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Abstract: 
The most valuable and complex technologies are increasingly innovated by networks that self-organize.  
Networks are those linked organizations (e.g., firms, universities, government agencies) that create, acquire, 
and integrate diverse knowledge and skills required to innovate complex technologies (e.g., aircraft, 
telecommunications equipment).  In other words, innovation networks are organized around constant learning.  
Self-organization refers to the capacity these networks have for combining and recombining these learned 
capabilities without centralized, detailed managerial guidance.  The proliferation of self-organizing innovation 
networks may be linked to many factors, but a key one seems to be increasing globalization.  Indeed, 
globalization and self-organizing networks may be coevolving.  Changes in the organization of the innovation 
process appear to have facilitated the broadening geographical linkages of products, processes, and markets.  
At the same time, globalization seems to induce cooperation among innovative organizations. 
 
Research on innovation networks is used to illustrate these ideas.  The evolution of the automotive industry 
provides a test case. 
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The world is full of self-organizing systems—systems that form structures and processes not merely 
in response to inputs from outside but also, indeed primarily, in response to their own internal logic.  Both 
biological (e.g., ecologies) and social (e.g., urban concentrations) systems have been identified as having self-
organizing properties.1 It appears as if advanced economies also self-organize.2  And since technology is the 
engine that drives the most successful economies of post-industrial societies, it seems likely that technological 
innovation is characterized by self-organizing processes in firms and other innovative actors.3  However, the 
evidence of self-organization is most obvious not in the evolution of particular firms, universities, or 
government agencies, but in the growth of inter-organizational collaborative activities (e.g., joint ventures, 
consortia, strategic alliances) that increasingly characterize the most complex and most valuable technological 
sectors such as bioengineering, aircraft, or telecommunications equipment.4  These collections of diverse 
organizations—innovation networks5--are able to combine new scientific and technological capabilities and 
recombine old ones without the intervention of a central controller.  Dynamic innovation networks are masters 
of self-organization.6 
 There are at least two levels at which innovation networks seem to be important.  First, network 
analysis may be defined in terms of each strategic alliance.  This is the case if direct network connections (i.e., 
participation in a specific alliance) are the focus.  Second, analysis may emphasize a set or group of alliances.  
The entire set of collaborative activities then becomes the network.  This focus is adopted if both direct and 
indirect linkages are being studied.  Indirect links result when partners gain access not only to an immediate 
partner in a specific network, but also gain access to those with whom the partner collaborates in other 
networks.7  Here the focus is on both direct and indirect linkages among multiple alliances, joint ventures, and 
other forms of cooperation. 

But why have self-organizing innovation networks proliferated in recent years?  The most compelling 
explanation is that globalization—“the broadening geographical inter-linkages of products, markets, firms and 
production factors”8—can be said to have coevolved with innovation networks.  By this it is meant that 
changes in organizational and technological advancement appear to have helped create increasingly global 
markets and other institutions, and these ever more global political and economic institutions appear to modify 
emerging organizations and technological innovations.9  The proliferation of innovation networks is intimately 
                                            
