally via a corporate
capital market. For this strategy, it was perfectly proper to use the by now
fairly well-known divisionalized organization structure, pioneered by
General Motors and Du Pont already in the 1920s, as well as recent advan-
tages in management accounting. As it gradually became clear that the
promises held out were not materializing and conglomerate profits soured
under over-taxed management, ‘survival of the fattest’ became an issue
and the fashion pendulum started to swing to the other extreme. In the
1980s and 1990s, specialization became fashionable (in the West), dressed
in terms like ‘back to basics’, ‘stick to the knitting’, ‘focus on core busi-
ness’, ‘be lean and mean’, ‘slim the organization’, downsizing, outsourc-
ing, demerging etc. Stock prices came increasingly to reinforce this
management fashion (and discount conglomerates) as the financial
markets and ownership concerns developed and occupied an increasingly
large share of minds among corporate boards and top management.
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However, as is well known, stock prices at times do not reflect the real
economy very well, so how have the conglomerates and the specialized
companies fared economically over the years? In other words, what has
been the relationship between degree of diversification (or specialization)
and economic performance over the years? As a rule, the US-inspired type
of conglomerates of the 1960s and 1970s did not perform very well (Inter-
national Telephone and Telegraph (ITT), Philips, Siemens etc.) with
General Electric as still (as of 2002) outstanding exception confirming the
rule. On the other hand many Japanese companies diversified successfully
in the 1980s (Canon, Hitachi, Toshiba etc.).

Specialization in the 1980s and 1990s improved economic performance
in many cases of Western companies which, under the influence of fash-
ionable management thinking had become overdiversified in one way or
another (with too many unrelated products and/or markets). In other
cases, specialization or too little diversification jeopardized the company’s
long-term economic performance, making it too vulnerable to downturns
in business cycles or special markets or patent positions, possibly leading
to a merger and acquisition (M&A) restructuring (as for Astra-Zeneca in
pharmaceuticals). Also many Japanese companies had become overdiver-
sified, mostly as a result of previous diversification successes, and were
pressured to de-diversify in the Japanese economic crisis of the 1990s
(Gemba and Kodama 2000).

Thus, business histories offer many lessons but do not show a clear,
overall picture. In fact economic research has not found any significant
connection between diversification (or specialization) and economic
performance in terms of profitability (see especially Montgomery 1994,
Ravenscraft and Scherer 1987).

However, diversification is a mixed bag of various strategies, including
conglomerate diversification into more or less unrelated businesses, as
well as diversification into businesses that are highly related product- or
marketwise in terms of shared resources or other synergies. Moreover, the
benefits (economies) associated with shared resources and synergies do
not end up automatically on the profitand-loss (P/L) account but have to
be reaped through active management. But what kinds of guidelines are
there for company boards and management to judge the proper type and
amount of diversification?

1.2 Purpose and outline

The purpose of this chapter is to answer this question by penetrating a
particular type of diversification related to technology and presenting
some guidelines on how to manage this type of diversification successfully.
In so doing, we need to distinguish between product diversification, com-
monly understood as extending the range of products (outputs) of a
company, and technological diversification, i.e. extending the range of
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technologies (inputs) a company uses together with other resources for its
output products. As will be seen below, recent research has shown that
technological diversification has a strong, positive impact on growth of
sales, but likely also on growth of expenditures on research and develop-
ment (R&D) and technology acquisition — in turn giving management an
incentive to utilize the company’s technologies for diversifying into new
product businesses, i.e. to undertake a technology-related product diversi-
fication. The chapter will first briefly illustrate the processes of product
diversification as well as technological diversification, then present and
explain some results from studies of company diversification strategies
and their economic performance. Finally, the chapter will focus on a
number of management skills or capabilities needed to successfully
manage technology-related diversification processes.

1.3 Literature

A quick account of literature on diversification in general, mostly then
focusing on product and market diversification, mostly in a US context,
would include classic studies of large corporations such as Ansoff (1957),
Penrose (1959), Gort (1962), Chandler (1962, 1990) and Rumelt (1974).

More recent studies, still in a US context, are Ravenscraft and Scherer
(1987), Scott (1993) and Markides (1995). Literature surveys are given by
Ramanujam and Varadarajan (1989), Montgomery (1994) and also man-
agement handbooks such as as Hitt ef al. (2001). Essentially, the literature
so far gives a mixed verdict regarding the virtues of product diversification
in terms of economic performance, apart from pointing out the average
underperformance of unrelated conglomerate diversification.

Literature on technological diversification is of more recent origin and
has, in fact more of a non-US orientation. Kodama (1986) studied techno-
logical diversification at industry level in Japan, Pavitt et al. (1989) at
company level in the UK, Granstrand (1982) and Granstrand and Sjolan-
der (1990) at company level in Sweden, followed up by Oskarsson (1993),
Patel and Pavitt (1994) and Granstrand et al. (1992, 1994, 1997) for
samples of large corporations in Europe, Japan and the US. Essentially,
this literature has pointed out the prevalence and nature of technological
diversification and its association with economic growth and diversifica-
tion in general. The literature on this topic has then grown considerably
and is surveyed and elaborated in Chapter 2 (this volume).

2 Empirical findings

2.1 Cases of corporate and technological diversification

Diversification occurs at various levels in industry. A number of not
very well defined levels could be discerned, e.g. levels corresponding to



300 O. Granstrand

different sector levels (e.g. manufacturing, vehicles, cars), product area
(e.g. passenger cars), product line (e.g. station wagon) and product
variant or model (e.g. blue, 2003, turbo).! At corporate level, Figure 11.1
illustrates some types of diversification in the evolution of a particular
firm. The company Alfa-Laval has a long, diversified history of which

Continuously working centrifugal separator
(Original product innovation, patented 1878, for which the company was incorporated 1883)
|

v
Separation in other media -« Separation of milk — » Sheetmetal
(oil, fruit juices etc.) and new (original application in dairy and farming (T-div, P-div 1885,
applications, e.g. marine in 1920s Market diversification (M-div)to - exit 1969)
(A-div; M-div), leading to new US 1883, Europe, Russia 1906 etc.)
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Figure 11.1 Diversification tree — case of Alfa-Laval AB (as of 2000).
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Figure 11.1 can only give a very incomplete picture. For example, the
company was acquired by the packaging group Tetra Pak in 1991 (for 16
BSEK, media said), then divested in 1998, although without its liquid food
processing business area, which had become integrated into Tetra Pak
after the acquisition, while other areas had not. The technologies — origin-
ally for centrifugal separation of milk, through mechanical engineering
related to metal forming, material science and precision engineering —
then evolved (diversified) over the years, largely devoted to processing
mostly liquid (rather than air or material) flows, i.e. flow processing, for
which a portfolio of fairly general-purpose products was developed (sepa-
rators, heat exchangers, pumps, valves etc.).

Market-pull development of new technologies and then technology
leveraging (technology push) into new applications, often involving initi-
atives and ideas from users, then leading into new but related product
areas, has been a general driving force. Mostly the successful product
diversifications have been technology related in this way rather than
market related. (Cases of the latter have occurred when customers have
asked to be supplied with other complementary products in their flow
process. In order to ensure sufficient economies of scale and scope, diver-
sification policies have been implemented saying that at least X percent of
the value of an order should relate to core products defined in technology
terms.) However, diversifications have often had many relations and it is
difficult to classify them as being related only in a single dimension. The
diversification tree in Figure 11.1 is rather a complex diversification
network. The four main types of diversification that could be discerned
are the two traditionally recognized ones — product diversification into dif-
ferent product areas (P-div), leading to a multi-product company (MPC),
and market diversification (M-div), including internationalization as a
special case, leading to a multi-national company (MNC), and then two
newly recognized ones — technological diversification (T-div), leading to a
multi-technology company (MTC), and application diversification (A-div),
leading to a range of applications for technologies within a product area.
More types could of course be identified and labelled, e.g. business diver-
sification (including services as well as products) and resource diversifica-
tion (including knowledge in general and technology in particular).

Application diversification is not generally recognized in the literature
as a diversification type but is generally recognized as an important phe-
nomenon. Business histories provide ample cases of companies with new
technologies and products finding and developing a range of applications
over time, often in unexpected ways with unexpected successes, some-
times even overshadowing the original application. Examples are mobile
phones — migrating from car phones to pocket phones or an old drug
finding new medical indications as with beta blockers, originally
developed and used for heart rhythm disorders, then migrating also into
treatment of hypertension.



302 O. Granstrand

Interaction between these types of diversification processes over time
provides a significant impetus to the dynamics in corporate evolution. For
example, new technologies are developed or acquired (T-div) for a new
product (P-div) in a specific application, as a kind of market-pull-process.
The technologies thus acquired can be adapted to new applications (A-
div) and/or further developed for new products (P-div), possibly requir-
ing still more new technologies (T-div). At the same time new markets (in
terms of new market segments and market regions rather than applica-
tions) are entered (M-div), bringing the company into contact with new
customer groups having new requirements and ideas, leading to new
products, technologies and applications and so forth. However, in cases of
resource constraints different types of diversification may become adver-
sary when competing for the same resources. For example, it has proven
to be very risky to perform product diversification concurrent with market
diversification (internationalization in particular), critical resources then
being managerial competence and attention.

In a study of diversification processes in eight large, European MNCs®
(Granstrand 1982) it was found that:

1 Raw material based companies were historically early product diversi-
fiers, incentivized thereto mainly by physical by-products in raw
material processing, while late internationalizers. Product innovation
based companies were early and fast internationalizers while being
product specialized, with product diversification growing (sometimes
accidental rather than strategic, often with external impulses) in the
post-war boom of the 1950s and 1960s, mainly through acquisitions,
producing some failures (due to lack of competence, management
and market demand), leading to de-diversification on average in the
1970s. The two world wars had on average spurred both growth and
diversification (e.g. through import substitution).

