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Preface 
Global restructuring has dramatically restricted the freedom of nation states in designing public 
policies, and regions play new roles in terms of governance and intervention in order to promote 
learning, innovation, productivity and economic performance at the local level. The capacity of 
both individuals and organizations to engage successfully in learning processes has come to be 
regarded as a crucial determinant of economic performance. The concept of learning economy is 
directly linked to the globalization of economic processes, which has in fact increased learning 
opportunities. The globalization of economic processes does not imply the disappearance of 
differences among regions. On the contrary, various types of learning are implicated in the 
complex interaction between global and local processes. Learning regions are well attuned to 
the requirements of the new learning economy and may be fostered through the development of 
appropriate strategies of public governance and intervention. 
The development of the learning economy involves a complexity of economic and social 
processes: it holds the promise of increased productivity and an improved standard of living, but 
it also implies that individuals and organizations face major challenges in adjusting to new 
circumstances. The social challenge of the globalization and the learning economy is inequality 
and social exclusion. The average worker has to perform new tasks and to develop new skills. 
Workers become unemployed or low-paid employment, if remain unskilled. Other challenge is 
sustainability. Innovation policies might contribute to sustainability. Innovation can resolve 
problems such as unsustainable production methods, consumption patterns, and the use of non-
environmentally friendly technologies. Despite the uncertainty in policy making, policy can be 
used to improve systems of innovation. 
From a long-term perspective, the widening gap in a society develops mainly during the crises 
of structural adjustment, particularly in countries that are leading in technological innovation, 
and is associated with the unemployment, skill changes, and organizational changes in the 
production system. The reduction of inequality occurs mainly once a major new technology has 
become the dominant regime, the economy recovers to full or near-full employment, new skills 
are widely diffused and socialized, and new movements for social reform have addressed some 
of the main sources of conflict. Social capital – in terms of social networks, conventions, and 
norms – affects both individual and organizational learning. Regions need to be able to respond 
positively to emerging economic and social conditions, especially where this involves the 
‘unlearning’ of inappropriate practices and bodies of knowledge left over from ‘old’ regional 
institutions. 
This monograph is designed for economists not yet familiar with the systems of innovation 
approach. Due to the comprehensive and crucial macroeconomic consequences of innovation, 
policy-makers dealing with economic growth and employment issues should also be interested. 
The author expresses his gratitude to the referees for constructive comments. 
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President 
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Summary 

1. Economic Growth and Innovation system 
Research on Innovation and Policy Learning 
Innovation systems encompass the economic, social, political, organizational, and institutional 
elements that influence the development and diffusion of innovations. Innovation is no longer 
seen primarily as a linear process but rather as a non-linear process of interactive learning, 
which occurs in specific institutional contexts. The focus on interactive learning evokes the 
important role of economic structures and institutional setting in determining the rate and 
direction of innovative activities. An innovation system undergoes transformation through the 
co-evolution of its elements. 
∙ From the perspective of evolutionary theory, the economic growth experienced over the 

past two centuries needs to be understood as the result of the progressive introduction of 
new technologies associated with increasingly higher levels of worker productivity and 
the ability to produce new or improved goods and services. 

∙ The huge divergence in long-term growth rates over the past two centuries must be 
attributed largely to the presence or absence of social capability for institutional change, 
and especially for those types of institutional change that facilitate and stimulate a high 
rate of technical change. 

∙ Different eras were driven by the particular clusters of technologies and the institutional 
structures needed to exploit and support these clusters varied significantly. The advance of 
technologies played the leading role, and institutions enabled the implementation of 
technologies. 

∙ The recent literature on national systems of innovation can be described as an attempt to 
come to terms more systematically with these problems of social capability for technical 
change. 

The development of the notion of innovation system has largely been the work of the non-
orthodox economists active in the development of evolutionary growth theory, who have been 
motivated by the perception that neoclassical growth theory is totally inadequate in its treatment 
of technological advance. 
∙ The analysis of economic development must take into account the process of innovation. 

Neo-classical perspective is less adequate for the analysis of the innovation process. The 
intention behind the concept of innovation system is to change the analytical perspective 
from allocation to innovation and from decision-making to learning. 

∙ The innovation system approach is critical to derived dogmas about the general superiority 
of pure markets, reflecting the assumption that innovation is rooted in processes of 
interactive learning and that interactive learning does not thrive in pure markets. The focus 
on interactive learning evokes the important role of economic structures and institutions in 
determining the rate and direction of innovative activities. 
– The innovation system approach gained ground as empirical findings through the 1970s 

and 1980s revealed that innovations reflect a process where feedback from the market 
and knowledge inputs from users interact with knowledge creation and entrepreneurial 
initiatives. Such relationships and interactions among the agents involved non-market 
relationships, and were presented as organized markets with elements of power, trust 
and loyalty. Different national contexts offered disparate possibilities for establishing 
such organized markets. 
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∙ In innovation system approaches, the main reason for differences in performance between 
national systems may be that the degree of mismatch between economic structure and 
institutions differ among countries. The interdependence between economic structure and 
institution is one reason why it is meaningful to apply the system perspective. Institutions 
may be rooted far back in social history and they might be slow to adapt to the change in 
economic structure. Therefore, a complete matching does not appear and this affects the 
performance of innovation systems. 

The development of innovation research as a field rested on the rejection of the neoclassical 
growth model and the linear model of innovation. In the late 1970s and early 1980s, there 
emerged a well-articulated evolutionary critique of neoclassicism, providing a coherent micro-
based alternative to the dominant neoclassical paradigm. These pioneering contributions were 
followed by a very substantial research program and literature during the past 20 years.  
∙ Framed by an evolutionary perspective, rejecting all notions of optimal decision-making, 

and optimality in the economic system, non-linear models of the innovation process were 
developed, which emphasized the uncertainties and unpredictable nature of the innovation 
process. By focusing on the knowledge, learning, and interactivity among actors that give 
rise to systems of innovation, the new innovation paradigm drew attention to the national 
or local environments in which organizational and institutional developments have created 
conditions conducive to the growth of interactive mechanisms on which innovation and 
diffusion of technology are based. The process of innovation thus came to be seen as path-
dependent, location-specific and institutionally shaped. 

The links between innovation theory and innovation policy have been part of an evolutionary 
learning process, beginning with crises associated with stagflation and the oil shocks of the 
1970s. This created a niche that permitted the development of a set of diverse and non-orthodox 
ideas. These ideas pertain not only to the nature and determinants of innovation itself, but wider 
problems of institutional mismatches locking up the economic potential for technical change. 
∙ Theory and policy learning can be seen as an integrated, co-evolving and interactive 

process. There is a close connection between the development of innovation theory, since 
the late 1970s, and the evolution of innovation policy ideas, primarily in the 1990s. The 
economic crisis of the 1970s created an opening for rival analyses of events. The theory-
policy link has been central to the intellectual development that would have been 
impossible in the constraints of existing disciplinary structures. The analytical achieve-
ments have permitted a wide expansion in the conceptualization of policy targets and in 
the design of instruments available to policy-makers. 

∙ There has been a significant change in innovation-related policy arenas during the last 20 
years. In terms of objectives, innovation policy has become a central instrument for 
achieving outcomes that lie well beyond the field of research and technology development. 
The concepts and instruments of policy have shifted, with non-linear models of innovation 
and the innovation system concept playing a central role in policy discourse, and with a 
wide range of new policy instruments directed at networking, clustering, and personnel 
mobility. This complex process of change can best be understood as policy learning. 

Innovation in innovation policy is not easily accomplished: it usually requires significant 
investment of economic, social, and political capital; it will frequently encounter barriers and 
opposition from vested interests; and it is a risky process that does not always lead to desired 
outcomes. Despite these difficulties, efforts to modernize innovation institutions and policies 
continue. Such efforts are accelerating, even though success remains elusive. 
∙ There are substantial downside costs not to stimulating change, not only limited to the 

expenses of maintaining outmoded institutions but also in broader terms of opportunities 
foregone. If innovation in innovation policy is to be fruitful, it needs to be accompanied 
not only by a tolerance for risk and flexibility, but also by considered assessment, 
reflection and learning through discursive process of evaluation, comparison and contrast. 
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Innovation and learning 
From an evolutionary perspective, the central intellectual problem to be confronted by a theory 
of firm is the understanding of the ongoing interrelated processes of change in technology and 
organization. Learning, knowledge-creation and innovation should be put at the center of the 
analysis. In the evolutionary paradigm, the firm is understood first as a repository of productive 
knowledge, a vehicle for continuous learning and innovation. 
∙ In a radical departure from neo-classical assumptions about firms as rational, perfectly 

endowed and optimizing agents, the evolutionary approach builds upon the basic premise 
of bounded rationality (namely, that the economic world is too complex for a firm to 
understand perfectly), a position that emphasizes the inevitability of mistaken decisions in 
an uncertain world. 

∙ In the neo-classical theory, all agents are assumed to be equally capable of optimizing; 
economic competence (broadly defined to mean problem-solving skills) is assumed to be 
relatively abundant, when in fact it is scarce and uneven as between both individuals and 
firms. In contrast, the evolutionary approach recognizes what we know to be in practice, 
that there are significant variations in firms’ knowledge bases and major differences in 
their capacity for creating knowledge from within and absorbing it from outside the firm. 
The uneven distribution of economic competence, which is firm specific and partly tacit, 
helps to explain the wide variations in corporate behavior and performance and why 
apparently superior organizational forms diffuse slowly, if at all, within and between 
sectors, regions, and countries. 

∙ The evolutionary metaphor should not be taken too far: routines are likened to genes 
because they appear so durable; but they are clearly not immutable because they can be 
changed through searching. Furthermore, while market competition may be analogue to 
natural selection, this does not mean that the market is a natural artifact. More generally, 
these three concepts should be understood as an attempt to develop Schumpeter’s key 
insights that capitalism was essentially an evolutionary process rather than a system in 
equilibrium, a process of creative destruction that produce winners and losers, a process in 
which price competition was trivial compared to quality competition (i.e. innovation). 

∙ From an evolutionary perspective, the key challenge for firms is how to strike a balance 
between routines on the one hand and creativity on the other because all knowledge and 
habit once acquired become as firmly rooted in organizations. The durability of routines 
helps to explain why so much technological and organizational change tends to be path-
dependent: in other words what a firm can do in the future is heavily constrained by what 
it has been doing in the past. Learning is what helps the firm to strike a balance between 
routines and creativity and the capacity to learn depends in no small way on its absorptive 
capacity: that is to say the firm’s ability to recognize, assimilate, and exploit knowledge. 

From a cognitive perspective, innovation is the result of effective knowledge management 
process and learning organizations are the locus of the innovation processes. In this perspective, 
the firm is conceptualized as an organism that is able to acquire, develop and accumulate 
knowledge. Such knowledge is absorbed by the firm; it is embedded in technologies, individual 
capabilities, and organizational routines; and it is then valorized in terms of firm competencies. 
Organizational learning is interpreted as a process of development and acquisition of new 
knowledge necessary for solving organizational, manufacturing, marketing problems, and 
creating platforms for the development of new ideas. 
∙ The analyses of innovation process have to focus on the learning process, which is 

essentially concerned with the development and acquisition of new knowledge by an 
organization, through the creation, adaptation and fusion of new ideas, the re-use and 
reference of existing knowledge, and the moving of knowledge between firms or between 
firms and research institutions. 
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∙ The literature on learning organizations has identified three learning mechanisms under-
pinning the organizational learning: empirical learning, learning by emulation and 
learning by acquisition: 
– With empirical learning the development of new knowledge is based on the experience 

of doing something (learning by doing, learning by using, and trial and error processes). 
This process is generally unplanned. 

– Learning by emulation is concerned with gathering of knowledge developed outside the 
cognitive system. It starts as an imitation process, but it involves the improvement and 
the conceptualization of acquired knowledge. A variety of knowledge channels can be 
used, such as the consultation of scientific and technical publication, the examination 
of suppliers, customers, as well as the participation at events (e.g. conference, trade fair, 
etc.). 

– Learning by acquisition is based on the assertion that pieces of knowledge not available 
in a cognitive system are brought in to help the firm’s resources. The process of 
learning by acquisition can be activated in a variety of ways, such as acquisition of 
new technologies, recruitment of expert employees, mergers or agreements with other 
organizations which retain specific complementary know-how, relationships with 
research centers (universities, public research institutions, research consortium, and 
science parks, etc.). This process seems to be particularly useful when firms want to 
acquire new knowledge quickly in order to face a specific problem. 

∙ To improve the effectiveness and efficiency of the organizational learning, organizational 
experiments seem to be appropriate techniques for structuring and controlling the process 
of empirical learning. Formal organizational experiments include all the organizational 
activities aimed at testing new manufacturing/organizational/managerial solutions that are 
recognized and formalized. Informal organizational experiments involve all the organ-
izational activities aimed at activating empirical learning processes. 

∙ In the process of learning by emulation, activities of great importance are 1) the continuous 
monitoring of the external environment, 2) the selection of knowledge available in the 
external environment in the shape of technology, product, marketing strategy, etc., and 3) 
the adaptation of the knowledge generated in other contexts to the specific characteristics 
of the firm. 
– The scanning of the external environment and the selection of appropriate knowledge 

can be achieved by establishing in the organization specific roles of gatekeepers. These 
roles can be assigned to single individual or organizational departments, who are given 
the task of ‘manipulating knowledge’ for the benefits of the organization. 

∙ In the process of learning by acquisition, knowledge codification may be an indispensable 
activity for the firm. The advantage of synergistic combination of different types of 
knowledge can be achieved only through codification. Thus, the introduction and diffusion 
of scientific and technological knowledge existing in the external environment require 
technical knowledge codification. 

Innovation networks and social capital 
The complex technologies are increasingly innovated by self-organizing networks. Networks 
create, acquire, and integrate the diverse knowledge and skills required for creating complex 
technologies and bringing them to the market. Innovation networks are organized around 
constant learning. 
∙ Self-organization refers to the capacity that networks have for combining and recombining 

learning capabilities without centralized, detailed managerial guidance. Self-organizing 
systems form structures and processes in response to internal logic. The evidence of self-
organization is most obvious in the growth of inter-organizational collaborative activities 
(joint ventures, consortia, and strategic alliances). 
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∙ Since process and product innovations involve 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. Learning is in part aimed at identifying new core capabilities 
and complementary assets, and targeting new network members having these capabilities 
and assets. By organizational learning, 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. 

∙ Network learning is inseparable from the evolving interactions among holders of core 
capabilities and complementary assets, which are an ongoing part of 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 trajectory. 

∙ Path dependency together with selection environment restricts and amplifies the self-
organizing process. Path-dependency restricts and amplifies the learning possibilities and 
the potential for accessing new complementary assets. 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, thus, tend to learn locally, by engaging in search and discovery 
activities close to their previous learning neighborhood. Localized learning 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 choices about what learning to undertake and what complementary assets to 
pursue. 

∙ A history of flexible and adaptive relationships within a network provides participants with 
formidable sources of competitive advantage. Alternatively, 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 are likely 
to contribute to self-organization that is efficacious. 

∙ 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 innovation is constantly updating its strategic assessments of the 
mix of opportunities and obstacles that are present in its environment. Evolving alliances 
with suppliers, users, or competitors mandate changes in network structure that most often 
lead to higher levels of interconnectedness. 

∙ Like any type of organization, networks have their weakness. Potential network failures 
include communication and coordination conflicts among members, possible free riders, 
and a certain level of inertia (or path dependency) that develops over time. Learning how 
to use organizational form, like a joint venture or strategic alliance, requires the same kind 
of uncertainty and risks that characterize learning how to create new technology. Firms 
will have to deal with uncertainty stemming from the cooperative process itself. Such 
uncertainty will ultimately concern the actual efficiency (cost-effectiveness) and potential 
outcomes of cooperative activities and the distribution of rents among partners. 

∙ Successful interactive learning triggers further cooperation. Network members succeeded 
at interactive learning become more skilled in organizational dynamics. Once learning 
processes that make repeated innovation possible are established, a network may have a 
sustainable competitive advantage. 

∙ If network members encounter more problems than opportunities, they will usually exit the 
network. They continuously evaluate their performance in terms of the degree to which 
self-organizing collaborative processes have constrained or enhanced their organizational 
and technological resources. Decisions to de-couple from network relationships are as key 
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to self-organization as decisions to initiate new linkages. Linkage associated with network 
self-organization can have unexpectedly powerful, reinforcing “bandwagon” effects that 
take the form of increasing returns. 

Self-organizing innovation networks and globalization may be co-evolving. Changes in the 
organization of the innovation process seem to have facilitated the broadening geographical 
linkages of products, processes and markets. At the same time, globalization seems to induce 
cooperation among innovative organizations. 
∙ The most compelling explanation of the proliferation of innovation networks in recent 

years is that globalization – the broadening geographical inter-linkages of products, firms, 
markets, and production factors – have co-evolved 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. The proliferation of innovation networks is intimately related 
to the process of globalization, which has both been enabled and promoted by rapid 
technological advance. 

∙ Globalization is most often identified with the forces that have helped induce cooperation 
among various types of organizations. Globalization makes cooperation more attractive in 
many exogenous ways, including: 
– By intensifying competition, shortening product and process life cycles, and increasing 

the risks and benefits of complex innovation;  
– By encouraging innovation using the largely codified knowledge made available on a 

worldwide basis – much of which is facilitated by innovations in information and 
communication technologies;  

– By adding to the value of accessing unique, often local, mostly tacit, knowledge-based 
assets residing in different national innovation systems around the world;  

– By focusing innovations on satisfying increasingly diverse and customized global 
markets; and  

– By changing (through market liberalization and deregulation) the relationships among 
corporate shareholders and stakeholders (financial institutions), leading toward more 
flexibility in organizational governance. 

∙ 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. Strategic 
alliances and other forms of innovation networks enhance the emergence of globalization 
more than traditional organizational arrangements (e.g. M&A), 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. Organizational 
adaptability is critical. The adaptation involves a process of network self-organization that 
is proactive. Networks that seek commercial success must develop and maintain the 
ability not only to change in the face of highly competitive environments, but they must 
also be able to adapt in ways that influence that environment. 

A major change in the US national innovation system has been the rapid increase in strategic 
research partnerships (SRPs), involving firms, universities, non-profit organizations, federal 
research laboratories, and public agencies. The growth in US SRPs can be attributed, in part, to 
several bipartisan policy initiatives. These policy changes include an expansion of programs to 
support public-private technology partnerships, relaxation of antitrust enforcement to promote 
cooperative research and adoption of various initiatives to promote more rapid diffusion of 
technologies from universities and federal laboratories. 
∙ SRPs are defined as any cooperative relationship involving organizations that conduct or 

sponsor R&D. Many of these partnerships constitute potential sources of R&D spillovers 
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and economic growth. Examples include research joint ventures (RJVs), strategic alliances 
and networks, consortia, cooperative R&D agreements, licensing and sponsored research 
agreements involving universities, government laboratories, and firms, university-based 
entrepreneurial start-ups as well as co-authoring between academic and industrial 
scientists. 

∙ Private-private partnerships are defined as relationships led by and primarily composed of 
private organizations only – for example, RJVs, consortia, strategic alliances and networks 
involving two or more companies. Public-private partnerships receive some level of 
support from a public institution or may have a public institution as a direct or indirect 
member. Such support can range from direct subsidies, shared use of expertise and 
laboratory facilities, and tacit licensing agreements. 

∙ This funding distinction underscores the ‘strategic’ aspects of SRPs. For private-private 
partnerships, the strategic objective is profit maximization. For public-private partnerships, 
the government agency also has a strategic goal, namely to address an innovation market 
failure and ultimately to enhance economic growth. 

As the pace of technological change has accelerated and global competition has intensified, 
large centralized bureaucracies emphasizing division of labor and functional specialization have 
given way to smaller leaner organizations in which team-based structures cross functional lines, 
disrupt traditional hierarchical chains of command, and focus on core functions while 
contracting with outside firms for other tasks. As an adjunct to internal restructuring, large 
manufacturers have turned to long-term external supplier relationships for many inputs to the 
production process as well as a variety of operational and administrative functions. Thus, 
specialized technological knowledge and innovation increasingly reside in small and medium 
suppliers whose R&D takes place in team-based configuration on the shop floor rather than in 
corporate laboratories staffed with scientists working on long-range basic research. 
∙ Arm’s length contracting relationships tend to be characterized by low trust, short-term 

commitments, limited information exchange, and a concentration on prices, while supply-
chain partnerships tend to be high-trust, long-term mutual dependence, and considerable 
sharing of information, technical know-how, and risk. Firms are becoming ever more 
conscious of the fact that their capacity for innovation, learning and quality depends on 
their ability to secure the active cooperation of their suppliers. 

∙ The base of technology offerings has increased to the point that it has outstripped the 
capacity of single firms to remain competent in the technology fields relevant to their 
business. In addition, the investments necessary to sustain technology development and 
deployment have increased to the point that single firms usually cannot undertake the 
level of risk necessary for innovation. For these reasons, supplier relationships have grown 
in importance. For complex products, suppliers function both as partners with lead firms 
and independently to develop and deploy new technologies. 

∙ Compared to large, hierarchical structures, network structures can more effectively scan 
the environment for changes, more accurately interpret environmental change, and more 
creatively and adaptively craft responses to change. Better scanning means stronger 
capacity for timely and accurate problem recognition. Greater effectiveness of interpret-
ation enhances policy and problem formulation, estimation of parameters, and selection 
from alternative policy choices. Greater adaptability translates into timely innovation and 
enhanced alignment of firms, practices, and products with environmental conditions. 

∙ The presence of a network of institutions in no way assures collaboration. Many networks 
mired in contractual disputes and lack of coordination. However, high-performing 
networks are able to learn to collaborate. Firms leverage their information-processing 
capacity through the network form. Unless the network that provides firms with new 
sources of efficiency and opportunities for innovation is open in structure and efficient in 
information exchange, little advantage can be gained. Therefore, the transformation in 
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information networks from hierarchically structured and centrally controlled to highly 
efficient and flexible peer-to-peer (mesh) network structures has been a key factor in 
enabling the formation of new sources of social capital. 

∙ Actors in the collaborative network exhibit an efficient form of collective learning. They 
learn of new technologies, opportunities, the outcome of transactions, and challenges more 
quickly because of density of interactions within the network. Learning is of a higher 
quality because it is subject to discussion and debate among horizontal counterparts whose 
perspectives and backgrounds may differ. For this reason, geographic regions that include 
highly adaptive industry networks have been termed learning regions. 

∙ Vertically organized firms and their supply chains with few horizontal connections tend 
toward characteristics that adversely affect information-processing capacity: inward, 
insular focus; unproductive levels of vertical integration in large firms and bureaucracies; 
unproductive levels of secrecy and organizational loyalty that dampen information sharing 
within and across professions; norms of institutional stability and autonomy that fit poorly 
with a turbulent economic, technological, global competitive environment; authority 
centralized at unproductive levels; and predominantly vertical flows of information, which 
tend to be slower, biased, and thus less reliable. Regions characterized by firms with these 
properties cannot as effectively innovate. In fact, attempts at partnerships and consortia 
under these conditions of low trust lead either to failure or to poorly performing, non-
collaborative networks. 

∙ Understanding the differences in information processing in large, vertically integrated 
hierarchies versus more horizontal structures is critical to understanding how social capital 
is built and maintained in the latter and how it leads to greater innovation potential. 
Differences in environmental scanning, information flows, and relative lack of bias 
aggregate to a greater capacity to innovate in the network form than within a hierarchy. 
Dense social networks can encourage experimentation and entrepreneurship among actors 
because of the mix of collaboration and competition within the network. Network 
members compete fiercely but also collectively process and share information about 
environmental changes including markets, regulations, technologies, and opportunities. 

In order to leverage the benefits of cooperation, inter-organizational linkages have been formed 
horizontally among similar firms in associations, vertically in supply chains, and multi-
directional links to sources of technical knowledge, human resources, and public agencies. The 
contribution to institutional effectiveness of these relationships measured in terms of economic 
performance and innovative capacity is referred to as social capital. This form of social capital, 
as powerful as physical and human capital, is the stock that is created when a group of 
organizations develops the ability to work together for mutual productive gain. 
∙ The concept is drawn from research that demonstrates the effect of institutional and social 

arrangements on economic development. It has more recently been extended to explain 
differences in innovation rates among countries with similar capital, labor, and national 
resources. 

∙ Social capital is a necessary, although not sufficient, enabler of effective public-private 
partnerships, for the devolution of science and technology (S&T) responsibilities to the 
states, and for a new, more collaborative style of government policy. The fundamental 
significance of social capital for innovation, and thus for science and technology policy 
has yet to be assimilated by policy-makers and captured in the design of policy tools. So 
far, almost no explicit attention has been directed toward the effect of social capital on 
innovation. 

∙ In contrast to economic perspectives emphasizing individualism and autonomy, social 
capital is derived from those perspectives in which cooperation paradoxically enhances 
competitiveness, information sharing leads to joint gains, and the importance of reputation 
and trust ensure reciprocity and fair play in a given network. 



Summary                                                                           9 

∙ When partnerships succeed, the glue that holds them together is not simply in the form of 
contracts that detail every aspect of these complex and dynamic relationships. Nor is 
cohesion to be found exclusively in the information system that links the network of 
organizations. The glue in the new political economy is the trust, or enlightened self-
interest, among decision-makers that makes collaboration feasible. 

∙ An effective S&T policy should aid the ability of the private sector to reconfigure itself in 
ways that advance rapid technological change and diffuse innovation. Although some 
aspects of S&T policy already support organizational and institutional arrangements to 
increase research-based productivity in innovation, the pace of institutional innovation by 
government has slowed during a time of rapid and fundamental restructuring of the private 
sector. Policy-makers have paid inadequate attention to those arrangements that contribute 
to social capital. 

Social capital refers to features of social organization (such as networks, norms, and trust) that 
facilitate coordination and cooperation for human benefits. The notion of social capital extends 
our understanding of cooperation or collaboration in two significant ways: linking cooperation 
to the economic concept capital signals the investment or growth potential of a group’s ability 
to work jointly; the concept identifies the structure created from collaborative effort as capital. 
∙ Well-functioning partnerships and networks are in and of themselves a form of social 

capital. Social capital is located both in the sharable resources held by individual 
institutions in a network and in the overall structure – the relationships among the 
institutions in a network. 

∙ Social capital, like other forms of capital, accumulates when used productively. Traditional 
economic perspectives that focus on short-term self-interest and individual transactions 
ignore the accretion, or growth, opportunities of cooperation. Closely related accretion is 
the self-reinforcing cyclic nature of social relations. Trustful relations tend to be self-
reinforcing in the positive direction. Mistrust tends to cycle in the negative direction. 

∙ The constituent elements of social capital are trust, norms, and networks. Trust is 
developed over time as individuals gain confidence in the reliability of others in a series of 
interactions. A key property of social capital rests on the transitivity of trust. Therefore, 
relatively large networks may exhibit generalized trust without close personal contact 
among all members. Norms of appropriate behavior developed as a social contract is 
negotiated among actors. The norm of reciprocity is fundamental to productive relation-
ships. Closely linked to reciprocity is a norm that actors will forego their immediate self-
interest to act not only in the interest of the group but also in their own long-term self-
interest. A reputation for trustworthiness is essential to actors in collaborative networks. 
Social capital is preserved by careful selection of network players and strict sanctioning of 
inappropriate (network-destroying) behaviors. 

∙ Empirical research on the characteristics of successful cooperative arrangements indicates 
a set of conditions that aid the formation of social capital. When actors form relationships 
over a period of time long enough to establish a series of transactions, reputations for 
fairness and reliability may be built that lead to trustful relations. Successful cooperative 
arrangements tend to have a limited number of players, making it easier for information 
about reputations and transactions to be shared within the network. Successful formation 
of social capital requires that actors value the long-run relationship highly enough to 
forego immediate gains for future benefits. The boundaries and objectives of the network 
must be clearly defined. In some cases, it has been important for participants in the 
network to define the rules under which they will cooperate. Graduated sanctions must be 
in place to punish inappropriate actions without destroying the network. Similarly, well-
performing networks must develop conflict resolution mechanisms in order to resolve 
inevitable disagreements. 
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Sub-national innovation systems 
The notion of sectoral innovation system (SIS) provides the multi-dimensional, integrated and 
dynamic view of sectors, which relates to the industry life-cycle literature and broader analyses 
of long-term evolution of industries as well as the innovation system approach and the 
evolutionary theory. The main advantage of SIS approach is a better understanding of the 
factors at the base of differential performances of firms and regions in a sector. It provides 
decision-makers with a taxonomy that may help them to avoid the trap of generalizing policies 
without taking sector specificities into account. The main building blocks of sectoral innovation 
systems are: 1) knowledge base and learning processes; 2) basic technologies, inputs and 
demand, with key links and dynamic complementarity; 3) type and structure of interactions 
among agents; 4) institutions; and 5) processes of generation of variety and selection. 
∙ Sectors differ in terms of knowledge base and learning process. Knowledge becomes 

highly idiosyncratic at the firm level, does not diffuse automatically and freely among 
firms, and it has to be absorbed by firms through their differential abilities accumulated 
over time. Accessibility, technological opportunity and cumulativeness are key dimensions 
of knowledge related to the notion of technological and learning regime. The notion of 
technological regime provides a description of the knowledge environment in which firms 
operate, and which is composed by opportunity and appropriability conditions. 
– Empirical evidence suggests the existence of differences across sectors in the patterns 

of innovative activities and of similarities across countries in the patterns of innovative 
activities for each sector. This result provides support for the relevance of 
technological regimes in determining invariance in sectoral innovation patterns across 
countries. 