1 Peter A. Corning, “Synergy and Self-Organization in The Evolution of Complex Systems,” Systems Research, June 1995, pp. 89-121; 
Pierre M. Auger, “Self-Organization in Hierarchically Organized Systems,” Systems Research, No. 4, 1990, pp. 221-236; Peter M. Allen, 
“Self-Organization in the Urban System,” pp. 132-158 in William G. Schieve and Peter M. Allen, eds., Self-Organization and Dissipative 
Structures:  Applications in the Physical and Social Sciences, Austin, TX:  University of Texas Press, 1982. 
2 Paul R. Krugman, The Self-Organizing Economy, Cambridge, MA:  Blackwell Publishers, 1996; Jose A. Scheinkman and Michael 
Woodford, “Self-Organized Criticality and Economic Fluctuations,” AEA Papers and Proceedings, May 1994, pp. 417-421; Jacques 
Lesourne, “Self-Organization as a Process in Evolution of Economic Systems,” pp. 150-166 in Richard H. Day and Ping Chen, eds., 
Nonlinear Dynamics and Evolutionary Economics, New York:  Oxford University Press, 1993; John Foster, “Economics and the Self-
Organization Approach:  Alfred Marshall Revisited,” Economic Journal, July 1993, pp. 975-991. 
3 Lucio Biggiero, “Self-Organizing Processes in Building Entrepreneurial Networks:  A Theoretical and Empirical Investigation,” Human 
Systems Management, No. 3, 2001, pp. 209-222; Mary E. Lee, “The Evolution of Technology:  A Model of Socio-Ecological Self-
Organization,” pp. 167-179 in Loet Leydesdorff and peter Van den Besselaar, eds., Evolutionary Economics and Chaos Theory:  New 
Directions in Technology Studies, New York:  St. Martin’s Press, 1994; Georges Romme, “The Formation of Firm Strategy as Self-
Organization,” pp. 38-54 in Christopher Freeman and Luc Soete, eds., New Explorations in the Economics of Technical Change, New 
York:  Pinter Publishers, 1990; Gerald Silverberg, Giovanni Dosi, and Luigi Orsenigo, “Innovation, Diversity and Diffusion:  A Self-
Organisation Model,” Economic Journal, December 1988, pp. 1032-1054. 
4 Frank-Jurgen Richter, “The Emergence of Corporate Alliance Networks—Conversion to Self-Organization,” Human Systems 
Management, No. 1, 1994, pp. 19-26. 
5 Richard N. Osborn and John Hagedoorn, “The Institutionalization and Evolutionary Dynamics of Interorganizational Alliances and 
Networks,” Academy of Management Journal, April 1997, pp. 261-278; Anders Lundgren, Technological Innovation and Network 
Evolution, New York:  Routledge, 1995, pp. 77-104; Chris Freeman, “Networks of Innovators:  A Synthesis of Research Issues,” Research 
Policy, October 1991, pp. 499-514. 
6 Andrew C. Inkpen, “Creating Knowledge Through Collaboration,” California Management Review, Fall 1996, p. 124; Margaret J. 
Wheatley and Myron Kellner-Rogers, “Self-Organization:  The Irresistible Future of Organizing,” Strategy and Leadership, July/August 
1995, pp. 19-20. 
7 Bart Verspagen, “Small Worlds and Technology Networks:  The Case of European Research Collaboration,” Paper prepared for the 
KNOW Conference, Athens, Greece, May 26, 2001, pp. 1-2. 
8 George Papaconstantinou, “Globalisation, Technology, and Employment:  Characteristics and Trends,” STI Review, No. 15, 1995, p. 
177. 
9 Richard R. Nelson, “Economic Growth Via the Coevolution of Technology and Institutions,” pp. 21-32 in Loet Leydesdorff and Peter 
Van den Besselaar, eds., Evolutionary Economics and Chaos Theory:  New Directions in Technology Studies, New York:  St. Martin’s 
Press, 1994; Giovanni Dosi and Bruce Kogut, “National Specificities and the Context of Change:  The Coevolution of Organization and 
Technology,” pp. 249-262 in Bruce Kogut, ed., Country Competitiveness:  Technology and Organization at Work, New York:  Oxford 
University Press, 1993. 
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related to the process of globalization, which has both been enabled by and promoted rapid technological 
advance. 
 Globalization is most often identified with the forces which have helped induce cooperation among 
various types of organizations.  Globalization makes cooperation more attractive in many “exogenous” ways, 
including:  (1) by intensifying competition, shortening product and process life cycles, and increasing the risks 
and benefits of complex innovation; (2) by encouraging innovation using the largely codified knowledge (e.g., 
patents, standards, data bases) made available on a worldwide basis—much of which is facilitated by 
innovations in information and communication technologies; (3) by adding to the value of accessing unique, 
often local, mostly tacit, knowledge-based assets (e.g., know-how, skills) residing in different national 
innovation systems around the world; (4) by focusing innovations on satisfying increasingly diverse and 
customized global markets; and (5) by changing (e.g., through market liberalization and deregulation) the 
relationships among corporate shareholders and stakeholders (e.g., financial institutions), leading toward more 
flexibility in organizational governance.10 
 Innovation networks appear to bring more globalization into being.  Cooperative innovation creates 
complex and overlapping networks that shape global markets, provide intelligence about innovation 
opportunities around the world, and serve as the organizational base for acquiring relevant knowledge and 
expertise wherever it is located.11  At least since 1990, international cooperative agreements—linking 
organizations from different national economies—have always been in the majority.  On average, there are 
about two international partnerships for every domestic one.12 
 Transnational strategic alliances and other forms of innovation networks enhance the emergence of 
globalization more than traditional organizational arrangements (e.g., mergers, acquisitions) because they deal 
with uncertainty (e.g., the difficulty of predicting exactly which combinations of knowledge, skills and know-
how will be needed) faster and with more flexibility.  Network flexibility and renewal are essential as the 
search for knowledge and capabilities is carried out.13  Organizational adaptability is critical.  The adaptation 
that is necessary involves a process of network self-organization that is proactive—involving more than just 
responding to external changes (e.g., the demands of the market).  Networks that seek commercial success 
must develop and maintain the ability not only to change in the face of highly competitive environments, they 
must also be able to adapt in ways that influence that environment.14  In this way, self-organizing capabilities 
are the key set of “endogenous” variables linking innovation networks to greater globalization.15 
 
 

Self-Organization in the Learning Economy 
 
 In recent years there has been a good deal of attention devoted to the emergence of the “knowledge 
economy”,16 but it seems more appropriate to speak in terms of a “learning economy” than a knowledge-based 
one, if for no other reason than because the rapid pace of today’s technology-driven economic change means 
that specialized knowledge can become a very short-term resource.  Learning resources, on the other hand, 

                                            
10 Geoffrey Garrett, “The Causes of Globalization,” Comparative Political Studies, August-September 2000, pp. 941-991; Gary K. Jones 
and Herbert J. Davis, “National Culture and Innovation:  Implications for Locating Global R&D Operations,” Management International 
Review, 2nd Quarter, 2000/1, pp. 14-24; Rajneesh Narula and John Hagedoorn, “Innovating Through Strategic Alliances:  Moving Towards 
International Partnerships and Contractual Agreements,” Technovation, May 1999, pp. 285-286; Gernot Grabher and David Stark, 
“Organizing Diversity:  Evolutionary Theory, Network Analysis and Postsocialism,” Regional Studies, July 1997, pp. 533-544; Allen J. 
Scott, “Regional Motors of the Global Economy,” Futures, June 1996, pp. 391-411. 
11 Pascal Petit and Luc Soete, “Globalization in Search of a Future,” International Social Science Journal, June 1999, pp. 165-181; Rod 
Coombs, Albert Richards, Pier P. Saviotti, and Vivien Walsh, “Introduction:  Technological Collaboration and Networks of Alliances in 
the Innovation Process,” pp. 1-17 in Rod Coombs, Albert Richards, Pier P. Saviotti, and Vivien Walsh, eds., Technological Collaboration:  
The Dynamics of Industrial Innovation, Brookfield, VT:  Edward Elgar, 1996. 
12 Nam-Hoon Kang and Kentaro Sakai, “International Strategic Alliances:  Their Role in Industrial Globalisation,” Directorate for Science, 
Technology and Industry, Organization for Economic Cooperation and Development, Paris, July 2000, p. 7. 
13 James F. Moore, “The Rise of a New Corporate Form,” Washington Quarterly, Winter 1997, pp. 167-181. 
14 Michael D. McMaster, The Intelligence Advantage:  Organizing for Complexity, Boston:  Butterworth-Heinemann, 1996, p. 113. 
15 Henk J. L. Voets and Lucio Biggiero, “Globalisation and Self-Organization:  The Consequences of Decentralization for Industrial 
Organization,” International Review of Sociology, March 2000, pp. 73-82. 
16 Organization for Economic Cooperation and Development, Science, Technology and Industry Scoreboard:  Benchmarking Knowledge-
Based Economies, Paris:  OECD, 1999. 
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provide the ability to adapt to changing economic and technological conditions and underpin longer-term 
competitive advantages.17 
 Because learning is the key to the innovation of the most complex and most valuable technologies,18 
and because learning is cumulative and path dependent (i.e., history matters, but it is not deterministic), 
markets alone do not suffice to select optimal learning.  Some selection of the learning critical to technological 
innovation must therefore be done self-consciously by the organizations (e.g., firms, universities, government 
agencies) doing the innovation, as they gather information (i.e., a flow of messages or meanings which might 
add to, restructure, or change knowledge)19 and reach out to link to new knowledge-based capabilities to solve 
technological problems or take advantage of opportunities. 