2 The continuity and path-dependence were high in the evolution of
the companies, and more so at higher levels of diversification (sector,
product area) where corresponding product life cycles then are
longer. Shifts in core business or dominant business had occurred but
all companies (with century long histories on average) had stayed in
their original sector and most of them in their original product area.
Diversification had thus been rooted in most cases, and in general
related in some way with existing resources and technologies, spurred
by combinatorial opportunities in generic technologies and generic
products (as with materials, chemicals and universal machine ele-
ments such as electric motors, lamps, bearings and separators),
spurred also by systems orientation in industrial marketing, hampered
but however, by top management’s unwillingness to integrate for-
wards and thereby start competing with powerful industrial customers.
For companies with generic (general purpose) products, typically
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universal machine elements, the degree of diversification into various
product areas was low while product differentiation within a product
area was high, sometimes clearly uneconomically high (as when SKF’s
different foreign subsidiaries had developed extensive ranges of
bearing variants to serve all types of their domestic customers).
Leading, invention-based engineering companies such as Alfa-Laval,
Philips and SKF thus ran the risk of overspecializing in a product area
and overdiversifying within that area.

Product diversification strategies had been mixed, changing and con-
troversial, while internationalization strategies had been steadily
embraced by top management.

Diversification through acquisitions was a preferred mode, except in
R&D intensive companies. Using R&D for product diversification had
indeed occurred before the Second World War but gained momen-
tum in the post-war era, during which corporate R&D also grew, inter-
nationalized and diversified. In general there was a close, although
lagged, connection between growth, diversification and inter-
nationalization at company and R&D level, i.e. R&D grew, diversified
(technologically) and internationalized eventually as the company did
in terms of sales in various product areas and foreign markets.
Additions to, as well as shifts in, the dominant core technology of
almost all corporations were found, e.g. generation shifts from
carbide engineers to polymer technologists at KemaNobel (later
merging into Akzo-Nobel); a series of generation shifts in electrical
engineering from vacuum tubes to transistors to integrated circuits to
microcomputers at Philips; chemistry, biology, electronics and systems
engineering being integrated in mechanical engineering at Alfa-Laval;
material scientists being promoted at SKF; metallurgists and chemists
being added to the ‘the mining people’ at Boliden; biologists and
mechanical engineers being promoted at Iggesund (pulp and paper);
a transition from chemistry to biology taking place at Astra; and
mechanical engineers being supplemented by various other types of
engineers (electrical, chemical, engineering physics etc.) at Volvo.
These changes in the portfolio of technological competencies
depended on external technological developments and internal con-
ditions such as the rise of advocates or opponents among manage-
ment and technologists. Both companies and products thereby
became technologically diversified, although not necessarily techno-
logically advanced, i.e. companies and products became multi-techno-
logical (‘mul-tech’) rather than ‘hi-tech’. In connection with
technological diversification the need for new technologies grew,
leading to growth of both in-house R&D and external technology
acquisition through various means, in turn making in-house R&D a
means also for accessing and absorbing external R&D.

Four different types of technological diversification were discerned.
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First, there was a diversification of competencies pertaining to the
core technologies of a corporation, for instance, the differentiation of
polymer technology or tribology. This was a kind of ‘ordinary’ special-
ization within a technology of decisive importance to the corporation.
Second, there was a diversification pertaining to adjacent technolo-
gies. These adjacent technologies could concern supporting technolo-
gies such as automation technology in production, surface chemistry
for lubrication in a part of a product or materials technology. Corpor-
ate R&D often diversified into adjacent technologies through an
initial stage of perception of product problems followed by attempts
to solve them by extending internal knowledge, often amateurishly, or
acquiring external R&D services. Third, there was substitution among
different technologies, such as the transition from chemistry to
biology in pharmaceutical research. Fourth, a new technology was
‘picked up’ for exploration because of its potential benefit to the cor-
poration, e.g. because it could create entirely new businesses (e.g.
KemaNobel acquired polymer technology and Astra went into antibi-
otics). Often these new technologies were science related, emerging,
and possibly generic, technologies, for which the implementation in
products and/or processes was not yet clear. Entry into these could
proceed through internal exploratory work (e.g. Ericsson experiment-
ing with computers in the 1950s and 1960s) and/or external acquisi-
tion of personnel, licenses, projects or companies. Of these four types
— (1) differentiation of and specialization within a core technology,
(2) expansion into adjacent technologies, (3) substitution of tech-
nologies and (4) involvement in new and so far unrelated technolo-
gies — the first three are product related, while the fourth is not (for
the time being, at least). Thus, most but not all types of technological
diversification could be said to be related to products (and their pro-
duction processes) already existing in the companies.

7  The diversification into a new technology for new kinds of businesses
was quite often evolutionary, with a progression through adjacent or
substituting technologies. For example, the need to preserve milk led
Alfa-Laval into heating and cooling, in turn leading to heat exchang-
ers, microwaves, the preservation of other types of food and finally a
new packaging technology. Alfa-Laval then decided not to go into
packaging (see Figure 11.1). The concept of evolutionary chains is too
simplified, though. Rather, technologies advance along some lines,
may then rest until combined with some other technologies, and may
then advance a bit further.

Finally, any typology of diversification of technology and R&D is
vague, since conceptions of a technology are diffuse and changing.
Confluences and combinations occur. Strictly speaking, technological
diversification should be considered to decrease if a combination of
two technologies gains coherence and recognition. For example,
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many corporations started to encounter different environmental
problems in the 1970s and developed counter-measures in the form
of corrective technologies. New competences had to be acquired, and
perceptions of which technologies were adjacent and relevant
changed rapidly. Hence the kind of technological diversification trig-
gered by environmentalism is hard to classify. It may not even be con-
sidered a diversification at all after environmental technology became
recognized as a specific technology. Thus, when assessing type and
degree of diversification, changes in the underlying typology create
classification and measurement problems.

2.2 Survey of diversification strategies for growth

Oskarsson (1993) explored whether certain corporate diversification
sequences were associated with high sales growth. Observations of 57 large
multinationals worldwide were classified according to sequences of diversi-
fication and specialization of technologies, products and markets. Four
main patterns of strategic behavior were identified:

a Fourteen companies’ pursued a diversification sequence of, first
increased technological diversification (T-div), then product diversifi-
cation (P-div) and market diversification (M-div) in this or reverse
order. These companies were called ‘aggressive diversifiers’.

b Nineteen companies* pursued a sequence of first increased techno-
logical diversification, then either product specialization followed by
market diversification or the reverse. These companies were called
‘stick to the knitting’ companies.

¢ Five companies’ pursued a strategy sequence of increased techno-
logical diversification followed by product diversification concurrent
with market specialization. These companies were called ‘market
specializers’.

d Eight companies® specialized both product-wise and market-wise and
sometimes even technology-wise. These were called ‘defenders’.

Eleven companies had selected four other strategic sequences, all of
them either growing slowly or declining. They had neither rapid increase
nor decrease in diversification.

The ‘aggressive diversifiers’ had significantly higher sales growth (in
1980-1990) and expanded their technology base, product base and
market base significantly more.

Canon was the company with the fastest growth of all the 57 companies
between 1980 and 1990. Canon also followed an ‘aggressive diversifier’
strategy, see Figure 11.2. The Canon case also illustrates three different
types of diversification: first, concurrent (and indeed risky as it was)
diversification (into copiers); second, technologyrelated business
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Figure 11.2 Canon’s diversification trajectory.
Source: Yamaji (1994).

(product, market) diversification into laser beam printers, exploiting the
competence in electro-photography; and third, business-related techno-
logical diversification into bubble jet printers, exploiting the competence
and position in the printer industry.

A qualitative model of diversification in general is given in Figure 11.3.
Oskarsson (1993) tested a simplified and modified (due to lack of data on
feedback) version of this model for 1980-1990 with results shown in
Figure 11.4.

Technological diversification at firm level was thus an increasing and
prevailing phenomenon in all three major industrialized regions, Europe,
Japan and the US. This finding has also been corroborated by Patel and
Pavitt (1994).

Moreover, technological diversification was a fundamental causal vari-
able behind corporate growth. This was also true when controlled for
product diversification and acquisitions.7 Technological diversification was
also leading to growth of R&D expenditures, in turn leading to both
increased demand for and increased supply of technology for external
sourcing.
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Figure 11.3 A strategic choice for technology management in ‘mul-tech’ com-

panies.

Source: Granstrand et al. (1992).

These findings were not readily explainable in terms of received theo-
ries of the firm. Without going into detail about the pros and cons in
using received theories to describe, explain and predict the behavior of
technology-based firms, taking idiosyncrasies of technology as a special
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Figure 11.4 A test of a model for growth and diversification (N=55).
Source: Oskarsson (1993).

type of knowledge into account, one can note that technological diversifi-
cation does not feature at all in received theories. Moreover, most theories
do not explicate the dynamics and heterogeneity of technology, and many
restrict their focus to process technology. (For an elaboration on these
theoretical issues, see Granstrand 1998.)

3 Analysis

3.1 Diversification dynamics

At a given point in time a multi-product multi-technology corporation
(MPC/MTC) comprises several products (or businesses) and several tech-
nologies, constituting the product base and the technology base respec-
tively for the corporation. These bases are linked to each other, e.g. as in
Table 11.1 (built on an actual case in the Saab Corporation, reported in
Granstrand and Sjolander 1990). For each product there is then an associ-
ated technology base, comprising the product and process technologies to
that product, and to each technology there is an associated product base,
comprising the range of products for that technology. The more techno-
logy-product couplings, the more synergies there may be. For example,
one could note in Table 11.1 that:

a The technology base of product P, is highly technologically diversi-
fied, i.e. P, is clearly a ‘mul-tech’ product, while Py is not.
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Table 11.1 Corporate structure in terms of its technology/product matrix

Technology Product area

P,

T

P, P, P

>
T

PX P9 PI()

Electronic hardware X
Man/machine communication
Electronic packaging X
Micro-mechanical design

Software

Computer communication
Electro-optics

Infrared technology X
Microwave technology

Laser technology

Hydro-acoustics

Image processing

Artificial intelligence

Systems technology
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KRR AKX

xR X
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b Electronic hardware is a generic technology, while hydro-acoustics has
a narrow applicability in the product base of the corporation.

