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Abstract: 
 Those who make public policies aimed at fostering the innovation of complex technologies (e.g., aircraft) 
face the same daunting challenges as private sector managers. Complexity means that while public policy rests on 
some things that are known, the formulation and implementation of policies will inevitably confront many 
unknowns and some things that are likely to be unknowable.  Much of that which is unknown and unknowable 
emerges from the ever more important role of the organizational learning that takes place in complex network 
organizations (e.g., strategic alliances) as they coevolve with their complex technologies.  Continuous organizational 
learning and repeated adaptations are now givens for both corporate strategy and public policy in this arena. 
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 Technological innovation is increasingly concerned with complex products and processes.  The trend 
toward greater complexity is suggested by the fact that in 1970 complex technologies comprised 43 percent of the 
30 most valuable world goods exports, but by 1996 complex technologies represented 84 percent of those goods.  
Examples include aircraft and telecommunications equipment.1  These technologies are innovated by even more 
complex, self-organizing networks—those linked organizations that create, acquire, and integrate the diverse 
knowledge and skills required to innovate complex technologies.  Accessing tacit knowledge (i.e., experience-based, 
unwritten know-how) and integrating it with codified knowledge is a particular strength of many networks.2  Self-
organization refers to the capacity these networks have for reordering themselves into more complex structures (e.g., 
replacing individual managers with management teams), and for using more complex processes (e.g., evolving 
strategies) without centralized, detailed managerial guidance.3  Examples of the kinds of linkages that characterize 
complex networks are the strategic alliances, joint ventures, and intimate supplier-producer relationships that are 
proliferating around the world.  For instance, The Economist reported that some 32,000 new business alliances had 
been formed in the three years prior to April 1998.4  Other researchers found 10,000 “technology partnerships” over 
the period 1980-1994.5  The networks created by these alliances and partnerships include a wide range of activities, 
such as sharing production facilities, collaboration in standards setting, and joint research and development (R&D). 
 The complexity of these organizations and technologies is making obsolete the mythic image of the 
brilliant lone inventor as well as undermining the effectiveness of national technology policies.  No single person is 
capable of learning enough about these technologies to understand them in detail.  The same applies to an individual 
policy-maker.  Technological and organizational complexity means that the learning involved in policy-making is 
always incomplete; thus, neither successes nor failures can be understood in detail.  Policy learning, like the learning 
that takes place in innovation networks, is always a trial-and-error process. 
 In an era of complex technologies, and that will surely be the dominant characteristic of the early part of 
the twenty-first century, public policies will need to facilitate learning and be ever more adaptable.  Public policies 
aimed at facilitating complex innovation will need to be as learning-based and flexible as the innovation process 
itself.  James Metcalfe provides an excellent description of the policy maker’s challenge: 
 

[T]he policy maker is cast as a behavioralist engaging in adaptive policy making, seeking 
improvements in the technological performance of the economy in the context of immense micro 
complexity.  Just as individuals operate under the constraints of localised, imperfect and uncertain 
information, so does the policy maker who must also be content with the limits set down by higher 
political authority.  Options are constrained administratively and politically, policy makers operate 
with multiple objectives, and one cannot expect the policies which emerge to be independent of 
the processes by which they are formed. There is no presumption that any policy maker has a 
superior understanding of market behavior or technological opportunities, and so technology 
policy may fail just as readily as the technology strategies of private firms.  The important 
questions relate to how well policy makers learn and adapt in the light of experience.  In short, the 
scope for policy is not to optimize with respect to some objective function (e.g., social surplus) but 
rather to stimulate the introduction and spread of improvements in technology.  At the core of this 
approach are complexity, cognitive limitations, and the role of organisations as operators 
translating subjective knowledge into collective outcomes.6 