When learning leads to adaptation and new organizational structures and/or processes that solve 
technological problems or take advantage of opportunities, self-organization is taking place.  It is the ability to 
learn and to make productive use of the accompanying “noise” (e.g., trial-and-error, failure as well as success) 
that forms the basis for self-organization in modern economies.20 
 Some of this is not new.  As early as Adam Smith’s “invisible hand”, self-organizing behavior was 
observed in economies.  The idea that the coordination of productive and consumptive activities “organized 
itself” as an unintended side effect in the pursuit of individual self-interest was an early insight.  And as the 
production process has become more dependent on knowledge (displacing traditional factors of production, 
like natural resources) economists have begun to develop a theory of the general role of learning and self-
organization.21  Evolutionary economists have been the most explicit about the linkages between learning and 
self-organizing processes.22 
 What is new is the focus on the ways in which self-organizing networks are able to influence the 
shape of their environments and markets.  In fact, it is becoming difficult to specify where many network 
boundaries end and their environments begin.  As one assessment concludes, “the concept of network may 
enable us to overcome the artificial division between the economic unit and its environment.”23  The blurring 
of boundaries between the network and its environment is a major reason why cooperative, self-organizing 
network relationships demand multilateral, “soft” forms of governance (e.g., less arm’s length contracting and 
more flexible linkages).24  More flexible governance also responds to the need for innovation networks to 
effectively engage in learning that synthesizes the capabilities of member organizations. 

A key reason innovation networks are able to learn and self-organize is because they develop mutual 
trust and informal relationships.  The more an innovation network expands, the more pressing is the need for a 
shared sense of trust, reciprocity, informality, and community among members.25  Trust allows those involved 
to transcend interorganizational rivalry and minimize the need for constant monitoring and sanctions to lessen 
opportunistic behavior.  With trust, organizational efforts can be focused on the learning process—the 
acquisition of new insights and knowledge.26 

                                            
17 Bengt-Ake Lundvall and Susana Borras, The Globalising Learning Economy:  Implications for Innovation Policy,  Luxembourg:  Office 
of Official Publications of the European Communities, 1999. 
18 Robert W. Rycroft and Don E. Kash, The Complexity Challenge:  Technological Innovation for the 21st Century, London:  Pinter 
Publishers, 1999, pp. 1-15. 
19 Ikuhiro Nonaka, “A Dynamic Theory of Organizational Knowledge Creation”, Organization Science, February 1994, p. 15. 
20 Arthur De Vany, “Information, Chance, and Evolution:  Alchian and the Economics of Self-Organization,” Economic Inquiry, July 
1996, pp. 427-443. 
21 Ulrich Witt, “Self-Organization and Economics—What Is New?” Structural Change and Economic Dynamics, October 1997, pp. 489-
507. 
22 John Foster, “The Analytical Foundations of Evolutionary Economics:  From Biological Analogy to Economic Self-Organization,” 
Structural Change and Economic Dynamics, October 1997, pp. 427-451; Richard R. Nelson, “Recent Evolutionary Theorizing About 
Economic Change,” Journal of Economic Literature, March 1995, pp. 48-90; Giovanni Dosi and Richard R. Nelson, “An Introduction to 
Evolutionary Theories in Economics,” Journal of Evolutionary Economics, No. 3, 1994, pp. 153-172; Gertrud Blauwhof and Loet 
Leydesdorff, “New Developments in Technology Studies:  Evolutionary Economics and Chaos Theory,” Science and Public Policy, 
December 1993, pp. 417-423; W. Brian Arthur, “Self-Reinforcing Mechanisms in Economics,” pp. 9-31 in Philip W. Anderson, Kenneth J. 
Arrow, and David Pines, eds., The Economy as an Evolving Complex System, New York:  Addison-Wesley, 1988. 
23 Chris DeBresson and Fernand Amesse, “Networks of Innovators:  A Review and Introduction to the Issue,” Research Policy, October 
1991, p. 367. 
24 Michelle K. Bolton, Roger Malmrose, and William G. Ouchi, “The Organization of Innovation in the United States and Japan:  
Neoclassical and Relational Contracting,” Journal of Management Studies, September 1994, pp. 653-679. 
25 Niles Hansen, “Competition, Trust, and Reciprocity in the Development of Innovative Regional Milieux,” Papers in Regional Science, 
No. 2, 1992, pp. 103-104; Knut H. Sorensen and Nora Levold, “Tacit Networks, heterogeneous Engineers, and Embodied Technology,” 
Science, Technology, and Human Values, Winter 1992, pp. 26-27. 
26 Keith Dickson, “How Informal Can You Be?  Trust and Reciprocity Within Co-Operative and Collaborative Relationships,” 
International Journal of Technology Management, Nos. 1 & 2, 1996, pp. 129-139. 
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But exactly how do innovation networks self-organize?  In particular, what factors foster network 
self-organization? 

 
 

Network Self-Organization:  A Framework for Analysis 
 

Network self-organization involves a continuous interplay among two sets of factors:  network 
resources and constraining and focusing factors.  Taken together, these factors comprise what might be called a 
“resource-based view of the network.”  By this it is meant that the primary determinants of innovation network 
success go beyond external forces (e.g., markets, industrial structure, intra-industry rivalry) to include a 
collection of “sticky and difficult-to-imitate resources and capabilities.”27 

Network Resources.  Any network involved in the innovation of complex technologies has at least 
three sets of resources:  existing core capabilities (or competencies); already internalized complementary 
assets; and completed organizational learning.  Of these, learning is the key, because it is the process by which 
new capabilities and assets are identified, acquired, shared among network participants, and continuously 
updated or discarded to give the network as a whole competitive leadership in a particular technological sector. 