How has an MPC/MTC developed such a coupled technology-product
structure (TP structure)? For a given product new customer requirements
and technological opportunities create an incentive for making transitions
in the technology base of the product, which leads the company to
develop or acquire new technologies through technological diversifica-
tion, then being productrelated. Possibly some existing technologies may
then be divested as well. The new set of technologies may then give the
company an incentive to diversify into a new product area, that is, to
engage in technologyrelated product diversification, in turn possibly
requiring still more technologies to be developed or acquired.

Figure 11.5 illustrates this stepwise feature of corporate evolution in
principle over time — with time points t,, t, etc., and an arrow denoting
entry into a TP-combination and 1 denoting exit (divestment or de-
diversification from a TP-combination). It may of course also happen that
a technology is developed or acquired at a point in time for exploratory
(or accidental!) reasons without yet being related to a specific product.?
This holds for research activities by definition. Similarly, although more
rare, there may be company products without any in-house technology for
the time being. In Figure 11.5 the company enters a new technology at
time t, but does not implement it in a product until time t;. The product
diversification process is then rooted in P, until time t; In Pyrelated
technological diversification, technology T, is then assumed to substitute
for T, but with a lag.
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Figure 11.5 Evolution of a company in terms of changes in its technology/product
matrix over time (t).

The combined TP-base thus shifts over time, just as the customer base
may do in accordance. Product invention-based companies in electrical
and mechanical engineering (such as Alfa-Laval above) then often display
a kind of ‘rooted’ diversification, sticking to the original product area (at
least for a long time), while diversifying into others. A kind of ‘floating
diversification” on the other hand is common for a raw material-based
company or a chemical company over long periods of time, in the sense
that the company diversifies away (i.e. exits) from its original product
area. For the latter type of companies, physical by-products in extraction
and processing play an important role in the diversification process. When
physical resources are depleted or subjected to diminishing returns, the
incentives to stay in the related product areas go away. On the other hand,
if a company’s resources are subjected to increasing returns, as is often
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the case with knowledge in general and technology in particular, the
incentives to stick to the original product area or core business remain.

The diversification dynamics has so far been analyzed for product and
technological diversification. Other diversification types exist (M-div, A-
div) and there are various sequential and concurrent patterns of diversifi-
cation as shown by Oskarsson (1993), presented in the preceding section.
The analysis could be extended to these cases, since similar principles and
similar basic types of economies are involved, which will be dealt with
next.

3.2 Economies of diversification

Technological diversification as an empirical phenomenon with its causes
and consequences has only recently gained attention among researchers’
The key role apparently played by this variable in corporate evolution, as
described above, is a new finding for which any explanation at this stage
must be tentative. Tentative modelling as presented above, emphasizes
progress in science and technology (S&T) together with differentiation of
both S&T fields and market needs. This view is closely related to the view
that an expanding set of opportunities technological as well as business
opportunities is a major factor in a number of phenomena. Penrose
(1959) treated technology and industrial R&D as one (out of several)
important source of new opportunities for product diversification in
general. Scherer (1980) identified technological opportunity as the most
important factor behind differences in innovativeness between different
industries. In fact, it may be argued that technological opportunities are
generated in a fundamentally important and inexhaustible way through
the combination and recombination of various technologies, new as well
as old. Such a process of combinations and recombinations could be con-
sidered to lie at the heart of the invention and innovation processes, in
which technologists, managers and markets filter out technically and
economically infeasible combinations.

In the process of taking advantage of technological opportunities,
technological diversification at the corporate level may lead to four differ-
ent but complementary types of economies of diversification: economies
of scale, scope, speed and space (the four Ss behind diversification). First,
there are static as well as dynamic economies of scale. Static economies of
scale accrue to the extent that the same, or close to the same, technolo-
gies can be used in several different products with minor adaptation costs.
Since exploiting knowledge in various applications is typically character-
ized by small and decreasing marginal cost for each additional applica-
tion, while the fixed cost of acquiring the knowledge is substantial, the
static economies of scale are significant when a technology has a wide
applicability to many different product areas in a corporation (which is
the case for generic technologies by definition). Moreover, as is well
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known, knowledge is not consumed or worn out when applied. On the
contrary, knowledge is typically improved through learning processes
when applied several times, which also allows for dynamic economies of
scale in technology-related product diversification or technology-related
application diversification. Second, different technologies have a potential
to cross-fertilize other technologies, yielding new inventions, new func-
tionalities and increased product and/or process performances when
combined. This cross-fertilization yields economies of scope, but not pri-
marily the kind of costrelated economies of scope in production that
arise from shared inputs, and thus are special cases of economies of scale.
This second type of economies of scope of technological diversification
depends on the specific technologies that could be combined or integ-
rated. Such economies of scope also vary over time, depending upon the
different intra-technology advancements over time. Third, combining
technologies mostly requires some technology transfer, and (under
certain conditions) intra-firm technology transfer is faster and more
effective than inter-firm, giving rise to early mover advantages in a multi-
technology corporation (MTC). These advantages, related to speed and
timing, can be labelled economies of speed. Fourth, many regions in the
world are multi-technological, i.e. they are technologically diversified, e.g.
the Silicon Valley area or the Tokyo area, regions that also mostly have
diversified eminent universities. These regions generate a stream of
technological and business opportunities, which are localized and poorly
codified, at least initially. An MTC is then better positioned to take advant-
age of these opportunities through building close external linkages in dif-
ferent areas. These economies, related to location, agglomeration and
geographical coverage in general, can be labelled economies of space.

According to the empirical findings above, technological diversification
leads not only to sales growth but also to growth of R&D expenditures,
however. Tentatively, the reason is that a larger number of technologies is
involved, which means that a larger amount of coordination and integra-
tion work is needed, apart from the cost of acquiring each new techno-
logy, as difficulties arise in connection with conducting multidisciplinary
R&D. These difficulties are widely reported and typically involve conflicts
between professional subcultures in science and technology, not-invented-
here (NIH)-effects and other innovation barriers (see below and, for
more detailed accounts, Granstrand 1982)." Thus, in order to reap net
benefits from technological diversification leading to growth of both sales
and R&D expenditures, the integrative skills of both technologists and
managers become decisive.

3.3 Diversification analysis

Above we have in fact identified two contrary but complementary types of
diversification as having a strong economic potential — diversification
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into new technologies, then mostly related to existing products, and diver-
sification into technologyrelated products. The first type, P-related
T-diversification, corresponds to a shift in the technology base or portfolio
of the company, while the latter, T-related P-diversification, corresponds
to a shift in the product (business) portfolio. These two shifts could in
principle take place independent of each other, still being economical;
but when they combine over time as shown in Figure 11.6, economic
benefits can be strongly enhanced. In fact, it could be argued that a
crucial dynamic factor in corporate evolution is the interdependence or
interaction over time between business-related resource diversification and
resource-related business diversification of which P(T)-related T (P)-diversification
is a special but important case. These latter terms then include other pos-
sible types of X-related Y-diversification, where X and Y could refer to
products, markets, technologies or applications, or other types or mixes of
types of input (resources) and output (businesses) characteristics. One
could even let both X and Y refer to sets of outputs or both refer to sets of
inputs, but then there usually is an implicit understanding of an under-
lying resource relation or connection. For example, entering new product
areas from existing market positions could be characterized as a case of

Scrap {exit) Keep (maintain) Add (entry)

Product Product
base at base at
timet time t;
Relations
Technology Technology
base at base at
time t, time t;
Scrap (exit) Keep (maintain) Add (entry)
—> time
Legend:
O Base (set) of products and technologies of the company at a specific point in time

Figure 11.6 Evolution of a company in terms of changes in its product and techno-
logy bases.
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M-related P-diversification and entering new markets with existing prod-
ucts as case of P-related M-diversification as was originally done in the
early literature on diversification.

Finally, one has to keep in mind that the concept of relation or related-
ness, which has been and still is a central concept in diversification analy-
sis, is so universal that a diversification move can be characterized in many
ways in terms of what is related to what. Any diversification move is made
for a set of reasons, including motives, and its outcome may change char-
acter over time, in intended and unintended ways. For example, many
product diversifications have been unintended consequences of major
M&As, thus being M&A-related, if nothing else. Multi-inventive entre-
preneurs easily give rise to diversifications, then being inventor-related,
perhaps without any other resource-relatedness. Seen in this way, totally
unrelated diversifications do not exist.

The economies of scale, scope, speed and space associated with
resource-related product diversification change over time and must be
continually assessed and monitored, also relative to other companies. For
example, diversification into a new product P, (e.g. light trucks) might ini-
tially share a lot of resources, including technologies, with an existing
product P; (e.g. passenger cars), but over time the resource sharing may
very well decrease as the new product gradually needs more specialized
resources, for example in production. Such resource divergence may
perhaps lead to the point where divestment of some technology or
product has to be considered, due to losses of scale and scope advantages
relative to other suppliers. Not seldom, resource divergence is reacted to
too late, leading to over-diversification.

The opposite may also occur. Two initially fairly unrelated products,
e.g. computers and telecom equipment in the 1950s, may over time ‘come
closer’ in their resource requirements, e.g. through sharing new technolo-
gies (e.g. integrated circuits), or serving similar new customer segments."'
This kind of resource convergence (with technological convergence as a
special case) may then at some point justify diversification one way or the
other, through mergers, acquisitions, alliances or organic growth, depend-
ing upon the resource position and resource acquisition costs relative to
other companies. The resource positions and acquisition costs for differ-
ent companies are typically asymmetric and uncertain, which makes the
direction of diversification important but difficult to assess, especially in
early stages of convergence, prompting for experimental diversifications.
(The convergence of computers and communications is 2 major case in
point.) Figure 11.7 illustrates these two cases. Over longer periods of time
both resource divergence and convergence may occur, e.g. due to techno-
logical changes in general.