∙ Basic technologies and demand constitute major constraints on the full range of diversity 
in the behavior and organization of firms active in a sectoral system. Obviously these 
constraints differ between sectors in relations to the basic technologies and demand. Basic 
technologies affect the nature, boundaries and organizations of sectors. Differences in 
demand conditions play a major role in affecting sectoral differences in firms’ behavior, 
competencies, and organization. A given technological environment and demand defines 
the nature of the problems firms have to solve in their innovative and production activities 
and the types of incentives and constraints to particular behavior and organizations. 
Within these constraints, however, great and persistent heterogeneity in firms’ innovative 
behavior and organization is present. In addition to demand and technologies, links and 
complementarities among artifacts and activities play a major role in defining the real 
boundary of a sectoral system. 

∙ Heterogeneous agents are connected in various ways through market and non-market 
relationships. Attention has been paid to formal and informal cooperation and interaction 
among firms. In uncertain and changing environments, networks emerge not because 
agents are similar, but because they are different. In this way, networks may integrate 
complementarities in knowledge, capabilities and specialization. In addition, the relation-
ships between firms and non-firm organizations (universities. public research centers, etc.) 
has been emphasized as a source of innovation and changes in several sectors. 

∙ Sectoral systems may greatly differ with respect to their typical institutions. Institutions 
include norms, routines, common habits, established practices, rules, laws, and standards, 
which shape agents cognition and action and affect the interactions among agents. 
Sectoral institutions may emerge either as a result of deliberately planned decision by 
firms or other organizations or as the unpredicted consequence of agents interaction. 

∙ At the base of heterogeneity of firms within sectoral systems lies the interplay between 
two key evolutionary processes that differ between sectors: the process of variety creation 
and the process of selection. These processes affect industrial dynamics and greatly 
account for its differences across sectoral systems. 
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The innovation system approach has been diversified by studies that recognized the evolution of 
autonomous systems of innovation at the local, the regional, the continental, and the global level. 
The dominance of national institutions is called into question, as institutions at territorial levels 
below and beyond the nation-states become increasingly important for innovative processes. A 
multi-level approach directs on the dynamic reconfiguration of NIS towards the sub-national as 
well as international level. 
∙ Tensions for NIS arise from globalization and regionalization, resulting first of all from 

increasing cross-border technological alliances of multinational corporations: nationally 
based innovation systems turn into open systems. The internationalization of corporate 
R&D rests on two main factors: the search for specialized regional centers of excellence in 
key technological areas, and their presence on lead markets. 

In recent years, much more attention has been paid to the concept of regional innovation system 
(RIS). The concept of RIS is based on the assumption that the regional level can play a 
balancing role in the age of growing globalization. The NIS cannot function well without RIS in 
respect of the enterprise and innovation support infrastructure, specialized human capital, 
leading edge basic and applied research, and the varieties of network relationships that function 
most effectively in the relatively close proximity of regional clusters. 
∙ Specific regional or local characteristics and structural patterns exist, which have a deep 

impact on the competitiveness of regions: RIS on the level of sub-national units, such as 
German Länder or the US federal states. Some sectors or clusters interact with the 
regional governance and innovation support infrastructures as well as the national and 
global levels. The RIS approach tries to explain how and what extent the institutional and 
cultural environment of a region support or obstructs innovation. 

∙ The formal NSI allocates R&D funding to and interacts regularly with a handful of large 
corporations. Italian innovation occurs, with sub-national variation, in sub-national and 
often local clusters of highly interactive small and medium-sized enterprises (SMEs), 
which are not effectively touched by the NIS. Systemic innovation is appropriately sought 
at the regional (and even sub-regional) level as well as at the national and global levels. 

∙ Small countries are incapable of investing public research budgets over a wide range of 
technological areas and possessing relatively few large corporations, therefore having to 
be selective about areas of innovative strength and well organized to monitor and absorb 
valuable innovations from elsewhere. 

2. Science and Technology Policy 
The public science system 
In the last two decades of the 20th century, the system of governance for science – the web of 
institutions that shape the incentives, social norms, and the priority of scientific research – has 
shifted away from state-dominated towards more distributed model. The former emerged after 
the Second World War and prevailed until the 1980s. Based on the linear model, it included a 
dominant role of the state support for science and the separation of scientific community from 
the rest of the society. The drawing of scientific and technological research into closer inter-
action suggests an alternative model for the public science system based upon a distributed 
model of governance, which is in the process of displacing the state-dominated system. 
∙ During the second half of the 20th century, advanced countries made unparalleled public 

investment in exploring what Bush termed ‘the endless frontier’. However, the consensus 
supporting public investment in science began to fray since the early 1980s. The social 
contract for science forged in the aftermath of the Second World War saw society willing 
to fund massive investments in basic research in the expectation of long-term economic 
benefits, leaving universities autonomy in the conduct of that research. Many elements of 
this contract have been subject to increasing strain since the 1980s. 
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∙ This shift is reinforced by the political expectation that research funding be tied to broader 
public policy objectives concerning national innovative capacity. Adopting a longer-term 
historical view, this shift appears less likely a new phenomenon than return to the 
conditions that prevailed prior to the Second World. The post-1980s relationship between 
universities and other actors in the innovation system more closely resembles the 
historical model than the one embodied in the post-war social contract for science. 

∙ The linear model – justification for public funding for basic research – has been subject to 
considerable criticism and refinement since the 1980s. Its key assumption is that the 
outputs of basic research take the form of information, which is expensive to generate but 
effectively costless to use and replicate – thereby exhibiting the qualities of public good. 
The problem is that progress of science may depend on the advance of technology and that 
technological knowledge is not likely to be a public good that is freely available as inputs 
into the production of new science. This asymmetry in access between technological and 
scientific knowledge provides a motive for linking technological and scientific research 
efforts and institutions. 

∙ Some parts of a network of distributed knowledge may function effectively by employing 
traditional social norms of open science, which emphasize that open disclosure is directly 
linked to the competition for scientific priority, the identification of the first discoverer of 
new scientific results. Other parts of the network may require the negotiation of exchange 
between those developing knowledge, either because they have not disclosed information 
or because they are unable to disclose it effectively. While both types of networks are 
subject to the problems of market failure, the ‘negotiated access’ part of the network is 
also subject to further market failures resulting from failures in coordination, transaction 
or knowledge discovery, i.e. the identification of things worth knowing. These factors may 
be collectively termed ‘scientific network failure’. 

∙ Analyzing scientific network failure focuses attention on the scope of knowledge exchange 
and the possibilities of missing nodes that might bridge the parts of the network that do 
not regularly interact. It also suggests that some types of scientific knowledge may be 
exclusively exploited for a period of time by a limited number of participants. If a 
particular line of scientific research is likely to have a specific applicability, it is 
conceivable that interested actors will identify each other and act either as an interest 
group supporting government funding for such research or as a ‘club’ to privately finance 
such research. To the extent that such clubs include all of the actors that might make use 
of such knowledge, the social welfare losses identified by Arrow will not appear, even 
though the information that they produce does not circulate generally within society. 

∙ The network of distributed scientific knowledge is a new mode for the operation of the 
scientific system and it is in the process of displacing the traditional system in which 
universities and government research laboratories held a favored position. It is possible to 
identify the creation of new organizational forms and methods of finance for the 
generation and distribution of scientific results. 

The key changes impacting on the role of universities include the increasing costs of innovation, 
the growing importance of interdisciplinary research, the overlapping of technology areas, an 
increasingly close relationship between basic research and industrial application, as well as a 
tighter integration of research and demand for its results. 
∙ Interdisciplinary research requires the presence of strong absorptive capabilities on the part 

of individual disciplines, as well as a capacity to exchange ideas in a constructive manner 
with other disciplines. The organization of research institutions and the incentive structure 
imposed on them are essentially discipline oriented. A key part of the knowledge used in 
research programs is tacit in nature. 

∙ The institutions involved must develop new tools and organizational structures to integrate 
the interdisciplinary knowledge within them in an efficient way. The emerging science-
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based technology paradigm should not be seen as a return to the linear model, but rather to 
a more interactive view of the nature of technology transfer in the innovation system with 
more feedback and better linkages between public and private and between basic and 
applied research. These knowledge flows can be characterized as a ‘two-way bridge’ and 
policies to strengthen the innovation system must enhance the organizational linkages to 
improve these flows. 

∙ While the linkages between universities and private firms have grown since the 1980s, 
agreement on the appropriate boundaries of their respective roles has not kept pace. An 
issue that underlies this confusion concerns the distinction between basic and applied 
research – and where primary responsibility for the performance of each should lie. 
– Since the early 1980s, firms have expanded their research linkages with universities, 

partly in response to the rising costs of R&D. This trend has coincided with increasing 
budget constraints on government and a decline in public funding for university-based 
research. The growing concern on the part of governments to facilitate the knowledge 
transfer in the innovation system has also generated greater pressure on universities to 
collaborate with firms, which, in turn, creates an internal tension between their roles in 
the development and transmission of knowledge (research and teaching) and that of 
transferring knowledge to other actors in the innovation system. 

– Use-inspired basic research and basic technological research may lead to commercial 
products, but only a small portion of that research has such potential and the process 
frequently involves considerable time lags. Much of the knowledge transfer from 
public research organizations to other parts of the innovation system is person-
embodied. The effective exploitation of that knowledge depends on the capacity of 
firms to absorb and to apply research results, all of which are not transmitted in a 
codified form. Knowledge is therefore not a freely available good, but involves a large 
tacit component of skills and capacities embodied in people, products and procedures. 
These capabilities also depend on the specific institutional arrangements and cultural 
setting in which knowledge is disseminated. 

∙ The key changes involve changes in the prevailing institutional arrangements within the 
innovation system, but these arrangements exhibit distinct national (regional) variations. 
Countries vary in the extent to which, and the sectors in which, they display a strong 
capacity to perform R&D and introduce new products and processes, due to the under-
lying structure of their innovation systems and the linkages between the elements of those 
systems. Similarly, the changes affecting the role of university in the innovation system 
exhibit distinctive national variations; an effective understanding of the role must take 
account of these variations. 

The first academic revolution took off in the late 19th century, made research a university 
function in addition to the traditional task of teaching. A second academic revolution then 
transformed the university into a teaching, research and economic development enterprise. This 
transition initially took place with respect to industry at MIT. The entrepreneurial academic 
model was then transferred to Stanford in the early and mid-20th century. An entrepreneurial 
academic format is currently being fashioned from a variety of historic university systems. 
∙ The internal organization of the Research University consists of a series of research groups 

that have firm-like qualities, especially under conditions in which research funding is 
awarded on a competitive basis. Research groups operate as firm-like entities, lacking 
only a direct profit motive to make them a company. In the sciences, especially, professors 
are expected to be team leaders and team members are scientists in training with the 
exception of technicians. 
– As group size increases to 7-8 members, professors formerly did research are typically 

compelled to remove themselves from the bench to devote virtually full time to 
organizational tasks – often they describe themselves as running a small business. To 
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continue at a competitive level with their peers, they must maintain an organizational 
momentum. Once having attained this goal, it is extremely difficult to function again as 
an individual researcher, so every effort is made to sustain leadership of a group. 

∙ The entrepreneurial university has the ability to generate a focused strategic direction, both 
in formulating academic goals and in translating knowledge produced in the university 
into economic and social utility. A university in which research results are routinely 
scrutinized for commercial as well as scientific potential is becoming the modal academic 
institution. Such academic institutions increasingly have internal capabilities to translate 
research results into intellectual property and economic activity. 
– The university is an especially propitious site for innovation due to such basic features 

as its high rate of flow through of human capital in the form of students who are a 
source of potential inventors. The university is a natural incubator: providing a support 
structure for teachers and students to initiate new ventures; intellectual, commercial 
and conjoint. The university is also a potential seedbed for new interdisciplinary 
scientific fields and new industrial sectors, each cross-fertilizing the other. A dual 
overlapping network of academic research groups and start-up firms, cross-cut with 
alliances among large firms, universities and the start-ups themselves appears to be the 
emerging pattern of academic-business intersection in bio-technology, computer 
science and similar fields. 

– The linear model is still a viable route to innovation, which is a fruitful and inevitable 
feature of many academic, industrial and government research projects, as well as 
technology transfer and firm-formation from these sources. However, the linear model 
is often complemented and enhanced by various pre- and post-linear formats, including 
reverse linear, assisted-linear, and interactive modes of innovation. 

– The entrepreneurial university follows an interactive model that incorporates linear and 
reverse linear modes. Even the linear model characteristic of the Research University is 
enhanced as knowledge and technology transfer increasingly takes place according to 
an assisted linear model, moving from the research site to the place of utilization. The 
entrepreneurial university thus has interface capabilities such as liaison and transfer 
offices and incubator facilities to manage and market knowledge produced in the 
university at several levels, from specific pieces of protected intellectual property to 
technology embodied in a firm and propelled by an entrepreneur. Such interface organ-
izations also play a reverse linear role in connecting the university to external problems, 
sources of knowledge, and firms seeking academic resources. 

Given that any research collaboration requires the definition of a common research topic, 
science-industry collaborations may imply significant joint costs and benefits that the academic 
partners integrate into their calculations. The nature of collaborative research may considerably 
vary according to the characteristics and strategies of the partners. In the process of matching 
academic laboratories and firms’ R&D funds, the partners may take into account the set of 
various strategic considerations for preferably interacting with one another. 
∙ The matching process preferably associates academics whose research tend to be basic 

(more applied) and whose research excellence tend to be signaled as high (low), with 
firms that are supporting a high (low) degree of risk (of research itself and its use in 
products and processes). This confirms the ‘assortative’ matching hypothesis. The 
bargained price of the collaborative research is the adjustment variable between the two 
relative willingness to collaborate. It is expressed in terms of cash flows and IPRs. The 
price requested by the academic partner will increase as his willingness to collaborate 
decreases, and conversely, the reservation price of the industrial partner rises with his 
willingness to collaborate. 

∙ An industrial partner who wants to carry out a risky research project will prefer to 
collaborate with an academic partner of a high excellence (which implies high opportunity 
costs) and thus renounce any involvement with an academic partner below a certain level.  
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An academic partner at a high level opportunity cost will prefer to collaborate with an 
industrial partner who is ready to accept a higher level of risk in accordance to his own 
research objectives and will renounce collaborating with an industrial partner below a 
certain level of commitment. An academic partner with a low opportunity cost will be 
ready to accept doing research for an industrial partner who wants to get involved with a 
relatively low-risk research project in order to improve his research volume and benefit 
from research synergies. 

Recent studies of technological specialization emphasized the continuing diversity of national 
differences of various sectors and the strong connections between this diversity and variations in 
institutional frameworks. The funding and governance of public research organizations and the 
way of establishing and managing research programs continue to differ significantly among 
countries. These variations remain mostly national due to the dominant role of the state in 
funding and controlling the institutions where publication-focused research has been conducted. 
National differences in the speed of developing radically novel technologies based on academic 
research appear especially marked in sectors such as information technology and biotechnology. 
∙ Despite the enthusiasm in OECD policy communities for commercialization of research, 

there is an ongoing and unresolved debate among science policy researchers about the 
merits of such policies. The efforts to support commercialization of university research 
have often been based on a desire to copy the perceived success of the US system. OECD 
countries have often drawn the wrong lessons from the US system. It is not the ability to 
commercialize technology that sets the US apart from Europe. It is the high levels of 
public support for basic research and the multiplicity of entrepreneurial funding agencies 
that target highly profitable new lines of inquiry. 
– Like many OECD countries in the 1990s, France developed a new policy environment 

to support the commercialization of publicly funded research conducted at universities. 
France’s efforts to create new sources of funding that run alongside traditional support 
mechanisms for research and teaching as well as a series of measures are designed to 
encourage interaction between researchers and industry. 

– Those who are skeptical about new French policies directly challenge two main 
principles of the French policy reform. The first focused on the maintenance of the lack 
of university autonomy in managing staff and facilities, and the other suggesting that 
entrepreneurial researchers will be able to derive considerable financial benefits from 
their research. They suggest that the new French reforms have only had a marginal 
impact on the state of university autonomy in France. They have not provided the 
universities with the freedom that was intended by the reform program. Moreover, the 
idea of the entrepreneurial researcher is largely a myth. A more radical agenda of 
reform is suggested, involving greater university autonomy and greater personal 
discretion for researchers to raise income from their research activities. For them, the 
current set of reforms still carries with it many of the limitations of past generations of 
French innovation policy, an overly bureaucratic and state-directed system of control. 

The role of the public science system in supporting the growth of new industries with radically 
innovative technologies has varied between countries. National differences in the speed of 
developing radically novel technologies based on academic research appear especially marked 
in sectors such as information technology and biotechnology. Two characteristics of public 
science systems – different levels of reputational competition and intellectual pluralism and 
flexibility – help to account for continuing differences in the rate at which public science 
systems produce highly novel intellectual innovations and deal with a variety of problems. 
∙ The intensity of reputational competition refers to the extent to which researchers seek 

recognition from their intellectual peers for the significance of their results in solving 
intellectual problems central to specialist fields. The greater is reputational competition, 
the more they have to convince colleagues/competitors of the importance of their research 
projects and influence on others’ work. Ideas and results have to contribute to collective 
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intellectual goals and fit into current research programs. In highly competitive academic 
systems, scientists attempt to influence the future direction of colleagues’ research by 
establishing their research agenda as the dominant one, and their results as the key ones 
for future work. 

∙ Intellectual pluralism and flexibility in changing research goals refers to the ease of 
gaining public reputations for different kinds of contributions to a variety of intellectual 
purposes and being able to change these in the relatively short term. Where such pluralism 
and flexibility are high, scientists can pursue a wide variety of intellectual projects with 
distinctive goals and approaches. Scientists in such societies can develop competing 
research programs focusing on different phenomena with contrasting theoretical models 
and technical procedures, hence relatively being eclectic in their intellectual objectives. 

∙ Combining the two dimensions lead to four types of public science systems: competitive 
pluralist system, differentiated pluralist system, competitive hierarchical system, and 
differentiated hierarchical system. 

∙ Four distinct features of national institutional frameworks affect intellectual pluralism and 
flexibility and reputational competition in public science systems: 
– The extent to which the funding agencies and employers of researchers, principally the 

state, are willing to delegate control over research goals, performance and assessment 
to practitioners through competitive peer review procedures. 

– Differences in the organization and control of work in universities and other research 
organizations, as well as in the procedures governing promotion and other rewards. 

– The extent to which such organizations are ordered into a stable hierarchy of prestige 
and resource control differs considerably between national research systems. 

– The degree to which labor markets of scientists and technologists, research goals and 
performance standards are segmented between organizations. 

Three ideal types of institutional frameworks and public science systems can be distinguished 
that are likely to be associated with distinct patterns of technological development. 
∙ Relatively centralized and hierarchical university systems with highly segmented careers 

of scientists and technologists are unlikely to develop highly novel technologies closely 
based on new formal knowledge produced by the public sciences. Such research systems 
limit the development of research programs that combine technological goals with the 
fundamental understanding of generic processes and incorporate a variety of knowledge 
and skills. Such institutional arrangements can provide strong support to cumulative 
technological developments, especially where these are largely undertaken within firms, 
which rely on the academic system to produce highly trained technologists rather than 
autonomous knowledge producers. 
– As in post-war Japan, differentiated hierarchical science systems are more likely to 

develop when state delegation of resource control is limited, centralization of authority 
in employment organizations is considerable, and there is a strong and stable prestige 
hierarchy of universities. 

∙ As in Germany and France, the combination of considerable state delegation to relatively 
autonomous public research organizations with significant levels of internal authority 
centralization and organizational segmentation of goals and careers is likely to generate 
highly coordinated research programs focused on common goals, but perhaps with limited 
intellectual risk taking. Because recognition and careers are segmented between types of 
objectives and employers, technologically focused research is unlikely to be pursued by 
scientists seeking collegiate reputations for their contributions to theoretical goals. They 
are equally unlikely to pursue any potential technological implications of their work, let 
alone to commercialize them. Spillovers between theory-driven research and technological 
development will therefore be limited in such economies. The extensive set of public and 



Summary                                                                           17 

quasi-public research organizations devoted to technological objectives, however, facilitate 
the integration of codified generic knowledge with design goals, albeit indirectly and 
usually within current technological trajectories. This combination of characteristics is well 
suited to the development of continuous, cumulative innovations within current established 
technological trajectories. 

– Competitive hierarchical systems probably occur where there is some state delegation 
to practitioner elite and competition between universities, but the academic system is 
quite centralized and hierarchical within them so that disciplinary elite and institute 
heads can exert considerable control over research agenda and careers. The German 
institute model of universities seems to reflect many of these aspects. 

∙ Highly decentralized research systems with strong competition between universities for 
intellectual prestige and leading researchers and decentralized authority structures within 
research organizations and low segmentation of objectives and careers are more likely to 
generate different kinds of formal knowledge about highly varied phenomena from a 
number of approaches. They are likely to encourage relatively frequent restructuring of 
intellectual programs and models as research priority changes. Such frameworks stimulate 
the development of intellectual entrepreneurs who are willing to take considerable risks 
and to pursue a variety of different kinds of research goals and careers. As a result, they 
will be more supportive of the development of radically new technologies with numerous 
unforeseen problems that require formal research to deal with than less competitive and 
risk taking ones. This suggests that new industries reliant on use-inspired basic research 
are more likely to develop quickly in countries with these kinds of public science systems 
and labor markets than in those with centralized and segmented ones. 
– With the combination of considerable state delegation, academic decentralization, and 

low organizational segmentation, the US universities have established a competitive 
pluralist research system, which also encourages varied careers and roles for scientists, 
especially in the biomedical sciences where strong state support for policy-oriented 
purposes has been managed in a decentralized, but coordinated manner. 

Rationale for Science and Technology Policy 
S&T policy actions derived from the neoclassical and the evolutionary frameworks are neither 
necessarily different nor antagonistic: many policy actions are apparently common to both 
frameworks. However, much more detailed analyses would obviously reveal differences in the 
practical applications of these principles. The common policy action is justified on different 
grounds according to each framework because it set up for different purposes. 

∙ As S&T policy principles are based on different rationale related to different theoretical 
frameworks (leading to different objectives), evaluation tools and techniques are based on 
different evaluation perspectives related to different theoretical frameworks (leading to 
different objectives of evaluation). Knowledge of this coherence requirement is certainly 
useful when one wants to launch any evaluation exercise. 

∙ A classification of S&T policy orientation is to distinguish between mission- and diffusion-
oriented policies. At first sight, one could claim that mission-oriented policy is more 
connected to the neo-classical framework, while the diffusion-oriented policy is more 
rooted in the evolutionary one. However, there may be some circumstances in which the 
concentration of support on a small number of technologies and on large firms is the best 
way to develop cognitive capacities and enlarge the knowledge base; conversely, diffusion 
of information and cooperation are not absent from the neo-classical perspective. The two 
distinctions are rather empirical orientation of policy, which always borrow implicitly or 
explicitly from both frameworks. 

∙ It is also interesting to pay attention to the role that the state can play in terms of market 
creation. Obviously markets play a key role in the neo-classical framework as the main 
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mode of coordination; but the role of market is not completely denied by the evolutionary 
framework, being acknowledged for instance as a decisive element of the selection 
process. In the neo-classical framework, the creation of market requires the creation of 
demand or supply, the definition of property right on the good that is exchanged, and 
general conditions of market operation; in the evolutionary framework, the main focus is 
put on the creation of infrastructure and knowledge capacity, which are required to make 
the market exists. In other words, the evolutionary framework tends to adopt a sociologist 
view of the market, being a social construction involving cognitive capacity, and not so 
much a natural way of organizing the economy. This also has consequences on the forms 
of state intervention in the S&T policy field. 

∙ In both frameworks, there is a need for combining S&T policy with other policies. In the 
neo-classical one, the distinction between the different policies is straightforward, since 
each of them can act on a limited set of variables of the neo-classical model. In the 
evolutionary framework, the differences are less evident and almost all policies can 
impact the whole system because of all the interactions at all stages. 

The Questions of Additionality 
The question of additionality is obviously at the heart of the justification of state intervention in 
the field of S&T, and thus intrinsically linked with the rationale for the S&T policy. But it is 
also linked with evaluation and assessment problems. The problem could be expressed in the 
following terms: what differences do state intervention make? This question should immediately 
be linked to a second: do these differences justify state intervention? Additionality is then linked 
directly to policy action. Policy action aims at objectives and these objectives are to be linked to 
rationale. This raises a double problem: 
∙ Differences could be assessed in the light of the targeted objectives, but other unexpected 

differences may occur out of the scope of the targeted objectives. 
∙ These unexpected differences can be coherent with the framework that gives birth to the 

objectives or not. It is required to adopt the theoretical view of the other framework to 
identify them and if possible to evaluate them. 

An essential dimension of the additionality problem is related to the situation that is to be 
considered as alternative to the one in which there is a state intervention. The counterfactual 
scenario is a fictive construction about what could happen. There is another question related to 
the temporal dimension: the time horizon over which the additionality is examined, that is, the 
persistence of the differences. 
∙ Ex ante additionality is between targeted situation (e.g. the objectives) and the forecasted 

alternative scenario. Ex post additionality is between actual situation and the re-built alter-
native scenario, but this actual situation may be better or worse than the one targeted. 

∙ Directly linked to this question is the one of the level at which the alternative scenario is 
under consideration: project level, firm level, program level, policy level, etc. As this 
alternative and hypothetical situation must be compared to some sort of evaluation of the 
actual or anticipated situation with the state policy, both situations must logically be 
considered at the same level. 

∙ When the policy action takes the form of providing input to the innovation process, the 
neo-classical way of analyzing the activity of agents led to input additionality and output 
additionality. The next step is to concentrate on the process itself, making the ambitious 
question of behavioral additionality emerge. The recent development of knowledge-based 
economics (and its influence on the evolutionary framework) suggests that a fourth type of 
additionality could be envisaged, the cognitive capacity additionality. 
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Public-private partnerships and technology foresight 
Public-private partnerships are an integral element of the new paradigm in technology policy 
characterized by private sector and market-pull cooperative ventures rather than government-led 
technology push programs. For government, the benefits of partnerships between industry and 
universities, research institutes and public laboratories include higher social returns from the 
exploitation and commercialization of public R&D as well as a diversified source of funding 
and improved training of graduates. Besides reducing risk and cost sharing, partnerships can 
help firms access skills, monitor new developments, and undertake exploratory research in areas 
outside their core business. However, partnership policies and schemes should not be designed 
solely on the notion that cooperation between industry and public research is intrinsically good. 
Just as industry enters into public-private partnerships to achieve specific goals, government and 
public research institutions should also set clear goals and time horizons for inputs and outputs. 
∙ Public-private partnerships can be defined as any innovation-based relationships whereby 

public and private actors jointly contribute financial, human and infrastructure resources, 
either directly or in kind. As such, partnerships are more than simply a contract research 
mechanism for subsidizing industrial R&D. Partnerships can be formal or informal 
arrangements governing general or specific objectives in research or commercialization. 

∙ Collaboration between public research and industry has been a characteristic of the 
German research system since the 19th century. In post-war Japan, partnerships have been 
an integral part of large government-sponsored industrial technology programs to help 
Japan catch up in specific sectors. In the US, it was not until the Cold War that changes in 
the government policy, led by heightened defense spending on R&D, resulted in increased 
collaboration between public research and industry. In the 1960s and 1970s, structural 
change prompted the states to take the lead in promoting collaboration between industry 
and universities as a means of harnessing technology for local economic development, 
especially job creation. By the early 1980s, the success of Japanese collaborative R&D 
and growing competition in global technology markets led to a paradigm shift in the US, 
with public-private partnerships becoming a key component of federal technology policy 
and a tool for improving national competitiveness. 