                                            
1 Robert W. Rycroft and Don E. Kash, “Innovation Policy for Complex Technologies,” Issues in Science and Technology, Vol. 
16, No. 1, Fall 1999, pp. 73-74. 
2 Dorothy Leonard and Sylvia Sensiper, “The Role of Tacit Knowledge in Group Innovation,” California Management Review, 
Vol. 40, No. 3, Spring 1998, pp. 112-132. 
3 Lucio Biggiero, “Self-Organizing Processes in Building Entrepreneurial Networks:  A Theoretical and Empirical Investigation,” 
Human Systems Management, Vol. 20, No. 3, 2001, pp. 209-222. 
4 “The Science of Alliance,” The Economist, Vol. 347, No. 8062, April 4, 1998, p. 69. 
5 Rajneesh Narula and John Hagedoorn, “Innovating Through Strategic Alliances:  Moving Toward International Partnerships 
and Contractual Agreements,” Technovation, Vol. 19, Issue 5, February 1999, pp. 292-293. 
6 J. S. Metcalfe, “Evolutionary Economics and Technology Policy,” Economic Journal, Vol. 104, No. 425, July 1994, p. 933 
(emphasis added). 
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This is a daunting set of tasks, yet it is becoming strategically significant.  For as complexity increases, the 
rate of growth and the characteristics of organizational networks will be greatly affected by public policy.  The most 
important effects will be on network learning.  Technological progress requires that networks repeatedly learn, 
integrate, and apply a wide variety of knowledge and skills.  But traditional technology policies, especially in the 
U.S., have placed a heavy focus on only two sources of learning—that which is generated by R&D and by 
unfettered markets.  R&D funding must continue to be a high government priority, but the primacy given R&D is a 
problem for innovation in complex product sectors.  It is often assumed that support for R&D—and sometimes only 
the “R”—is synonymous with technology policy.7 This places too much emphasis on the creation of new 
knowledge, and especially basic research, as an engine of innovation and neglects other learning opportunities.  
Figure 1 outlines five other types of learning opportunities that are especially evident in the networks involved in 
innovating complex technologies. 

Figure 1. 
Network Learning Opportunities 

TYPE OF LEARNING SOURCE OF LEARNING 
Learning by doing In-house production experience 
Learning by using User experience and competence 
Learning from advances in science and technology Monitoring and forecasting scientific and 

technological developments 
Learning from spillovers Involuntary leakage or voluntary exchange of useful 

knowledge 
Learning from formalized inquiry Research and development 
Learning from interaction Cooperative relationships 

 
Source:  Robert W. Rycroft and Don E. Kash, The Complexity Challenge:  Technological Innovation for the 21st 
Century, London:  Pinter Press, 1999, p. 138. 

 
R&D support is easy for governments to justify, but it is often not what companies and networks need.  

What are frequently needed are new or enhanced organizational capabilities that facilitate development of tacit 
know-how and skills, integrated production process improvements, and ways to synthesize and integrate the talents 
and expertise of individuals who work in groups and teams.  These organizational “black arts” are not usually a part 
of the R&D-dominated policy agenda, but if the challenge of innovating complex technologies is to be met, policy 
will need to be flexible enough to incorporate them as well as other nontraditional ideas.8 

Similarly, technology policy has tended to emphasize only one set of factors that affect market learning: 
improving competitive incentives to firms and other organizations by measures such as strengthening intellectual 
property rights or providing a tax credit for R&D.  This ignores the need for other kinds of market enhancing 
policies. 

 
The Importance of Learning by Interaction 
 

Markets left unfettered except for incentives to compete have trouble coping with the cooperative learning 
dynamics that are at the core of the innovation of complex technologies.  Learning in complex networks is often 
very risky and can encompass prolonged tacit knowledge acquisition and application processes.  Complex learning 
involves substantial coordination, because investments must be made in different activities, often in different 
sectors, and increasingly in different countries.  Collective learning of this type tends to induce a self-reinforcing 
dynamic; it becomes more valuable the more it is used.  Not taking into account these characteristics of complex 
network learning is a major source of market failure.9 

Because the innovation of complex technologies tends to foster market failures, significant network 
benefits arise from linkages beyond the private sector.  Often innovation networks have connections to at least three 
kinds of institutions:  (1) state-of-the-art infrastructure, including communication, transportation and secondary 