The changing resource bases for different product generations or ver-
sions may be similarly illustrated as in Figure 11.8. A company operating
in a product area may have to offer its customers both an old and an
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Figure 11.7 Changing resource-relatedness over time for two products P, and P,.

upgraded new product generation for some time but then eventually has
to scrap or divest the old generation. Scrapping obsolete competences is
often associated with considerable difficulties, since a number of people,
including managers, will be threatened thereby, trying all kinds of defen-
sive behaviour, essentially resulting in organizational inertia (or core rigid-
ities in the terms of Leonard-Barton 1995), costs and delays. This is not
least the case when old technical competencies (technologies) embedded
in engineering subcultures have to be phased out (see below). Scrapping
resources also involves scrapping some old relations, i.e. scrapping some
relational capital, which is difficult. For example, scrapping some cus-
tomer relations, built up through single-minded corporate campaigning
about ‘listening to our customers’, leading to bias for current ones, is diffi-
cult and costly in the short term but even more costly in the long term if
not undertaken (see Christensen 1997).

A company wanting to enter the product area is not plagued with these
costs, but if it is a new start-up company it must, on the other hand, to
acquire all necessary resources if it wants to independently launch a new
product generation. An existing company, operating in other product
areas but attempting to diversify into the product area under considera-
tion with a new product generation, typically based on some new techno-
logy, also has to acquire new resources but can at the same time draw on
some of its old resources in so far as the diversification attempt is
resource-related.

Old product P, New product

. P .
generation 11 generation
Scrapping cost Acquisition cost

Figure 11.8 Resource bases for different generations of a product P;.
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B = Resources needed for a new product generation
= Start-up company's resource need

A = Existing resources for a company

with an old product generation 6.

C = Existing resources for a company
trying to diversify into the product area

Figure 11.9 Resource bases (including technology bases) for an incumbent (A), a
start-up (B) and a product diversifier (C).

Thus, depending upon the resource acquisition cost, the resource-
scrapping cost and the synergies between the new product generation and
existing resources, either the start-up company (e.g. for mobile handsets
or palmtops), or the existing company (e.g. in telecom industry) already
operating in the product area or the existing company (e.g. in computer
industry) diversifying from outside into the product area will have a rela-
tive cost advantage; see Figure 11.9.

4 Critical abilities in management of technology and
product diversification

The question is now how the economic benefits could be reaped by
proper management of these dynamic shifts in inputs and outputs or, in
other words, these diversification processes (including de-diversification,
i.e. divestment). Of course a complete answer cannot be given since man-
agement is so multidimensional and contingent upon specific company
situations. Some general observations plus some lessons from a few cases
may serve as guidelines for further management thinking. The first case
concerns how the Swedish telecom giant Ericsson successfully managed
the shift or transition in the technology base for its telecom switching
products, i.e. a case of productrelated technological diversification. The
second case deals with how the Swedish auto and aerospace company Saab
attempted to leverage a number of its numerous military-related technolo-
gies through internal technology transfer to a number of new product
areas, collected in a special high-tech group called Saab Combitech. This
is then a case of mainly technology-related product diversification. (For
further details of the cases, see Granstrand and Sjélander 1990.) Both
cases point at the criticality of managing conflicts, especially conflicts
between subcultures associated with different technologies. This issue will
therefore be dealt with specifically.
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4.1 Managing technology assembly

As seen above, technology-related product diversification typically involves
procuring some new resources while drawing on some existing technolo-
gies. Procuring new technologies can be done in various ways — by in-
house R&D, by alliances or acquisitions on external technology markets,
or simply through technology intelligence. Either strategy requires spe-
cific management abilities, e.g. in cooperating with lead users, competi-
tors, suppliers or universities. External sourcing requires in general
technology forecasting (foresighting), identifying, valuing, accessing,
transferring and integrating new technologies, the latter then often
encountering difficulties like NIH effects. At the same time internally
available technologies have to be internally identified, transferred and
adapted to the new product, which may very well encounter difficulties,
not least in a large corporation. The saying: ‘Wenn Siemens wusste was
Siemens weiss’ is indeed relevant here.'? Sometimes it may even be simpler
(faster, cheaper) to source a piece of technology externally than to go and
find it in large, diversified organizations like Siemens, Philips or General
Electric and then to overcome internal technology transfer barriers.

All in all, there is a technology assembly problem, or more generally a compe-
tence or knowledge assembly problem, to deal with in technology-related
product diversification. This also holds true for product-related techno-
logical diversification. In the latter case, however, there is also the
problem of managing obsolete resources, and in particular competences
and technologies that are embedded in managers and personnel. Their
self-interests produce not only inertia, active resistance and political
manoeuvring but also distortion of information, often even without guile.
Top managers and board members are dependent upon internal exper-
tise in judging new product and technology prospects, and all expertise is
framed in their own competence. (This is why it is sometimes risky to
promote a technologist or scientist, who has successfully specialized in one
specific area, to a position as general technology manager.) As diversifying
competence for an individual is difficult (costly) and time-consuming, to
say the least, an important goal discrepancy or principal-agent problem
arises between the board (principal) and the internal expertise (agent). It
is then important for top managers and the board to complement internal
expertise and judgments with external ones, e.g. in the form of external
technology audits, technical due diligence, scientific advisory boards or
technical alliance advisors. However, this possibility is limited by secrecy
needs (sometimes corporate boards are simply very leaky and top manage-
ment cannot bring the issue to the board) and in a highly specific and
uncertain situation with limited availability of experts.

Figure 11.10 summarizes some general management abilities in manag-
ing technology assembly in connection with a technology transition or
technology base shift. Three main categories of technology management
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Figure 11.10 Managing technology assembly in connection with a technology base
shift.

Note
There are many terms for similar concepts used in the figure, e.g. divestment is associated
with exit, scrapping, destruction and substitution.

abilities are then involved in a general case — technology divestment,
technology development and technological diversification through various
strategies (in-house R&D, buying/selling companies/projects/licenses/
services, joint ventures and scanning or intelligence), in turn requiring
valuation, transfer, integration etc. Management of technology transitions
(base shifts) and internal technology transfer and integration in particular
will be illustrated in the company cases to follow.

4.2 Managing product-related technological diversification into digital
switching in Ericsson”

For over a century Ericsson, as a fairly specialized but highly international-
ized company in telecom, has managed a number of transitions into new
technologies successfully (with some exceptions), pertaining to both switch-
ing and transmission of phone calls. The transition into computerized
(stored program control) switching in the 1950s to 1980s was particularly
successful, leading to the so-called AXE system, which provided a strong
technological position for subsequent development of mobile communica-
tions (voice and data), in turn very successful as has been widely recognized.
The latter development was then a case of technology-related business diver-
sification (with several new products — base stations, handsets etc.), as well as
a case of a technological transition from wired (cable) to wireless (radio)
transmission in the access part of a telecom network (besides the transition
from copper cable to optical fiber in the trunk lines of the network).
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In the case of managing a series of technological transitions, it is of
interest to ask which are the critical managerial abilities and whether
these abilities have improved over time, that is, whether there has been
any long-term managerial learning or development of management cap-
abilities. In the case of transitions into new switching technologies in
telecom (into register control in the 1920s, into crossbar technology in
the 1940s and later into stored program control — the AXE system),
several critical managerial abilities can be identified in Ericsson. First is
the ability to perform environmental scanning (including technology and
competitor scanning, intelligence and forecasting) and to produce
technological, industrial and market forecasts. It is doubtful whether the
precision in forecasts of technological developments and their impacts has
improved over the years, that is whether there has been any managerial
learning in this respect over the series of transitions. Certainly the aware-
ness that the sources of innovations and competition are often outside the
company’s industry (as traditionally defined) has improved as well as the
responsiveness to signals about emerging technologies and potential com-
petitors (or joint venture partners).

Second, the ability to assess the proper rate, direction and form of stra-
tegic competence diversification is critical. There is a long process,
perhaps 20-30 years, from the first signals of an emerging technology
(e.g. discovery of semiconductivity) to the commercial success of a new
product generation based on it. All the time the technology develops,
technological options proliferate and the competitors’ technological
approaches and positions change. Several general strategies or responses
are feasible in a situation with an emerging technology, such as:

a to improve the old technology in the existing product generation
(producing what is sometimes called ‘the sailing effect’);

b to develop a new generation based on some version of the new
technology;

¢ to develop a hybrid generation, based in part on both the old and the
new technology, as a ‘gap-filler’;

d to introduce the new technology in an evolutionary manner in the
existing generation (e.g. piecemeal replacement of transistors with
integrated circuits);

e to skip the emerging technology and jump to the next-next techno-
logy (has been attempted but never with success in the telecom
sector);
or finally

f  to do nothing (wait and see).

When and how to introduce the new technology (if at all) and when and
how to exit the old technology are crucial timing decisions. The
experience in Ericsson suggests that the building of competence for these
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decisions ought to be done at the outset in an experimental manner
without a precise business plan and involving good technologists, young
and old. (The latter may be difficult if the product with the old techno-
logy is simultaneously successful on the market.)

A third critical ability in connection with technological transitions is the
ability to handle conflicts. It is almost axiomatic that such transitions
involve conflicts. This should be recognized as natural rather than patho-
logical in the organization. Some conflicts derive from confrontations
between different professional subcultures associated with different scient-
ific and technological disciplines involved in a transition. Sometimes, as in
the Ericsson case, these conflicts could be mitigated by a strong corporate
culture and/or a consensus-seeking problem-solving engineering culture.
Some conflicts are associated with power struggles among managers,
whose power is based on knowledge in a certain technology. Some con-
flicts have good effects, e.g. increasing motivation as in some ‘guerrilla’
development work (‘skunk work’) in a large company, but conflicts may
often turn out to be disastrous. (Probably the different conflicts in Erics-
son’s long-standing competitor ITT during the latter half of the 1970s
went far enough to delay R&D work on its System 12 competing with the
AXE.) The ability by managers (and board members) to handle conflicts
has probably not developed very much, if at all, over the years. For several
reasons, managers often avoid dealing with conflicts until it is too late,
when conflicts have become overly person-oriented rather than issue-ori-
ented, productive communications break down, tensions and struggles
prevail, resources are wasted and speed in decision-making is lost.