∙ Perhaps the most common justification for promoting public-private partnerships as an 
implementation strategy for technology policy is one of efficiency by reducing overlaps 
and leveraging of scarce resources. Given the historical context where programs and 
policies exist but do not necessarily coordinate well with one another, the efficiency 
motivation for partnerships is also a response to government failure. The desire to form 
partnerships to improve the total efficiency of public technology policies is consistent with 
increased concerns about government performance enhancement. 
– A main appeal of public-private partnerships is that they reduce the risk of government 

failures resulting from picking winners by traditional R&D subsidization schemes. 
Public-private partnerships entail the competitive selection of participants and greater 
influence from the private sector in project selection and management, helping ensure 
that the best participants and projects are targeted. 

∙ In addition to addressing government failure, public-private partnerships can potentially be 
market correcting. It can be classified according to the functional objectives and goals of 
governments – e.g. support for strategic research and technology development, improving 
the mechanisms for commercialization and technology diffusion, and generating spin-offs 
of technology-based firms. In addition, providing access to innovation financing, training, 
and stimulating innovation networks have become more explicit objectives of partnerships. 

Technology foresight is defined as systematic attempts to look into the long-term future of 
science, technology, economy and society with a view to identifying emerging generic 
technologies likely to yield the greatest economic and/or social benefits. 
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∙ The primary rationale is the widespread recognition that emerging generic technologies are 
likely to have a revolutionary impact on industry, economy, society and the environment 
over coming decades. If identifying at an early stage, governments and others can target 
resources on the strategic research areas needed to ensure rapid and effective development. 

∙ With research costs rising and scientific opportunities expanding, research priorities have 
to be selected. Technology foresight has a different philosophical starting-point from that 
of traditional forecasting (in unsystematic extrapolative manner), and attempts to devise a 
more systematic procedure for research priority setting. 

∙ Technology foresight exercises need to be carried out at several levels, ranging from 
bodies responsible for the coordination of overall national S&T policy down to individual 
firms or research organizations. Some foresight exercises need to be holistic in scope, 
others more micro-level. The foresight activities at different levels should be fully 
integrated. 

∙ Successful foresight involves counter-balancing intrinsic tensions: a balance between 
technology push and demand-pull; a balance between top-down and bottom-up 
approaches; allocation of responsibility for foresight among interested parties and a 
neutral third party (in funding, performing research, and exploiting the results). 

Evaluation of research and technology development programs 
Evaluation methods and practices have been developed alongside the evolution of technology 
and innovation policy and the understanding of the innovation process. Since the 1980s, demand 
for evaluation has been fueled by the desire to understand the effects of research and technology 
development (RTD) programs, to learn from the past, and to justify the continuation of those 
programs. Another important influence has been the growing tendency to associate science with 
competitive performance and the search for more effective ways to achieve university-industry 
linkage. 

Evaluation practices are far from uniform across OECD countries. In the mid-1990s, program 
and policy evaluation is characterized by different degrees of maturity as well as by a large 
measure of variety in terms of tools used, the institutions involved, and of the place of 
evaluation in policy-making in general. 
∙ Evaluation methods cannot be equated with techniques for collection and analyses of data. 

The choice of what is significant to measure, how and when to measure it, and how to 
interpret the results are dependent upon the underlying model of innovation. 

∙ Techniques aside, evaluation is very much a social process, as it involves interaction of 
individuals, organization culture, practices, and routines. The institutional set-up in which 
programs are evaluated determines the nature, quality, relevance, and effectiveness of 
evaluation practices. Practical arrangements and policy issues are country-specific. 

∙ The differences in approaches to evaluation among OECD countries reflect a number of 
underlying factors. Included in these factors are the level of maturity of policy (e.g. 
explicit technology policy as opposed to science policy, approaches to market failure or 
systemic failure, characteristics of national innovation system taken into account or not, 
etc.) and the attitude towards the appropriate role of the state in the economy (whether 
evaluation is seen as a tool to improve and refine government intervention or to constrain 
government action). 

A critical issue in evaluation is the criteria to be used for judging programs and policies. The 
basic rationale for government initiatives to stimulate technological development in the first 
place is the market failure rationale. But the preponderance of government failure has forced 
evaluators to become more careful in accounting for costs of programs as well as for benefits, 
including the costs associated with distortions to economic incentives. Moreover, the realization 
that the benefits of individual programs or policies can often be understood only in the context 
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of their impact on a complex innovation system has given rise to the notion of systemic failure 
as a basis for policy. It has also forced evaluators to recognize that identifying social benefits in 
diffusion policies involves a dynamic analysis that looks at the development of new capabilities. 
∙ The accumulated experience of three decades of technology policies, together with recent 

advances in innovation theory, has shown the limits of a simple market failure rationale to 
policy. Socioeconomic effects may be manifested not only through competitiveness and 
exploitation/market-related effects (sales of products, reduction of process costs) but also 
through individual and organizational learning effects (networking, partnership), 
contributions to skills and research manpower, influencing norms and standards, and 
generation of externalities. 

∙ In terms of evaluation, systemic failure has translated into the more elaborate principle of 
behavioral additionality (participation in a program can change the innovative behavior of 
a firm). The focus on additionality as criteria for success is simply a reflection of the 
difficulty of accurately measuring externalities and thus the net social benefits of 
programs. 
– Whatever evaluation methods are used, the importance of having a counterfactual in 

policy evaluation exercises (comparing the absence of policies with the impacts in the 
presence of policies; changes in behavior and performance that would not have 
occurred without the program) has been stressed. 

– Much of the evaluation work to date ignored the competitive environment in which 
client firms operate, and in which the services provided by governments are supposed 
to improve performance. However, it is important to have an understanding of this 
environment in order to optimally design, provide and evaluate program services and 
to ensure that program objectives are not at odds with those of the client firms. 

In the evaluation of research performance and impact, a spectrum of approaches may be 
considered. At one extreme are the subjective, essentially non-quantitative approaches, of which 
peer review is the prototype. At the other end of the spectrum are the mainly quantitative 
approaches. In between are retrospective or case study approaches. These retrospective methods 
make little use of mathematical tools, but draw on documented approaches and results wherever 
possible. 
∙ Peer review of research represents evaluation by experts in the field. The objectives of 

peer review range from being an efficient resource allocation mechanism to a credible 
predictor of research impact. The quality of review will never go beyond the competence 
of the reviewers. The leader selects the reviewers, summarizes their comments, guides 
questions and discussions in a panel review, and makes recommendations about whether 
the proposal should be funded. Both the individual reviewer’s technical competence for 
the subject area and the competence of the review group as a body to cover the different 
facets of research issues should be considered. 

∙ Retrospective studies can provide evidence to the stakeholders that there is benefit in 
continuing sponsorship of research. Also, if the study is sufficiently comprehensive, the 
environmental parameters that helped the research succeed can be identified, and these 
lessons can be used to improve future research. 

∙ The main contribution of S&T indicators to the evaluation of RTD programs is the supply 
of information concerning the assessment of the program assumptions. S&T indicators 
never can replace judgments by peers. Peer reviews alone will not provide sufficient 
information. Indicator studies appear to be complementary and supportive to the peers. 
Different indicators are elaborated in order to illuminate different aspects of the research 
fields considered. 
– Evaluation processes based on indicators can be as a rule more objective. But data 

retrieval is complex and requires considerable know-how. In Europe only few group 
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master these methods. There are many objections with respect to the utility of S&T 
indicator for program evaluation. Quantitative indicators tend to supplement other, 
largely qualitative methods. A proper mix of evaluation methods is suggested. 

OECD attempts to draw out best-practice evaluation principles with respect to three different 
dimensions of evaluation: basic rationale, objectives and criteria for evaluation; coverage of 
evaluations and use of different tools and methods; and conduct of evaluations and institutional 
setting. 
∙ Basic Rationale, objectives and criteria for evaluation: 

– Establish a realistic hierarchy of objectives, so as to allow quantitative ex post assess-
ment of their attainment wherever possible; 

– Clearly establish the economic rationale for the intervention and use it in the evaluation; 
carefully balance market and systemic failures against potential government failures; 

– Identify and attempt to measure the additionality implied by the policy intervention; 
∙ Coverage of evaluations and use of different tools and methods: 

– Evaluate as broadly as possible all existing innovation and technology policies; 
– Attempt “portfolio” evaluations; 
– Develop the use of quantitative techniques (cost-benefit analysis, econometrics based 

on the use of micro-level data, etc.) where appropriate; 
– Combine results of quantitative and qualitative techniques when interpreting results; 

∙ Conduct of evaluations and institutional setting: 
– Design the evaluation together with the program to be evaluated; 
– Ensure that evaluations are user-driven; 
– Formulate guidelines and a code of conduct for evaluations, ensuring their funding, 

independence, and regularity; 
– Ensure feedback and learning by establishing a requirement for responding to evalua-

tions and a presumption in favor of publication of evaluation results. 

3. Regional Innovation systems 
Regions as externalized learning institutions 
The increasing globalization of economies must not be mistaken for the leveling of all regional 
characteristics. Corporate globalization strategies are meaningful only if national and regional 
differences exist and can be harnessed on a global scale. Regions will be reconstituted on a 
global scale – in instances this may arise only because a globally active corporation has 
observed a certain region in terms of its potentially exploitable economic advantages over other 
regions for present and future investments. This process also changes the challenges with which 
regional actors are confronted. 
∙ Business or professional associations, unions and politicians concerned with industrial 

policies are faced with the task of creating an innovative local environment, wherein 
innovative strength must increasingly define itself in a global context. Regional innovation 
policies increasingly derive their parameters from a global horizon of different develop-
ment paths, technological options, and product life cycles, and must also do justice to 
regional policy objectives such as employment, income, and welfare development. 

∙ The scope for action and the strategic options of regional players must be identified against 
the background of evolved regional structures. The new constitution of regional economy 
in the context of an altered division of labor is determined to a considerable degree by 
institutional and industrial structures emerged in the course of industrialization history – 
economic-structural and institutional path-dependency. There are not only technological 
but also regional trajectories. Technological knowledge is not only organized in large-
scale technical systems or in branches, but often also in regional innovation systems; and 
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this knowledge, incorporated in regional production clusters, cooperative relations, 
institutions and policy patterns, does not usually develop in great leaps and bounds, but 
incrementally, step by step. 

∙ In evolutionary theory approaches, the regional traditions of work, management, and 
innovation are perceived as less as an ‘iron cage’ and more as a repertoire of behavior and 
interpretation patterns. Regional players draw on this repertoire in a more or less targeted 
manner. 

As economic activities are increasingly based on notions of collective learning and competition 
increasingly involves partnerships and interactive innovation, the regional level of economic 
organizations has become more important in the wake of the profound economic restructuring 
of the 1980s and 1990s. Furthermore, with the relative decline in national economic sovereignty, 
regional administrations strengthen support policies for their industry, encouraging inter-firm 
interactions, evaluating and monitoring cluster. 
∙ The demise of the top-down industrial policy and its spatial correlate, regional policy 

gathered pace through the 1980s. Complaints from receiver regions about the insensitivity 
or lack of consultation by central government in the allocation of regional investments 
raised questions about the efficacy of regional subsidies to stimulate growth through direct 
national allocation to regions. This led to a withdrawal of government responsibility and 
more regional responsibility for the content of industrial or enterprise support, which 
usually meant multinationals engaging more and more in bidding wars between regions. 

∙ Regions displaying characteristics of industrial clusters offer advantages to firms seeking 
enhanced external economies from geographical proximity. For supply-chain transactions 
involving knowledge transfer of a non-codified or partially codified type, the existence of 
localized knowledge pools, a specific kind of industry culture, and the availability of high-
quality knowledge centers such as universities, are externalities of tremendous importance. 

∙ Where such regional clusters exist, they tend to become more specialized, technologically 
and in terms of product focus, and trade may well be increasingly characterized in terms 
of intra-industry trade. Specializing locations may thus attract foreign direct investment 
seeking such expertise, thereby strengthening the agglomeration. 

There are three key reasons for focusing on regional learning/innovation system: the massive 
growth in externalization of production of goods and services by corporations; the increasing 
specialization of regional economies in consequence of externalization; and the regionalization 
of industrial policy, enterprise support, and promotion for inward investment. 

∙ Regions with local suppliers to important industry branches could, where there was co-
location, offer competitive advantage, especially in design and innovation, where tacit 
rather than codified knowledge is often the most important transactional asset. 

∙ As a consequence of the localized learning implied in the tacit knowledge-exchange at the 
regional level, regional economies become more specialized in those areas of expertise. 
The location of foreign direct investment has become more focused in specific kinds of 
networked regional economies in which enterprises support and regional industry 
promotion have given the region a specific image or identity that is then reinforced as 
foreign firms learn of the regional advantage of locating there too. Even in relatively 
under-specialized spatial systems, the emergence of regionally integrated supply chains in 
specialized industrial branches was becoming pronounced in the mide-1990s. 

∙ Such regions have many of the key elements of a regional learning infrastructure, notably 
good sensing, awareness, and response functions in the organizations (development 
agencies, training organizations, and territorial governance offices) that promote their 
regional economies. Moreover, to the extent these are linked informally or formally with 
universities, research institutions, vocational training agencies, and technology transfer 
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organizations as well as regional firms, these regions approach what may be called a 
regional innovation system. 

It is important to differentiate regional learning systems from regional innovation systems. 
Learning is a first step to innovation. A regional learning system can be developed towards a 
regional innovation system when upstream (close to the point of origination of the invention) 
and downstream (near-market) innovation capability is integrated into regional industry. 
∙ There may be some possibilities in national innovation systems to compensate for relative 

lack of research-based corporations and technology policy, through communication and 
interaction economies in a system of SMEs. Interactive learning of this kind is a ‘catch-
up’ strategy. Notions such as ‘learning-by-searching’ underline this. Innovations may arise 
from unanticipated effect of system interactions around inventions from elsewhere, but by 
that time, the originators will have moved into new fields. So leapfrogging is difficult in a 
regional learning system. 
– Small economies, such as Nordic countries, have proved to be highly innovative by 

learning from other countries where innovation and R&D magnitude are much higher 
in expenditure terms. Inevitably, firms in such economies only find rooms to innovate 
in niches. 

∙ Ability to learn is directly correlated with the level of learning accomplished at the outset. 
So ‘learning-by-learning’ is achievable and there is a point at which a regional learning 
system can be developed towards a regional innovation system. This occurs as upstream 
and downstream innovation capability is integrated into regional industry. Such regions 
have the capability of initiating innovations based on upstream interactions as well as 
more downstream linkages. 

∙ Regions possessing the full panoply of innovation organization set in an institutional 
milieu where systemic linkage and interactive communication among the innovation 
actors is normal. Such regions approach the designation of regional innovation system. 
The innovation organizations can be expected to consist of universities, basic research 
laboratories, applied research laboratories, technology transfer agencies, regional public 
and private (e.g. trade associations, chambers of commerce) governance organizations, 
vocational training organizations, banks, venture capitalists, and interacting large and 
small firms. Moreover, they should demonstrate systemic linkages through collaborative 
programs, research partnerships, value-adding information flow, and policy action lines 
from the governance organizations. 

∙ Because of increased regional (and national) specialization, less and less of a country’s and 
a fortiori a region’s given upstream innovation capacity will be generic. Even the US is 
unlikely to retain invention-innovation hegemony in all sectors: it had already lost it for 
wide areas of engineering. For more and more sectors, a country’s innovation capability 
will tend to be in downstream activities where regional learning systems will be extremely 
important. Regional systems of the upstream variety are likely to have the full panoply of 
organizations necessary for leading-edge sectoral innovation in a region. 

The learning organizations in the regional system (the research laboratories and technology 
transfer agencies in particular) scan and sensitize the sources and users of innovation. Recently, 
a new function entered the scene, the reflexivity function – the process of monitoring and 
evaluating in complex ways the likely implications of the innovation for the regional system. In 
well-integrated regional systems, reflexivity operates as means of system guidance. Regional 
administrations engage in this reflexive process. 
∙ Reflexivity is the systemic process that combines learning and intelligence such that the 

system receives guidance in a number of feedback loops; it involves the assessment of the 
extent to which the trajectory on which the system is evolving is appropriate, which 
entails consideration of whether ends and means need to be changed; it concerns the 
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performance of the system in comparison to that of peer-systems, examining ‘best 
practice’ of peers; it focuses on the relationship between different elements in the system. 
Reflexivity is a crucial dimension of intelligence, which is itself fundamental ingredient of 
learning capability. Intelligence in the institutional and organizational senses consists of 
information, monitoring, and evaluation. 

∙ Local businesses, largely SMEs, play a central role as suppliers of specialist know-how, 
products, and even organizational processes to large corporations. Innovation support for 
such firms is clearly much better handled by competent bodies operating at the regional 
level rather than the national level of governance and administration. 

∙ Innovation-support policies should remain an innovation policy not an employment policy, 
and a fortiori not a regional equalization policy. The last two are policy problems in need 
of their own associational policy formulation by policy networks of actors of consequence 
to those spheres, including actors of consequences to regionalized innovation support. 
These are issues involving tacit knowledge exchange between actors from different 
constituencies – large and small businesses, academia, associations, regional government, 
expert agencies, outside experts, etc. 

∙ Such interchanges, which are fundamentally learning processes, demand high trust 
exchange relationships among members of diverse constituencies, which have developed, 
over time, a networking propensity, a common language, shared institutional norms, and 
the capability to invoke legitimate authority and resources to implement evolutionary 
policy pathway adjustments. 

Some Regions have been strengthening their offensive development capacity since the early 
1990s. By feedback loops, advanced regional organizations monitor, engage in reflexive 
behavior, learn, and implement actions appropriate to the task at hand through associational 
policy networks. Learning is the selection mechanism, by means of which innovation brings 
forth the mutation of one path-dependence for another. Such innovations are transmitted and 
transferred by imitation. Thus the nexus of processes produced conditions in which economic 
performance came to depend more and more on a capacity to support and maintain externalized 
relationships among economic actors of different size and types. Such externalization is also 
accompanied by increasing specialization because of the growth of intra-industry trade or the 
locational attractions of specific geographic spaces. 
∙ Agglomeration facilitates inter-firm learning, especially in respect of tacit but also newly 

codified knowledge and information. To the extent that such interactions build on the basis 
of trust between firms, transaction costs will be reduced owing to a lessening of the 
requirement for transaction search, selection, and legal contract expenditure.  

∙ At a higher-level, a micro-constitution of acceptable, desirable, and outlawed practices, 
norms, and routines becomes institutionalized. To the extent that this acts as a form of 
micro-regulation, conventions can be said to have evolved into ‘rules of the game’ 
whereby considerable reliance is placed on the practices of members of the network which 
would, if breached, be psychologically, socially, and economically costly. 

∙ To the extent that such conventional or regulatory micro-constitutional norms and under-
standings evolve, a collective social order has become institutionalized. This explains the 
collective social orders of rules and conventions that underpin both the Emilia-Romagna 
and Baden-Württemberg industrial system. 

Co-location is not enough to give agglomerations sustained capacity to survive and prosper. 
Agglomeration can be vulnerable if they are too narrowly focused. If they involve as relatively 
self-sufficient islands their risk is that of introversion, deafness to dissent, path-dependence, and 
lock-in associated with a failure to innovate that may be fatal. If based on small firms they may 
be prey to acquisition, concentration, and external control. Localized learning can lead to lock-
in and the danger of network and system degradation. Learning regions should be open, 
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information-scanning, sensitizing, monitoring and evaluating systems. There is a distinction to 
be made between strategic learning and routine learning by firms. Strategic learning is bound 
almost by definition to be non-proximate where the source is elsewhere and unique. By contrast, 
in the case of routine learning, the absence of acculturation by the distant user to the nuances 
prevalent in the producer community is a barrier to successful take-up. This is mirrored in the 
introverted customer-supplier relationships. 
∙ The initial rationale for an agglomeration can be superseded in the cumulative causation 

process, as externally or internally generated innovations or contextual changes occur over 
time. Agglomeration can be vulnerable to new competition that may simply take markets 
and wipe competitors out. The community should manage to apply selective learning and 
shift the local trajectory to new viable one. However, there are not large numbers of cases 
of trajectory switching to a totally new path-dependence in the recent history of regional 
development. 

∙ The milieu or institutional infrastructure of norms, rules, and routine practices amongst the 
production community, adds to the socio-cultural and political assets available to help 
sustain and move forward the activities of the agglomeration. This is the environment 
from which advantage is supported by unlocking the learning and innovation capacity 
contained in social capital 

∙ Three distinctive processes offset the destructive forces that may assail the ‘mono-cultural’ 
industrial agglomeration. The first most important process is the selective learning and 
innovation capacity of firms, especially SMEs, which may increasingly be conceived as 
the backbone of the specialized agglomeration. The second process capable of offsetting 
systemic degradation of agglomeration is the activation of social and political capital. 
Regions with appropriate governance mechanisms had moved from a defensive to a more 
offensive posture in regard to their economic constituencies. The regional state agencies 
are the legitimate facilitators of this process but not the sole actors in the policy-
appreciation, monitoring, and implementation spheres, which give expression to regional 
reflexivity function. The third process is ‘asset stock accumulation’ – i.e., information 
diffuses rather like a free good, enabling imitators rapidly to swarm into the market 
opened up by a radical innovator. A successful innovator will have moved on to the next 
application, and thus will have ‘kept ahead of the game’. 

∙ The evolutionary perspective allows for diverse developmental pathways. Accordingly 
there may be many more-or-less appropriate policy instruments that can be implemented 
to suit the economic circumstances specific regions confront. Consequently, there is no 
universalistic measure. 

Innovation-poor regions will continue to slip behind the innovation-rich regions unless 
preferentially assisted. But there is no correlation between innovativeness and the size of a 
region’s R&D budgets. A relatively low R&D input can be compensated for through practicing 
the principles of a learning economy. These involves the promotion of firms that enhance 
learning capabilities by networking, lateral information exchange, inter-firm staff mobility, the 
reflexivity of learning organizations, and governance systems promoting the means, incentives, 
capability, access, and intelligence to learn. This is most suitably organized at the regional- 
rather than the national-level. Such policy interventions are most appropriately coordinated 
regionally. 
∙ There has been a shift towards decentralized industrial policy, a trend also recommended 

by the OECD and EU. Decentralized industrial policy is relatively inexpensive and has 
shown good signs in many instances of bearing fruit, though it is also a well-tried way for 
nation states to offload responsibilities in circumstances they find difficult to manage. 

∙ The lessons of all the efforts to promote innovation in the less favored regions (LFRs) of 
the EU is that these efforts deliver little or nothing unless there is adequate investment in 
social capital. Hence in the evolution of regional innovation policy, from the STRIDE 
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program in 1990 to the Regional Innovation Strategies of 1997, there was an important 
shift from supply-side initiatives to a more interactive process in which consensus-
building and collective learning are deemed to be the key elements. 

∙ Successful strategies for innovation and cohesion often depend on multi-level governance 
systems. The central state can no longer expect to operate in the old hierarchical ways, 
since it has neither the legitimacy nor the competence to do so. The traditional hierarchy, 
with the central state at the apex, is being modified because ‘change at the bottom is no 
longer expected to come about through change at the top’, although ‘change at the top is 
called for to consolidate and develop the achievements of the initiatives at the bottom’. 

∙ The central state is not necessarily rendered less powerful if it engages in less direct 
intervention. By doing less and enabling more, it can actually help to build new capacities 
for action amongst its regional partners, and this is nowhere more important than in the 
LFRs. This strategy may even be forced on central states by tight public budgets and the 
growth of the ‘new governance’, which refers to the proliferation of self-organizing inter-
organizational networks. The greater danger is that central states will simply pursue the 
first part of this strategy (i.e. doing less), which is precisely what has happened under neo-
liberal strategies of deregulation, and this poses severe problems for both innovation and 
cohesion strategies in the LFRs. 

∙ While the new regional innovation strategies in the LFRs are moving in the right direction, 
those bottom-up initiatives need to be complemented and nurtured by stronger top-down 
support from national initiatives with respect to investment, training, technology-transfer, 
and institutional capacity-building. 

∙ The national-level will remain an important arena for promoting innovation and securing 
social and spatial cohesion, though the central state, to be effective, will have to work in 
and through a multi-level governance system. 

This mode of policy appreciation and delivery is far more inclusive (associational) than it was 
under the hegemony of central state in the 1960s and 1970s or the more no-liberal mode of the 
1980s and early 1990s. Associational interactivity is accountable if there are democratic 
institutions and organizations to clarify rules and police indiscretions in a transparent manner 
and on a regular basis. 
∙ This can only happen in a satisfactory manner when the recipient region has acquired the 

capacity for significant supra-local policy deliberation and delivery. Some organizations 
have developed the substantive credibility that they are bodies competent to enhance their 
regional economies through the pursuit of decentralized industry policies. They show the 
capability to meet policy commitments, pursue democratically determined policy themes, 
and to varying degree function on the basis of inclusive policy network. These latter bring 
in representatives of consequence to the policy theme in question, as sources for learning 
and policy evolution whether indirectly through commissions of inquiry or directly in 
respect of urgent policy questions. 

∙ The regional level is highly suitable for organizing vocational training at all levels. 
Because of the increasingly distinctive skill needs of regionally specialized economies, 
probably only the regional level now has the appropriate purview of labor market demand 
and supply relationships in the current period. 

∙ Innovation has to be supported by policies formed at regional level, particularly the 
innovation support to be given to SMEs. This is to be shared with those organizations such 
as research laboratories, universities, or even large firms that can show themselves to be 
essential to the security and durability of networks of small firms Business intelligence, 
enterprise support and general funding assistance, advice and sign-posting comprise a 
sphere where the regional level is the appropriate one for coordination, in association with 
local public and private representatives and associational bodies. 
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Ex-ante evaluation of regional benefits of R&D projects 
An extensive literature survey and consultation with practitioners failed to identify any existing 
methodology or approach to measuring ex ante the benefits of publicly supported R&D; 
however, they highlighted the significant and rapidly growing knowledge-base derived from ex 
post evaluations. This suggested an alternative approach, i.e. to use the accumulated knowledge-
base derived from these ex post evaluations to develop a framework that could be used to form 
ex ante judgments about the potential benefits of supporting R&D projects in varying 
geographical, institutional and economic settings. 
∙ The regional development agencies in UK face problems in assessing ex ante the regional 

benefits of publicly supported R&D. Their policy objective was to address the standard 
market failure leading to socially sub-optimal levels of private sector R&D investment. 
But it was difficult to justify public support for R&D. When applied to R&D projects, the 
standard investment appraisal procedures in public sector raise problems. Problems arose 
due to: 
– The difficulty of defining ex ante the range of benefits that might stem from the project, 
– Uncertainty relating to the scale and timing of such benefits, and 
– Doubts about the share of these benefits that will be appropriated by the host region. 

∙ Drawing on the knowledge-base implicit in ex post evaluations of publicly funded R&D 
and other related conceptual and empirical studies, a framework is suggested for the ex 
ante evaluation of the regional benefits from R&D projects, which comprises two main 
elements: 
– An inventory of benefits which might result from any R&D project; and  
– An assessment of the share of these total benefits that might accrue to a host region, 

taking into account the nature of R&D project and the region’s innovation system. 
∙ The inventory of benefits separately identifies private and social benefits and distinguishes 

between increments to public and private knowledge stocks, benefits to R&D productivity, 
and benefits from commercialization. Potential market and pure knowledge spillovers are 
also considered separately. 

Conditions for clustering 
If the advantages of proximity fit with the central success-factors of an industry, clusters offer 
competitive advantages. Those industries with a divisible production process and a transportable 
product or service fulfill the necessary conditions for clustering. A long value-chain including 
multiple distinct competencies, innovation-intensity characterized by network innovation, and 
the volatility of markets further increases the potential for an industry to cluster. In a clustered 
environment, isolated firms have been found to suffer from a periphery discount. 
∙ Innovative clusters of symbiotic organizations can achieve superior business performance 

due to their club-like interaction with intensive knowledge exchange. Without intensive 
interactions that exceed traditional market exchanges, the advantages of proximity would 
basically confine to lower costs of transportation and lower switching costs for employees 
only. In a cluster, firms can be more efficient, i.e. work at lower costs, and simultaneously 
be more innovative, i.e. upgrade products and performance continuously. The traditional 
trade-off between costs and differentiation can be overcome.  

∙ The foundation of this advantage lies in the possibility of linking scale- and competence-
adequate structural fragmentation with an efficient and flexible co-ordination of multiple 
actors. The costs of transaction are lower because in a club-like cluster, feedback due to 
intensive information exchange between its members reduces the success of opportunistic 
behavior. Furthermore, the partners needed to transform ideas into business-innovations 
are available, well known and can be trusted. 

∙ A localized value-creating system can transform into an innovative cluster, if local firms 
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have developed a milieu allowing for interactions that are simultaneously co-operative and 
competitive. The constituents of multi-organizational systems adjust their behavior to each 
other, which can be observed in well-functioning clusters. The constituents are aware of 
their membership to the system. They adhere to a common set of rules. The conventions 
can be enforced due to the possibility to exclude members from the club and thus deprive 
them from the information flow. The costs associated with bad reputation are so high that 
trustful collaboration is recommendable. Information about the opportunistic behavior of 
an actor easily spreads within the cluster so that, if breaking the conventions, a member 
would put the whole of his relationships with other members at risk. 