Learning through collaboration and effective self-organization requires that networks have a 
“window” on their partners’ capabilities and assets.28  Network learning is thus inseparable from the evolving 
interactions among holders of core capabilities and complementary assets that are an ongoing part of network 
self-organization.  The learning that is essential to building core capabilities and to linking them with 
complementary assets involves at least three collaborative activities:  (1) searching for new problem solving 
knowledge and procedures (e.g., heuristics); (2) experimenting with and redefining the problems; and (3) 
modifying the technological pathway, or trajectory. 

Because process and product innovation involves solving problems, self-organization is about a 
continual search for knowledge and procedures that will contribute to problem solving.  Networks that are 
accomplished at learning can rapidly identify needed problem solving knowledge and procedures wherever 
they may be located.  This search capability has been characterized as “learning about learning” or “knowledge 
of knowledge.”29  Learning, therefore, is in part aimed at identifying new core capabilities and complementary 
assets, and targeting new network members that possess these capabilities and assets. 

Constraining and Focusing Factors.  For any network, its history comprises a path dependency that 
both restricts and amplifies the learning possibilities and the potential for accessing new complementary assets 
(i.e., sources of knowledge outside the network).30  The organizational learning that has taken place in the past 
is a good indicator of where learning is likely to take place in the future.  Most networks, therefore, tend to 
learn “locally,” by engaging in search and discovery activities close to their previous learning “neighborhood.”  
Localized learning thus tends to build upon itself and can become a major source of positive feedback.  Similar 
self-reinforcing feedback loops can be created by market selection processes that simultaneously constrain and 
focus the network’s choices about what learning to undertake and what complementary assets to pursue.  A 
network’s path dependencies and selection environment thus both restrict and amplify the self-organization 
process.31 

A history of flexible and adaptive relationships within a network provides a participant with 
formidable sources of competitive advantage.  Alternatively, allowing linkages to atrophy or having too narrow 
a focus on the market can lead to results that are costly.  For example, too much weight placed on the short-
term orientation of capital markets can kill self-organization and innovation, whereas adaptations that are 
sensitive to longer-term market forces can contribute to self-organization that is efficacious.32 

Decisions about augmenting existing resources by manipulating some combination of the constraining 
and focusing forces are the domain of network strategy.  Any network that is successful in continuous 

                                            
27 David C. Mowery, Joanne E. Oxley, and Brian S. Silverman, “Technological Overlap and Interfirm Cooperation:  Implications for the 
Resource-Based View of the Firm,” Research Policy, September 1998, p. 507. 
28 Inkpen, “Creating Knowledge Through Collaboration,” p. 123. 
29 Wendy Faulkner and Jacqueline Senker, Knowledge Frontiers:  Public Sector Research and Industrial Innovation in Biotechnology, 
Engineering Ceramics, and Parallel Computing, New York:  Oxford University Press, 1995, p. 211. 
30 Robert W. Rycroft and Don E. Kash, “Path Dependence in the Innovation of Complex Technologies,” Technology Analysis and 
Strategic Planning, March 2002, pp. 21-35. 
31 De Vany, “Information, Chance, and Evolution:  Alchian and the Economics of Self-Organization,” pp. 427-443. 
32 Vincent Mangematin, “The Simultaneous Shaping of Organizations and Technology Within Cooperative Agreements,” pp. 119-141 in 
Coombs, Richards, Saviotti, and Walsh, eds., Technological Collaboration:  The Dynamics of Cooperation in Industrial Innovation. 
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innovation is constantly updating its strategic assessments of the mix of opportunities and obstacles that are 
present in its environment.  Strategic choices inevitably organizational structure.33  Thus, evolving alliances 
with suppliers, users, or competitors mandate changes in network structure that most often lead to higher levels 
of interconnectedness. 

Network members continuously evaluate their performance in terms of the degree to which self-
organizing collaborative processes have constrained or enhanced their organizational and technological 
resources.  If a member company, government laboratory, or university team encounters more problems than 
opportunities, it will usually exit the network.  Decisions to decouple from network relationships are as key to 
self-organization as decisions to initiate new linkages.  On the other hand, linkages associated with network 
self-organization can have unexpectedly powerful, reinforcing, “bandwagon” effects that take the form of 
increasing returns.34 

 
 

The Case of the Automobile Industry 
 

 Automobile manufacturing has come to be one of the largest industries in the world, but prior to the 
mid-1980s, the U.S. auto industry did not engage in many cooperative activities.  General Motors (GM), Ford, 
Chrysler, and American Motors had very few links with each other, confining their modest collaboration 
efforts to Europe and Japan (e.g., American Motors-Renault, GM-Isuzu, Chrysler-Mitsubishi, Ford-Mazda).  
The second half of the 1980s featured the beginnings of “Big Three” technological interactions, as well as the 
rapid expansion of automobile alliances in other developed countries.35 
 Some of the emergence of collaboration in the U.S. auto industry was a result of much more advanced 
networking in Japan.  By the early 1980s, companies like Nissan, Toyota, and Mitsubishi moved aggressively 
into strategic alliances with other manufacturers, including many non-Japanese ones.  The central dynamic of 
these interfirm alliances was self-organizational, and it provided substantial competitive advantage for 
Japanese network members, who tended to outpace their international competition in gaining experience at 
learning by interacting with other network members: 
 

Because of strong organizational learning, the Japanese automobile manufacturers, through 
alliances, increased competencies in which they were weak, much more than their western 
counterparts.  A strong internal parts manufacturing segment and alliances with external 
firms, together helped Japanese firms to create competitiveness and exploit the world market 
more effectively.36 

 
At the same time, Japanese automakers began establishing transplant assembly and manufacturing 

facilities in the U.S.  Evidence had already been accumulating that Japanese assembly and production 
operations had become superior at transferring productivity enhancing knowledge throughout the network.  
This was especially the case with Toyota’s networks.  But because these transplants tended to maintain their 
ties to Japanese suppliers, there was little or no productivity spillover to U.S. automobile firms.37 

Thus, the emergence of Japanese networking initially caused American automobile firms problems, 
but the U.S. auto producers had been under intense foreign competitive pressures for some time.  The U.S. 
share of world auto production dropped from 46 percent in 1965 to 21 percent in 1980.  The average U.S. trade 
deficit in cars between the late 1980s and mid-1990s was $45 billion. 