Fourth, organizational ability is important in connection with techno-
logical transitions. The scale of the old must eventually to shrink, while
the scale of the new has to grow. Thus, major shifts and renewals of
resources, personnel, power, attention and so on have to be made. At the
same time, the new always runs a risk of being killed by the old. To organ-
ize the work on the new technology, separate from that on the old, in a
semi-autonomous organization has often proved to be a viable organi-
zational solution. It is not only a way of separating the new from the old,
but also gives possibilities of combining the advantages of large and small
organizations. In the Ericsson case, the formation of Ellemtel, a joint
venture company with the Swedish telecom operator (later named Telia),
proved to be highly successful and done at what seems in, retrospect, the
right time. The special connection with the Swedish telecom operator as a
lead user gave Ellemtel advantages in addition to the advantages of separa-
tion and small/large combination. Although there are drawbacks associ-
ated with this kind of organizational solution as well, it seems on the
whole as if the managerial ability to organize for innovation has improved
over the years. Also the employment of a divisionalized organizational
form (M-form) represents a managerial innovation in general.

A fifth managerial ability concerns how to work with parallel
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approaches in R&D, and when and how to divest or redirect some
approaches and concentrate R&D resources on a major design direction
for a new product generation. (A related question here is whether man-
agement or markets provide the most efficient selection environment in
the terms of Nelson and Winter (1982).) It is doubtful whether the man-
agerial ability to diversify and then focus R&D work has improved. At the
same time increasing R&D costs, increasing possibilities to combine differ-
ent technological options (due to a general accumulation of S&T
advances) and rather constant R&D times (as in the Ericsson case)
increase the importance of this ability.

4.3 Managing internal technology transfer in Saab Combitech

Now let us turn to some critical managerial abilities in managing intra-
company technology transfer as they have become evident in the case of
Saab — a large European civil and military aircraft manufacturer, merged
with the heavy truck company Scania in the early 1970s and then
demerged in the 1990s. In a corporate restructuring in the 1980s, Saab
Combitech was formed as a large subsidiary, housing a number of tech-
nologies and products outside but related to core businesses, for the
purpose of diversification, cross-utilization and cross-fertilization (combi-
nation) of technologies (see Table 11.1 above).

Combining technologies in R&D work always involves the problem of
how to manage professional subcultures. It is then of importance that
these subcultures rest on some commonalities in communication, values,
problem-solving approaches etc., that is to say, that there is some kind of
overarching professional culture or corporate culture. The development
and sustenance of a corporate culture is facilitated by common historical
roots and traditions of various businesses, and coherence in vision, goals
and explicit strategies. If this is not fulfilled to a certain degree, the combi-
nation of technologies in a multi-business structure has limited chances of
success. This is even truer in a multinational setting in which there are
national culture differences as well. Thus, multi-technology management
in MNGCs is compounded by cultural differences in two dimensions, differ-
ences that have to be subdued by an even stronger corporate culture.

It is moreover important that there exists a well conceived and imple-
mented technology transfer policy, supported by the various business man-
agers. The experience from Saab Combitech also points to the need for
incorporating strategic perspectives and responsibilities into the techno-
logy transfer function, together with operative and tactical ones. This is
facilitated by a corporate technology officer or a Vice President Techno-
logy with joint staff/line function with direct executive responsibilities for
group strategic projects, ventures and new technology-based firms,
together with staff responsibility for supporting the chief executive officer
and the various business managers in the strategy development process.
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Developing managerial abilities in an MTC such as Saab Combitech
takes time and needs a great deal of experimentation. This can hardly be
done if the overall profitability is low or poor. Therefore, healthy busi-
nesses, projects and ventures are needed at the outset.

To sum up, critical managerial abilities for managing internal techno-
logy transfer in an MTC such as Saab Combitech are:

1  the ability to manage subcultures and to resolve conflicts;
the ability to identify and exploit commercially sound, technological
opportunities, which often are triggered by technology combinations
or technology fusion;

3 the ability to spot, monitor and take strategic action on changes in
competition and technological development; and

4 the ability to experiment with new managerial routines and policies,
to evaluate the effects and to act according to the analysis.

Finally, an overall experience from Ericsson as well as Saab. Technolo-
gists often consider the growth of S&T to be the basis of progress. On the
other hand, business management, strongly influenced by shortterm
financial and marketing knowledge, tends to consider S&T as one among
several contributing factors in doing successful business. In this latter top-
down view of S&T, technologists are simply there to implement business
strategy. Companies with this type of view will most probably have dif-
ficulties in creating balanced technology strategies that are coherent with
business strategies. In order to integrate the technologist perspective
more thoroughly into a balanced, interactive process of strategic develop-
ment, and to facilitate the managerial learning process at top manage-
ment level, MTCs need to incorporate technologists with executive powers
in their top management ranks, similar to what large Japanese MTCs have
done.

4.4 Managing conflicts among engineering subcultures

4.4.1 Cultural structure

The culture associated with S&T is sometimes presumed to be homo-
geneous, but is in fact heterogeneous with several subcultures, not seldom
in conflict with each other. Scientists and technologists certainly share
some basic values and beliefs about the benefits of their work and their
methods and what is legitimate in thinking and language. However, at the
same time, differences in these respects between disciplines, as well as
between generations, are marked. Such differences within an overall S&T
culture seem to produce intermittent reorientations rather than smooth,
cumulative evolution. Individual scientists and technologists build up con-
ceptions that ossify and obstruct intellectual reorganizations. Science and
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technology groups are formed on the basis of similarities in educational
background and shared conceptions and language. Individuals tend to
socialize in at least one group, their social skills improve, they become tied
to interests, and they defy fundamentally new conceptions. As a result, dis-
ciplines expand and contract, amalgamate (fuse) and split up (diversify),
and this is accompanied by generation changes, breakthroughs of new
knowledge and, not least, by conflicting interests.

S&T subcultures are typically associated with S&T professions, such as
chemists, biologists, mining engineers, mechanical engineers, electrical
and electronics engineers, and physicists. These categories correspond to
the structure of graduate education, as well as to some extent to the struc-
ture of industrial branches or sectors (which graduate engineering educa-
tion is supposed to serve). The formation of subcultures also seems to take
place to a large extent during graduate education or in the early years of
professional life when large parts of an individual’s professional ‘Weltan-
schauung’, language and base for socialization are formed.

The subcultural features formed during graduate education are then
often reinforced when the young professional goes into a corporation,
due to the structural correspondence between universities and different
sectors of industry. The inertia of the educational system in universities
then tends to produce a strong and enduring sectoral barrier to change in
industry.'

4.4.2 Cultural change

Social differentiation into different cultures is neither hierarchical nor
permanent, and an individual or a corporation may be associated with
several cultures having multiple and temporary connections of various
strengths. An individual may belong to a subculture in S&T but also to a
corporate culture and to a regional culture. Her cultural memberships
may change as well. Individuals are also carriers of culture, and a corpor-
ate culture may be altered as the result of changes within individuals and
among corporate personnel.

In considering cultural change, three connected processes are of rele-
vance here:

a the formation and change of cultures;
b  the association of an individual with a culture;
¢ the association of a culture with a corporation.

To discuss each of these processes in depth would be beyond the scope
of this chapter. The role of graduate education has been noted above. In a
second-order analysis, one may take as a starting point the observation that
social differentiation is clustered (i.e. social differences are not evenly dis-
tributed but patterned). The clustering of social differences in language,
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beliefs and values in problem-solving among professionals is influenced by
the individual’s need to reduce uncertainty in connection with her
pattern of communication, which she can only partially influence. Inter-
personal variations are a great source of uncertainty and this may be
reduced by conforming to a certain language and to certain standards and
norms of behavior. Consider, for instance, the use of mathematical-logic
standards of reasoning among S&T professionals or the standard way of
assigning the burden of proof to the one who makes a statement or pro-
poses a change. Individuals, however, differ in their capacities to process
information and handle uncertainty associated with interpersonal varia-
tions. Their needs to reduce uncertainty differ, as well as the manners in
which uncertainty is reduced. Moreover, different needs of different indi-
viduals become dependent upon each other, which may mutually rein-
force a social clustering.

Thus, there are several determinants behind the formation of cultures
and the association of an individual with different cultures pertaining to
different segments of her life situation. The strength of this association
differs between individuals and also changes with time. A high learning
capacity makes a professional less dependent upon her discipline-oriented
knowledge as acquired by formal education, and may therefore permit
her to be more problem-oriented and less inclined to associate with a
certain professional culture. A university researcher may feel associated
with S&T in general, but with academic research in particular and even
more with academic research within her own field. Problems in connec-
tion with too weak an association of university researchers with the culture
of industrial R&D are often witnessed.

The third process, the association of a culture with a corporation, is of
main concern here. The focus is especially on change associated with pro-
fessional subcultures, as encountered in the corporations studied. On the
one hand, a corporation is associated with different cultures through its
personnel. On the other hand, a specific corporate culture is often
formed, a culture which may retain its basic characteristics even if
turnover of personnel is high. Since a culture reduces variations and
uncertainty for its members, it may be instrumental in coordination and
communication. A culture may also be instrumental in preserving a power
structure. Management has possibilities to influence language, ideology,
beliefs and myths in the corporation and thereby influence the corporate
culture to the benefit and convenience of themselves. Thus, there are
several motives behind the formation of a corporate culture. However, a
culture may also act as a barrier to change, as can be seen from the cases
studied.