                                            
7 George E. Brown, Jr., “Rational Science, Irrational Reality:  A Congressional Perspective on Basic Research and Society,” 
Science, Vol. 258, No. 5080, October 9, 1992, p. 200. 
8 E. B. Grant and M. J. Gregory, “Tacit Knowledge, the Life Cycle and International Manufacturing Transfer,” Technology 
Analysis and Strategic Management, Vol. 9, No. 2, 1997, pp. 149-160. 
9 David J. Teece, “Capturing Value from Knowledge Assets:  The New Economy, Markets for Know-How, and Intangible 
Assets,” California Management Review, Vol. 40, No. 3, Spring 1998, pp. 55-79. 
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education systems; (2) appropriate standards-setting arrangements, ranging from environmental regulations to 
network-specific process or product standards; and (3) closer linkages between firms and other national science and 
technology organizations, including national laboratories and universities.  Grounding public policies in an 
institutional perspective means taking the idea of a national innovation system seriously.  That is, a nation’s 
institutional makeup and supporting policies define “how things are done” and how learning takes place.  And the 
accumulated learning will be a major factor in determining the direction of future learning and innovation.10   

Also critical to making a shift in thinking and in policy-making is the recognition that complex 
technological innovation takes place through market and non-market transactions and that the latter involve not only 
businesses but also public organizations that exercise considerable influence over broader institutions (e.g., through 
regulatory regimes).11 

A major objective of network interaction is to learn more about the technical and organizational capabilities 
of network members, but there are also opportunities to enhance competence in collaboration itself.  Firms and other 
organizations that succeed at networking may become not only better at learning about the technological dimensions 
of collaboration, but also more skilled in organizational dynamics.  For example, companies experienced in 
collaborative ventures frequently become better at resolving conflicts in organizational governance.12  This learning 
is critically important to the processes of effective self-organization. 

The innovation of complex technologies not only involves self-organizing processes, it requires an 
interactive process; as complexity increases, so do interactions among network participants.  As cooperation 
evolves, networks and their member organizations are rewarded by branching out and establishing new collaborative 
interactions.  But the precise configurations of these interactions vary widely.  For instance, cooperative 
relationships among organizations can differ in structure (e.g., vertical or horizontal linkages) or duration. 

Whatever the nature of the cooperative relationships, valuable knowledge can be created and transferred 
through repeated information-exchanging processes.  These exchanges have been called the dynamic factor in the 
creation of the knowledge needed to resolve problems.  Interactive learning happens, for example, when producers, 
suppliers, and users are linked in ways that foster co-development of product technologies.  Employing suppliers 
and users as full collaborators in the innovation process means producers must learn with them rather than from 
them.13  Trust and reciprocity are crucial to these relationships, as is defining the interaction in terms of mutual 
benefit and abandoning the dogma that the commercialization of technology must be a zero-sum game.14  But this is 
often easier said than done, especially in the U.S. A recent study concluded: 

 
The approach of the central firms we studied is to develop a sense of trust and reciprocity in the 
system.  This trust and reciprocity is a dynamic concept and it can be very tight.  This aspect has 
similarities to contracts in the sense that obligations are precisely understood.  But Anglo-Saxon 
contracts are typically limited in the sense that partners are not expected to go beyond the 
contract.  In contrast, in a network perspective, the behavior is prescribed for the unknown, each 
promising to work in a particular manner to resolve future challenges and difficulties as they 
arise.  This means that each partner will promise to deliver what is expected, and that future 
challenges will also be addressed positively.  If there are uncertainties and difficulties in the 
relationships, these will be resolved after the work is done.  If one party goes beyond (in the 
positive sense) the traditional contract, others will remember and reciprocate at a later date.15 
 

Thus, trust-based relationships often are necessary as the network tries to explore the unknown and even the 
unknowable. 