Part of what was happening was the emergence of greater technological complexity.  Motor vehicles 
are very complex technologies, with numerous parts and subsystems.  Complexity has been increasing in all 
automobile subsystems (e.g., instrument panel, wheelbase), although there is variation in complexity across 

                                            
33 Ralph D. Stacey, “The Science of Complexity:  An Alternative Perspective for Strategic Change Processes,” Strategic Management 
Journal, Summer 1995, pp. 477-495. 
34 James Wade, “Dynamics of Organizational Communities and Technological Bandwagons:  An Empirical Investigation of Community 
Evolution in the Microprocessor Market,” Strategic Management Journal, Special Issue, 1995, pp. 111-133. 
35 John Hagedoorn, “Strategic Technology Partnering During the 1980s:  Trends, Networks and Corporate Patterns in Non-Core 
Technologies,” Research Policy, March 1995, p. 224. 
36 B. Bowonder and T. Miyake, “The Japanese Automobile Industry:  An analysis of Building Competitiveness,” World Competition, 
1992, p. 62. 
37 Jeffrey H. Dyer and Kentaro Nobeoka, “Creating and Managing a High-Performance Knowledge-Sharing Network:  The Toyota Case,” 
Strategic Management Journal, March 2000, p. 346. 
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companies.38  Although most vehicles are variations on basic technological platforms, large numbers of parts 
are incrementally modified and fitting them all together—systems integration—is as difficult as it is critical. 

By the mid-1980s more than 15,000 different parts went into a single vehicle.  But despite growing 
product complexity, innovation cycle times for the industry as a whole have been shrinking dramatically.39 
Information technologies have been essential to increasing the speed of automobile innovation. Yet growing 
product complexity is only one part of the story.  Complex process technologies have revolutionized 
automobile innovations.  Particularly important has been the role of computers in supporting design 
engineering simulation.  These processes have dramatically reduced the time and expense of prototyping 
technologies.40  And intelligent manufacturing techniques, much of it based on sophisticated software, are 
building “agility” into production facilities.41 

Consider the example of automobile suspension systems.  By the late 1980s, new technologies had 
replaced mechanical springs and shock absorbers with hydraulic systems controlled by microcomputers.  
Multiple areas of automobile performance were enhanced (e.g., weight reduction, improved handling, a 
capacity to instantly adjust the vehicle to any road conditions), but now innovators had to be able to integrate 
these capabilities in systems produced in high volumes with high quality.42 

 
Faced with these pressures, innovation networks exploded in the auto sector: 
Both European firms and U.S. firms felt seriously threatened by the growing demand for 
small, inexpensive, yet high-quality Japanese cars.  They realized that they had to either ally 
with the Japanese firms to acquire a new set of capabilities or pool together their own 
resources to protect against further Japanese encroachment.  Japanese firms were for the 
most part the beneficiaries of this situation.  Yet, they too realized that to capitalize on their 
new found advantage it was in their interest to cooperate with their rivals to minimize the 
threat of protectionist retaliation and to learn how to manufacture and distribute cars in the 
United States and Europe.  Thus, firms in every strategic group in the industry had some 
incentive to form alliances in order to negotiate the uncertainty they confronted.43 

 
 In the U.S., the Big Three auto firms increasingly cooperate with suppliers (e.g., shifting design and 
engineering of integrated component systems to the supplier base), and with each other.  A highly visible 
example of cooperation among American competitors is the U.S. Council for Automotive Research (USCAR) 
consortium.  This is an umbrella organization that encompasses more than a dozen consortia (e.g., 
Environmental Research Consortium, U.S. Automotive Materials Partnership).  Cooperation with the federal 
government and with universities has also increased—as with the Partnership for a new Generation of Vehicles 
(PNGV).  Begun in 1993 as a collaboration between seven federal agencies (and two dozen of their 
laboratories, by way of Cooperative Research and Development Agreements, or CRADA), more than 20 
universities, and the big three auto manufacturers, The PNGV’s goals have emphasized significantly improving 
national competitiveness in automobile manufacturing and to apply commercially viable innovations to 
conventional vehicles.44 

                                            
38 Michael A Cusumano and Kentaro Nobeoka, “Strategy, Structure and Performance in Product Development:  Observations on the Auto 
Industry,” Research Policy, October 1992, p. 276. 
39 Robert Buderi, “Companies Squeeze the Patent Pipeline,” Technology Review, March/April 2000, pp. 82-91; U.S. Congress, Office of 
Technology Assessment, Innovation and Commercialization of Emerging Technologies, Washington:  Government Printing Office, 
September 1995, p. 17. 
40 John A. Alic, “Computer-Assisted Everything?  Tools and Techniques for Design and Production,” Technological Forecasting and 
Social Change, 1993, pp. 359-374. 
41 Joseph C. Montgomery, “The Agile Production System,” pp. 1-27 in Joseph C. Montgomery and Lawrence O. Levine, eds., The 
Transition to Agile Manufacturing:  Staying Flexible for Competitive Advantage, Milwaukee, WI:  ASQC Quality Press, 1996; James P. 
Womack and Daniel T. Jones, “From Lean Production to the Lean Enterprise,” Harvard Business Review, March/April 1994, pp. 93-103; 
Steven L. Goldman and Roger N. Nagel, “Management, Technology, and Agility:  The Emergence of a New Era in Manufacturing,” 
International Journal of Technology Management, 1993, ppl 18-38. 
42 James P. Womack, “Multinational Joint Ventures in Motor Vehicles,” p. 310 in David C. Mowery, ed., International Collaborative 
Ventures in U.S. Manufacturing, Cambridge, MA:  Ballinger Publishing, 1988. 
43 Carlos Garcia-Pont and Nitin Nhoria, “Local Versus Global Mimetism:  The Dynamics of Alliance Formation in the Automobile 
Industry,” Strategic Management Journal, September 2001, p. 311. 
44 Joseph E. Stiglitz and Scott J. Wallsten, “Public-Private Partnerships:  Promises and Pitfalls,” American Behavioral Scientist, September 
1999, p. 69. 
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 During the 1990s, the trend toward more cooperation in innovation networks continued—there were 
about 100 new alliances in the international automobile industry per year.  Most were manufacturing joint 
ventures.  About 80 percent were cross-border.45 
 