Learning Mechanism in Local Clusters 
The innovation processes in geographical clusters have been considered as the result of different 
learning mechanisms characterizing different types of clusters. Cabonara (2004) investigates the 
characteristics of the innovative processes in three types of clusters corresponding to the 
evolutionary stages of Italian industrial districts. The evolutionary process of most industrial 
districts can be modeled using three main stages: the formation stage, the development stage, 
and the growth (maturity) stage. 
∙ Widespread innovative capacity is probably most important source of the competitive 

advantage for Type 1 cluster. In this stage the technical-operative, tacit and informal 
knowledge widespread in the local area. Empirical learning supports the growth of 
technical-operative knowledge. Inter-firm networks are developed to carry out an 
integrated system of production in accordance with the flexible specialization model. 

∙ Type 2 cluster is formed by a large number of small and medium-sized firms, highly 
specialized in a few phases of the production process, located in a specific area. The high 
specialization of the firm competencies in relation to particular production phases leads to 
vertical learning, i.e., the continuous improvement of existing knowledge stock. For this 
reason, this learning mechanism has been called learning by specialization The learning 
processes are still affected by the spatial issue. 

∙ Type 3 clusters are characterized by the presence of leader firms and ‘meta-managers’, 
which coordinate the inter-organizational processes and sustain the innovative processes 
in the cluster. Learning processes and thus innovation processes are strongly influenced by 
the leader firms and meta-managers. The leader firms assume a governing position in the 
cluster. They manage the market information, which is translated into productive inputs, 
and define the way if developing and spreading the technical-productive and marketing 
knowledge of the local area. Meta-managers provide local SMEs with consulting services 
such as professional training, quality certification, financing plan, new product and 
process development. Leader firms and meta-managers manage the innovation processes, 
carrying out knowledge management (detection, generation, codification, diffusion and 
memorization), and developing a network of relationships with the external environment 
in order to capture new competence and knowledge. 

Knowledge translation gap and the intermediary sector 
Effective innovation requires the transfer of knowledge. In the models of knowledge transfer, 
each phase creates a greater value than the previous one as the outputs move up the information 
value chain from information through knowledge to understanding. The processes of knowledge 
transfer are not always complete: the middle process is less clear and possibly incomplete. This 
is the notion of knowledge translation gap. 
Major and Cordey-Hayes (2000) discussed the principles for SME-friendly technology foresight. 
To disseminate foresight to SMEs, policy-makers should put more effort into fomenting a 
foresight culture in intermediaries with less emphasis on the SMEs themselves, and SMEs must 
seek deeper and wider contacts outside of their existing links. To encourage a forward-looking 
culture, SMEs is promoted to link with intermediary organizations higher up the intermediaries’ 
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roles continuum. By greater use of facilitators, reactive attitudes might form in low-tech SMEs. 
Greater use of contractors might stimulate reactive SMEs to become pro-active SMEs. 
∙ Intermediary organizations stand in an agency role between the originator and receiver of 

knowledge or information. Any attempt to bring technology foresight directly to SMEs 
has largely neglected this network. Intermediaries help firms to have access to services, 
information or expertise they would otherwise miss out on. Intermediaries can be 
distinguished by their prime functions: signposter, facilitator and contractor. SMEs have 
communications mostly with intermediary organizations in their normal contact universe 
(e.g. trade associations), which tend to be facilitators. These organizations interact with 
SMEs to help them identify and acquire new technologies. Organizations outside the 
SME’s normal contact universe tend to provide more direct help, in a contractor type 
arrangement. 

Organization design for technology extension 
Governments in most countries are anxious to help SMEs lower their failure rate and grow to 
become job-creating employers. They have used a variety of approaches. However, they are 
unclear about either the effectiveness or the appropriateness of their policies. The policy choices 
are complex and the result of policy decisions are difficult to evaluate. Even when appropriate 
policy decisions are made, their implementation is neither obvious nor easy. It is a challenge to 
design organizations that can deliver selected policies effectively. 
Kolodny et al. (2001) discuss organizational innovation that enables technology extension (TE) 
organizations to foster the development of competence in SMEs. The TE organization may be 
less oriented towards directly assisting with technology than towards helping SMEs to access 
the sources of technology. Extensive networks of financial assistance and incentive programs 
that indirectly support TE organization rather than offer direct assistance to SMEs, can be found 
in most industrialized countries. 
∙ Policy choices, design requirements and design dimensions are the heart of the TE 

organization design process. TE organization is designed within the boundaries set by 
policy choices. There are some criteria for the design of TE organizations that are 
common to all countries, even though different TE organizations in different countries 
implement these criteria in different ways. These criteria are referred to as design 
requirements. In satisfying the design requirements, different TE organizations arrive at 
different realized designs as different aspects of the design requirements are emphasized. 
This range of ways of responding to a design requirement is referred to as a design 
dimension. 

∙ A minimal set of design requirements for an effectively functioning organization to carry 
out TE is suggested: 
– It must be visible and easily accessible to the SMEs. 
– It should make itself trust-worthy. 
– It should provide SMEs with access to appropriate sources of technology. 
– It must make itself credible with the source of technology. 
– It should respond quickly to the requests of SMEs. 
– It should complement the weakness of the SMEs it serves. 



1. Economic Growth and Innovation System 

1.1 Research on Innovation System and Policy Learning 
The notion of innovation system 
Innovation systems encompass the economic, social, political, organizational, and institutional 
elements that influence the development and diffusion of innovations. An innovation system 
undergoes transformation through the co-evolution of its elements. 
∙ From the perspective of evolutionary theory, the economic growth experienced over the 

past two centuries needs to be understood as the result of the progressive introduction of 
new technologies associated with increasingly higher levels of worker productivity and 
the ability to produce new or improved goods and services. 

∙ The huge divergence in long-term growth rates over the past two centuries must be 
attributed largely to the presence or absence of social capability for institutional change, 
and especially for those types of institutional change that facilitate and stimulate a high 
rate of technical change. 

∙ The particular clusters of technologies drove the economic growth in different eras, and the 
institutional structures needed to exploit and support these clusters varied significantly. 
The advance of technologies played the leading role in economic growth, and institutions 
enabled the implementation of technologies. 

∙ The recent literature on national systems of innovation can be described as an attempt to 
come to terms more systematically with these problems of social capability for technical 
change. 

The development of the notion of innovation system has largely been the work of the non-
orthodox economists active in the development of evolutionary growth theory, who have been 
motivated by their perception that neoclassical growth theory is totally inadequate in its 
treatment of technological advance. The analysis of economic growth should take into account 
the process of innovation, but the neoclassical perspective is less adequate for the analysis of the 
innovation process. The intention behind the concept of innovation system is to change the 
analytical perspective from allocation to innovation and from decision-making to learning. 
∙ It would not be reasonable to understand the process of innovation and learning without 

bringing fundamental uncertainty into the analysis. Focusing on the problems of optimal 
allocation of resources, neoclassical economics assume that the agents already knew 
everything that can be learnt in advance, and that innovators know all possible outcomes 
of the process of innovation. 
– Certain aspects of the innovation process have been approached from a neoclassical 

perspective of rational choice (selection of R&D projects, allocation of R&D resources 
as a process of rational choice). Transcending the limits of the neoclassical paradigm, 
however, requires that the analytical perspective must combine innovation and learning. 

∙ The innovation system approach is critical to derived dogmas about the general superiority 
of pure markets, reflecting the assumption that innovation is rooted in processes of 
interactive learning and that interactive learning does not thrive in pure markets. The focus 
on interactive learning evokes the important role of economic structures and institutions in 
determining the rate and direction of innovative activities. 
– The innovation system approach gained ground as empirical findings through the 1980s 

revealed that innovations reflect a process where feedback from the market and the 
knowledge inputs from users interact with knowledge creation and entrepreneurial 
initiatives. Such relationships and interactions among the agents involved non-market 
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relationships, and were presented as organized markets with elements of power, trust 
and loyalty. Different national contexts offered disparate possibilities for establishing 
such organized markets. 

∙ In innovation system approaches, the main reason for differences in performance between 
national systems may be that the degree of mismatch between economic structure and 
institutions differ among countries. The interdependence between economic structure and 
institution is one reason why it is meaningful to apply the system perspective. Institutions 
may be rooted far back in social history and they might be slow to adapt to the change in 
economic structure. Therefore, a complete matching does not appear and this affects the 
performance of innovation systems. 

Research on innovation system 
The development of innovation research as a field rested on the rejection of the neoclassical 
growth model and the linear model of innovation. In the late 1970s and early 1980s, there 
emerged a well-articulated evolutionary critique of neoclassicism, providing a coherent micro-
based alternative to the dominant neoclassical paradigm. Equally important were Rosenberg 
(1976, 1982), which significantly shifted the ground in the understanding of innovation, and 
which gave rise to a deceptively simple model of the innovation process that has had a powerful 
impact on policy-makers – the ‘chain link’ model (Klein and Rosenberg, 1986). 
∙ The limitations of the neoclassical growth models in explaining the factors that combined 

to produce the slow down in productivity growth from the early 1970s were in part due to 
the underlying assumptions – concerning knowledge as a public good, and innovation as a 
process that involved a direct and automatic link between R&D expenditures, innovation, 
and productivity gains and commercial success.1 

∙ The major reformulation of innovation theory over the past 20 years has been powerfully 
influenced by Nelson and Winter (1982), which proposed the idea that innovation is 
shaped by crisis-driven search programs by firms. As existing procedures falter in the face 
of shifting economic and technological conditions, firms began the search for alternatives, 
in experimental learning process. A major theme in innovation research subsequently has 
been exploration of the nature and characteristics of such learning, across firms, sectors, 
regions, and national systems. 

∙ Rosenberg addressed an astonishingly wide range of innovation issues.2 Throughout these 
works is the rejection of both neoclassical and Schumpeterian notions of linearity. He 
stressed the fact that innovations, when introduced to the market, invariably require major 
post-innovation improvements, undermining the distinction between innovation and 
diffusion, and positively emphasizing the need for learning feedbacks between marketing, 
production and development as a basis for the wider process of innovation. 

                                                           
1 In the neoclassical growth model, technology was seen either as knowledge embodied in capital and 
intermediate goods, or as exogenously created knowledge akin to information, and therefore a public 
good. This simplification allowed technology to be assimilated to any other good or service that could be 
bought and sold in a market. On the other hand, information was regarded as freely accessible and non-
rival, in the sense that many people could use that information at the same time without diminishing it. As 
a public good, its transfer was believed to be costless. This provided a rationale for public provision or 
subsidy of private research, since the public good characteristics of technological information implied a 
market failure. In growth accounting, knowledge formed a part of the residual. Its acquisition was 
assumed to result from a quasi-automatic process of learning-by-doing. 
2 These included a critique of neoclassical concepts of technology and of Schumpeter’s invention-
innovation-diffusion schema, a broad set of industry studies, important work on the economic role of 
science and its relation to technology, and some more or less unique work on factors shaping the direction 
of specific lines of technical advance. 



1. Economic Growth and Innovation System                                               33 

∙ These pioneering contributions were followed by a very substantial research program and 
literature during the past 20 years. Framed by an evolutionary economics perspective, 
rejecting all notions of optimal decision-making, and hence optimality in the economic 
system, non-linear models of the innovation process were developed,3 which emphasized 
the uncertainties and unpredictable nature of the innovation process. By focusing on the 
knowledge, learning and interactivity among actors that give rise to systems of innovation 
(Lundvall 1992, 1995), the new innovation paradigm drew attention to the national or 
local environments in which organizational and institutional developments have created 
conditions conducive to the growth of interactive mechanisms on which innovation and 
diffusion of technology are based. The process of innovation thus came to be seen as path-
dependent, location-specific and institutionally shaped. 

∙ Among the diverse concepts of innovation research, the notion of the ‘national system of 
innovation’ has had by far the greatest impact from a policy perspective. The decisive 
systems impact on policy thinking came via the work of Lundvall (1992) and Nelson 
(1993). In the former, innovation is conceptualized as learning, since by definition it is 
novelty in the capabilities and knowledge that make up technology. Lundvall sought to 
understand the nature and dynamics of learning via three basic concepts: the organized 
market, interactive learning, and the institutional framework. This approach placed the 
empirical work on innovation in a conceptual framework that enabled sympathetic policy-
makers to challenge the neoclassical approach to economic and policy analysis. 
– The economic mainstream was also changing in this period. There emerged the New 

Growth Theory and the new industrial economics. New growth theories have attempted 
to move away from the linear perspective, to make the knowledge-creation process 
endogenous, and to relax the assumptions of perfect competition, perfect information, 
and identical levels of technology. But a fundamental problem is that the conception of 
technology in these models remains very thin and stylized. Such models did not deal 
well with the uncertainties and dynamics that characterized changes in production and 
competition – the increasing knowledge-intensity of production and the diffusion of 
innovation-based competition. They proved unable to incorporate a variety of ways of 
understanding the innovation process itself. 

– Similar problems were associated with the new approaches to industrial economics. 
They introduced far richer concepts of technology, and of the strategic environments of 
firm decision-making. But they retained the notion of optimal decision-making by 
modeling in a game-theoretic context that replaced optimal choice in well-defined 
choice sets with selection of optimal strategies. The key elements that had emerged 
from empirical innovation research (radical uncertainty, interactivity, and clustering 
issues) never made an appearance. 

Policy learning 
The links between innovation theory and innovation policy have been part of an evolutionary 
learning process, beginning with crises associated with stagflation and the oil shocks of the 
1970s. This created a niche that permitted the development a set of diverse and non-orthodox 
ideas. These pertain not only to the nature and determinants of innovation itself, but wider 
problems of institutional mismatches locking up the economic potential for technical change. 
∙ Theory and policy learning can be seen as an integrated, co-evolving and interactive 

process. There is a close connection between the development of innovation theory, since 
the late 1970s, and the evolution of innovation policy ideas, primarily in the 1990s. The 
economic crisis of the 1970s created an opening for rival analyses of events. 

                                                           
3 These models involve feedback loops among research, the existing body of scientific and technological 
knowledge, the potential market, invention, and the various steps in the production process. See Klein and 
Rosenberg (1986) and OECD (1992b). 
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∙ The crisis of the 1970s generated a ‘niche’ in which heterodox analysts and officials in the 
less hierarchically structured organizations could interact around problem-oriented 
analyses. The responses by economists to the crisis of the 1970s were primarily macro-
economic, but the policies of the 1980s did little to affect unemployment, growth, and 
productivity problems. For policy-makers, this was a crisis of understanding. Existing 
theory had neither the breadth nor the strength to provide much guidance regarding the 
variables that were plausible to change. 
– The crisis of the 1970s led to serious questioning of earlier approaches to the analysis of 

economic growth. From the 1950s, a narrower approach to technological change within 
a series of macroeconomic growth models supplanted the broad conception of 
innovation as a process of technological and institutional changes. 

∙ The theory-policy link has been central to the intellectual development that would have 
been impossible within the constraints of existing disciplinary structures. The analytical 
achievements have permitted a wide expansion in the conceptualization of policy targets 
and in the design of instruments available to policy-makers. 

∙ During the 1980s, the development of evolutionary theories and of empirically based 
theories of the innovation process created a framework in which policy agencies could 
consider heterodox ideas concerning objectives and instruments of public policy. By the 
early 1990s policy-makers, particularly in Europe, came to see research and technology 
development (RTD) and innovation policies not just as important arenas of action in 
themselves, but as instruments towards more wide ranging policy objectives. 

∙ Those who had developed the research on the new innovation paradigm worked closely 
with the OECD and the European Commission (EC), ultimately leading to a reformulation 
of the problem and to a re-conceptualization of the search for solutions. At the same time, 
the OECD and the EC had become increasingly more important as the locus of consensus-
building and rule-making in dealing with issues raised by the accelerated pace of 
technological change and the globalization of world economy. Growing policy interest 
stimulated a second phase of research in the 1990s, sponsored both nationally and by 
various EU programs, in which expanding the innovation-oriented knowledge base 
became a significant objective for policy-makers. 
– In contrast to more hierarchical organizations such as the IMF and the World Bank, 

access to policy-making circles and opportunities for influence have been far greater in 
the OECD and the EC, which are internally differentiated or consensual organization 
characterized by relatively open structures, permitting a degree of intellectual diversity. 
They contained niches in which conceptual diversity was possible. They contained 
elements that came to see innovation and technological change as central to welfare 
and growth problems, and hence innovation-oriented policies came to be seen as key 
instruments for achieving wider objectives than simply the creation of new 
technologies. In these organizations, problems growing out of the twin processes of 
globalization and rapid technological change were being placed squarely on the agenda. 

– The IMF and the World Bank retained the macroeconomic perspective and broadly 
neoclassical conceptual approaches. The New Growth Theory has in fact only 
belatedly incorporate into neoclassical models the realistic assumptions that had 
become commonplace among economic historians and the evolutionary economists. 

∙ There has been a significant change within innovation-related policy arenas during the last 
20 years. In terms of objectives, innovation policy has become a central instrument for 
achieving outcomes that lie well beyond the field of RTD or innovation. The concepts and 
instruments of policy have also shifted, with non-linear models of innovation and the 
innovation system concept playing a central role in policy discourse, and with a wide 
range of new policy instruments directed at networking, clustering, and personnel mobility. 
This complex process of change can best be understood as policy learning. 
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∙ During the 1980s and 1990s, the OECD, the EC, UNCTAD, and ECLA took the new 
innovation paradigm increasingly on board. Such organizations took a wider perspective 
on the role of innovation policy, and changed conceptualizations of the nature of 
innovation and of appropriate policy instruments. 
– Technical Change and Economic Policy (OECD, 1980) was probably the first major 

policy document to challenge the macroeconomic interpretations of the 1970s crisis, 
and to emphasize the role of technological factors in potential solutions to the crisis. 
The report looked well beyond the specifics of the energy crisis of the 1970s, 
developing a critique of conventional growth theory. 

– This process of analytical change led on to New Technologies in the 1990s: A Socio-
economic strategy (OECD, 1988), which took the need for an integrated overall 
approach to technological, economic and social issues as its conclusion. This Report 
stressed that technological change is a social process, not an event, and should be 
viewed not in static, but in dynamic terms. Such developments occurred within the 
Directorate for Science Technology and Industry (DSTI).4 While the Economics 
Department tended to be rather orthodox in its views, DSTI had a place for the 
heterodox. 

– This background in DSTI ultimately formed the basis for the 3-year work program, TEP 
(the Technology-Economy Program). The final report from TEP, Technology and the 
Economy: The Key Relationships (OECD, 1992), opened up with the Kline-Rosenberg 
Chain-link Model as its analytical framework. The TEP report introduced into the 
policy discussion a wide range of concepts from innovation studies – networking and 
clustering, strategic partnering, spillovers, and the importance of tacit knowledge. Of 
greater long-term significance in policy discussions, was the concept of National 
Systems of Innovation (NSI). 

– TEP was a loosely coordinated set of conferences, workshops, and data development 
exercises, accompanied by a rather vigorous process of report production. These had 
the effect of importing the new ideas circulating in the innovation studies environment 
into OECD documents.5 When the outcome of TEP was summed up in Montreal in 
1991, the concept, NSI was given a prominent place in the conclusions. The break-
through represented by the TEP Report was carried through in subsequent OECD 
policy studies such as Technology, Productivity and Job Creation (OECD, 1996), and 
the Technology, Productivity and Job Creation: Best Policy Practices (OECD, 1998). It 
has in fact become a core concept in policy discussion related to innovation at OECD. 

– By OECD (1998), the transition from a linear approach to growth and competitiveness 
based on the stimulation of R&D and its transfer to the productive sector was 
conceptually complete. The problem itself had been reformulation to include the 
distributional issues resulting from a process of innovation and technological change 
and the nature of the solution was conceptually more holistic. 

                                                           
4 DSTI had been established in the early 1960s, and had had considerable success in promoting 
technology issues and in fostering the systematic collection of R&D data (in the late 1960s producing the 
“Frascati Manual” that became the basic standard for R&D data collection within OECD countries). 
5 For example, the major conference report Technology and Productivity (OECD, 1991) combined 
extensive econometric and other quantitative analysis of the productivity slowdown with papers on 
technology and growth, radical innovations and paradigm shifts in the growth process, networks and 
innovation, system effects and diffusion. Extensive indicator work in TEP included the Oslo Manual, 
which was explicitly based on the Kline-Rosenberg model of innovation as its conceptual core, and which 
attempted to expand the direct measure of innovation and of non-R&D innovation inputs (OECD, 1992a; 
OECD, 1997). National Systems for Financing Innovation (OECD, 1995) addresses three fundamental 
questions: How do financial systems support innovation efforts? Does their effectiveness depend on the 
type of national financial mechanisms? Has their effectiveness been increased by the recent deregulation 
and globalization of financial markets? 
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– The process of moving from knowledge generation through diffusion and exploitation 
to new business and jobs is very complex. A systemic approach based on the notion of 
the national innovation system has provided an appropriate framework for coping with 
such complexity. The OECD working group on Technology and Innovation (TIP) has 
completed a four-year study on the policy relevance of this approach. Some of the 
empirical findings of this study are presented in OECD (1998). Managing National 
Innovation Systems (OECD, 1999) gives additional results and draws attention, for the 
first time, to the policy implications of the systemic approach. 

– Rapid technological change coupled with the restructuring underway in OECD Member 
countries leads some to associate technology with unemployment and social distress. 
However technology per se is not the culprit. Its economy-wide employment impact is 
likely to be positive provided that the mechanisms for translating technology into jobs 
are not impaired by deficiencies in training and innovation systems and rigidities in 
product, labor and financial markets. Wide-ranging and coherent policy reforms will be 
needed to enhance the contribution of technology to growth, productivity and jobs. 
Innovation and technology diffusion policies continue to be too piecemeal, with 
insufficient consideration of the linkages within national innovation systems. 

The innovation system approach helps understand economic dynamics and socio-economic 
development. Economic performance may reflect more or less dynamic capabilities. Three 
levels of dynamism have an impact on wealth creation: neoclassical dynamics (the capacity 
utilization, allocation and reallocation of given resources as relative prices change are important 
for wealth creation); Schumpeterian dynamics (the introduction and diffusion of innovations 
and the introduction and growth of new industries on the basis of a given set of competencies); 
and learning economy dynamics (major outcomes of investment in knowledge production or of 
learning processes is the creation of new competencies, which may determine performance in 
the very long run). 
∙ In more stable sectors and technologies such as construction, transport and retailing, neo-

classical dynamics may be most relevant, while in the most dynamic sectors such as 
software and knowledge intensive business services the creation of new competencies are 
crucial for performance. NSI may be more or less prone to support these different kinds of 
dynamics. 
– The Japanese model (cross-ownership, long-term employment, and supplier contracts) 

promoted Schumpeterian and learning economy dynamics in a more stable context. 
The present US success in high-tech seems to reflect the combination of institutions 
that are more successful in a context of accelerating rates of change (high mobility in 
labor markets and venture capital). 

∙ Firms are confronted with an increasing transformation pressure reflecting the combined 
impact of accelerating technological changes and the entrance of new competitors at the 
global level. This transformation pressure gives a premium to organizations that have the 
capability to renew their competencies. 
– For firms in the exposed sectors, the alternatives are either to move to a lower cost 

region and close down or to enhance its competence building capacity. The latter can 
be done by building competence in house, by hiring competent personnel in the labor 
market or by entering into closer and more intense and close network relationships. 

Innovation in Innovation Policies 
Innovation systems found in the US and Europe are especially complex, well established, and 
extensive, accounting collectively for a majority share of global R&D activities: they can be 
regarded, by any standard, as highly productive. Innovation policies in the US and Europe are 
correspondingly multifaceted, ingrained, and wide-ranging, including all state initiatives 
regarding science, education, research, technology development and industrial modernization. 
However, there is a need for policy and institutional modernization and transformation to 
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reorient innovation systems to match current and emerging social, economic, scientific and 
technological developments, and challenges. Institutions are charged with forging new 
relationships between research and technology sponsors, producers, and users. Regions seek 
fresh ways to harness innovation to promote enterprise and economic development. Despite the 
differences in underlying innovation systems, between the US and Europe, there are 
correspondences in how innovation policy change is being conceptualized and implemented. 
∙ The institutional locus of innovation policy is broadening. Once the realm of national 

governments, innovation policies are now increasingly promoted by non-governmental 
organizations, public-private partnerships, and sub-national agencies. 

∙ The targets of innovation policies are shifting. Emerging research fields that promise rapid 
economic benefits are now the ones that most readily attract support, overshadowing 
traditional fields of scientific inquiry with less obvious payoffs. 
– Defense-related research faces downsizing, while environmental and medical research 

is tasked with meeting growing global climatic and public health challenges. 
∙ New models for innovation policy are being pursued, models that are typically iterative, 

catalytic and networked and which accelerate the growth and pace of innovation among 
multiple participants. These new innovation policy models seek modifications not only to 
programs, but also framework conditions and institutions and are subject to greater 
accountability and evaluation. 

∙ However, policies and institutions built on linear or top-down models of innovation remain 
remarkably persistent. Policies that better integrate conception and implementation are 
less means-ends oriented and incorporate an emphasis on process. Where policy fails to 
adapt, wasted resources and missed opportunities result. 

Innovation in innovation policy is not easily accomplished: it usually requires significant 
investments of economic, social, and political capital; it will frequently encounter barriers and 
opposition from vested interests; and it is a risky process that does not always lead to desired 
outcomes. Despite these difficulties, efforts to modernize innovation institutions and policies 
continue. Such efforts are accelerating, even though success often remains elusive. 
∙ Policymakers recognize that there are substantial downside costs to not stimulating change, 

not only limited to the expense of maintaining outmoded institutions and policies but also 
in broader terms of opportunities foregone. 

∙ Innovation policy can no longer be considered in purely domestic terms: efforts to 
transform innovation systems have to take account of international and global trends. 
Innovation systems are advancing rapidly and there is genuine uncertainty and debate 
about how policy instruments and measures should evolve. 

∙ In this context, we should expect and encourage greater experimentation in innovation 
policy, leading to the addition of new innovation policy layers even as old ones persist. If 
such innovation in innovation policy is to be fruitful, it needs to be accompanied not only 
by a tolerance for risk and flexibility, but also by considered assessment, reflection and 
learning to discern what is valuable among the new and to help wean out what the 
ineffective among the old. Such goals are advanced through discursive processes of 
evaluation, comparison and contrast. 

1.2 Innovations and Learning 
The evolutionary theory of the firm 
From an evolutionary perspective, the key assumptions of neo-classical theory are not merely 
unhelpful: they are positively dangerous if used as a guide to the way in which firms behave in 
the real world. Neo-classical theory takes as resolved some of the largest and most pressing 
questions in economic development, like how firms learn. 
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∙ A somewhat tenable theory of firm has been developed under the rubric of transaction cost 
economics, a contractual approach to the study of economic organization. This approach is 
predicted on two key behavioral assumptions: bounded rationality and opportunism. In 
this approach, when exchanges between firms involve uncertainty, occur frequently, and 
require large transaction-specific investment (i.e., high transaction costs), such exchanges 
will be transferred from markets to alternative governance structures, principally to 
hierarchies (vertical integration) or to hybrid contracting (long-term contracting). 

∙ Although transaction cost theory helps to underscore the significance of the organizational 
form of the firm, it sees the firm as nothing more than a vehicle for reducing transaction 
costs, which is optimization theory applied to a new realm. Dynamic evolution, learning, 
and innovation are virtually ruled out. 

The central intellectual problem to be confronted by a theory of firm is the understanding of the 
ongoing interrelated processes of change in technology and organization. Learning, knowledge-
creation and innovation should be put at the center of the analysis. In the evolutionary paradigm, 
the firm is understood first as a repository of productive knowledge, a vehicle for continuous 
learning and innovation. In a radical departure from neo-classical assumptions about firms as 
rational, perfectly endowed and optimizing agents, the evolutionary approach builds upon the 
basic premise of bounded rationality (namely, that the economic world is too complex for a firm 
to understand perfectly), a position that emphasizes the inevitability of mistaken decisions in an 
uncertain world (Winter, 1988). 
∙ In the mainstream neo-classical theory, all agents are assumed to be equally capable of 

optimizing because economic competence (broadly defined to mean problem-solving 
skills) is assumed to be relatively abundant, when in fact it is scarce and uneven as 
between both individuals and firms. In contrast, the evolutionary approach recognizes in 
theory what we know to be in practice, that there are significant variations in firms’ 
knowledge bases and major differences in their capacity for creating knowledge from 
within and absorbing it from outside the firm. The uneven distribution of economic 
competence, which is firm specific and partly tacit, helps to explain the wide variations in 
corporate behavior and performance and why apparently superior organizational forms 
diffuse slowly, if at all, within and between sectors, regions, and countries. 