Focusing on changes of professional subcultures in three of the corpo-
rations studied, summarized in Table 11.2, one may discern a number of
factors of primary influence behind such changes. Although it is
extremely difficult to separate such factors and assess their influence,
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Astra, Boliden and Alfa-Laval from the 1960s—1970s

Change involving a subcultural
transformation

Factors of primary influence

Astra
Transition from a chemistry
orientation to a biology orientation

Boliden
Integration of chemistry into the
mining orientation

Alfa-Laval

a Integration of economics into the
engineering orientation

b Transition from component
orientation to systems orientation

¢ Integration of electronics into the
mechanics orientation

Corporate origin

Top and R&D management behavior
Recruitment

Technological change

Top management behavior
Recruitment and promotion
Corporate strategy
Technological change

Top management behavior
Recruitment

Corporate strategy

Internal conceptualizers
Technological and market change
Product troubles

R&D management behavior
Independent subsidiary action

Recruitment
Technological change

certain indications are worthwhile to consider. The most frequently
encountered factors are, on the one hand, technological and market
changes and, on the other hand, top management behavior, corporate
strategy, recruitment and promotion. The latter group of factors directly
involves top management. This indicates that top management plays a
primary role in cultural change in the corporation, and that strategy
formation, recruitment and promotion are important instruments in
bringing about that change. In this sense a top manager in a large corpo-
ration may act in an important manner as a ‘cultural entrepreneur’. This
does not always have to be the case, though. In some cases a corporate
managing director has hindered or slowed down a cultural change initi-
ated internally or externally.

Concerning the instruments for bringing about a cultural change, strat-
egy formation, recruitment and promotion certainly are important. These
instruments may, of course, be used in different ways. Thus, for example,
Boliden promoted a mining man as head of a new chemical division of
the corporation to be able ‘to lift it up’ in the corporate power structure.
Astra heavily relied on recruitment of new competence, which was natural
considering the total dominance of chemists at the time. (It is a funda-
mental fact that a specialized professional in one field cannot be
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converted into a specialized professional in a different field overnight, or
even over some years.)

A cultural entrepreneur may use other instruments as well. To restruc-
ture communications through organization and location is a tangible way
of acting. He may also act in a more intangible way on the level of funda-
mental elements in a culture, such as influencing language and values,
creating symbols and rituals, strengthening ideologies and nurturing
myths.

However, the dynamics of cultural change as discussed here, involve
more factors than just a cultural entrepreneur, a concept that is often
used in oversimplified explanations. Although there are instruments for
management that influence a culture, it would be naive to consider a
culture as something which could be created and managed totally at will.
Cultural change has, for instance, a prehistory in which external changes
and internal conflicts are influential. The whole process of change, which
may last over some decades, is characterized by disorder and uncertainty
and the outcomes may vary. Starting from the situation of a dominant
culture in a corporation, with a new culture emerging, four types of
outcome may be discerned:

amalgamation of cultures;

transition to new dominance;

ordered coexistence;

rejection of emerging culture and regression to old culture.

Of the above, amalgamation (for instance, at Alfa-Laval), transition (for
instance, at Astra) and the role of new generations of professionals are
important. A new generation may change and amalgamate values and
beliefs previously associated with two subcultures or disciplines, and a new
generation may be needed to subdue an old subculture. Ordered co-
existence of two subcultures (for example, at Boliden) may be accom-
plished both by hiring new professionals with weaker subcultural
association and by structuring organization and management.

Finally, some comments may be made about the general trend to incor-
porate biological competence in industry. It is a response partly to threats
from technological side effects and partly to opportunities in the advanc-
ing life sciences. Neglecting, for the moment, the many confluences of
scientific disciplines in advanced natural sciences, one may make the
following rough description. Chemists and others have been engaged in
designing resistant compounds; they have been utilizing ‘aggressive’
methods and have applied rude measures to achieve certain effects and
suppress others. To a different extent, biologists utilize processes in
nature (for example, by enzyme technology, microbiological extraction,
biological control in agriculture, molecular biology in medicine and
genetic engineering) and by these means it is possible to tailor outcomes
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more precisely. A naive but illustrative simplification would be to view the
change as turning from fighting with nature to manipulative cooperation
with nature. This change may lead to the establishment of a new subcul-
ture of biologists in parts of industry. Likewise, the transition to electron-
ics has led to the dominance of electronics people in parts of industry. If
there were to be a confluence of biology and electronics (c.f. bio-chips) in
the decades to come, it would probably cause resistance to change among
these new subcultures. The reasoning behind such a forecast then has sup-
porting evidence in psychology and sociology concerning individual and
group behavior in information processing, problem-solving and socializa-
tion.

5 Summary and conclusions

5.1 Multi-technology management

Diversification into new types of businesses and resources is an old phe-
nomenon and an inherent feature in corporate evolution, subjected to
much controversy as well as to fashion-oriented management. Despite this,
diversification has only fairly recently been analyzed in the literature, with
inconclusive results as to the impact of product diversification on eco-
nomic performance. However, more recent research has focused on a new
type of diversification into multiple technologies, i.e. technological diversi-
fication, which so far has proven to be strongly associated with growth of
sales as well as with growth of R&D expenditures and external technology
sourcing, especially when combined with product and market diversifica-
tion. As a result, products become increasingly multi-technology (‘mul-
tech’ rather than ‘hi-tech’), and corporations develop into MNC/MPC/
MTC combines.

In order to reap the economies involved in technological diversifica-
tion, a number of critical management abilities have been identified, so
far only through case studies. Thus, critical abilities in multi-technology
management are to manage technology assembly, technology transitions,
technology transfer and conflicts. Conflicts among managers and person-
nel are deeply involved in innovation and diversification into new tech-
nologies, not least the conflicts associated with engineering subcultures.
In contrast to ‘hi-tech’ management, ‘mul-tech’ management thus has to
focus on sourcing, assembling and exploiting an ever-changing portfolio
of various technologies for customer-oriented business development,
rather than to focus on in-house R&D of a narrow range of proprietary
advanced technologies, which possibly may be over-performing for many
market segments and applications.
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5.2 Managing diversification dynamics

Some general conclusions regarding successful diversification manage-
ment could finally be formulated. First, at strategic level, technology-
related product diversification as well as its converse, productrelated
technological diversification, must be clearly recognized as a venue toward
growth and profitability, but with strong emphasis on strong relatedness
involving clear economies of scale, scope, speed and space. Often these
two types of diversification are best managed in a dialectic fashion, that is,
one giving rise to the other in a sequence rather than concurrently, in
order to reduce risks. That is, a product may require new technologies for
new features and enhanced performance in order to meet new competi-
tion. Once these — probably expensive — technologies have been acquired
and integrated, one must ask whether there then could be an opportunity
for technology-related product diversification. If so, still more technolo-
gies may be needed in a next phase and the diversification process con-
tinues, often over long periods of time, which requires sustained
diversification strategies. Of course, uncertainty and entrepreneurialism
may lead to temporary overdiversification and business failures, but the
diversification-specialization pendulum must not be allowed to swing to
extremes. This is very much a strategic challenge to top management and
the corporate board, since commitments and sunk costs creates inertia in
the organization — at the same time as shortsighted pressures from
investors and others, particularly in downturns, create a momentum for
divestment decisions, difficult to reverse. The issue is then not so much
what is the core business or the core competence, but how distributed
competences can be enhanced, leveraged and integrated for developing
new valuable businesses (see Granstrand et al, 1997). To formulate a
simple but powerful vision for the direction of long-term diversification in
the corporation is often helpful. Good examples are the C&C (Computers
and Communications) vision of NEC and Toshiba’s E&E (Energy and
Electronics) vision. However, it must also be kept in mind that, despite its
long-term nature, the economic lifetime of such a vision is limited.

5.3 Managing quasi-integrated corporate innovation systems

Second, at structural level, the suitability of the divisionalized organi-
zational structure is commonly recognized for large, diversified corpora-
tions. With technologyrelated business divisions operating on a
short-term P/L account, a rationale arises for centralizing some R&D and
technology acquisition operations. In addition, internally competing tech-
nologies may have to be organizationally separate to some degree, just as
some new business development activities may have to, in order not to be
choked by dominant business divisions and day-to-day operations. The
suitability of such an organizational structure with semi-autonomous units
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for R&D on radical new technologies, new business development and
corporate venturing is by now fairly well recognized. However, there is a
wide spectrum of quasi-integrated structural solutions and strategies for
such units, regarding at what level they should be organized, how eco-
nomic performance should be evaluated, how they should source ideas
and ventures internally and externally, preferred entry and exit stages and
modes, preferred interfaces with the rest of the organization, manage-
ment reporting and accountability etc. To go further into this, beyond a
note of awareness, would however exceed the scope of this chapter.

5.4 Corporate entrepreneurship

Third, at a more operational level, technology management for diversifi-
cation must have a commercial and entrepreneurial orientation. Techno-
logy has to be managed as an asset that can be builtup (procured) in
various ways, not only through traditional in-house R&D but also through
alliances and various forms of external sourcing, requiring commercial
skills. The technology asset can also be exploited in various ways, not only
through traditional downstream investments in production and marketing
but also through alliances, spin-offs, divestment and technology market-
ing. These latter strategies have become increasingly attractive after the
strengthening of intellectual property rights and financial markets in the
1980s. Technology exploitation therefore has come closer to corporate
venturing, thus calling for commercial skills beyond mere buying techno-
logy and interfacing R&D with marketing people in a traditional way. This
is probably the most important type of extension of traditional R&D man-
agement into modern technology management.

Notes

1 The resulting diversity of firms and products is actually bewildering; see e.g.
Petroski (1994) and Sanderson and Uzumeri (1997) for good illustrations at
product, line and variant levels. In a large MNC with general-purpose products
such as bearings or separators, having a variety of user situations in various
industries and countries, thousands and thousands of product variants occur in
perhaps hundreds of product and component areas.

2 The companies were Alfa-Laval (engineering), Astra (pharmaceuticals),
Boliden (mining), Iggesund (pulp and paper), KemaNobel (chemicals),
Philips (electronics), SKF (engineering) and Volvo (engineering).