 

Self-Organization in Automobile Innovation Networks 
 

 This brief history of collaboration in the innovation of automobiles indicates that this technological 
sector has some promise for illustrating at least the broad contours of self-organizing innovation networks.  An 
ongoing research project in the Center for International Science and Technology Policy (CISTP), at George 
Washington University, provides some preliminary data enabling such an illustration. 
  Research at the CISTP rests on a longitudinal database of strategic technical alliances—the National 
Cooperative Research Act-Research Joint Venture (NCRA-RJV) database of U.S.-based research joint 
ventures46—and the patent and patent citations data of the U.S. Patent Office.  The NCRA-RJV database 
contains all RJVs registered with the U.S. Department of Justice under the National Cooperative Research Act 
of 1984 and its amendments in 1993.  It is based on announcements in the Federal Register, and covers 797 
RJVs and 6,517 organizations between 1985 and 1999.  The patent database includes almost three million 
patents, over 16 million observations about citing and cited patents, and lists over 175,000 company and other 
“assignee” names (from 1975 to 1999).  These two databases are linked at the level of the organization (e.g., 
firm, university). 
 The CISTP research provides a “snapshot” of the general pattern of self-organizational networking in 
the auto industry.  The CISTP analysis emphasizes two key dimensions:  organizational (i.e., the network 
members that are undergoing the process of network self-organization, and technological (i.e., the 
technological capabilities around which self-organization takes place). 

When two firms or other “entities” (e.g., government agencies, universities) participate in a RJV, an 
organizational link is created.  Here the concern is not with an organization’s possible multiple memberships in 
the same RJV, or with two organizations that have common memberships in multiple RJVs.  It is only the 
binary (i.e., whether there is a link or not) organizational relationship that is calculated. 

A technological linkage between two entities is established when either organization’s patent cites the 
other’s patent.  Again, there could be multiple patent citations, but only the binary relationship is taken into 
account. 

When the RJV and patent databases are merged, 22 firms are found whose primary sector is “motor 
vehicles and motor vehicle equipment” (SIC code 371).  Table 1 lists these firms. 
 
 

Table 1. 
Motor Vehicles and Motor Vehicle Equipment Firms 

Involved in Automobile Innovation Networks 
 

Borg-Warner, Inc. 
CCI Corp. 
DaimlerChrysler AG 
Dana Corp. 
Eaton Corp. 
Equion Corp. 
Fiat S.p.A. 
Ford Motor Co. 
General Motors Corp. 
Honda Motor, Ltd. 
MascoTech, Inc. 

Newcor, Inc. 
Nissan Motor Co., Ltd. 
Noma Industries, Ltd. 
OEA Intl., Inc. 
Tenneco, Inc. 
Tenneco Auto., Inc. 
Toyota Motor Corp. 
TRW, Inc. 
Volvo AB 
Walbro Corp. 
WestRAN Corp. 

                                            
45 Kang and Sakai, “International Strategic Alliances:  Their Role in Industrial Globalisation,” pp. 24-27. 
46 Nicholas S. Vonortas, “Research Joint Ventures in the United States,” Research Policy, Vol. 26, 1997, pp. 577-595. 
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Two things stand out in this table.  First, over one-third of the entities are large multinational 
corporations (MNC) that have been involved in international strategic alliances since the 1970s—two (or 
perhaps two and one-half, given Chrysler’s merger) from the U.S. (GM and Ford), and three each from Japan 
(Toyota, Honda and Nissan), and Europe (Fiat, Volvo, and DaimlerChrysler). 

It seems likely that these MNC are at what has been called the “strategic centers” of their networks.  
Self-organizing networks often have an entity, usually a large firm that is the holder of many of the network’s 
strategically valuable core capabilities that constantly alters the form of its “web of alliances” to incorporate 
partners’ new capabilities and complementary assets.47 
 Second, the remaining entities are smaller U.S.-based firms that produce automobile systems, 
subsystems, and components.  The variety of capabilities is substantial, including:  engine management 
systems, specialty materials, integrated vehicle control systems, emission control products and systems, 
precision machined components, and electrical circuits and electronics.  Many of these companies have major 
international operations. 
 What kinds of technical problems and opportunities have galvanized these firms into taking 
collaborative paths?  To get at this question, each RJV has been coded in terms of its technical task or 
objective.  Table 2 tabulates these objectives by technical field.  Not surprisingly, transportation equipment 
(e.g., engines) dominates the automobile RJV activity.  But there are substantial commitments to create 
innovation networks focusing on machinery, electronics, and computer equipment and components, and to 
general communication technology as well.  As noted earlier, these trends reflect the penetration of almost 
every aspect of the modern motor vehicle by sophisticated electronics and information technology.  Beyond 
these targets, many other technological fields are specified as objectives (e.g., primary metals, chemicals, 
plastics, instruments, environmental quality). 
 
 

Table 2. 
Technical Areas of Automobile Innovation Networks 

 
 

Technical Area Number of 
RJVs 

Oil & Gas Extraction 
Chemical & Allied Products 
Petroleum Refining 
Stone, Clay, Glass & Concrete 
Primary Metal Industries 
Fabricated Metal Products 
Machinery & Computer Equipment 
Electronic Equipment & Components 
Transportation Equipment 
Instruments & Related Products 
Communications 
Electric, Gas & Sanitary 
Depository Institutions 
Business Services 
Health Services 
Engineering & Management Services 
Environmental Quality & Housing 

1 
6 
3 
2 
5 
1 
24 
19 
49 
5 
11 
1 
1 
21 
1 
4 
1 

                                            
47 Gianni Lorenzoni and Charles Baden-Fuller, “Creating a Strategic Center to Manage a Web of Partners,” California Management 
Review, Spring 1995, p. 157. 
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 The technological (patent) linkages displayed in Table 3 show a similar pattern, taking into account 
that patents are categorized somewhat differently than RJVs.  The category “motors, engines, and parts” 
accounts for over one-quarter of the network’s patents, and a similar proportion of all patent citations.  
Transportation equipment patents are also important.  And electrical, electronic, and communication 
technologies are patented and cited in large numbers. The result is that the automobile network features 
learning, capabilities, and assets outside what would appear to be core fields.  In other words, the automobile 
network has capabilities in a broader range of technological fields than would be assumed from its major 
product lines. 
 