∙ Nelson and Winter (1982) was the first systematic attempts to construct an evolutionary 
theory of firm, which resolves around three basic concepts: organizational routine, search 
(evaluation and modification of current routines), and the selection environment of firms. 
– Organizational routines covers all regular and predictable behavioral patters inside the 

firm, the ways of doing things and the ways of determining what to do with respect to 
investment, production and R&D. It is in its routines that the firm stores its operational 
knowledge. Routines are economic analogue of genes in biological organisms in the 
sense that they determine the firms’ possible behavior, but whereas organisms are stuck 
with their genes, firms are not stuck with their routines. They have built-in mechanisms 
for changing routines. 

– Search denote all those organizational activities that are associated with the evaluation 
of current routines and that may lead to the modification, or more radically, to the 
replacement of these routines. Where routines in general play the role of genes, search 
routines stochastically generate mutation. 

– The selection environment of a firm is the ensemble of factors that affects its well being 
and that is partly determined by conditions outside the firm and by the behavior of 
other firms in the sector. Market competition is the economic analogue of ‘natural 
selection, the mechanism through which firms grow and expand, decline and perish. 

∙ The evolutionary metaphor should not be taken too far: routines are likened to genes 
because they appear so durable; but they are clearly not immutable because they can be 
changed through searching. Furthermore, while market competition may be analogue to 
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natural selection, this does not mean that the market is a natural artifact. More generally, 
these three concepts should be understood as an attempt to develop Schumpeter’s key 
insights that capitalism was essentially an evolutionary process rather than a system in 
equilibrium, a process of creative destruction that produce winners and losers, a process in 
which price competition was trivial compared to quality competition (i.e. innovation). 

∙ From an evolutionary perspective, the key challenge for firms is how to strike a balance 
between routines on the one hand and creativity on the other because all knowledge and 
habit once acquired become as firmly rooted in organizations as a ‘railway embankment in 
the earths’ (Schumpeter, 1934). The durability of routines helps to explain why so much 
technological and organizational change tends to be path-dependent: in other words what a 
firm can do in the future is heavily constrained by what it has been doing in the past. 
Learning is what helps the firm to strike a balance between routines and creativity and the 
capacity to learn depends in no small way on its absorptive capacity: that is to say the 
firm’s ability to recognize, assimilate, and exploit knowledge. 

Organizational learning and absorptive capacity 
From a cognitive perspective, innovation is the result of effective knowledge management 
process (Rosenberg, 1982) and learning organizations are the locus of the innovation processes. 
In this perspective, the firm is conceptualized as an organism (a cognitive system) that is able to 
acquire, develop and accumulate knowledge. Such knowledge is absorbed by the firm (Cohen 
and Levinthal, 1990) and embedded in technologies, individual capabilities, and organizational 
routines (Nelson and Winter, 1982), and then valorized in terms of firm competencies. 
∙ Organizational learning is interpreted as a process of development and acquisition of new 

knowledge necessary for solving organizational, manufacturing, marketing problems, and 
creating platforms for the development of new ideas. 

The analyses of innovation process have to focus on the learning process, which is essentially 
concerned with the development and acquisition of new knowledge by an organization, through 
the creation, adaptation and fusion of new ideas, the re-use and reference of existing knowledge, 
and the moving of knowledge between firms or between firms and research institutions. The 
literature on learning organizations has identified three learning mechanisms that underpin the 
organizational learning: empirical learning, learning by emulation and learning by acquisition. 
∙ With empirical learning the development of new knowledge is based on the experience of 

doing something (learning by doing, learning by using, and trial and error processes). This 
process is generally unplanned. 

∙ Learning by emulation is concerned with gathering of knowledge developed outside the 
cognitive system (Huber, 1991). It starts as an imitation process, but it involves the 
improvement and the conceptualization of acquired knowledge. A variety of knowledge 
channels can be used, such as the consultation of scientific and technical publication, the 
examination of suppliers, customers, as well as the participation at events (e.g. conference, 
trade fair). 

∙ Learning by acquisition is based on the assertion that pieces of knowledge not available in 
a cognitive system are brought in to help the firm’s resources (Levitt and March, 1996). 
The process of learning by acquisition can be activated in a variety of ways, such as 
acquisition of new technologies, recruitment of expert employees, mergers or agreements 
with other organizations which retain specific complementary know-how), relationships 
with research centers (universities, public research institutions, research consortium, and 
science parks, etc.). This process seems to be particularly useful when firms want to 
acquire new knowledge quickly in order to face a specific problem. 

To improve the effectiveness and efficiency of the organizational learning, organizational 
experiments seem to be appropriate techniques for structuring and controlling the process of 
empirical learning. Formal organizational experiments include all the organizational activities 
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aimed at testing new manufacturing/organizational/managerial solutions that are recognized and 
formalized.6 Informal organizational experiments involve all the organizational activities aimed 
at activating empirical learning processes. 
∙ The actions necessary to create culture inspired by continuous experimentation can be 

considered informal organizational experiments. Such experiments are addressed to create 
an organizational atmosphere that provides incentives for the continuous seeking and 
testing of new solutions (Feldman, 1989). 

In the process of learning by emulation, activities of great importance are 1) the continuous 
monitoring of the external environment, 2) the selection of knowledge available in the external 
environment in the shape of technology, product, marketing strategy, etc., and 3) the adaptation 
of the knowledge generated in other contexts to the specific characteristics of the firm. 
∙ The scanning of the external environment and the selection of appropriate knowledge can 

be achieved by establishing in the organization specific roles of gatekeepers. These roles 
can be assigned to single individual or organizational departments, who are given the task 
of ‘manipulating knowledge’ for the benefits of the organization. 

In the process of learning by acquisition, knowledge codification seems to be an indispensable 
activity for the firm. The advantage of synergistic combination of different types of knowledge 
can be achieved only through codification (Nonaka and Takeuchi, 1995). Thus, the introduction 
and diffusion of scientific and technological knowledge existing in the external environment 
require technical knowledge codification. 
∙ In this regard, codified knowledge, expressed as a cognitive artifact (descriptions in natural 

language, graphs, models in scale, etc.) allows a more effective form of knowledge 
exchange among individuals with different backgrounds and specialization. This helps the 
generation of new knowledge and the consequent growth of the cognitive system. 

1.3 Innovation Networks and Social Capital 
Integrating R&D with production and marketing 
Firms have tried to integrate R&D with other functions so as to render this function more 
commercially and less technologically driven. Compared to the linear product development 
model that was common in Western firms, the Japanese approach has been far more integrated, 
using cross-functional skills at each stage of the process. It is an approach predicated on the 
view that learning and knowledge-creation are ‘not the responsibility of the selected few – a 
specialist in R&D, strategic planning or marketing – but of everyone in the organization.7 
∙ The in-house R&D laboratories were pioneered in the late 19th century, by German and 

US firms in the emerging chemical and electrical industries. The advent of the in-house 
R&D laboratories signaled the growth of a professionally distinct group of technical 
specialists within firms, whose job it was to put the commercial exploitation of science 
and technology onto a more formal footing.8 

∙ From the managerial standpoint, the specialized R&D laboratory is both a blessing and a 
curse. It is a blessing because it provides a critical mass of specialized skills through 
which firms develop their distinctive technological competencies, and in this sense it 
constitutes the heart of the modern capitalist engine. Yet it is also something of a curse 

                                                           
6 Experiments on new products or processes carried out in the R&D units as well as market testing for 
new products or experiments of new modalities of customer services, can be considered as formal 
experiments. Tushman, M.L. and W.L. Moore, 1988. Readings in the Management of Innovation, 
Ballinger Publishing Company: Cambridge, MA. 
7 Nonaka, I., and H. Takeuchi, 1995. The Knowledge-Creating Company, Oxford University Press. 
8 Freeman, C., 1982. The Economics of Industrial Innovation, London: Pinter. 
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because R&D remains a grouping, searching, uncertain process. Since the success of R&D 
activity in capitalist economies is established ex post, rather than ex ante, firms have more 
problems than they care to admit in cost-justifying their R&D spending. 

∙ What compounds the problematic nature of R&D activity from a managerial standpoint is 
that there is no direct correlation between R&D spending and the financial performance of 
firms. The key factor is not the size of the company’s R&D budgets but how well it is 
organized and converted into successful products. 

∙ R&D labs seemed to acquire a life of their own, with their own agendas, cultures, and 
careers, and with technical directors acting as ambassadors for the political interests of 
R&D vis-à-vis other departments in the firm.9 There had been actual brick walls between 
the laboratory and the rest of the concern. 

∙ The social and spatial separation of R&D labs from other corporate functions had resulted 
in the deep and debilitating division between technology and production staff, the 
problems of the linear model of innovation – the one-way traffic of designs from 
laboratories into production shops. 

∙ The Japanese approach to knowledge-creation set a high premium on the acquisition of 
tacit knowledge through experience and close personal interaction, as opposed to the 
Western emphasis on codified knowledge. In the Japanese approach, the mere transfer of 
information will often make little sense if it is abstracted from associated emotions and 
specific contexts in which shared experiences are embedded. There can be little under-
standing independent of a mutual set of experiences and interpretative practices. 

∙ The scope for ‘shared language’ has been so much greater in the Japanese approach to 
product development because of the distinctive way this process is organized. There are 
three distinctive features to the Japanese approach: 
– The engineering department has traditionally played a significant role in the R&D 

process. They tend to be physically located on the manufacturing site and their 
engineers have a good command of practical knowledge concerning the manufacturing 
process. This arrangement facilitates a close interchange of information between 
product design and manufacturing staff. 

– When a research project is commissioned, engineers from the engineering department 
are normally dispatched to the central research laboratory to participate in the project 
research team and, when the project is transferred to the manufacturing division, the 
dispatched engineers return with it. This ensures robust channels of communication 
between the research laboratory, the engineering department, and the manufacturing 
division. 

– Researchers and engineers share the cost of human investment when they are young and 
they reap the returns when, and if, they are promoted to higher ranks. Quitting a firm in 
mid-career is therefore likely to carry serious financial penalties and this is a powerful 
incentive for them to contribute to company-specific projects rather than develop 
personally marketable research capabilities. This also reduces the free-rider problem 
(i.e., the mid-career departure of skilled researchers), which make firms more likely to 
adopt a long-term perspective in investing in R&D staff. 

∙ This integrated approach has helped Japanese firms to set new standards in product 

                                                           
9 The biggest laboratories – like GE’s Schenectady Laboratory, Bell Labs, Dupont Central Labs, IBM 
Yorktown for example – set a high premium on fundamental research and have performed at and even 
above the level of top US universities, winning Nobel prizes in their fields (Rosenberg and Nelson, 1994). 
Despite the privileged position of the high prestige research laboratory, the latter is perhaps the least 
significant component of what we loosely call R&D. Around 2/3 of R&D expenditures might be devoted 
to development, 1/5 to applied research and around 15% to basic research. 
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development, with the result that the time and costs of development have been 
substantially lowered relative to Western firms, especially in the car and electronics 
industries. As Western firms woke up to this new competition, they naturally tried to 
emulate some of these practices and this is why strenuous efforts have been made to 
reintegrate R&D with production so as to accelerate product development. 

∙ R&D functions become more integrated with the wider activities of the firm, especially 
with production and marketing. The new emphasis on integration does not necessarily 
entail physical co-location of course. The R&D functions of leading multinationals are 
becoming more globalized, albeit from a low base, and digital technologies play a key role 
here by creating ‘electronic communities’ in which R&D staff enjoy the benefits of virtual 
co-location. While these two firms of co-location are complementary the quality of face-
to-face interaction is higher than the electronic variety. 

The new emphasis on integrating R&D within firms is paralleled by renewed efforts to make 
R&D more interactive with the outside world, with customers, leading users, and other external 
sources of knowledge. 
∙ What distinguishes successful from unsuccessful R&D strategies is the degree to which 

they have understood ‘user needs’. On this view, cross-functional teams within the firm 
need to be sufficiently alive to evolving user needs and, because the latter are rarely fully 
articulated, these teams need to interact with users on a close and regular basis. In most 
advanced product development strategies, leading users are actually members of these 
cross-functional teams. 

Self-organizing innovation networks 
The complex technologies are increasingly innovated by self-organizing networks. Networks 
create, acquire, and integrate the diverse knowledge and skills required for creating complex 
technologies and bringing them to the market. Innovation networks are organized around 
constant learning. 
∙ Self-organization refers to the capacity that networks have for combining and recombining 

learning capabilities without centralized, detailed managerial guidance. Self-organizing 
systems form structures and processes not merely in response to inputs from outside but 
also in response to internal logic.10 

∙ The evidence of self-organization is most obvious in the growth of inter-organizational 
collaborative activities (joint ventures, consortia, and strategic alliances) in technological 
sectors such as bioengineering, aircraft, or telecommunications equipment.11 

∙ Since process and product innovations involve 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. Learning is in part aimed at identifying new core capabilities 
and complementary assets, and targeting new network members having these capabilities 
and assets. By organizational learning, 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. 

                                                           
10 Both biological and social systems have been identified as having self-organizing properties. Corning, 
P.A., 1995. Synergy and self-organization in the evolution of complex systems, Systems Research (June), 
89-121. It appears as if advanced economies also self-organize. Scheinkman, J.A. and M. Woodford, 1994. 
Self-organized criticality and economic fluctuations, AEA Papers and Proceedings (May), 417-421. 
Krugman, P.R., 1996. The Self-Organizing Economy, Blackwell Publishers: Cambridge, MA. 
11 Richter, F.J. (1994), The emergence of corporate alliance networks – conversion to self-organization, 
Human Systems Management 1, 19-26. 
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∙ Network learning is inseparable from the evolving interactions among holders of core 
capabilities and complementary assets, which are an ongoing part of 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 trajectory.  

∙ Path-dependency together with selection environment restricts and amplifies the self-
organizing process. Path-dependency restricts and amplifies the learning possibilities and 
the potential for accessing new complementary assets.12 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, thus, tend to learn locally, by engaging in search and discovery 
activities close to their previous learning neighborhood. Localized learning 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 choices about what learning to undertake and what complementary assets to 
pursue. 

∙ A history of flexible and adaptive relationships within a network provides participants with 
formidable sources of competitive advantage. Alternatively, 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 are likely 
to contribute to self-organization that is efficacious. 

∙ 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 innovation is constantly updating its strategic assessments of the 
mix of opportunities and obstacles that are present in its environment. Evolving alliances 
with suppliers, users, or competitors mandate changes in network structure that most often 
lead to higher levels of interconnectedness.13 

∙ Like any type of organization, networks have their weakness. Potential network failures 
include communication and coordination conflicts among members, possible free riders, 
and a certain level of inertia (or path dependency) that develops over time. Learning how 
to use organizational form, like a joint venture or strategic alliance, requires the same kind 
of uncertainty and risks that characterize learning how to create new technology. Firms 
will have to deal with uncertainty stemming from the cooperative process itself. Such 
uncertainty will ultimately concern the actual efficiency (cost-effectiveness) and potential 
outcomes of cooperative activities and the distribution of rents among partners. 

∙ Successful interactive learning triggers further cooperation. Network members succeeded 
at interactive learning become more skilled in organizational dynamics. Once learning 
processes that make repeated innovation possible are established, a network may have a 
sustainable competitive advantage. 

∙ If network members encounter more problems than opportunities, they will usually exit the 
network. They continuously evaluate their performance in terms of the degree to which 
self-organizing collaborative processes have constrained or enhanced their organizational 
and technological resources. Decisions to de-couple from network relationships are as key 
to self-organization as decisions to initiate new linkages. Linkage associated with network 
self-organization can have unexpectedly powerful, reinforcing “bandwagon” effects that 
take the form of increasing returns. 

                                                           
12 Rycroft, R.W. and D.E. Kash (2002), Path-dependence in the innovation of complex technologies, 
Technology Analysis and Strategic Planning, 21-35. 
13 Stacey, R.D. (1995), The science of complexity: an alternative perspective for strategic change 
processes, Strategic Management Journal, 477-495. 
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Self-organizing innovation networks and globalization may be co-evolving. Changes in the 
organization of the innovation process seem to have facilitated the broadening geographical 
linkages of products, processes and markets. At the same time, globalization seems to induce 
cooperation among innovative organizations. 
∙ The most compelling explanation of the proliferation of innovation networks in recent 

years is that globalization – the broadening geographical inter-linkages of products, firms, 
markets, and production factors – have co-evolved 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.14 The proliferation of innovation networks is intimately related 
to the process of globalization, which has both been enabled and promoted by rapid 
technological advance. 

∙ Globalization is most often identified with the forces that have helped induce cooperation 
among various types of organizations. Globalization makes cooperation more attractive in 
many exogenous ways, including:  
– By intensifying competition, shortening product and process life cycles, and increasing 

the risks and benefits of complex innovation;  
– By encouraging innovation using the largely codified knowledge (patents, standards, 

data bases) made available on a worldwide basis – much of which is facilitated by 
innovations in information and communication technologies;  

– By adding to the value of accessing unique, often local, mostly tacit, knowledge-based 
assets (know-how, skills) residing in different national innovation systems around the 
world;  

– By focusing innovations on satisfying increasingly diverse and customized global 
markets; and  

– By changing (through market liberalization and deregulation) the relationships among 
corporate shareholders and stakeholders (financial institutions), leading toward more 
flexibility in organizational governance.15 

∙ 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. Strategic 
alliances and other forms of innovation networks enhance the emergence of globalization 
more than traditional organizational arrangements (e.g. M&A), 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. Organizational 
adaptability is critical. The adaptation involves a process of network self-organization that 
is proactive. Networks that seek commercial success must develop and maintain the 
ability not only to change in the face of highly competitive environments, but they must 
also be able to adapt in ways that influence that environment. 

                                                           
14  Nelson, R. (1994), Economic growth via the co-evolution of technology and institutions, in 
Leydesdorff, L. and P. Van den Besselaar (eds.), Evolutionary Economics and Chaos Theory: New 
Directions in Technology Studies, St. Martin’s Press: New York, 21-32. Dosi, G. and B. Kogut (1993), 
National specificities and the context of change: the co-evolution of organization and technology, in 
Kogut, B. (ed.), Country Competitiveness: Technology and Organization at Work, Oxford University 
Press: New York, 249-262. 
15 Jones, G.K. and H.J. Davis (2000/1), National culture and innovation: implications for locating global 
R&D operations, Management International Review, 2nd Quarter, 14-24. Narula, R. and J. Hagedoorn 
(1999), Innovating through strategic alliances: moving towards international partnerships and contractual 
agreements, Technovation 19, 285–286. 
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Research joint ventures in the US 
The unprecedented growth of cooperative agreements in industry has attracted widespread 
interest among economists and policy analysts in the US and Europe since the early 1980s. 
Research joint venture (RJV) is a distinct form of inter-firm cooperation. An RJV usually 
involves the formation of a new organization jointly controlled by parent institutions whose 
purpose is to engage in research and development activities.16 
∙ RJV have taken various organizational forms, ranging from the classic venture where a 

small number of firms set up a new entity to undertake the technical development and/or 
production of a specific product, to multi-member organizations undertaking research of 
common interest to all participants. The latter usually involves pre-competitive (generic) 
research and research related to manufacturing techniques. The formation of RJV enables 
firms to pool resources to:  
– Achieve a critical minimum mass;  
– Exploit synergies in research; 
– Maintain the necessary continuity for long-term research; 
– Pool individual risks; Create otherwise unattainable investment options due to the high 

resource commitment and/or insufficient appropriability of the research outcome; and 
– Reduce research duplication. 

The interest of US policy makers in industrial collaboration in R&D arouse from a concern over 
the shrinkage of the technological gap between the US and the rest of the world and the gradual 
loss of global market share by US firms in technology intensive industries. These indicators 
questioned the returns the US was getting from its very large R&D investment. It was widely 
held in the early 1980s that market failure in allocating resources for technological innovation 
was accentuated by the overly restrictive anti-trust systems. The economic argument was simple. 
New technological and market realities required that cooperation and competition should be 
viewed as complements. Instead of hindering competition, cooperation in R&D could increase 
technological prowess and promote competition. The tendency of US firms to cooperate more 
frequently with foreign firms than their US counterparts was a sign of out-dated anti-trust 
systems. 
∙ Policy makers responded to sanction inter-firm cooperation in research of generic interest. 

The rationale for allowing collaboration in the earlier stages of R&D relied upon the 
argument emphasizing the insufficient incentives of individual firms to undertake pre-
competitive research at socially optimal levels due to: 
– Difficulties in appropriating the output of research; 
– Difficulties in trading generic knowledge in the market while assuring a fair rate of 

return for the inventor; 
– The existence of economies of scope in generic research that no single firm can capture 

adequately; and 
– Uncertainty concerning the outcome of generic research. 

∙ The enactment of the National Cooperative Research Act (NCRA) in 1984 and its 
amended version, the National Cooperative Research and Production Act (NCRPA)17 in 

                                                           
16 Vonortas, N.S. (1997), Research joint ventures in the US, Research Policy 26, 577-595. This paper 
contributes to the ongoing policy debate concerning inter-firm cooperation in R&D. In addition to an 
overview of the prevalent characteristics of the research joint ventures registered with the US Department 
of Justice between 1985 and 1995, the paper initiates an inquiry into the characteristics of participating 
business firms and the type of research activities pursued collectively. 
17 Criticism of the original NCRA essentially came from two sides. The driving argument of the first 
group was that firm incentives to collaborate in pre-competitive research were being hampered by 
subsequent restrictions concerning the collective exploitation of the results. To the extent that unbridled 



46  Economic Growth and Innovation System 

1993 have created an invaluable source of information on US-based RJV. The parties of 
RJV seeking the benefits of provisions of NCRA and NCRPA are required to file 
notifications with the US Department of Justice and the Federal Trade Commission 
disclosing the composition and principal research content of the RJV. The filings are 
published in the Federal Register. 575 new RJV were announced during 1985-1995. The 
primary technical areas of all RJV are shown on Table 1.1.18 

Table 1.1 Primary technical areas of research joint ventures in the US 
 1985-90 1991 1992 1993 1994 1995 Total
Telecommunications  48 17 17 23 15  11 131 
Environmental  21  9  3  5  6  12  56 
Advanced materials  22  2  5  6  5  13  53 
Energy  19  9 14  7  0   1  50 
Transportation  14  4  3  5  9   9  44 
Software  10  3  1  4  3  18  39 
Chemicals  20  8  4  1  3   2  38 
Subassemblies and components   9  1  1  3  6   7  27 
Manufacturing equipment  11  1  1  1  3   9  26 
Factory automation   9  0  5  3  3   2  22 
Photonics   4  1  2  3  2   9  21 
Test and measurement   5  4  4  1  1   6  21 
Computer hardware   2  1  1  4  1   4  13 
N/A   3  0  0  1  2   5  11 
Biotechnology   5  0  0  1  1   3  10 
Medicals   2  0  0  2  3   3  10 
Pharmaceuticals   1  0  0  1  0   1   3 
Total RJV 205 60 61 71 63 115 575 

                                                                                                                                                                          
downstream competition dissipates rents from successful R&D efforts, it may be necessary to allow RJV 
participants some restraints on ex post competition. Such restraints could boost incentives for more 
research upstream and speed the transfer of innovations to the market. The concern of the second group of 
proponents extending the NCRA was the dismissal of the process of technological innovation in the 
economic arguments that supported the original version of NCRA – a linear model of innovation. 
According to them, the NCRA implicitly contended that there is a clear demarcation between basic and 
pre-competitive research on the one hand and development research on the other. Jorde and Teece (1990) 
dismissed the existence of any clear division between pre-competitive research, development research, 
and production activities in terms of when each activity occurs and how information flows. Consequently, 
it was argued, legislation should be expanded to cover more types of activities. The NCRA was amended 
in 1993 by the NCRPA. The pre-requisites for collaboration in production were that the joint venture 
participants also cooperated in research and that they would not exclude independent activities in the 
same field. Jorde, T.M. and D.J. Teece (1990), Innovation and cooperation: implications for competition 
and anti-trust, Journal of Economic Perspectives 4, 75-96. 
18 Between 1987 and 1994, telecommunications RJV outnumbered in any other area. Other technical 
areas with significant activity included environment, advanced materials, energy, transportation software 
and chemicals (each accounting for 5-10% of the total). Sub-assemblies and components, manufacturing 
equipment, factory automation, photonics and test and measurement, and computer hardware each 
accounted for 2-5%. While cooperative activity in telecommunications and chemicals in the last 2 years 
has not kept pace with the early 1990s, very high rates of increase in RJV announcements were recorded 
in soft-ware, advanced materials, photonics, environment, manufacturing equipment, and the test and 
measurement areas. Little activity was recorded in technical areas with well enforced intellectual property 
rights (biotechnology, medical equipment, pharmaceuticals), where other forms of inter-firm alliances 
predominate, including licensing, technology swaps, marketing agreements and merger and acquisition. 
Very few RJV are classified as low tech or could not be classified anywhere (N/A). 
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∙ 87% of (7953) of all announced memberships (9136) to the 575 RJV have been positively 
identified. Business firms made up close to nine tenth of member entities. More than 2/3 
of all identified entities (3425) participated in only one RJV. 92% of participated in less 
than 5 RJV. The level of concentration in RJV participation was significant. 116 entities 
participated in 6-10 RJV, 65 participated in 11-20 RJV, 28 participated in 21-50 RJV, and 
10 participated to more than 50 RJV. Almost half (47%) of all identified memberships 
were accounted for by approximately 8% of the identified entities (with five or more 
memberships). 

∙ US organizations have dominated NCRA-RJV. Nevertheless approximately 1/3 of the 
identified participants are foreign based. The UK, Japan, Canada and Germany have had 
more than 100 participants each. France, Italy, Australia, Sweden, Netherlands and 
Switzerland had more than 30 participants. Korea had 18 participants, accounting for 
0.5% of the total entities. Samsung Group had 8 memberships. Of the US entities, 
business firms accounted for 86%; 50% are private firms, 40% are public firms, 1% are 
joint ventures and less than 0.5% are partnerships. About 3/5 of all identified US business 
entities had been private and, on average, small and medium-sized firms. 

∙ The US publicly traded firms were categorized into 10 industrial groups on the basis of 
their primary line of business. Almost 1/3 of the identified US public firms had been 
machinery (including computers) producers and electrical equipment producers. A further 
1/5 had been in chemicals and an assortment of petroleum, rubber and metal industries. 
Firms in professional and scientific instruments group accounted for about 7% and 
transportation equipment group for about 4.5%. Non-high tech sectors accounted for less 
than 4%. 1/3 corresponded to the non-manufacturing sectors. 

∙ The strong participation rate of service firms to NCRA-RJV contrasts with the typical 
image of the service sectors as non-R&D intensive. (The share of firms in this category in 
the total US industrial R&D was, according to NSF, a mere 9.4% in 1993) A possible 
explanation can be suggested to approximate the strategic objectives of many service 
sector firms. The combination of high capital investment and relatively low R&D 
investment indicates firms that use new technologies intensively (embodied in the capital 
goods they purchase) but have little incentive to create these technologies on their own. 
They may participate in RJV to influence the outcome of research performed therein so 
that the final products fit their specific needs better. Suppliers of capital equipment may 
use these RJV as a vehicle for getting important customers on board early in the R&D 
process. Telecommunication and computer software top the list in terms of both RJV 
numbers and memberships by service industry firms. 

∙ The intent of Congress in defining the provisions of the NCRA was to enhance generic 
(pre-competitive) research, where stand-alone firms are expected to invest sub-optimally. 
The subsequent amendments introduced by the NCRPA – permitting cooperation in 
development and production – were also defended for providing the necessary incentives 
to collaborate in undertaking high risk, generic research cooperatively. Widespread as the 
use of the term is, generic research is difficult to define.19 

                                                           
19 Nelson (1982) wrote that generic knowledge consists of basic inferences about how things work, 
definitions of the influential variables affecting performance, identification of both relevant constraints 
and possible ways of overcoming them, heuristics relative to the problem at hand, broad design concepts, 
properties of materials, testing techniques, etc. This knowledge depends significantly on previous 
experience with products and processes. It is related to pure science and newer applied fields of inquiry 
such as chemical engineering, computer science, metallurgy and pathology. Unlike the fundamental 
scientific principles that constitute its science base, generic knowledge has a functional focus. This 
definition implies two possible criteria for determining the types of research pursued by registered RJV. 
The first criterion is that RJV with university and/or government participation is likely to engage in 
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∙ Eight technical areas had five or more RJV with university participants (number of RJV in 
parentheses): telecommunications (11), software (11), advanced materials (9), factory 
automation (6), manufacturing equipment (6), transportation (5), subassemblies and 
components (5), and energy (5). 6 technical areas had five or more RJV with government 
participants: software (11), telecommunications (10), chemicals (9), environment (7), 
energy (6), and subassemblies and components (5). A much larger number of RJV satisfies 
the second criterion. 45% had more than five members. At the aggregate level, the 
evidence with respect to the types of research undertaken by NCRA-RJV is inconclusive. 