3 3M, Astra, ABB, Canon, Digital Equipment, Honda, Kyocera, Matsushita,
Motorola, NEC, Sandoz, Sony, Toshiba and Toyota.

4 BASF, Bayer, Electrolux, ESAB, DuPont, Ford, Glaxo, General Motors, Hitachi,
IBM, Kodak, Rhone Poulenc, Pharmacia, 1.’Oréal, Nobel, Ericsson, Unilever,
Volvo and Xerox.

5 Sumitomo, Sanyo, Merck, Nippon Steel and Siemens.

6 General Electric, Aerospatiale, ICI, FAG, Thomson CSF, Olivetti, Texas Instru-
ments and Philips.
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7 This finding has later been confirmed also by Gambardella and Torrisi (1998)
for 32 of the largest European and US electronics firms.

8 If a technology is licensed out without being implemented at all in a propri-
etary physical product, it is still related to a particular business.

9 Incidentally no reference is made to technological diversification in the surveys
of diversification literature by Ramanujam and Varadarajan (1989) and Mont-
gomery (1994), nor in general surveys of strategy literature, e.g. Hitt et al. 2001.

10 If N is the number of important technologies, some of which have mutual rela-
tions giving rise to combination costs, the R&D costs at product level could
specifically be hypothesized to depend quadratically on N, that is, R&D
costs =a +bN + cN2 If some of all the possible multilateral interdependence
relations among the N technologies are assumed to contribute roughly equally
to R&D costs, then these costs would hypothetically grow exponentially, i.e.
R&D costs =a*exp(bN), as a result of technological diversification. The often
observed progressive rise in R&D costs in a product area over time, or over suc-
cessive product generations, could thus be explained, at least partially, by
technological diversification, with the shape of progressive growth being some-
where between quadratic and exponential growth.

11 For this type of analysis the concept of technological distance has been
developed; see Granstrand 1994.

12 The saying is sometimes attributed to the former chairman Karl-Heinz Kaske of
Siemens, but the origin is unclear within Siemens (which in itself illustrates the
saying).

13 This section builds on a series of about 30 interviews in Ericsson in the mid-
1980s, reported in Granstrand and Sjélander (1990).

14 This circumstance may partially explain the phenomenon of innovation by
invasion as described by Schon (1967), that is, how whole sectors of industry
are invaded by new technologies outside their traditional fields.
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12 Summary and conclusions

John Cantwell, Alfonso Gambardella and
Ove Granstrand

Corporate technological diversification, as the contributions in this book
set out to illustrate, is a multifaceted and complex issue and research in
this area branches out in a variety of directions, driven by a host of ques-
tions. While technological diversification has come into the spotlight as an
emerging research area quite recently, the phenomenon has been devel-
oping in large firms over a much longer period of time as discussed in the
historical overview provided in Chapter 10 by Cantwell in this book. It is
therefore not surprising that the state of knowledge is so far mostly
focused on uncovering and describing the complexity and determinants
of corporate technological diversification and its implications for other
research areas, such as economic performance, internationalisation,
alliances and managerial issues. As is also characteristic of an emerging
field, the existing work reflects a continuing refinement and search for
new methodology as the concepts under investigation get defined more
succinctly and consensus builds over how the problem can be distin-
guished from other related issues. The purpose of this chapter is to tie
together some of the major insights of the work presented in this volume
amidst all the complexity, and also to outline the areas into which future
research efforts may be usefully heading. In the course of our discussion,
we highlight six key themes.

(i) The dual role of information and communications technology (ICT)

The most basic insight that emerges across all the contributions to the
volume is that technological capabilities are diversifying in large multi-
product firms and the extent of this type of diversification has surpassed
the other ‘classic’ types of diversification, namely product and market
diversification. This brings the ‘multi-technology corporation’ centre stage
(Pavitt et al., 1989; Granstrand et al, 1997). A closer look beneath the
rather sweeping statement that technological diversification has been
gathering pace, reveals that this dispersion of corporate competencies has
not evenly affected firms’ efforts in all technologies, and has taken differ-
ent forms depending on the industry and its past development. As Men-
donca shows in Chapter 8 in this volume ICT, drugs and biotech, and
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materials technology seem to be the areas in which the greatest diversifica-
tion has taken place.

The key importance of ICT to the now more complex management of
innovation in MNGs is that it enables firms to better exploit their corpor-
ate technological diversification across national boundaries, as well as
across business areas. This owes to the dual role of ICT as being both a
means of combining fields of knowledge creation that were previously
kept largely apart, and a managerial process technology that lowers
internal coordination costs, and thus may extend the potential boundaries
of firms. Other aspects of the first facet of ICT are discussed below — the
greater facility to develop related combinations of formerly separate lines
of technological development. With respect to the second facet, the
methods of managing more complex combinations and greater diversity
have also improved. Thus, the social technology of management practice
has itself developed to facilitate technological diversification (see Chapter
11 by Granstrand in this volume). This implies the feasibility of the kind of
organisational structure that is needed to sustain a more diverse firm, and
one that is more flexible and potentially adaptable.

(i) A paradigm shift away from the pursuit of related but separate avenues of
innovation, and towards an integration of paths so as to more fully develop the
potential for complementarities between technologies and business areas

However, while this use of ICT has led many smaller firms to extend the
breadth of their technological diversification to create new combinations,
in some of the very largest MNGCs the extent of technological diversifica-
tion has been reduced, so as to better focus on the most promising pos-
sible combinations from among the broader initial dispersion of
innovative activity that such companies have inherited from the past
(Cantwell and Santangelo, 2000). The particularly pronounced trend
towards a wider dispersion of innovative effort in ICT seems to be evid-
ence of a paradigm shift in the general conditions for innovation and
growth, according to the neo-Schumpeterian perspective upon long-term
techno-socio-economic change (Freeman and Perez, 1988). However,
empirical investigations also show that industries differ in the propensity
of their firms to diversify into technologies that lie in complementary or
non-primary fields for the industry.

While the expanded contribution of ICT is a widely acknowledged
feature of the so-called ‘new economy’ or a new paradigm, with its associ-
ated need for more general and multiple skills on the part of the work-
force, the greater significance of business process re-engineering and the
more frequent changing and reconstitution of firm boundaries may not
have been so widely appreciated. The new paradigm is one of continual
experimentation over the right mix at the firm level, seeking out the most
productive combinations of business areas and technologies. It might also
be noted that this shift casts further doubt on the traditional finance
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perspective on diversification. In the finance perspective on the subject,
diversification is believed to be a means of reducing risk by holding a port-
folio of alternative lines of activity, but this has always been a misleading
conceptualisation of the diversification of firms (as opposed to that of
financial investors). The diversification we observe in firms is deliberately
combinatory as part of a business strategy, and has become increasingly
so. In the finance perspective we should observe diversification into unre-
lated assets, whereas what we actually observe is the reverse, diversification
into related assets and the establishment of patterns of corporate coher-
ence (Teece et al., 1994), and this is now found increasingly as a means of
developing new structures of relatedness between in-house activities.

(i1) External technology acquisition as an increasingly significant means of know-
ledge combination

In addition to differences in the types of technologies that are being
added to existing competencies, there also are differences in the sources
from which these are coming. Firms rely on some combination of generat-
ing new technological knowledge gradually internally, together with the
external capabilities that they access through inter-company alliances, net-
works that include cross-licensing arrangements and informal exchanges,
as well as through acquisitions. This combination of external and internal
knowledge generation is of increasing importance, as in order to engage
in inter-company interaction fruitfully, firms must maintain an adequate
diversification of their in-house technological efforts, since the closer that
knowledge is to the proprietary interests of a firm the more likely that it
will only be shared in return for something else that is probably techno-
logically complementary, which is what each firm needs to join the rele-
vant corporate club (Cantwell and Barrera, 1998).

In technology-based corporate clubs the rationale is knowledge
exchange, which to be warranted requires a sufficient diversity of cap-
abilities among the members of the club, but in order to benefit from the
exchange each recipient requires an adequate span of absorptive capaci-
ties. A special case in which these conditions are met occurs when a group
of firms each contribute to a wider and complex technological system, and
so necessarily maintain some overlapping lines of innovation, although
these are normally approached in each case slightly differently from their
own particular vantage points. The need to possess an adequate absorptive
capacity in order to realise the potential for knowledge exchange implies
that the spectrum of a firm’s diversified internal capabilities will be at least
as wide as the breadth of external capabilities on which it is able to draw
in practice, through its membership of inter-company clubs or alliances.
Indeed, as a general rule the spread of internal diversification will be
much wider than the span of external sources of diversified capabilities
that it can actively utilise in its own innovative efforts (see Giuri, Hage-
doorn and Mariani in Chapter 5 in this volume).
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Despite these general trends that have affected all companies to a
greater or lesser extent, variations across firms in diversification profiles
can be explained from an historical perspective by looking at the specific
research tradition and distinctive characteristics that have come from the
early years of individual companies, which through path-dependent
technological evolution create more or less favourable conditions for
internal knowledge diversification. Despite the idiosyncrasies of individual
firms there seem to be industry-specific drivers that regulate the direction
and form of technological diversification as well. For example, the phar-
maceutical (except biotech) and petrochemical sectors enter into less
technological alliances, than do the ICT, automotive and aerospace
sectors.

While the descriptive work outlining the sectoral differences in the pat-
terns and extent of corporate technological diversification is now far
along, our understanding of the underlying reasons is still in the early
stages and is one of the major fields of future research. The basic
determinants of the direction and shape of a firm’s composition of
technological diversification can be linked to the complexity of the
product, the production process and of the supporting underlying
science. As has been illustrated here in the case of the aerospace and
pharmaceutical industries (see Chapter 6 by Pammolli and Riccaboni and
Chapter 9 by Principe), a rise in complexity leads both to a widening of
the technological base of manufacturers, but also to an increase of divi-
sion of innovative labour between the different groups of players (to
follow the terminology of our authors, between the ‘coordinators’ or
‘developers’ on the one hand and the ‘suppliers’ or ‘originators’ on the
other).