Table 3 
Technical Areas of Automobile Patents 

 

Technical Area % of Patents % of Cites % of Cited 

Motors, Engines, & Parts 27.1 28.2 27.9 

Transportation Equipment 9.9 9.9 9.3 

Power Systems 8.3 7.6 7.9 

Metal Working 4.6 3.4 3.2 

Electrical Devices 4.2 4.2 3.3 

Computer Hardware & Software 3.8 5.1 7.1 

Measuring & Testing 3.7 3.5 3.8 

Communications Equipment 3.2 3.7 3.3 

 
 

Research similar to the CISTP initiative, using patent data, has found that large firms, including those 
in the automotive industry, increasingly engage in learning that leads to “distributed competencies.”  
According to this research, these large firms (e.g., Toyota, General Motors) still depend heavily on their 
historical core capabilities, but they are becoming more technologically diversified as new opportunities 
emerge from general advances in science and technology, and as new collaborative opportunities for 
coordinating a more diverse array of capabilities and complementary assets emerge.48  Beyond their principal 
activities and distinctive technologies, many big firms are mobilizing clusters of technological competencies in 
sectors such as instruments and controls, chemical processes, non-electrical machinery, and computing.49 

In an era characterized by self-organizing networks and complex technological innovations, the data 
presented in Tables 1 through 3 appear to be tracking a pattern in which just as products are becoming 
increasingly multi-technology, technologies are becoming increasingly multi-capability and multi-firm.  
Moreover, the expansion of the range of learning, capabilities, and assets has taken place in many of the same 
technological fields (e.g., computers, new materials, advanced electronics) that have featured the most rapid 
growth in strategic alliances.  The simultaneous emergence of complex combinations of technologies and 
complex, self-organizing innovation networks does not appear to have been a coincidence.50 

 

                                            
48 Pari Patel and Keith Pavitt, “The Technological Competencies of the World’s Largest Firms:  Complex and Path Dependent, But Not 
Much Variety,” Research Policy, May 1997, pp. 141-156. 
49 Brian J. Loasby, “The Organisation of Capabilities,” Journal of Economic Behavior and Organization, April 1998, pp. 147-148; Ove 
Grandstrand, Pari Patel, and Keith Pavitt, “Multi-Technology Corporations:  Why They Have ‘Distributed’ Rather than ‘Distinctive Core’ 
Competencies,” California Management Review, Summer 1997, pp. 8-24. 
50 H. Kevin Steensma, “Acquiring Technological Competencies Through Inter-Organizational Collaboration:  An Organizational Learning 
Perspective,” Journal of Engineering and Technology Management, January 1996, pp. 267-286. 
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Implications for Globalization 

 
The automobile industry had started down the path to globalization before self-organizing innovation 

networks began to proliferate.  But it appears as if these networks have both broadened and deepened the 
ongoing process of globalization in the innovation of ever more complex motor vehicles.  The learning that 
underpins self-organizing processes in the auto industry has become much broader over time—encompassing 
an ever wider range of learning initiatives and leading to the incorporation of a greater variety of core 
capabilities and complementary assets.  The variety of network member organizations, technical fields, and 
linkages illustrated above is evidence of how large and international the innovation base for automobiles has 
become. 

At the same time, there has been a process of deepening the innovation of both products and 
processes.  This is observed by the fact that the motor vehicle sector continues to allow the dominance of a 
relatively few large multinational firms.  For example, the world’s top twenty motor vehicle and parts 
companies have accounted for more than half of all motor vehicle industry patenting in the U.S.  This is a 
higher level of patenting concentration than for all sectors except consumer electronics.51 

One way to view how significant networking may have been to the broadening and deepening of the 
globalization of the motor vehicle industry is to compare sectors in terms of their participation in international 
versus domestic collaborative activities.  For example, a “relative international partnering index” has been 
calculated for each of the major technological sectors.52  Table 4 illustrates that the automotive industry had a 
slightly higher proportion of international (versus domestic) partnerships.  When compared to other sectors, 
this index suggests that the automotive industry has been relatively more international in its networking than 
most other major industries. 
 
 

Table 4. 
International Networking Indexes, 
By Technological Sector, 1960-1998 

 
Consumer Electronics 
Chemicals 
Electrical Equipment 
Automotive 
Aerospace & Defense 
Engineering & Exploration 
Instruments & Medical Equipment 
Food & Beverages 
Pharmaceuticals 
Information Technology 
Metals 

1.93 
1.67 
1.32 
1.28 
1.22 
1.21 
1.02 
0.94 
0.90 
0.79 
0.70 

 
 

On the other hand, as noted earlier, there are some reasons to suppose that even a relatively high level 
of participation in international innovation networks has not necessarily led to the rapid globalization of the 
motor vehicle sector.  This is because much of the innovation of automotive technology has been based on the 
generation of tacit knowledge through improvements in manufacturing.  Acquiring tacit manufacturing skills 
and expertise is a slow process in the best of circumstances.  In fact, some research indicates that 
manufacturing capability may become less transferable as it matures.  In highly complex technological sectors, 

                                            
51 Keith Pavitt and Pari Patel, “Large Firms in Europe’s Innovative Activity,” p. 29 in Alfonso Gambardella and Franco Malerba, eds., The 
Organization of Economic Innovation in Europe, New York:  Cambridge University Press, 1999. 
52 John Hagedoorn, “Inter-Firm R&D Partnership—An Overview of Major Trends and Patterns Since 1960,” p. 87 in John E. Jankowski, 
Albert N. Link, and Nicholas S. Vonortas, eds., Strategic Research Partnerships:  Proceedings from an NSF Workshop, Washington:  
National Science Foundation, July 2001. 
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extensive process-oriented learning may evolve into what some have called “black arts” that cannot be easily 
diffused.53 