Government-sponsored strategic research partnerships 
A major change in the US national innovation system has been the rapid increase in strategic 
research partnerships (SRPs), involving firms, universities, non-profit organizations, federal 
research laboratories, and public agencies. The growth in US SRPs can be attributed, in part, to 
several bipartisan policy initiatives. These policy changes include an expansion of programs to 
support public-private technology partnerships, relaxation of antitrust enforcement to promote 
cooperative research and adoption of various initiatives to promote more rapid diffusion of 
technologies from universities and federal laboratories. 
∙ SRPs are defined as any cooperative relationship involving organizations that conduct or 

sponsor R&D. Many of these partnerships constitute potential sources of R&D spillovers 
and economic growth. Examples include RJVs, strategic alliances and networks, consortia, 
cooperative R&D agreements (CRADAs), licensing and sponsored research agreements 
involving universities, government laboratories, and firms, university-based entrepre-
neurial start-ups as well as co-authoring between academic and industrial scientists. 

∙ Private-private partnerships are defined as relationships led by and primarily composed of 
private organizations only – for example, RJVs, consortia, strategic alliances and networks 
involving two or more companies. Public-private partnerships receive some level of 
support from a public institution or may have a public institution as a direct or indirect 
member. Such support can range from direct subsidies, shared use of expertise and 
laboratory facilities, and tacit licensing agreements. 

∙ This funding distinction underscores the ‘strategic’ aspects of SRPs. For private-private 
partnerships, the strategic objective is profit maximization. For public-private partnerships, 
the government agency also has a strategic goal, namely to address an innovation market 
failure and ultimately to enhance economic growth. 

The National Science Foundation’s engineering research centers (ERCs) constitutes the most 
upstream performer of R&D among university-industry-government research centers. Industrial 
firms participate in ERCs primarily to gain access to upstream modes of knowledge rather than 
specific products and processes.20 

                                                                                                                                                                          
generic research. The second criterion is that RJV with a large number of members are likely to engage in 
generic research. The evidence is mixed. 3/4 of the announced NCRA-RJV (433) fails the first criterion. 
They reported neither university not government participants. Only a small proportion (13%) of the 
announced RJV had university members. An equally small proportion (12%) number of RJV had 
government members. Of the 142 RJV that satisfy the first criterion, 116 had either university or 
government members; 26 had both. 
20 This is the finding from surveys and interviews with 355 firms participating in the 18 ERCs 
established between 1985 and 1990. Following the initial cycle of the ERC program solicitation and 
review of proposals in 1984, 6 ERCs were funded in 1985. Subsequent cycles of awards and review 
resulted in the funding of 23 additional centers by 1990, but several were phased out of the program prior 
to completion of the 11-year award cycle. 18 ERCs were in operation in 1994, the date of the inception of 
this study. These 18 centers had an estimated total of more than 700 industrial partnerships involving 
approximately 550 different firms, some of which were affiliated with more than one ERC. 
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∙ ERCs are one of the US government’s major policy innovations of the 1980s to foster 
improved university-industry R&D collaboration. ERCs stand out among other university-
industry R&D programs established since the mid-1980s in that: they emphasized 
education and the link between education and the research activities of the center; they are 
explicitly oriented towards problems that industry cannot meet effectively due to lack of 
fundamental engineering knowledge. The ERC program was designed to bridge the world 
of academic research and education with the world of engineering practice – that is, to 
develop fundamental knowledge in areas critical to competitiveness in world markets 
(pre-competitive generic research), focusing on cross-disciplinary technological areas. 

∙ ERC design features were posited as leading to the increased industrial relevance of the 
academic R&D agenda, to a more rapid transfer of academic research findings to industry, 
and to the development and deployment of graduates better prepared and acculturated to 
work in industry. Financial support from industry and evidence of active industry 
participation in ERCs’ R&D agenda-setting and technology transfer programs also were 
important elements in an initial award of an ERC grant and the center’s successful 
coursing of mandated periodic reviews. 

Table 1.2 National Science Foundation Engineering Research Centers in 1994 
 ERC institution Technology area 

1985 
1985 
1985 
1985 
1986 
1986 
1986 
1986 
1986 
1987 
1987 
1988 
1988 
1988 
1989 
1989 
1990 
1990 

Massachusetts Institute of technology 
Columbia University 
Purdue University 
University of Maryland/Harvard University
Ohio State University 
Carnegie Mellon University 
Brigham Young University 
University of Illinois 
Lehigh University 
University of Colorado/Colorado State Uni.
Duke University 
University of Minnesota 
University of Wisconsin 
North Carolina State University 
Texas A&M University 
Montana State University 
Carnegie Mellon University 
Mississippi State University 

Bioprocess engineering 
Telecommunications 
Intelligent manufacturing systems 
Systems engineering 
Near net-shape manufacturing 
Design engineering 
Combustion research 
Microelectronics 
Construction of large structures 
Opto-electronics 
Emerging cardiovascular technologies 
Interfacial engineering 
Plasma-aided manufacturing 
Advanced electronics materials processing 
Offshore technology center 
Bio-film engineering 
Data storage systems 
Computational field simulation 

∙ ERC differs in relative emphasis on objective, size, outputs, and productivity from most 
other types of university-industry cooperative research center programs. ERC was more 
likely to conduct basic research as part of their portfolios than most other types of centers 
and to be the most productive across a spectrum of outputs – research papers, invention 
disclosures, patent application and issuance, and licenses and copyrights.21  
– ERCs expended 52.5% of their R&D effort on basic research, compared with 42.8% of 

the R&D effort directed towards basic research in centers supported by NIH or centers 
that received neither NSF nor NIH funding. ERCs also were more likely to be located 
at top-tier research universities, and to involve firms from R&D-intensive industries. 
Most participant firms were multi-divisional corporations, and second, the locus of 

                                                           
21 Cohen et al. (1997) employed a five-part classification of centers and found that ERCs were more 
likely to conduct basic research as part of their portfolios than most other types of centers. 
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decision making concerning joining an ERC and assessing the frequency and value of 
benefits was the division, not the firm. 

∙ NSF categorized the 18 initial ERCs into five technological areas. Approximately, 1/3 of 
industry sponsors that responded to the survey were associated with centers conducting 
research in the design and manufacturing area. Another 20% were associated with ERCs 
conducting biotechnology/bioengineering research; 18%, materials/process engineering; 
16%, electronics/telecommunications; and 12%, energy and resource recovery. 

∙ In terms of company unit’s primary product or research area as categorized by three-digit 
SIC code, ERC industrial members and sponsors that responded to the survey represent a 
wide range of industrial sectors. The most heavily represented branch of industry was 
electrical, electronic, and communications equipment (22%), which was followed by 
chemicals and allied products (including pharmaceuticals) at 16%. Surgical and medical 
instruments or supplies represented another 9%; petroleum refining and extraction, 7%; 
and aircraft and missiles, 4%. From 2-4% of ERC member/sponsor companies were in 
machinery (4%), building construction (4%), motor vehicles and motor vehicle equipment 
(3%), primary metals (3%), and professional and scientific instruments (3%). The 9% in 
the other non-manufacturing area consisted of engineering design/service and computer 
software companies. 

Supply-chain Partnerships 
As the pace of technological change has accelerated and global competition has intensified, 
large centralized bureaucracies emphasizing division of labor and functional specialization have 
given way to smaller leaner organizations in which team-based structures cross functional lines, 
disrupt traditional hierarchical chains of command, and focus on core functions while 
contracting with outside firms for other tasks. As an adjunct to internal restructuring, large 
manufacturers have turned to long-term external supplier relationships for many inputs to the 
production process as well as a variety of operational and administrative functions. Thus, 
specialized technological knowledge and innovation increasingly reside in small and medium 
suppliers whose R&D takes place in team-based configuration on the shop floor rather than in 
corporate laboratories staffed with scientists working on long-range basic research. 
∙ Arm’s length contracting relationships tend to be characterized by low trust, short-term 

commitments, limited information exchange, and a concentration on prices, while supply-
chain partnerships tend to be high-trust, long-term mutual dependence, and considerable 
sharing of information, technical know-how, and risk. Firms are becoming ever more 
conscious of the fact that their capacity for innovation, learning and quality depends on 
their ability to secure the active cooperation of their suppliers. 

∙ The base of technology offerings has increased to the point that it has outstripped the 
capacity of single firms to remain competent in the technology fields relevant to their 
business. In addition, the investments necessary to sustain technology development and 
deployment have increased to the point that single firms usually cannot undertake the 
level of risk necessary for innovation. For these reasons, supplier relationships have grown 
in importance. For complex products, suppliers function both as partners with lead firms 
and independently to develop and deploy new technologies.22  

∙ Compared to large, hierarchical structures, network structures can more effectively scan 
the environment for changes, more accurately interpret environmental change, and more 
creatively and adaptively craft responses to change. Better scanning means stronger 
capacity for timely and accurate problem recognition. Greater effectiveness of 
interpretation enhances policy and problem formulation, estimation of parameters, and 

                                                           
22 Roos, D., F. Field and J. Neely (1998), Industry Consortia, in L. Branscomb et al., Investing in 
Innovation: Creating a Research and Innovation Policy That Works, The MIT Press: Cambridge 
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selection from alternative policy choices. Greater adaptability translates into timely 
innovation and enhanced alignment of firms, practices, and products with environmental 
conditions. 

∙ The presence of a network of institutions in no way assures collaboration. Many networks 
mired in contractual disputes and lack of coordination. However, high-performing 
networks are able to learn to collaborate. Firms leverage their information-processing 
capacity through the network form. Unless the network that provides firms with new 
sources of efficiency and opportunities for innovation is open in structure and efficient in 
information exchange, little advantage can be gained. Therefore, the transformation in 
information networks from hierarchically structured and centrally controlled to highly 
efficient and flexible peer-to-peer (mesh) network structures has been a key factor in 
enabling the formation of new sources of social capital. 

∙ Actors in the collaborative network exhibit an efficient form of collective learning. They 
learn of new technologies, opportunities, the outcome of transactions, and challenges more 
quickly because of density of interactions within the network. Learning is of a higher 
quality because it is subject to discussion and debate among horizontal counterparts whose 
perspectives and backgrounds may differ. For this reason, geographic regions that include 
highly adaptive industry networks have been termed learning regions. 

∙ Vertically organized firms and their supply chains with few horizontal connections tend 
toward characteristics that adversely affect information-processing capacity: inward, 
insular focus; unproductive levels of vertical integration within large firms and 
bureaucracies; unproductive levels of secrecy and organizational loyalty that dampen 
information sharing within and across professions; norms of institutional stability and 
autonomy that fit poorly with a turbulent economic, technological, global competitive 
environment; authority centralized at unproductive levels; and predominantly vertical 
flows of information, which tend to be slower, biased, and thus less reliable. Regions 
characterized by firms with these properties cannot as effectively innovate. In fact, 
attempts at partnerships and consortia under these conditions of low trust lead either to 
failure or to poorly performing, non-collaborative networks. 

∙ Understanding the differences in information processing in large, vertically integrated 
hierarchies versus more horizontal structures is critical to understanding how social capital 
is built and maintained in the latter and how it leads to greater innovation potential. 
Differences in environmental scanning, information flows, and relative lack of bias 
aggregate to a greater capacity to innovate in the network form than within a hierarchy. 
Dense social networks can encourage experimentation and entrepreneurship among actors 
because of the mix of collaboration and competition within the network. Network 
members compete fiercely but also collectively process and share information about 
environmental changes including markets, regulations, technologies, and opportunities. 

Prior to the mid-1980s, the US auto industry did not engage in many cooperative activities. The 
emergence of collaboration in the US auto industry was a result of much more advanced 
networking in Japan. Part of what was happening was the increasing complexity in all 
subsystems of automobiles.23 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. Despite increasing product complexity, 
however, innovation cycle times have been reduced dramatically. 
∙ Japanese companies began to transplant manufacturing facilities in the US. Evidence had 

already been accumulating that Japanese assembly and production operations had become 
superior at transferring productivity enhancing knowledge throughout the network. This 

                                                           
23 Cusumano, M.A. and K. Nobeoka (1992), Strategy, structure and performance in product development: 
observations on the auto industry, Research Policy, 276. 
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was especially the case with Toyota’s networks. These transplants tended to maintain their 
ties to Japanese suppliers, and there was little productivity spillover to US automobile 
producers, which had been under intense foreign competitive pressures for some time. 

∙ Information technologies have been essential to the speed of automobile innovation.24 
Complex process technologies have also revolutionized automobile innovations – 
particularly the computer-aided design engineering simulation – dramatically reducing the 
time and expense of prototyping technologies. And intelligent manufacturing techniques, 
much of it based on sophisticated software, are building agility into production facilities.25 

∙ European firms and US firms felt seriously threatened by the growing demand for small, 
inexpensive, yet high-quality Japanese cars. Facing these pressures, innovation networks 
exploded in the auto industry. 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 Japanese encroachment. Firms in every strategic group in the industry had some 
incentive to form alliances in order to negotiate the uncertainty they confronted. 
– For Japanese firms, 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 US and Europe.  

In the US, the Big Three increasingly cooperate with suppliers – shifting design and engineering 
of integrated component systems to the supplier base – and with each other. 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% were cross-border.26 
∙ A highly visible example of cooperation among US competitors is the US Council for 

Automotive Research (USCAR) consortium.27 Cooperation with the federal government 
and with universities has also increased. 

∙ When the RJV and patent databases are merged,28 22 firms are found whose primary 
sector is motor vehicles and motor vehicle equipment. Over 1/3 of the entities are large 
multi-national corporations (MNC) that have been involved in international strategic 

                                                           
24 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. 
25 Montgomery, J.C. (1996), The agile production system, in Montgomery, J.C. and L.O. Levine (eds.), 
The Transition to Agile Manufacturing: Staying Flexible for Competitive Advantage, ASQC Quality Press, 
Milwaukee: WI, 1-27. Womack, J.P. and D.T. Jones (1994), From lean production to the lean enterprise, 
Harvard Business Review, 93-103. 
26 Kang, N.H. and K. Sakai (2000), International strategic alliances: their role in industrial globalization, 
in Directorate for Science, Technology and Industry, OECD, Paris. 
27 It was an umbrella organization that encompasses more than a dozen consortia (e.g. Environmental 
Research Consortium, US Automotive Materials Partnership). 
28 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 US-based research joint 
ventures – and the patent and patent citations data of the US Patent Office. The NCRA-RJV database 
contains all RJV registered with the US 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 RJV and 6517 organizations between 1985 and 1999. The patent database includes almost 3 
million patents, over 16 million observations about citing and cited patents, and lists over 175,000 
companies and other assignee names (from 1975 to 1999). These two databases are linked at the level of 
the organization (e.g., firm, university, etc.). 
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alliances since the 1970s.29 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 (the holder of many of the network’s strategically valuable core capabilities), 
which constantly alters the form of its ‘web of alliances’ to incorporate partners’ new 
capabilities and complementary assets.30 The remaining entities are smaller US-based 
firms that produce automobile systems, subsystems, and components. 

Table 1.3 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 

∙ 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. 

∙ Each RJV has been coded in terms of its technical task or objective. Transportation equip-
ment (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. 
These trends reflect the penetration of almost every aspect of the 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, and environmental quality). 

Table 1.4 Technical areas of automobile patents 
Technical area Patents (%) Cites (%) Cited (%) 

Motors, Engines, & Parts 
Transportation Equipment 

Power Systems 
Metal Working 

Electrical Devices 
Computer Hardware & Software 

Measuring & Testing 
Communications Equipment 

27.1 
9.9 
8.3 
4.6 
4.2 
3.8 
3.7 
3.2 

28.2 
9.9 
7.6 
3.4 
4.2 
5.1 
3.5 
3.7 

27.9 
9.3 
7.9 
3.2 
3.3 
7.1 
3.8 
3.3 

                                                           
29 Two (or perhaps two and one half, given Chrysler’s merger) from the US (GM and Ford), three from 
Japan (Toyota, Honda, and Nissan), and three from Europe (Fiat, Volvo, and Daimler Chrysler). 
30 Lorenzoni, G. and C. Baden-Fuller (1995), Creating a strategic center to manage a web of partners, 
California Management Revie, 157. 
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∙ The technological (patent) linkages displayed show a similar pattern, taking into account 
that patents are categorized somewhat differently than RJV. 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. 

Large firms, including those in the automotive industry, increasingly engage in learning that 
leads to distributed competencies. These firms are becoming more technologically diversified as 
new opportunities emerge from general advances in science and technology and as new 
opportunities for coordinating a more diverse array of capabilities and complementary assets 
emerge.31 Beyond their principal activities and distinctive technologies, large firms in the 
automobile industry are mobilizing clusters of technological competencies in sectors such as 
instruments and controls, chemical processes, non-electrical machinery, and computing.32 
∙ 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 
automobile industry has become much broader over time – encompassing a wider range of 
learning initiatives and leading to the incorporation of a greater variety of core capabilities 
and complementary assets, leading to the dominance of a number of MNCs. The top 20 
companies have accounted for more than half of all patenting in the US. This is a higher 
level of patenting concentration than for all sectors except consumer electronics. 

∙ A high level of participation in international innovation networks has not necessarily led to 
the rapid globalization of the motor vehicle sector. In the automobile industry, much of the 
innovation has been based on the generation of tacit knowledge through improvements in 
manufacturing, and acquiring tacit manufacturing skills and expertise is a slow process. 
Manufacturing capability may become less transferable as it matures. 
– 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 automobile industry. Between 1969 
and 1995, the share of US patents of the largest firms attributable to overseas R&D 
increased from 10.5% to 16.5%. 

Innovation networks in complex products and systems 
Complex products and systems (CPS) are comprised of many customized, interconnected 
elements (e.g. control units, sub-systems and components); these are organized in a hierarchical 
manner and tailored for specific customers and/or markets. Often sub-systems are themselves 
complex, customized and high cost. CPS tends to be produced in one-off projects or small-
batches, which allow for a high degree of direct user involvement, enabling business users to 
engage directly in the innovation process, rather than through arm’s length market transactions. 
CPS tends to exhibit emergent properties during production, as unpredictable and unexpected 
events and interactions often occur during design and system engineering and integration.33 The 

                                                           
31 Patel, P. and K. Pavitt (1997), The technological competencies of the world’s largest firms: complex 
and path dependent, but not much variety, Research Policy, 141-156. 
32 Loasby, B.J. (1998), The organization of capabilities, Journal of Economic Behavior and Organization, 
147-148. Grandstrand, O., P. Patel and K. Pavitt (1997), Multi-technology corporations: why they have 
‘distributed’ rather than ‘distinctive core’ competencies, California Management Review, 8-24. 
33 Emerging properties also occur from generation to generation, as small changes in one part of a 
system’s design can call for large alterations in other parts, requiring new control system, and, some times, 
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key production capabilities are systems design, project management, systems engineering and 
integration. 
∙ Examples of CPS include flight simulators, aircraft engines, avionics systems, air traffic 

control units, baggage handling systems, telecommunications exchanges, internet super-
servers, integrated mail processing systems and printing press machinery, train engines, 
systems for electricity grids, offshore oil equipment, retail networks, R&D equipment, 
bio-informatics systems, and intelligent buildings. 

∙ Development and production of new CPS involves feedback loops from later to early 
stages and other unpredictable emerging properties. Therefore, innovative non-functional 
organizational structures are required to coordinate production, particularly in the case of 
uncertain and changing user requirements. 
– Extreme innovation and production complexity is often involved in the creation of a 

major CPS, not only because they embody a wide variety of distinctive components, 
skills and knowledge inputs, but also because large numbers of firms (or different 
organizational units of the same firm) often have to work together. 

∙ Over the past three decades, the physical composition of many CPS has been transformed 
by software and information technology, leading to new levels of risk and uncertainty in 
design and production. The effect of software has been to shift the emphasis of production 
from relatively predictable engineering task to a much more imprecise, tacit and design-
intensive development process, increasing the degree of uncertainty and learning involved 
in the production of each system. 

There are several critical dimensions of product complexity, each of which can confer task 
complexity and non-routine behavior in production. These include the number of components, 
the degree of customization of both system and components, the quantity of possible design 
routes, the elaborateness of the system architecture, the breadth and depth of knowledge and 
skills required, and the variety of material and component inputs. Users frequently change their 
requirements during production, leading to unclear goals, uncertainty in production, and 
unpredictable, un-quantifiable risks. Managers and engineers often have to proceed from one 
production stage to the next with incomplete information, relying on inputs from other suppliers 
who may be competitors in other multi-firm projects. Project management often involves 
negotiating between the competing interests, goals, and cultures of the various organizations 
involved in production. 
∙ As the main CPS production process, projects often involve some kind of prime contractor 

and systems integrators. Users, buyers, other suppliers, small and medium-sized 
enterprises and some times government agencies and regulators are involved in new 
designs, especially if public safety or national security is a consideration (e.g. in energy 
systems, military, aerospace and telecommunications). Often these agents collaborate 
together, taking innovation (e.g. new design) decisions in advance of and during 
production, as in the case of flight simulators. Project organization often involves 
temporary multi-firm alliances in which highly sophisticated systems integration and 
project management capabilities are essential to production. The project represents a 
focusing device that enables the problems of design and production to be addressed. It is 
also responsible for realizing the market, coordinating decisions across firms, enabling 
buyer involvement and matching technical and financial resources through time.  

∙ Because most CPSs are designed to meet the needs of large business users, the project 
management task stands in sharp contrast to the mass-produced task. Those responsible 
for marketing had to sell, not a product, but the idea that their firm was able to produce 
what the customer required. The product was developed after the order had been secured, 

                                                                                                                                                                          
new materials (e.g. in jet engines). 
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the design being, in many cases, modified to suit the requirements of the customer. In 
mass production firms, the sequence is quite different: product development came first, 
then production, and finally marketing. 

The financial scale and physical complexity of CPS raises many interesting innovation issues, 
which differ markedly from much of the conventional wisdom that is derived from the 
innovation studies of mass-produced goods. 
∙ In the paradigm of mass-market commodity goods, firms tend to be clearly defined, 

recognizable entities rather than the messy multi-firm project-based organizations (PBO). 
According to the conventional model, products and technologies undergo life cycles from 
fluid immaturity states to maturity. After a dominant design, or standard, is selected in the 
marketplace, small non-competitive firms exit or are acquired by large firms, which then 
compete on the basis of incremental process improvements by supplying the same basic 
product in large volumes to many customers. Some argue that radical technological 
innovations can destroy the value of old competencies leading to industrial exit and 
extinction for laggards. 

∙ These features of the conventional model contrast sharply with the innovation parameters 
of CPS. For instance, at the level of physical artifact, CPS are made up of many 
customized, inter-connected control units, sub-systems and components, rather than the 
smaller numbers of mostly standardized components used in most commodity goods. Put 
in another way, in CPS the degree of system hierarchy is comparatively high and product 
architectures can be extremely elaborate, partly because designs are tailored for specific 
customers. CPS is never mass-produced and their product life cycles can extend over 
decades. Decisions to invest may take months or years. In CPS, innovation often proceeds 
long after the delivery of the product, as new features are added and systems are upgraded 
and modified (e.g. in IT networks, and intelligent buildings). 

∙ In CPS complexity may increase markedly from one generation to another leading to 
highly elaborate architectures with many thousands of components. This is some times 
due to ever-increasing demands on performance and capacity. Firms often search for 
simplifying mechanisms and strategies in order to cope with product, technological and 
organizational complexity.34 Because the span of managerial control may be outside the 
boundaries of a single firm, collaboration is an important element of CPS innovation. To 
develop new systems, integrators require a deep understanding of both the abilities of 
partner suppliers and the needs of demanding professional users, with whom they 
collaborate during innovation and production. Production strategies must also account for 
the tacit knowledge embodied in key individuals and teams, which cannot be formalized 
to the same degree as in less complex volume-produced goods. During the core production 
process (the CPS project), soft, intangible skills, such as leadership, communications and 
team building are key to good performance. 

∙ Because the conventional model does not capture many of the salient features of CPS, if 
applied without modification, it can be misleading both conceptually and in terms of 
management strategy and practice. For example, the conventional product-innovation life-
cycle model is generally unable to explain the determinants of the lifecycle of CPS, which 
tend to remain in the fluid phase of product innovation. While CPSs do mature, the high-
volume process improvement stage is seldom, if ever, reached. Exit and entry patterns do 
not follow from dominant designs and a remarkable deal of long-term stability is 
witnessed among systems integrators, despite radical technical change (e.g. in telecom-
munications exchanges, aircraft and flight simulators). 

                                                           
34 For example, the standardization of previously customized components is an important strategy that 
can allow production learning, cost reduction and new waves of innovation, as in the case of intelligent 
building and aircraft engines. 
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∙ The conventional product vs. process innovation dichotomy is unhelpful in explaining the 
life cycle of CPS, where the rate of product innovation can remain consistently high. 
There may well be scope for learning economies between product generations and at the 
component level where demand may be very high (e.g. in aircraft and high technology 
buildings). CPS suppliers often gain strategic advance by modifying design architectures 
to increase the scope for using high volume components. 

∙ At the level of system design, because of small volumes, CPS producers tend not to have 
to account for high volume production as a key design constraint. Conversely, they do 
have to retain certain types of component design knowledge in-house to outsource 
effectively. Therefore, CPS design rules and decision procedures differ substantially from 
those followed in mass-produced, simpler goods where design-for-mass-manufacture is 
important. Strategies for outsourcing in CPS have to account for the elements of 
architectural, system and complement knowledge that must be retain in the boundaries of 
the systems integrator firm, in contrast with the modular strategies that may be more 
suitable for volume products. 

Social capital for innovation 
In order to leverage the benefits of cooperation, which include shared resources, shared staff and 
expertise, group problem solving, multiple sources of learning, collaborative development, and 
diffusion of innovation, inter-organizational linkages have been formed horizontally among 
similar firms in associations, vertically in supply chains, and multi-directional links to sources 
of technical knowledge, human resources, and public agencies. The contribution to institutional 
effectiveness of these relationships measured in terms of economic performance and innovative 
capacity is referred to as social capital. This form of social capital, as powerful as physical and 
human capital, is the stock that is created when a group of organizations develops the ability to 
work together for mutual productive gain. 
∙ The concept is drawn from research that demonstrates the effect of institutional and social 

arrangements on economic development.35 It has more recently been extended to explain 
differences in innovation rates among countries with similar capital, labor, and national 
resources. 

∙ Social capital is a necessary, although not sufficient, enabler of effective public-private 
partnerships, for the devolution of science and technology (S&T) responsibilities to the 
states, and for a new, more collaborative style of government policy. The fundamental 
significance of social capital for innovation, and thus for science and technology policy 
has yet to be assimilated by policy-makers and captured in the design of policy tools.36 So 
far, almost no explicit attention has been directed toward the effect of social capital on 
innovation. 

∙ In contrast to economic perspectives emphasizing individualism and autonomy, social 
capital is derived from those perspectives in which cooperation paradoxically enhances 
competitiveness, information sharing leads to joint gains, and the importance of reputation 
and trust ensure reciprocity and fair play in a given network. 

∙ When partnerships succeed, the glue that holds them together is not simply in the form of 
contracts that detail every aspect of these complex and dynamic relationships. Nor is 
cohesion to be found exclusively in the information system that links the network of 

                                                           
35 Coleman, J., 1990. Foundations of Social Theory, Harvard University Press: Cambridge, 300-321; 
Putnam, R., 1993. The Prosperous Community: Social Capital and Public Life, American Prospect 13. 
Glenn Loury first introduced the term “social capital” and noted its importance to economic development. 
See Loury, G., 1977. A Dynamic Theory of Radical Income Differences, in Wallace, P. and A. LeMund 
(eds.), Women, Minorities, and employment Discrimination, Lexington Books: Lexington. 
36 Branscomb, L. (ed.), 1997. Investing in Innovation: A Strategy for US Technology Policy, Science, 
Technology, and Public Policy Program discussion paper, Harvard University press. 
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organizations. The glue in the new political economy is the trust, or enlightened self-
interest, among decision-makers that makes collaboration feasible. 