(tv) A shift towards a recombinant kind of technological diversification that is non-
or pre-product-related

At a more fundamental level the drivers of an increased corporate techno-
logical diversification can be traced to a changing institutional form of
innovation per se. Until about 1970, as described by Chandler (1990)
there was a direct interleaving between economies of scale and scope.
Large firms grew by diversifying their technological base basically by
moving horizontally from one field to a related one, and in the process
diversified their product markets in similar proportion, and together this
combined diversification supported (and was supported by) a rise in the
scale of output. Most growth took the form of the joint attainment of
increased scale and greater scope as diversification and growth of output
went hand in hand. Thus, in the early years of their growth, large firms
tended to move steadily upwards along a positively sloping size-diversification
frontier, the position of which was given for most firms by the then
prevailing scale-based paradigm. The size-diversification frontier is a linear
relationship that is represented by plotting a measure of technological
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diversification against the log of size, since firm sizes are known to be
approximately lognormally distributed (see Fai and Cantwell, 1999;
Cantwell and Santangelo, 2000).

However, in more recent times the position of the size-diversification
frontier has shifted quite markedly, which helps to show how the relation-
ship between technological diversification and growth has become less
direct than in the past. Across firms the size-diversification frontier has
tended to shift upwards (so the average extent of technological diversifica-
tion has risen, controlling for size). While at one time the growth of
output, product and technological diversification were all parts of a
common process as firms sought out the benefits of greater scale through
an extended scope, corporate technological diversification has shifted to
become more of an objective in its own right, a means of creating the
potential for future growth rather than simply itself a reflection of current
growth. Technological diversification is now more bound up with a prior
experimentation, a bringing together of technologically complementary
fields so as to facilitate innovation and hence growth. Put another way, the
economies of scope associated with corporate technological diversification
are now more the dynamic economies from an increased capacity to learn
and to innovate, and less the static economies of bringing together an
already obviously related set of assets so as to be able to mutually increase
the range of exploitation of each of them. (See Chapter 11 by Granstrand.)

The size-diversification frontier has also rotated so that the very largest
firms have tended to reduce the diversity of their technological profiles
(Fai and Cantwell, 1999). There is now an impetus for firms to achieve a
minimum threshold degree of technological diversification to take advant-
age of greater interrelatedness, but the combinations constructed by the
firm must also be coherent enough to focus upon potential linkages in
which the interrelatedness or technological complementarity of activities
is at its greatest. The increasing significance for firms of technological
interrelatedness, convergence and fusion is one aspect of this historical
shift, associated with a change in paradigm.

In this context a techno-economic paradigm is a system of scientific
and productive activity based on a widespread cluster of innovations that
represent a response to a related set of technological problems, relying on
a common set of scientific principles and on similar organisational
methods (Dosi, 1984). The old paradigm until around 1970 was based on
energy and oil-related technologies, and on mass production with its
economies of scale and specialised corporate R&D. In recent years this has
gradually been displaced by a new paradigm grounded more on the
economies of scope as distinct from scale, and derived from the inter-
action between flexible but linked production facilities, and a greater
diversity of search in R&D. In general, as hinted at by Schumpeter, innova-
tion embodies the creation of a kind of ‘superadditivity’ of new combina-
tions being more than the sum of their parts, and these combinations
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have become not only more numerous and varied, but sometimes entail a
temporary or fluid kind of combination for the purposes of experimenta-
tion, as suggested under theme (ii) above. So the modern increase in
technological interrelatedness provides a new potential, which has tended
to increase the scope and rate of innovation.

(v) Increased technological interactions between actors in innovation due both to
grealer interrelatedness and an increase in the number of contributors to innovation
A further reason for the increased extent of technological interactions
within and between firms lies in the more sophisticated modern system of
production and R&D, and the greater breadth of players providing
through their search activities a wider variety of technological opportun-
ities. With a fatter lower tail in the distribution of innovative actors there is
a greater tendency for firms to try and hedge their bets across a wider
range of technological options, and a need for firms to become more
outward-looking as discussed under theme (iii) above. A rise in the
significance of technological interactions has resulted as well from
the more intensive linkages between science and technology that typify
the current techno-economic paradigm, which paradigm relies on flexibil-
ity through computerisation and diversity through experimentation with
new combinations that of necessity draw upon a wider range of disciplines
(and hence on a wider range of science). Firms increase the returns on
their own R&D through suitably adapting their underlying tacit capability
so that they can more intensively absorb and apply the complementary
knowledge acquired from other locations or from other firms in their own
internal learning processes.

Another major area of continuing research will inevitably be associated
with the effects rather than the causes of diversification, i.e. what impact
technological diversification has on a variety of factors. As with the
determinants of corporate technological diversification, the connections
with economic performance, internationalisation, external technology
acquisition including that achieved through alliances, managerial issues
and product diversification are quite complex and typically not always uni-
directional from a longer term perspective.

First there are several interactions and connections between the three
major types of corporate diversification, i.e. with regard to technology,
markets and products. Technological diversification is still positively even
if now less directly related to product diversification and vice versa, as
argued earlier, and both types of diversification are subject to certain
resource constraints in terms of management and organisational cap-
abilities. The relationship between technological diversification and the
internationalisation of production is also a complex one, in that it is medi-
ated by the accumulation of competence and competence creation in the
multinational firm. It has also changed in nature over the years, from
being an historically negative relationship (a choice between greater diver-
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sification in established markets and entry into new markets) when most
international investments were market-seeking, to a positive one in the
most recent period (there being a complementarity between extending
the competence base of the multinational firm at home and abroad)
when a rising share of international investments are technology or asset-
seeking (see Chapter 4 by Cantwell and Piscitello in this volume).

Second, overall corporate technological diversification seems to have a
positive impact on performance, which may be the reverse of the appar-
ently often negative relationship between product diversification and
performance, although the latter is still not conclusive (see also Chapter 2
by Torrisi and Granstrand). However, the positive effect of technological
diversification for the firm is moderated by the coherence of techno-
logical diversification and the source of the diversification. In general,
firms that focus on a few technological fields in their internal and external
diversification effort and have a large number of outside alliances perform
better (see Chapter 5 by Giuri, Hagedoorn and Mariani). The type of
diversification most likely to be conducive to performance also depends
on the role of the individual firm in the innovatory network in certain
industries. Firms that have a coordinating function in the network tend to
benefit from a wider horizontal technological spread as opposed to the
specialist firm that benefits from a more vertical pattern of diversification.

(vi) The unpredictability of longer term variations in technological opportunities
and of patterns of corporate technological diversification across industries

The complexity of the relationship between corporate technological diver-
sification, performance and inter-firm collaboration is further increased
by the recent findings that in the chemical industry licensing is becoming
a means of gaining value from technological surplus and thus it is posi-
tively influenced by technological diversification (see Chapter 7 by Cesa-
roni). An important area for future research will be to establish whether
the tendencies that have been identified here are generalisable across
industries or whether some are more industry-specific and, if so, what are
the reasons for any differences. It will also be valuable to uncover the
underlying processes that link together these various aspects of corporate
behaviour, or so as to say, to open the ‘black box’ of mechanisms within
the firm.

There is always some chance or random element to success or failure in
innovation, and where or by whom success is achieved. Key inventions or
scientific breakthroughs occur from time to time, but in a fashion that is
partially exogenous to the prevailing economic and social conditions, and
even to past technological accumulation (which may have constituted the
necessary setting of the scene for a critical new invention as argued by
Usher, but is not in itself sufficient to ensure that a critical act of insight
follows quickly). Each such radical breakthrough opens up a new branch
of research with potentially multiple impacts, but depending upon the
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nature of what has been discovered certain industries will have been pro-
vided with a greater fillip to their innovation than others. The cross-
industry set of technological opportunities varies quite markedly over
time, and the way in which it does so involves some element of human cre-
ativity that implies uncertainty over what will be achieved, when, and
which new directions it will open up.

There is undoubtedly uncertainty as well over the evolving structure of
technological interrelatedness, which may move in the direction of some
new combinations rather than others, and which it requires the processes
of search and experimentation to reveal. We might speculate here that the
strength of the historical path-dependency in corporate technological
trajectories may have been weakened by the detachment of technological
diversification from having been largely a reflection of (past or
contemporary) product diversification, and towards technological diversi-
fication becoming instead itself a means of experimentation with potential
new combinations for the future, as argued under theme (iv) above. If
technological diversification evolves according to which combinations
yield the greatest opportunities for a given industry, then firms may be led
more readily into new business directions. This underlines the signific-
ance of the point made by Cantwell in Chapter 10 in this volume, that the
path-dependency of corporate technological trajectories is subject to a
gradual historical drift, and it suggests that the random or drift element
may become relatively more significant and create a faster pace of change
in profiles of corporate technological specialisation.

Developing further the methodology used, while standardising it rather
more and applying it more consistently across future studies, will assist in
confirming and solidifying the results that have emerged from our various
directions of exploration, as well as helping to clarify sometimes appar-
ently contradictory findings. The preferred method of choice in research
related to corporate technological diversification is patent data analysis
and its use has been increasingly perfected over the years, with most
researchers more fully aware of both its potential and its limitations.
However, as Breschi, Lissoni and Malerba (in Chapter 3) and other
authors discuss in this volume, there are differences between a variety of
indicators commonly used in the past, and this may be the reason for
some occasionally conflicting results and inconclusive findings. Future
research, especially on the relatedness of knowledge and inter-firm and
cross-sector technological spillovers, will require refinements and perhaps
a more sophisticated combination of indicators in research methodology.

Overall, were one to attempt to put the insights of all the contributions
in just one statement, we might conclude that the nature of economies of
scope has been fundamentally changed and more intimately bound up
with the dynamics of combinatory technological innovation with the
arrival of a new techno-economic paradigm. Thus corporate technological
diversification, which is closely connected to and has been given new
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impetus from this reinforcement of interrelatedness in innovation and in
learning processes, is increasingly becoming a central issue and a key
consideration for managers and researchers alike.
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