Finally, although many MNCs, in sectors like motor vehicles, have internationalized more of their 
innovative activities in recent years, in most industries by far the largest share of patenting or R&D continues 
to take place in the home country.  This is clearly the case in the automotive industry.  For instance, between 
1969 and 1995, the share of U.S. patents of the world’s largest firms that were attributable to R&D undertaken 
in foreign locations (outside the home country of the parent firm) increased from 10.5 percent to 16.5 percent, 
when Japanese companies are excluded from the analysis.  Leaving out companies based in Japan is justified 
on the grounds that these firms have internationalized only about ten percent of their R&D (the proportion of 
transnational R&D is about three times higher in Europe and about 50 percent higher in the U.S).54  For the 
automotive industry, however, there was only a modest movement toward greater internationalization.  The 
increase was from 4.6 percent in 1969 to 4.8 percent in 1995.  And this small increase in automobile 
globalization would have been even lower if Japanese firms had been included in the analysis.55 

 
 

Conclusions 
 

 Today only a small minority of firms and other organizations innovate in isolation.  Data based on the 
European Community’s Innovation Survey show that most innovations involve several organizations.56  
Keeping pace with the complexity of technological progress requires that networks repeatedly learn about, 
integrate, and apply a wide variety of knowledge and know-how from a wide variety of locations around the 
globe.  We have seen how the evolution of the automotive industry has depended on rapid synthesis of 
knowledge about a bewildering array of technical fields.  No single organization engaged in the innovation of 
complex technology, not even the largest and most sophisticated MNC is likely to succeed if it embarks on a 
“go it alone strategy” (e.g., relying on its own production experience or R&D). 
 The proliferation of networks reflects the choices made by increasing numbers of firms and other 
organizations to “go it together” in the innovation of complex technologies.  It is obvious these organizations 
choose their partners—some singled out for their direct access to learning-based resources, and others selected 
for indirect linkages to participants in other networks.  Both direct and indirect access is increasingly sought 
across national boundaries, as networks try to diversify core capabilities and complementary assets through 
global collaboration.  This is self-organization in practice. 
 But taking part in self-organizing innovation networks is no panacea.  Like any type of organization, 
networks have their weaknesses.  Potential “network failures” include:  communication and coordination 
conflicts among members, possible free riders, and a certain level of inertia (or path dependence) that develops 
over time.57  Learning how to use a new organizational form, like a joint venture or strategic alliance, requires 
the same kind of uncertainty and risks that characterize learning how to create a new technology.  One analysis 
concludes: 
 

On the one hand firms will attempt to face uncertainty with the flexible tools of inter-firm 
agreements and cooperative learning.  On the other, they will have to deal with further 
uncertainty stemming from the cooperative process itself.  Such (endogenous) uncertainty 
will ultimately concern the actual efficiency (cost-effectiveness) of activities carried out 
cooperatively, their potential outcome, and the distribution of rents among partners.58 

                                            
53 E. B. Grant and M. J. Gregory, “Tacit Knowledge, the Life Cycle and International Manufacturing Transfer,” Technology Analysis and 
Strategic Management, No. 2, 1997, pp. 149-161. 
54 Jorge Niosi, “The Internationalization of Industrial R&D:  From Technology Transfer to the Learning Organization,” Research Policy, 
March 1999, pp. 107-117. 
55 John Cantwell and Grazia D. Santangelo, “Capitalism, Profits and Innovation in the New Techno-Economic Paradigm,” Journal of 
Evolutionary Economics, 2000, p. 141. 
56 Lundvall and Borras, The Globalising Learning Economy, p. 103. 
57 Timo Hamalainen and Gerd Schienstock, “The Comparative Advantage of Networks in Economic Organisation:  Efficiency and 
Innovation in Highly Specialized and Uncertain Environments,” pp. 36-37 in Working Party on Technology and Innovation Policy, 
Innovative Networks:  Co-Operation in National Innovation Systems, Paris:  Organisation for Economic Co-Operation and Development, 
2001. 
58 Antoine Bureth, Sandrine Wolff, and Antonello Zanfei, “Cooperative Learning and the Evolution of Inter-Firm Agreements in the 
European Electronics Industry,” pp. 210-211 in Gambardella and Malerba, eds., The Organization of Economic Innovation in Europe. 
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Research seems to indicate that successful interactive learning triggers further cooperation.  Firms that 

succeed at networking may become not only more adept at learning about the technological dimensions of 
collaboration, but also more skilled in organizational dynamics.59 

Ultimately, the advantage provided by self-organizing innovation networks is that they learn in many 
ways.  Few are easy, inexpensive, or risk-free; and sustaining adequate learning requires purposeful, continual 
attention.  Although the potential benefits from network learning are great, discovering, transforming, and 
applying relevant tacit and explicit knowledge can be an intimidating technological and organizational 
challenge.  Yet once learning processes are established that make repeated innovation possible, a network may 
have a sustainable competitive advantage.  The dynamic capabilities that result from rapid learning are difficult 
for competitors to replicate, precisely because they are constantly evolving and emerging.  Thus, the overall 
advantages of innovation networks seem to be substantial.  At a minimum, there appears to be consensus that 
networks are the “major new feature” of the modern economy.60 

The implications for globalization seem to be mixed, and the evolution of the automotive sector 
provides a good illustration of why this is the case.  Because the innovation of motor vehicles depends on 
particularly tight relationships among organizations to ensure the exchange of tacit knowledge and know-how, 
long distance relationships may be a liability, even in an era of widespread diffusion of information and 
communication technology.  In these instances, it is not transparent to a competitor exactly what elements of a 
technology (especially a process one) are important and which are not.  And when imitation is difficult, 
innovation networks often are able to exploit local capabilities over considerable periods of time.  What all this 
may mean is that innovation networks help create a world in which globalization and localization not only 
coexist, but where the two processes actually thrive. 
 
 

                                            
59 Ashoka Mody, “Learning Through Alliances,” Journal of Economic Behavior and Organization, February 1993, pp. 151-170; Johannes 
M. Pennings, Harry Barkema, and Sytse Douma, “Organizational Learning and Diversification,” Academy of Management Journal, No. 3, 
1994, p. 633. 
60 Fiorenza Belussi and Fabio Arcangeli, “A Typology of Networks:  Flexible and Evolutionary Firms,” Research Policy, August 1998, p. 
415. 
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