An effective S&T policy should aid the ability of the private sector to reconfigure itself in ways 
that advance rapid technological change and diffuse innovation. It should recognize and support 
the fact that business and industry are now conducted on the basis of not only of strategic 
alliances and partnerships but also on the basis of networks of learning and innovation. 
Although some aspects of science and technology policy already support organizational and 
institutional arrangements to increase research-based productivity in innovation, the pace of 
institutional innovation by government has slowed during a time of rapid and fundamental 
restructuring of the private sector. Policy-makers have paid inadequate attention to those 
arrangements that contribute to social capital. 
Social capital refers to features of social organization (such as networks, norms, and trust) that 
facilitate coordination and cooperation for human benefits. The notion of social capital extends 
our understanding of cooperation or collaboration in two significant ways: linking cooperation 
to the economic concept capital signals the investment or growth potential of a group’s ability 
to work jointly; the concept identifies the structure created from collaborative effort as capital. 
∙ Well-functioning partnerships and networks are in and of themselves a form of social 

capital.37 Social capital is located both in the sharable resources held by individual 
institutions in a network and in the overall structure – the relationships among the 
institutions in a network.38  

∙ Social capital, like other forms of capital, accumulates when used productively. Traditional 
economic perspectives that focus on short-term self-interest and individual transactions 
ignore the accretion, or growth, opportunities of cooperation. Closely related accretion is 
the self-reinforcing cyclic nature of social relations. Trustful relations tend to be self-
reinforcing in the positive direction. Mistrust tends to cycle in the negative direction. 

∙ The constituent elements of social capital are trust, norms, and networks. Trust is 
developed over time as individuals gain confidence in the reliability of others in a series of 
interactions.39 A key property of social capital rests on the transitivity of trust. Therefore, 
relatively large networks may exhibit generalized trust without close personal contact 
among all members. Norms of appropriate behavior developed as a social contract is 
negotiated among actors. The norm of reciprocity is fundamental to productive relation-
ships. Closely linked to reciprocity is a norm that actors will forego their immediate self-
interest to act not only in the interest of the group but also in their own long-term self-
interest.40 A reputation for trustworthiness is essential to actors in collaborative networks. 
Social capital is preserved by careful selection of network players and strict sanctioning of 
inappropriate (network-destroying) behaviors. 

                                                           
37 Ostrom, E., 1990. Governing the Commons: The Evolution of Institutions for Collective Action, 
Cambridge University Press: New York. 
38 For example, a group of scientists who have collaborated on a relatively small scientific project may 
then use their collaborative ability to propose and to complete larger, riskier research projects. They may 
then further use their network to address the economic revitalization of their community. Their originally 
small network may be extended to members of the political and business community: small cooperative 
ventures may grow into more ambitious undertakings as parties learn how to collaborate productively and 
develop reputations for trustworthiness. 

39 For micro-level explanation of the development of inter-organizational arrangements, see Ring, P.S. 
and A. van de Ven, 1994. Developmental Processes of Cooperative Inter-organizational Relationships, 
Academy of Management Review, 19; Fountain, J., 1994. Trust as a Base for Inter-organizational Forms, 
paper delivered at conference on “Network Analysis and Innovation in Public Programs,” University of 
Wisconsin at Madison, September 30, 1994. 
40 Coleman, J., 1990. Foundations of Social Theory, Harvard University Press: Cambridge. 
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∙ Empirical research on the characteristics of successful cooperative arrangements indicates 
a set of conditions that aid the formation of social capital. When actors form relationships 
over a period of time long enough to establish a series of transactions, reputations for 
fairness and reliability may be built that lead to trustful relations.41 Successful cooperative 
arrangements tend to have a limited number of players, making it easier for information 
about reputations and transactions to be shared within the network. Successful formation 
of social capital requires that actors value the long-run relationship highly enough to 
forego immediate gains for future benefits. The boundaries and objectives of the network 
must be clearly defined. In some cases, it has been important for participants in the 
network to define the rules under which they will cooperate. Graduated sanctions must be 
in place to punish inappropriate actions without destroying the network. Similarly, well-
performing networks must develop conflict resolution mechanisms in order to resolve 
inevitable disagreements. 

Many aspects of US S&T policy advance inter-organizational relationships. The components of 
the Advanced Technology Program (ATP) and the Manufacturing Extension Partnerships (MEP) 
Program contribute to build social capital. Although neither of them has as their primary focus 
the construction of collaborative efforts, they contribute to linkage in substantial ways. 
∙ Many benefits of network-based arrangements have been produced as positive, though 

largely unintended, consequences of the ATP, which funds research on a cost-shared basis 
to create industrial technology that is considered too risky for firms to fund on their own 
but which, if successfully developed, would be of net benefit not only to the firm but also 
to the nation. 
– The ATP tends to give joint ventures a broadly based advantage over single firms. If 

social capital inheres in the structures that are developed through consortium efforts, 
then the long-term benefits to the nation in terms of increasing innovative capacity 
should accrue more strongly through support to consortia rather than to single firms.42  

– ATP awardees responded overwhelmingly that the chief benefit of collaboration has 
been the stimulation of creative thinking by pooling expertise. The chief difficulties 
reported concern the start-up period and the multi-party negotiations required to 
integrate different cultures for the purpose of the joint venture. Learning to collaborate 
equates to learning to trust, or establishing credibility among the parties. This process 
necessarily involves a series of interactions over time. But in spite of these difficulties, 
92% of the participants surveyed reported that the ATP experience heightened their 
interest in external collaboration. Moreover, 96% of the joint venture participants said 
that their ATP experience had motivated them to seek out future joint ventures. 

∙ The benefits of partnerships and collaboration in networks are not confined to high-tech 
industries. The revitalization of manufacturing depends to a great extent on the capacity of 
manufacturers to develop external relationships. The delivery mechanism used by MEP 
builds social capital. Awards stimulate public and private organizations to collaborate in 
order to work with local manufacturers in a systematic, integrated fashion. Typically, MEP 
centers form an integral part of local networks of service providers. 
– A limiting factor for many older manufacturing firms is the requirement for an 

attitudinal shift on the part of manufacturers to recognize the benefits, indeed the 
necessity, of working collaboratively in order to modernize and to remain abreast of 
technological developments that affect the business. 

                                                           
41 Axelrod, R., 1984. The Evolution of Cooperation, Basic Books: New York. 
42 A survey of 115 ATP awardees received their awards during the 1990-92 period provides insights into 
the benefits of ATP as perceived by firms in the program. One of the key benefits, from the perspective of 
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joint venture participants established subcontracts with 5 other companies, on average. 
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– A key success of federal technology policy during the 1990s has been the revitalization 
of manufacturing by supporting both new technologies and the state-of-the-art business 
practices that allow new technologies to be implemented.43 The MEP comprises a 
broad network of federal and state governments, non-profit organizations, industry 
groups, and educational institutions. It is a collaborative network that links a host of 
management and technology assistance providers to SMEs. Most of its services are 
focused on individual firm needs. However, MEP also helps firms to develop external 
relationships to promote integration and information processing capacity. The ability of 
MEP to promote linkages within more mature industries is a critical element in the 
revitalization of manufacturing. 

– A national network of more than 300 local MEP offices has links to more than 750 
service delivery organizations. This vast network includes a wide variety of players: 
non-profit technology or business assistance centers, economic development groups, 
universities and community colleges, private consultants, utilities, federal laboratories, 
and industry associations. 

1.4 Sub-National Systems of Innovation 
Sectoral systems of innovation 
The notion of sectoral innovation system (SIS) provides the multi-dimensional, integrated and 
dynamic view of sectors, which relates to the industry life-cycle literature (Utterback, 1994) and 
broader analyses of long-term evolution of industries (Keppler, 1996) as well as the innovation 
system approach and the evolutionary theory. The main advantage of SIS approach is a better 
understanding of the factors at the base of differential performances of firms and regions in a 
sector. Its main building blocks are: knowledge base and learning processes; basic technologies, 
inputs and demand, with key links and dynamic compementarity; type and structure of inter-
actions among agents; institutions; and processes of generation of variety and selection. 
(Knowledge base and learning process) Sectors differ in terms of knowledge base and learning 
process. Knowledge becomes highly idiosyncratic at the firm level, does not diffuse 
automatically and freely among firms, and it has to be absorbed by firms through their 
differential abilities accumulated over time. Accessibility,44 technological opportunity and 
cumulativeness45 are key dimensions of knowledge related to the notion of technological and 
learning regime. The notion of technological regime provides a description of the knowledge 
environment in which firms operate, and which is composed by opportunity and appropriability 
conditions.46 
∙ Greater accessibility implies lower appropriability: competitors easily gain knowledge 

about new products and processes. Competent competitors can imitate new products and 

                                                           
43 Shapira, P., 1998. Manufacturing Extension Services, in Branscomb, L.M. and J.H. Keller (eds.), 
Investing in Innovation: Creating a Research and Technology Policy That Works, The MIT Press. 
44 Accessibility of knowledge refers to opportunities of gaining knowledge that are external to firms. 
Accessible knowledge may be internal or external to the sector. Accessibility to knowledge that is 
external to the sector may be related to scientific and technological opportunities, in terms of level and 
sources. The external environment may affect firms through human capital with a certain level and type 
of knowledge or through scientific and technological knowledge developed in firms, universities, other 
research institutes, etc. 
45 Cumulativeness refers to the degree by which the generation of new knowledge builds on current 
knowledge. There are three sources of cumulativeness: 1) learning processes and dynamic increasing 
returns at technology level, 2) firm-specific organizational capabilities, and 3) the feedback from the 
market, e.g. “success-breeds-success” processes. The cognitive nature of learning process and the past 
knowledge constrain current research, generating new questions and new knowledge. 
46 Malerba, F. and L. Orsenigo, 1997. Technological regimes and sectoral patterns of innovative activities, 
Industrial and Corporate Change 6, 83-117. 
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processes. Industrial concentration lowers with greater accessibility: if external knowledge 
is easily accessible, transformable into new artifacts, and exposed to a lot of actors,47 then 
innovation entry may take place. On the contrary, if advanced integration capabilities are 
necessary, the industry may be concentrated and formed by large established firms. 

∙ High cumulativeness implies a mechanism leading to high appropriability of innovations.  
At the technological and the firm levels, cumulativeness creates first mover advantages 
and generates high concentration. High levels of cumulativeness at the firm level are 
expected to be associated with persistence in innovative activities. At the sector level, 
technological cumulativeness is expected to be associated with a rather high degree of 
stability in the hierarchy of innovative firms and a low rate of innovative entry. In such 
circumstances, the selection process favors established technological leaders. Existing 
innovators accumulate technological knowledge and capabilities and build up innovative 
advantages, which act as powerful barriers to the entry of new innovators. 

∙ Technological regimes characterized by high opportunity condition are expected to show 
patterns of innovation characterized by remarkable turbulence in terms of technological 
entry and exit and a high instability in the hierarchies of firms. High technological 
opportunities allow for the continuous entry of new innovators. But established firms also, 
if successful, may end up in gaining a substantial leap in their relative competitiveness, 
thus leading to the elimination from the market of the less successful innovators. Low 
opportunity conditions limit innovative entry and restrict the innovative growth of 
successful established firms: a higher stability of the major innovators may emerge. 

∙ High degrees of appropriability are likely to result in a relatively higher level of industrial 
concentration. Conversely, low appropriability conditions are likely to lead to a industrial 
structure characterized by the presence of a large population of innovators.  

∙ Technological regimes and patterns of innovation change over time. Early in the history of 
an industry, when knowledge is changing very rapidly, uncertainty is very high, and 
barriers to entry are very low, new firms are the major innovators and are the key elements 
in industrial dynamics. 48  When the industry develops and eventually matures and 
technological changes follow well-defined trajectories, economies of scale, learning 
curves, barriers to entry and financial resources become important in the competitive 
process: and thus large firms with monopolistic power come to the forefront of the 
innovation process. 
– In the presence of major technological and market discontinuities, a stable organization 

characterized by incumbents with monopolistic power is displaced by a more turbulent 

                                                           
47 Appropriability of innovations summarizes the possibilities of protecting innovations from imitation 
and of reaping profits from innovative activities. High appropriability means the existence of ways to 
successfully protect innovation from imitation. Not all external knowledge are easily used and trans-
formed into new artifacts. Innovative entry may take place when external knowledge is easily accessible, 
transformable into new artifacts, and exposed to a lot of actors. If advanced integration capabilities are 
necessary, the industry may be concentrated and formed by large established firms. 
48 The difference in the organization of innovative activities at the sector level may be related to a 
fundamental distinction between Schumpeter Mark I and Schumpeter Mark II models. Schumpeter Mark 
I is characterized by ‘creative destruction’ with technological ease of entry and a major role played by 
entrepreneurs and new firms in innovative activities. Schumpeter Mark II is characterized by ‘creative 
accumulation’ with the prevalence of large established firms and the presence of relevant barriers to entry 
for new innovators. This regime is characterized by the dominance of a stable core of few large firms, 
with limited entry. High technological opportunities, low appropriability and low cumulative-ness (at the 
firm level) lead to a Schumpeter Mark I pattern. On the contrary, high appropriability and high 
cumulativeness (at the firm level) lead to a Schumpeter Mark II pattern. Breschi, S., F. Malerba and L. 
Orsenigo, 2000. Technological regimes and Schumpeterian patterns of innovation, Economic Journal 110, 
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organization with new firms using the new technology or focusing on the new demand. 
– The empirical evidences suggest the existence of differences across sectors in the 

patterns of innovative activities and of similarities across countries in the patterns of 
innovative activities for each sector,49 implying the relevance of technological regimes 
in determining invariance in sectoral innovation patterns across countries, as long as 
cumulativeness and appropriability conditions are similar across countries. The 
capability to generate and exploit opportunity conditions seems less similar across 
countries, which is related to the presence of national systems of innovation. 

– The specificities of technological regimes and the knowledge base provide a powerful 
restriction on the patterns of firms’ learning, competencies, behaviors and organization 
of innovative and production activities in a sectoral system. Case studies in the 
managerial and economic history literature shed light on this aspect. These analyses 
point to the direction of placing a lot of attention to differences across sectors in some 
key factors related to knowledge and learning regimes. 

(Basic technologies and demand) Basic technologies and demand constitute major constraints 
on the full range of diversity in the behavior and organization of firms active in a sectoral 
system. Obviously these constraints differ between sectors in relations to the basic technologies 
and demand. Basic technologies affect the nature, boundaries and organizations of sectors. 
Differences in demand conditions play a major role in affecting sectoral differences in firms’ 
competencies, behavior and organization. A given technological environment and demand 
defines the nature of the problems firms have to solve in their innovative and production 
activities and the types of incentives and constraints to particular behavior and organizations.50 
Within these constraints, however, great and persistent heterogeneity in firms’ innovative 
behavior and organization is present. In addition to demand and technologies, links and 
complementarities among artifacts and activities play a major role in defining the real boundary 
of a sectoral system. 
∙ For each sectoral system, in principle, more than one technology may be relevant: thus a 

technology-product matrix links the products of the sectoral system to a range of 
technologies. In most sectors, even firms specialized in a single product has to master 
several technologies: they are labeled multi-technology corporations.51 However, in the 
same sectoral system, the profile of technological diversification among large firms is 
rather similar.52 

∙ The links and complementarities are first of all of the static type, as input-output links are. 
Then there are dynamic complementarities that take into account interdependencies and 
feedbacks, both at the demand and at the production levels. Dynamic complementarities 
among artifacts and activities are a major source of transformation and growth of sectoral 
systems, and may set in motion virtuous cycles of innovation and change. Of course, links 
and complementarities change over time and differ among sectoral systems. They greatly 
affect a wide variety of variables of a sectoral system: firms’ strategies, organization and 
performance, the rate and direction of technological change, the type of competition and 
the networks among agents. 
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industry, in Mowery, D. and R. Nelson (eds.), The Sources of Industrial Leadership, Cambridge 
University Press: Cambridge. 
51  Grandstand, O., P. Patel and K. Pavitt, 1997. Multi-technology Corporations: why they have 
distributed rather than distinctive core competencies, California Management Review 39, 8-25. 
52 Patel, P. and K. Pavitt, 1994. Technological competencies in the world’s largest firms: complex and 
path-dependence, but not too much variety, Research Policy 23, 533-546.  
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(Type and structure of interactions) Heterogeneous agents are connected in various ways 
through market and non-market relationships.53 Attention has been paid to formal and informal 
cooperation and interaction among firms. In uncertain and changing environments, networks 
emerge not because agents are similar, but because they are different. In this way, networks may 
integrate complementarities in knowledge, capabilities and specialization. In addition, the 
relation-ships between firms and non-firm organizations (universities. public research centers, 
etc.) has been emphasized as a source of innovation and changes in several sectors (such as 
pharmaceuticals and biotechnology, information technology and telecommunications). 
∙ Heterogeneity of firms is a key feature of sectoral systems. Firms are characterized by 

specific beliefs, expectations, competencies and organizations, and are engaged in process 
of learning and knowledge accumulation. Firms include users and suppliers, who have 
different types of relationship with the innovating and producing firms. 
– Users interact in various ways with producers. Their role is extremely important in 

several sectors, such as instrumentation. The focus on users puts a different emphasis 
on the role of demand, which is not seen as an aggregate set of similar buyers, but as 
composed by heterogeneous agents with specific attributes and competencies. 

– Suppliers of components and subsystems also play a major role in affecting innovation, 
productivity and competitiveness of downstream sectors. Suppliers are characterized by 
specific attributes, knowledge and competencies, with more or less close relationships 
with producers. The role of suppliers varies across sectors. 

– Sectoral systems greatly differ in the extent and type of agent heterogeneity. Degree of 
agent heterogeneity may stem out of differences in a set of factors, including the 
characteristics of the knowledge base, experience and learning process, specific inter-
action with demand, the working of dynamic complementarities, firms’ histories, and 
differential rates and trajectories of innovation and growth. 

∙ Other types of agents are non-firm organizations such as universities, financial institutions, 
government agencies, local authorities, etc. In various ways, they support innovation, 
technological diffusion and production by firms, but again their role greatly differs among 
sectoral systems. 

∙ The most appropriate units of analysis in specific sectoral systems are not necessarily firms, 
but individuals, sub-units of firms (such as the R&D or the production department), and 
groups of firms (such as industry consortia). 
– In sectoral systems such as biotechnology or software, inventors, scientists, or specific 

engineers are key players. In biotechnology, a key unit of analysis is also the university 
department and the research laboratory. In electronics, R&D consortia or alliances for 
standards are often a more appropriate unit of analysis for the competitive process. 

∙ The types and structures of relationships and networks differ between sectoral systems, as 
a consequence of the features of the knowledge base, the relevant learning processes, the 
basic technologies, the characteristics of demand, the key links and the dynamic 
complementarities. The type of structure of relationships and networks in a sectoral 
system are rather stable over time. 
– In pharmaceuticals, the change in the underlying knowledge base from random 

screening to modern biotechnology has created new types of networks and relations 
                                                           
53 Traditional analyses of industrial organization have examined agents as involved in processes of 
exchange, competition and command (e.g. vertical integration). In more recent analyses, processes of 
formal cooperation or informal interaction among firms or between firms and non-firm organizations 
have been examined in-depth, as one may see from the literature on tacit or explicit collusion, hybrid 
governance forms or formal R&D cooperation. This literature has analyzed firms with certain market 
power, suppliers and users facing opportunistic behavior, asset specificity in transaction, or firms with 
similar knowledge and facing appropriability and indivisibility problems in the R&D process. 
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among firms (large pharmaceutical companies and new biotech firms), and among 
firms, non-firm organizations (universities and venture capitalists) and institutions 
(regulations).54  

– The knowledge base of machinery relates to completely different types of networks and 
relationships between firms (users and suppliers), non-firm organizations (local banks 
and industry associations and government) and institutions (local trust). 

– The key role of networks in a sectoral system leads to a meaning of the term ‘sectoral 
structure’ different from the one used in industrial economics. In industrial economics, 
structure is related mainly to the concept of market structure and of vertical integration 
and diversification. In a sectoral system perspective, on the contrary, structure refers to 
links among artifacts and to relationships among agents: it is far broader than the one 
based on exchange-competition-command. 

(Institutions) Sectoral systems may greatly differ with respect to their typical institutions. 
Institutions include norms, routines, common habits, established practices, rules, laws, and 
standards, which shape agents cognition and action and affect the interactions among agents.55 
Sectoral institutions may emerge either as a result of deliberately planned decision by firms or 
other organizations, or as the unpredicted consequence of agents interaction. 
∙ Institutions and the related organizations differ greatly in terms of types. They may range 

from the ones that impose enforcement on agents to the ones that are created by the 
interaction among agents (such as contracts); from formal to informal (such as patent laws 
or specific regulations vs. traditions and conventions). Institutions are mostly national, 
while some are specific to sectors – e.g. sectoral labor markets or sector-specific financial 
institutions. Examples of sectoral institutions are disclosure agreements and standards in 
software or the regulations in the modern pharmaceutical sector. 

∙ National institutions have effects on specific sectoral systems. For example, the patent 
system, property rights or antitrust regulations have different effects on different sectoral 
systems as a consequence of the different features of the systems, as surveys and empirical 
analyses have shown.56 The same institution may take different features across countries, 
and thus, may affect the same sectoral system differently in different countries.57  

∙ The characteristics of national institutions may favor specific sectors that fit better with 
their specificities: thus, some sectoral systems become predominant in a country because 
the existing institutions of that country provide an environment more suitable for certain 
types of sectors and not for others. National institutions may constrain innovation in 
specific sectors or result in mismatches between national and sectoral institutions. Dosi 
and Malerba (1996) provides examples of different types of interaction between national 
institutions and sector evolution in various advanced countries. 

∙ The analysis of the role of institutions in sectoral systems is only at the beginning. A lot of 
work needs to be done in this respect, and it has to be done in various directions. This will 
present a formidable analytical challenge, because the relevance and balance of various 
types of institutions may not only differ across sectoral systems, but also differ across 
countries for the same sectoral system, and involve a range of related organizations. 

                                                           
54 Henderson, R., L. Orsenigo and G. Pisano, 1999. The pharmaceutical industry and the revolution in 
molecular biology, in Mowery, D. and R. Nelson (eds.), The Sources of Industrial Leadership, Cambridge 
University Press: Cambridge. 
55 Edquist, C. and B. Johnson, 1997. Institutions and organizations in systems of innovation, in Edquist, 
C. (ed.), Systems of Innovation: Technologies, Institutions, and Organizations, Pinter Publishers: London. 
56 Levin, R., A. Klevorick, A., R. Nelson and S. Winter, 1987. Appropriating the returns from Industrial 
R&D, Brookings Papers on Economic Activity 3, 783-831. 
57 The well-known diversity between the first-to-invent and the first-to-file rules in the patent system in 
the US and in Japan had major consequences on the behavior of firms in the two countries. 
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(Processes of selection and variety generation) At the base of heterogeneity of firms within 
sectoral systems lies the interplay between two key evolutionary processes that differ between 
sectors: the process of variety creation and the process of selection (Nelson and Metcalfe, 1998). 
These processes affect industrial dynamics and greatly account for its differences across sectoral 
systems. 
∙ Processes of variety creation refer to products, technologies, firms, institutions as well as 

strategies and behavior. They are related to several mechanisms: entry, R&D, innovation 
and so on. These mechanisms interact at various levels.  
– The emergence and growth of new institutions and organizations (e.g. new specialized 

departments in universities) and new scientific, technological and educational fields 
increase variety and can be associated with the emergence of new technologies and 
new knowledge. 

∙ The creation of new agents – both new firms and non-firms organizations – is particularly 
important for the dynamics of sectoral systems. New firms bring a variety of approaches, 
specialization and knowledge in the innovation and production processes and contribute to 
the major changes in the population of agents and in the transformation of technologies 
and products in a sector. 

∙ Processes of selection play the key role of reducing heterogeneity. In addition to market 
selection, non-market selection processes can be at work, as in the case of the involvement 
of the military or the health system. In general, selection affects the growth and decline of 
the various groups of agents and the range of viable behaviors and organizations in a 
sectoral system. Selection may be more or less intense and frequent and greatly differs 
across sectoral systems. 

Regional innovation system 
The innovation system approach has been diversified by studies that recognized the evolution of 
autonomous systems of innovation at the local, the regional and the global level. The dominance 
of national institutions is called into question, as institutions at territorial levels below and 
beyond the nation-state become increasingly important for innovation processes. Functions of 
the NSI became part of a multi-level governance system. A multi-level approach directs on the 
dynamic reconfiguration of NSI towards the sub-national as well as the international level, 
bridging the gap between innovation system approaches that analytically highlight one specific 
territorial level only. 
∙ Tensions for NSI arise both from globalization and regionalization, resulting first of all 

from increasing cross-border technological alliances of multinational corporations (MNC). 
In addition, international science, innovation and diffusion networks turn nationally based 
systems of innovation into open systems. Arguments in favor of the existence of global 
systems of innovation refer mainly to two developments: the effects of national policies 
are diminishing due to the increase of transnational organization of technologies and 
businesses; a growing number of policy areas are coordinated by the EU or other regional 
integration agreements. 

In recent years, much more attention has been paid to the concept of regional or local innovation 
systems. The concept of regional innovation systems (RIS) is based on the assumption that the 
regional level can play a balancing role in the age of growing globalization. The NIS cannot 
function well without regional innovation systems in respect of the enterprise and innovation 
support infrastructure, specialized human capital, leading edge basic and applied research and 
the varieties of network relationships that function most effectively in the relatively close 
proximity of regional clusters. 
∙ The internationalization of enterprise research and development rests on two main factors: 

the search for specialized regional centers of excellence in key technological areas, and 
their presence on important lead markets. 
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∙ The specificity of institutional arrangements within national innovation system conditions 
the conduct of scientific research within its public research organizations. Some of the 
most important impacts of the national innovation system are felt at the local and regional 
levels. This insight is reinforced by a growing body of research that emphasizes the 
importance of proximity in the transfer of knowledge from the institutions that generate it 
to those that adopt and apply it. This research underlies the fact that the linkages and 
benefits from public investments in basic research are increasingly localized. Proximity to 
the source of the research is critical for the success with which new product innovations 
are transferred from the laboratory to commercial exploitation.58 

∙ Specific regional or local characteristics and structural patterns exist, which have a deep 
impact on the competitiveness of regions. Two main reasons for the emergence of regional 
innovation systems can be identified: RIS develop in a geographical space consisting of a 
common language, culture and territorial identity; on the level of sub-state units, such as 
the German Länder or the US federal states. The RIS approach tries to explain how and to 
what extent the institutional and cultural environment of a region supports or obstructs 
innovation. But whereas the proponents of the NSI-approach demand the existence of all 
necessary components for the system to function, RIS scholars deny this prerequisite. 

∙ Despite processes of internationalization and regionalization, the meaning of the national 
environment for the generation of innovation continues to be important. This is explicitly 
expressed by remaining national patterns of economic specialization. This means that 
national systems of innovation significantly vary, for example, according to the direction 
of public science and technology policies, the distribution and the success of public R&D-
financing, the technological orientation of industrial research, the level of the enterprises’ 
technological development, and the acquisition strategies of firms. 

                                                           
58 While much of the research on which these findings are based rely on US data, a recent study using 
European data reports similar results. The most frequently cited explanation for this proximity effect is 
the need to gain access to tacit knowledge that is not yet codified. Conversely, the role of proximity 
declines when useful knowledge is available in a codified form, suggesting that proximity may be more 
important for transfer of relatively new research results in science-based fields where personal access to 
those conducting research is critical for the effective transfer of its insights.58 This has important 
implications for the development of local clusters and regional innovation systems, especially in the 
critical fields of biomedical and biotechnology research. 
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2. Science and Technology Policy 

2.1 The Public Science System 
The system of governance for science 
In the last two decades of the 20th century, there has been a shift away from state-dominated 
governance towards more distributed models of governance. The former emerged immediately 
after the Second World War and prevailed until the 1980s. Based on the linear model, the old 
system included a dominant role of the state support of science and the separation of scientific 
community from the rest of the society. The drawing of scientific and technological research 
into closer interaction suggests an alternative model for the public science system based upon a 
distributed model of governance.1 It is in the process of displacing the state-dominated system 
in which universities and government research laboratories held a favored position. 
∙ During the second half of the 20th century, advanced countries made unparalleled public 

investment in exploring what Bush (1945) termed the endless frontier.2 However, the 
consensus supporting public investment in science began to fray since the early 1980s. 
The decline of belief in fundamental principles of public science has been central to the 
unraveling of the consensus. 
– It was believed that scientific knowledge is gained through processes of investigation 

independent of its application and thus relies upon institutions with a central interest in 
the pursuit of knowledge without regard to its immediate practical application. The 
credibility of this belief had been reduced, as scientific discoveries originating in 
corporate research laboratories accumulated. 