                                            
10 Bengt-Ake Lundvall, “Why Study National Systems and National Styles of Innovation?” Technology Analysis and Strategic 
Management, Vol. 10, No. 4, December 1998, pp. 407-421. 
11 Daniele Archibugi and Jonathan Michie, “Technological Globalisation or National Systems of Innovation,” Futures, Vol. 29, 
No. 2, March 1997, pp. 121-137. 
12  Johannes M. Pennings, Harry Barkema, and Sytse Douma, “Organization Learning and Diversification,” Academy of 
Management Journal, Vol. 37, No. 3, 1994, p. 633. 
13 Roy Rothwell, “Issues in User-Producer Relations in the Innovation Process:  The Role of Government,” International Journal 
of Technology Management, Special Issue on Technological Responses to Increasing Competition, Vol. 9, Nos. 5/6/7, 1994, pp. 
636-637. 
14 Nirmalya Kumar, “The Power of Trust in Manufacturer-Retailer Relationships,” Harvard Business Review, Vol. 74, No. 6, 
November-December 1996, pp. 92-108. 
15 Gianni Lorenzoni and Charles Baden-Fuller, “Creating a Strategic Center to Manage a Web of Partners,” California 
Management Review, Vol. 37, No. 3, Spring 1995, pp. 154-155 (emphasis added). 
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Ultimately, policy-making aimed at network-based innovation of complex technologies is fraught with 
uncertainty.  Policy prescriptions developed in the absence of the specific context of innovation are as dangerous as 
they are tempting.  In other words, because the innovation of complex technologies is characterized by many 
unknowns and some things that are likely to be unknowable, the formulation of successful complex innovation policy 
is also an unknown or unknowable exercise, in a detailed sense. This sounds like a prescription for policy 
pessimism.  But is it? 

 
Complexity and the Known, Unknown, and Unknowable 
 
 In one of the earliest published works to touch on the subject of public policy and complexity, a 
distinguished group of authors pointed out several misunderstandings that still haunt those working on this topic.16  
First, complexity is not a panacea, or even an answer for those making policy choices.  For example, complexity 
should not be seen as an effective substitute for simplification.  Nor is complexity the opposite of order and clarity.  
Instead, complexity is a challenge, an incentive to thought.  Above all, the problem of complexity is the effort 
required to face the unavoidable challenge to our minds posed by reality. 
 For instance, massive and accelerating change in much of the developed world, led by rapid advances in 
science and technology, may be creating a new kind of economy, sometimes identified as “knowledge-based,”17 
“learning-oriented,”18 or “networked.”19 Whatever the particular label, these changes appear to be outpacing our 
conceptual models (e.g., governance frameworks, including public policy).20 

Yet at the same time scientific and technological change is triggering this pattern, U.S. politics and policy 
is beset with reactions that call for purer and more fundamental application of, for example, our traditional 
governance model. A growing number of political and intellectual leaders and movements argue that the answer to 
contemporary complexity is to be found in a simpler version of the established model of governance (e.g., a return to 
the political values of an earlier era to help resolve complex policy problems).21 
 Second, complexity should not be confused with completeness, but seen as emphasizing the incompleteness 
of knowledge.  Figure 2 illustrates this incompleteness.  For example, if technological innovation has physical, 
social, and cultural dimensions (to cite only a few), the goal of complexity is to become aware of the links between 
these dimensions and to become aware of how these dimensions are separated by, for example, traditional academic 
disciplines. 
 The core of complex thought and discourse aspires to multi-dimensionality, but it always contains an 
important element of incompleteness and uncertainty—what Figure 2 characterizes as “don’t know—and don’t 
know we don’t know.”  Facing complexity in the policy process means aiming for multi-dimensionality.  It doesn’t 
imply giving all the information on an observed phenomenon, but respecting its diverse elements. 

                                            
16 E. Morin, “On the Definition of Complexity,” pp. 62-68 in United Nations University, The Science and Praxis of Complexity, 
Tokyo, Japan:  United Nations University, 1985. 
17 Nicholas S. Vonortas and Adam Tolnay, “Towards the Knowledge-Based Economy:  United States and Its APEC Partners,” 
Journal of APEC Studies, Vol. 2, No. 1, Summer 2000, pp. 187-229. 
18 Bengt-Ake Lundvall and Susana Borras, The Globalising Learning Economy:  Implications for Innovation Policy, 
Luxembourg:  Office for Official Publications of the European Communities, 1999, pp. 13-19. 
19 Henry Etzkowitz and Magnus Gulbrandsen, “Public Entrepreneur:  The Trajectory of United States Science, Technology and 
Industrial Policy,” Science and Public Policy, Vol. 26, No. 1, February 1999, pp. 53-62. 
20 Don E. Kash and Robert W. Rycroft, “Technology Policy:  Fitting Concept With Reality,” Technological Forecasting and 
Social Change, Vol. 47, No. 2, September 1994, pp. 35-48. 
21 U.S. Congress, House of Representatives, Committee on Science, Unlocking Our Future:  Toward a New National Science 
Policy, Washington:  Government Printing Office, September 24, 1998. 
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