                                                           
1 Public science systems are understood as the set of organizations whose employees undertake research 
primarily for publication together with the institutional arrangements governing their operation, including 
funding, establishment of priorities, evaluation of performance and allocation of rewards. Research in the 
public sciences is largely oriented around the competitive pursuit of collegiate reputations for published 
contributions to collective intellectual goals (Dasgupta and David, 1994), and researchers are rewarded 
mostly on the basis of those reputations. Technologically oriented research investigating the behavior of 
artifacts and artificial materials contributes to knowledge in the public sciences insofar as it is primarily 
directed at gaining such reputations. Research undertaken for military or commercial purposes and whose 
results are not publicly available does not constitute part of the public science system. 
2 The involvement of the US in the Second World War had a dramatic impact on the scope and direction 
of government’s support of science and technology. In 1940, President Roosevelt established the National 
Defense Research Committee, and asked Vannevar Bush to be its chairman. In 1941, the Office of 
Scientific Research and Development was established with Bush as Director, which, through contractual 
relationships with universities and industry and government agencies, could harness national strengths 
with a focus on ending the war. In 1944, President Roosevelt asked Bush to develop recommendations as 
to how scientific advancements could contribute to the advancement of national welfare. Bush submitted 
his report, Science – the Endless Frontier, in 1945. In his report, Bush stated: 1) Progress depends on a 
flow of new scientific knowledge; 2) Basic research leads to new knowledge; 3) New products and new 
processes are founded on new principles and new conceptions, which in turn are painstakingly developed 
by research in the purest realms of science; 4) The Government should accept new responsibilities for 
promoting the flow of new scientific knowledge; 5) If the universities and research institutes are to meet 
the rapidly increasing demands of industry and government for new scientific knowledge, their basic 
research should be strengthened by use of public funds. There was agreement throughout government that 
an institutional framework for science was needed, but the nature and emphases of that framework would 
be debated for yet another 5 years. The Bush Report laid the basis for what was to become the National 
Science Foundation. Also, it set forth a paradigm that would over time influence the way that policy 
makers and academic researchers thought about the process of creating new technology: Bush set forth 
the so-called linear model. 
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– It was believed that the scientific enterprise itself was innocent of the misapplication of 
scientific knowledge leading to harm and thus did not require external governance or 
review. But scientists have not escaped a relative loss of public sympathy resulting 
from the accumulation of catastrophes in the application of science. In addition, no 
consensus exists on the extension of research into the natural and medical sciences 
raises ethical concerns, leading to loss of confidence in scientists’ self-governance. The 
common belief is that science does need to be governed.  

– It was believed that the process governing scientific performance and reputation 
principally relied upon the capacities and energies of individual scientists and therefore 
that these processes could be relied upon to provide reliable guides to the allocation of 
resources. The decline in this belief is linked to the unraveling of the two previous 
beliefs and to the general distrust of elite and authority. Rather than consensus that 
scientists are pursuing a higher interest in truth or public interest, the suspicion has 
grown that scientists may be pursuing more conventional personal interests. 

∙ The social contract for science forged in the aftermath of World War II saw society willing 
to fund massive investments in basic research in the expectation of long-term economic 
benefits, while leaving universities autonomy in the conduct of that research. The social 
contract had several critical implications for the conduct of science in post-war societies: 
– It implied a high degree of autonomy for the realm of science, vigorously reinforced by 

the boundary work of the scientific community itself; 
– It afforded expert status to the role of scientists in the exercise of judgement about most 

matters relating to the conduct of scientific investigations and applications of the 
resulting knowledge; 

– It privileged the role of the universities and other public research organizations as the 
principal sites for the conduct of scientific research; and 

– It assumed a strict separation between the sphere of science and that of politics and 
economics. 

∙ Many elements of this contract have been subject to increasing strain since the 1980s. This 
questioning is the outcome of a broader shift in the lines demarcating the university from 
other aspects of society: 
– A questioning of the universities and their individual disciplines as the sole, or even 

primary, source of scientific expertise; 
– A greater involvement of industry with university research; 
– An increase in interdisciplinary research and a shift in the emphasis of government 

funding from basic to more applied research; and 
– A greater expectation that university research will lead directly to commercializable 

results. 
– The growing internationalization of scientific communities; 

∙ This shift is reinforced by the political expectation that research funding be tied to broader 
public policy objectives concerning promoting national innovative capacity and increased 
competitiveness.3 Adopting a longer-term historical view, this shift appears less likely a 

                                                           
3 The military imperative collapsed entirely as the Berlin Wall came down. This has left only a few 
fundamental rationales for public science that remained safe from the declines in belief about scientific 
enterprise. Among the few fundamental rationales for public support of science, one is the perceived 
centrality of science in supporting social needs such as health care and safeguarding of the environment. 
Another is the opportunity to support domestic industrial competitiveness by supporting the generation of 
the knowledge for eventual commercialization. A third and perhaps less central rationale for the public 
support of scientific enterprise is that it is an essential component of advanced scientific training, through 
either the renewal of the skills and knowledge of university teachers or the provision of training in 
research for their students. None of these rationales supports the conclusion that the scientific community 
alone should govern investigation. Science is viewed as a social system with actors, structures and 
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new phenomenon than return to the conditions that prevailed prior to the Second World. 
The post-1980s relationship between universities and other actors in the innovation system 
more closely resembles the historical model than the one embodied in the post-war social 
contract for science. 
– In the late 19th century, the expectation that universities would contribute to broader 

social and economic goals was widespread among the European universities, 
particularly those in Germany. Even in the US, the land-grant universities established 
by the Morrill Act in 1862 were allocated many of these functions. 

– The university system has been the locus of both basic and applied research over most 
of its history and, even at the height of the post-war period, much government funding 
was also directed at applied research. 

∙ The public-good rationale directly supported the role of government as a principal actor in 
funding the scientific system. The problem is that technological knowledge is not likely to 
be a public good that is freely available as inputs into the production of new science. The 
separation between scientific and technological knowledge production should be relaxed 
to consider the potential for complementarities between scientific and technological 
information.4 The progress of science may depend on the advance of technology. The 
asymmetry in access between scientific and technological knowledge provides a motive 
for linking technological and scientific research efforts and institutions. 
– In 1952, the National Science Foundation defined the relationship between basic 

research and applied research as a linear model involving the progression through a 
technological sequence leading eventually to product development, the final stage 
involving systematic adoption of research findings into useful materials, devices, 
systems, methods and processes. Theoretical support for this model and underlying 
justification for government funding of basic research was provided by Nelson (1959) 
and Arrow (1962). Nelson explained why potential applications and new combinations 
of knowledge would not be fully explored or developed if the private firms undertaking 
the research captured the benefits for themselves, either by keeping the results secrete 
or by exerting their property rights over the findings. Extending this analysis, Arrow 
argued that the output of basic research took the form of information that was 
expensive to generate but effectively costless to use and reproduce, thereby exhibiting 
the qualities of true public good. 

– The replication of scientific knowledge, however, requires the exchange of personnel as 
well as publication, particularly at the early stage of new discovery.5 The participation 
of corporations in scientific research and networks of researchers further motives for 
linkages, such as the need to publish in scientific journals to gain effective access to the 
scientific community. If knowledge transfer problems are significant, existing channels 
for the publication of scientific information (e.g. scientific journals) cannot be viewed 

                                                                                                                                                                          
incentives that are rapidly evolving. This evolution is marked by a degree of stress or pressure. The 
dissipation of practice and belief in the several principles has reduced the autonomy of scientific 
organizations and increased efforts to establish methods for assuring their accountability. 
4 The linear model has been subject to considerable criticism and refinement since the 1980s. A rigid 
dichotomy between basic and applied research misapprehends the fundamental nature of scientific 
research. The relationship between basic and applied research moves along the parallel trajectories that 
intersect, but maintain their autonomy. Science often proceeds to a higher level of understanding with 
little regard to the implication for technological improvement, while much technological innovation 
involves narrowly targeted engineering or design changes, based on existing or well-understood science. 
Much of applied research is really need-driven creative research into new kinds of materials, new 
processes or new ways of exploring or measuring, and new ways of doing and making things. Branscomb, 
L. (1998), From science policy to research policy, in L. Branscomb and J.H. Keller (eds.), Investing in 
Innovation: Creating a Research and Innovation that Works’, Cambridge: MIT Press, 112-39. 
5 Collins (1982) notes the difficulty of replicating results based on published results. 
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as the solution to the problems improving access to knowledge – linkages between 
research efforts and institutions need to be fostered. 

∙ Some parts of a network of distributed knowledge may function effectively by employing 
traditional social norms of open science, which emphasize that open disclosure is directly 
linked to the competition for scientific priority, the identification of the first discoverer of 
new scientific results. Other parts of the network may require the negotiation of exchange 
between those developing knowledge, either because they have not disclosed information 
or because they are unable to disclose it effectively. While both types of networks are 
subject to the problems of market failure, the ‘negotiated access’ part of the network is 
also subject to further market failures resulting from failures in coordination, transaction 
or knowledge discovery, i.e. the identification of things worth knowing. These factors may 
be collectively termed ‘scientific network failure’. 

∙ Analyzing scientific network failure focuses attention on the scope of knowledge exchange 
and the possibilities of missing nodes that might bridge the parts of the network that do 
not regularly interact. It also suggests that some types of scientific knowledge may be 
exclusively exploited for a period of time by a limited number of participants. If a 
particular line of scientific research is likely to have a specific applicability,6 it is 
conceivable that interested actors will identify each other and act either as an interest 
group supporting government funding for such research or as a ‘club’ to privately finance 
such research. To the extent that such clubs include all of the actors that might make use 
of such knowledge, the social welfare losses identified by Arrow (1962) and Nelson 
(1959) will not appear, even though the information that they produce does not circulate 
generally within society. 
– The creation of such network structures serves a similar purpose to those served by 

intellectual property rights in that the costs of establishing them must somehow be 
recouped and passed on to those consuming the goods and services produced using the 
knowledge that the club produces or exchanges. 

∙ The network of distributed scientific knowledge is a new mode for the operation of the 
scientific system and it is in the process of displacing the traditional system in which 
universities and government research laboratories held a favored position.7 It is possible 
to identify the creation of new organizational forms and methods of finance for the 
generation and distribution of scientific results. 
– Corporations, particularly the growing share of those that depend upon technological 

advances for sustaining their competitiveness and productivity improvement, are 
seeking wider and more effective access to a broader range of scientific and 
technological knowledge. Achieving this access may require active participation in 
scientific networks, both to support the interaction between their scientists and 
scientists working in public institutions and to provide better absorptive capacity for 
new knowledge. 

∙ The institutions vested with responsibility for the conduct of scientific and technical 
activities have entered a period of reconfiguration. The greater involvement of democratic 
publics in scientific debates – termed ‘research in the wild’ – makes it difficult to exclude 
them. Research must be opened up to these new actors and they should be engaged in the 
process of cooperative research, where confined research and ‘research in the wild’ 
interact at each critical stage. 

                                                           
6 For example, an investigation of the chemistry of proteins produced by the human endocrine system is 
likely to have a specific applicability to the derivation of new pharmaceuticals. 
7 Gibbons, M., C. Limoges, H. Nowonty, S. Schwartzman, P. Scott and M. Trow, 1994. The New 
Production of Knowledge: The dynamics of Science and Research in Contemporary Societies. London: 
Sage. 
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– This cooperation will result in a new public space labeled hybrid forms - open space 
where a multiplicity of groups involving both experts and concerned lay people can 
debate technical choices that have a powerful impact on their collective well-being. 
Technical democracy - or taking account of science and techniques in democratic 
procedures and institutions - requires an explicit recognition of the legitimate role 
played by these concerned groups. 

– The notion of the cooperative research and hybrid spaces provides an alternative to the 
vision of scientific investigation that prevailed under the post-war social contract for 
science. However, it is surprisingly vague in terms of the implications of national 
(regional) differences for this model and the extent to which existing political and 
institutional arrangements will support the conduct of cooperative research and the 
creation of hybrid spaces. 

Research universities and Research groups 
The key changes impacting on the role of universities include the increasing costs of innovation, 
the growing importance of interdisciplinary research, the overlapping of technology areas, an 
increasingly close relationship between basic research and industrial application, as well as a 
tighter integration of research and demand for its results. 
∙ Interdisciplinary research requires the presence of strong absorptive capabilities on the part 

of individual disciplines, as well as a capacity to exchange ideas in a constructive manner 
with other disciplines. The organization of research institutions and the incentive structure 
imposed on them are essentially discipline oriented. A key part of the knowledge used in 
research programs is tacit in nature. 

∙ The institutions involved must develop new tools and organizational structures to integrate 
the interdisciplinary knowledge within them in an efficient way. The emerging science-
based technology paradigm should not be seen as a return to the linear model, but rather to 
a more interactive view of the nature of technology transfer in the innovation system with 
more feedback and better linkages between public and private and between basic and 
applied research. These knowledge flows can be characterized as a ‘two-way bridge’ and 
policies to strengthen the innovation system must enhance the organizational linkages to 
improve these flows. 

∙ At issue is the changing nature of the relationship between universities and the broader 
innovation system in which they are embedded, as well as the process of scientific 
investigation and discovery that underlies the knowledge production. While the linkages 
between universities and private firms have grown since the 1980s, agreement on the 
appropriate boundaries of their respective roles has not kept pace. An issue that underlies 
this confusion concerns the distinction between basic and applied research – and where 
primary responsibility for the performance of each should lie. 
– Since the early 1980s, firms have expanded their research linkages with universities, 

partly in response to the rising costs of R&D. This trend has coincided with increasing 
budget constraints on government and a decline in public funding for university-based 
research. The growing concern on the part of governments to facilitate the knowledge 
transfer in the innovation system has also generated greater pressure on universities to 
collaborate with firms, which, in turn, creates an internal tension between their roles in 
the development and transmission of knowledge (research and teaching) and that of 
transferring knowledge to other actors in the innovation system. 

– Use-inspired basic research and basic technological research may lead to commercial 
products, but only a small portion of that research has such potential and the process 
frequently involves considerable time lags. Much of the knowledge transfer from 
public research organizations to other parts of the innovation system is person-
embodied. The effective exploitation of that knowledge depends on the capacity of 
firms to absorb and to apply research results, all of which are not transmitted in a 
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codified form. Knowledge is therefore not a freely available good, but involves a large 
tacit component of skills and capacities embodied in people, products and procedures. 
These capabilities also depend on the specific institutional arrangements and cultural 
setting in which knowledge is disseminated.8 

∙ The key changes involve changes in the prevailing institutional arrangements within the 
innovation system, but these arrangements exhibit distinct national (regional) variations. 
Countries vary in the extent to which, and the sectors in which, they display a strong 
capacity to perform R&D and introduce new products and processes, due to the under-
lying structure of their innovation systems and the linkages between the elements of those 
systems. Similarly, the changes affecting the role of university in the innovation system 
exhibit distinctive national variations; an effective understanding of the role must take 
account of these variations. 

The first academic revolution took off in the late 19th century, made research a university 
function in addition to the traditional task of teaching. A second academic revolution then 
transformed the university into a teaching, research and economic development enterprise. This 
transition initially took place with respect to industry at MIT. The entrepreneurial academic 
model was then transferred to Stanford in the early and mid-20th century.9 An entrepreneurial 
academic format is currently being fashioned from a variety of historic university systems.10 
∙ In the US, the entrepreneurial university emerged bottom-up in contrast to Europe, where 

the introduction of academic entrepreneurship is a recent top-down phenomenon in 
response to the innovation gap between the US and Europe.11 

The internal organization of the Research University consists of a series of research groups that 
have firm-like qualities, especially under conditions in which research funding is awarded on a 
competitive basis. Research groups operate as firm-like entities, lacking only a direct profit 
motive to make them a company. In the sciences, especially, professors are expected to be team 
leaders and team members are scientists in training with the exception of technicians. 
∙ As group size increases to 7-8 members, professors formerly did research are typically 

compelled to remove themselves from the bench to devote virtually full time to 
organizational tasks – often they describe themselves as running a small business. To 
continue at a competitive level with their peers, they must maintain an organizational 
momentum. Once having attained this goal, it is extremely difficult to function again as an 
individual researcher, so every effort is made to sustain leadership of a group.12 

∙ The transformation of the teaching university introduced a democratic and entrepreneurial 
ethos into US academia.13 An assistant professor in a US university has considerable 

                                                           
8 Such institutional arrangements and cultural settings include the mechanisms for coordinating and 
organizing non-market dimensions of inter-firm relationships, the nature of the financial system, the 
organization of the education and training system, and not least, the role of government policy. This 
constitutes the key contribution of the innovation system literature. Lundvall, B-Å., and P. Maskell, 2000. 
Nation states and economic development: from national systems of production to national systems of 
knowledge creation and learning, in G.L. Clark, M. Gertler and M.P. Feldman (eds.), The Oxford 
Handbook of Economic Geography, Oxford: Oxford University Press, 373-94. 
9 Frederick Terman’s initiatives to develop Stanford University exemplify the stage-wise institutional 
evolution of the academic enterprise from an ivory tower to an innovation focus. 
10 Etzkowitz, H., 2002. MIT and the Rise of Entrepreneurial Science. Routledge, London. 
11 Soete, L., 1999. The Challenges and the Potential of the Knowledge Based Economy in a Globalized 
World, Background Paper of the Portuguese Presidency of the European Union, MERIT: Maastricht. 
12 Etzkowitz, H., 2003. Research groups as ‘quasi-firms’: the invention of the entrepreneurial university, 
Research Policy 32, 109-121. 
13 The attempt to institutionalize the 19th-century German model – a single professor representing a 
discipline, surrounded by a permanent staff of assistants – introduced into Johns Hopkins and the 
University of Chicago in the late 19th century soon broke down. Departments with relative autonomy of 
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ability to set research direction, especially if he can convince outside funding sources. 
Professors, already paid for teaching duties, assumed research responsibilities as well. 
Graduate students assist the professor with relatively modest financial support, as they 
receive their training.  

∙ There is a parallel organizational transformation of the university in the shift from an 
individual to a group focus in all three academic missions. 
– The shift is most obvious in the sciences where research groups have superseded 

professor-student dyads as the primary organizational mode. 
– There is a similar transformation in the mission of economic and social development. 

The university plays a broader role as regional innovation organizer, expanding its 
focus from an individual patent or technology transfer event. 

– There is a transition in education, from educating individuals to shaping organizations 
as well. This transition has been more difficult to discern since it typically takes place 
in academic contexts, such as incubators: the organizational/educational role of the 
incubator extends after graduation through a club linking groups of alumni firms with 
potential partners. Just as the university trains individual students and sends them out 
into the world, it is now doing the same for organizations. 

The entrepreneurial university has the ability to generate a focused strategic direction,14 both in 
formulating academic goals and in translating knowledge produced within the university into 
economic and social utility.15 A university in which research results are routinely scrutinized for 
commercial as well as scientific potential is becoming the modal academic institution. Such 
academic institutions increasingly have the internal capabilities to translate research results into 
intellectual property and economic activity according to a predictable metric.16 
∙ The university is an especially propitious site for innovation due to such basic features as 

its high rate of flow through of human capital in the form of students who are a source of 
potential inventors. The university is a natural incubator: providing a support structure for 

                                                                                                                                                                          
professors in different grades replaced professorships with a support staff. Oleson, A. and J. Voss, 1987. 
The Organization of Knowledge in Modern America, Johns Hopkins University Press: Baltimore. 
14 Clark, B., 1998. Creating Entrepreneurial Universities: Organizational Pathways of Transformation, 
Pergamon Press: New York. 
15 Entrepreneurship has been presumed to be cultural and psychological characteristics, more closely 
connected to and likely to occur among particular ethnic and religious groups. But the evidence is 
contradictory; individuals and groups can be trained in entrepreneurship through formal education and 
apprenticeship schemes. Entrepreneurship is integrated into the academic scene irrespective of whether 
there is a pre-existing cultural substrate. Jones-Evans, D. and M. Klofsten, 1997. Technology, Innovation 
and Enterprise: The European Experience, Macmillan Press: London. 
The US Department of Agriculture played the role of collective entrepreneur in creating an agricultural 
innovation system from the late 19th century. Public entrepreneurship has since expanded to the Defense 
Department and the National Science Foundation among other agencies. The role of the Defense 
Advanced Research Project Agency (DARPA) in creating the Internet and computer networking 
industries is well known; the public venture capital role of the NSF in founding the small business 
innovation research program (SBIR) is less well publicized. Etzkowitz, H., M. Gulbrandsen and J. Levitt, 
2001. Public Venture Capital: Sources of Government Funding Sources for Technology Entrepreneurs, 
2nd Edition. Kluwer Academic Press: New York. 
16 For example, MIT’s goal is to generate a patent for each one million dollars in R&D funding (see 
University Profile: MIT’s Tech Licensing Office, Technology Access Report 3, 1990). A rate of firm-
formation may also be extrapolated from an academic research funding base, given appropriate impetus. 
For example, the University of Chicago’s ARCH venture capital unit generated one start-up per staff 
member per year with four staff members in 1990 (see ARCH shaping up as 4th birthday approaches, 
Technology Access Report 3). The US Association of University Technology Managers (AUTM), which 
has currently 2700 individual members, estimates that 300 firms were started from university-originated 
technology in 2000 (www.autm.net). 
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teachers and students to initiate new ventures; intellectual, commercial and conjoint. The 
university is also a potential seedbed for new interdisciplinary scientific fields and new 
industrial sectors, each cross-fertilizing the other. A dual overlapping network of academic 
research groups and start-up firms, cross-cut with alliances among large firms, universities 
and the start-ups themselves appears to be the emerging pattern of academic-business 
intersection in bio-technology, computer science and similar fields.17 

∙ The linear model is still a viable route to innovation. Linearity is a fruitful and inevitable 
feature of many academic, industrial and government research projects, as well as 
technology transfer and firm-formation from these sources. However, the linear model is 
often complemented and enhanced by various pre- and post-linear formats, including 
reverse linear, assisted-linear, and interactive modes of innovation. 

∙ The entrepreneurial university follows an interactive model of innovation that incorporates 
linear and reverse linear modes.18 Even the linear model characteristic of the Research 
University is enhanced as knowledge and technology transfer increasingly takes place 
according to an assisted linear model, moving from the research site to the place of 
utilization. The entrepreneurial university thus has interface capabilities such as liaison 
and transfer offices and incubator facilities to manage and market knowledge produced in 
the university at several levels, from specific pieces of protected intellectual property to 
technology embodied in a firm and propelled by an entrepreneur. Such interface organ-
izations also play a reverse linear role in connecting the university to external problems, 
sources of knowledge, and firms seeking academic resources. 

Matching in science-industry collaborations 
Based on interviews with firms of the ICT and biotechnology/pharmaceuticals sectors and their 
academic partners, Carayol (2003) built five coherent types of science-industry collaboration 
and proposed a rational for the matching process.19 The interpretation of collaboration type is 
focusing on how they are practically organized, the contractual agreements, and the generic 
aims simultaneously followed by both partners. A rationale for understanding the matching of 
potential academics and firms is based on the nature of the research that the academic partner 
performs and the nature of the research that is realized in common.20 

                                                           
17 Herrera, S., 2001. Academic research is the engine of Europe’s biotech industry, Red Herring 108. 
18 In a reverse linear model, theoretical elucidation arises from confrontation with practical problems. 
Reverse linearity surely pre-dates forward linearity, from new scientific paradigms. Assisted linear modes 
are increasingly commonplace with the insertion of interface intermediation capabilities for technology 
transfer, incubation and venture capital within and among organizations. 
19 He built a data base of 46 cases of science-industry collaboration, which is grounded on the original 
data collected within the SESI-TSER project network in five countries (Austria, France, Germany, UK, 
and the US). He interviewed firms of the information and telecommunication (IT) and pharmaceuticals 
and health related biotechnology (Ph/Bio) sectors and their academic partners (engineering sciences, 
applied mathematics, physics, biotechnology, organic chemistry, etc.). On average, around 15 interviews 
were carried out in each company (with heads of R&D, human resources, and technical services and 
researchers) and in the public laboratories involved (researchers involved and laboratory directors). He 
also discovered cases of academic spin-offs. When they led to a close collaboration between the start-up 
and the lab, they did constitute cases of science–industry collaborations. All the cases of collaboration as 
well as partners’ organization and strategies were studied in-depth and were then also informed with 
comprehensive data that appeared to be very useful for supplementing formal data analyses and for 
interpreting the findings. Carayol, N., 2003. Objectives, Agreements and Matching in Science-Industry 
Collaborations, Research Policy 32, 887-908. 
20 His hypothesis is that an assortative matching is at work. The notion of assortative matching was first 
introduced by Becker, G., 1973. A theory of marriage. Part I. Journal of Political Economy 81, 813-846. 
An assortative matching process is said to be arising when best-ranked agents preferentially match 
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∙ The types of relations may be correlated with the characteristics and strategies of both 
partners. The variables used for building the typology of collaboration are organizational 
solutions, consortium, volume, duration, novelty, nature, and risk of the research. 

Given that any research collaboration requires the definition of a common research topic, 
science-industry collaborations may imply significant joint costs and benefits that the academic 
partners integrate into their calculations. The nature of collaborative research may considerably 
vary according to the characteristics and strategies of the partners. In the process of matching 
academic laboratories and firms’ R&D funds, the partners may take into account the set of 
various strategic considerations for preferably interacting with one another. 
∙ For the academic partners, the collaboration implies opportunity costs reflecting the cost of 

postponing the pursuit of their own research objectives. In principle, opportunity costs (the 
expected reward from renouncing the collaboration) increase with their ability to set 
research agenda that is likely to generate significant recompenses in the ‘Open Science’ 
reward structure. The benefits of the collaboration come from the synergies generated 
between their own research and the collaborative one. Taking these costs and benefits into 
account, the academic partners may decide to collaborate or to renounce. Thus, the notion 
of research agenda becomes a central concept in the apprehension of the matching process 
between academic and industrial partners. They may accept or refuse to collaborate under 
the main criterion whether the researches fit with their own research agendas. The costs 
and benefits of collaboration differ due to the characteristics of laboratory research 
agendas. Academics with high opportunity costs and low exploitable synergies would see 
their willingness to cooperate to depend much more upon the contents of the collaborative 
research. 
– The reward system in ‘Open Science’ system, based on reputation among peers, tends to 

valorize scientific contributions that are widely used by the scientific community. 
Scientists are looking forward to dedicating their efforts toward creating ‘foundational 
knowledge’ since it may improve their reputation and thus increase their satisfactions 
and chances to collect further funding for performing research.21  

– Collaboration with an industrial partner should not only be considered as a cost for the 
academic researchers. They may exploit synergies between collaborative research and 
research carried out in parallel in the strict respect of their own agendas. Synergies are 
fed with cross-fertilization of research activities, the topics of which are close. Hence, 
the greater the distance between the academic researchers’ subject of interest and that 
of the industrial partner, the lower the exploitable synergies. The more basic is the 
academic partners’ research, the weaker are the synergies generated by collaboration. 

∙ While deciding to fund a research project, the industrial partners evaluate the chances of 
research and development success, the costs induced, and the expected returns. Usually 
they handle different research projects simultaneously, like a portfolio of risky assets. 
They are managing in parallel research projects with different levels of risk, which are 
likely to give rise to product or process innovations in a more or less long-term. In order to 
preserve their ability to innovate in the future and thus to sustain their flow of innovations, 
industrial partners also have to develop collaborative research projects that are more risky 
both in terms of probability of research success and its effective use in product or 
processes. 

                                                                                                                                                                          
together. The importance of such phenomena for contractual agreements has recently been demonstrated 
by Ackerberg, D. and M. Botticini, 2002. Endogenous matching and the empirical determinants of 
contract form, Journal of Political Economy 110, 564-591. 
21 Cohen, W.M., R. Florida, L. Randazzese and J. Walsh, 1998. Industry and the academy: uneasy 
partners in the cause of technological advance, in Noll, R. (ed.), Challenges to the Research University. 
Brookings Institution Press: Washington, DC, 171-199. 
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– The way industrial partners envisage selection of research agenda and collaborations 
with a potential academic partner is usually two-fold. They usually prefer to fund 
collaborative research that presents a lower research risk and has the higher chance to 
be effectively developed within a reasonable time lag. They are then following a 
research outsourcing strategy towards academics whose arbitrage criterion is mainly 
that the buying price is lower than the making one. 

– When industrial partners fund risky research projects, they have to rely much more on 
the abilities of the academic partner in suggesting path-breaking opportunities, hence 
facing a critical information problem, namely whether the partner chosen will be able 
to handle such a challenge. This situation is usually referred to as an adverse 
selection,22 in which the principal is uncertain of agent’s characteristics. A common 
solution is then to rely on some information that may reduce uncertainty so as to 
maximize the chance of success. The reputation of the academics’ affiliated institution 
and the nature of their research may be used as a signal on their sustainable research 
capacities relative to such projects. 

The matching process preferably associates academics whose research tend to be basic (more 
applied) and whose research excellence tend to be signaled as high (low), with firms that are 
supporting a high (low) degree of risk (of research itself and its use in products and processes). 
This confirms the ‘assortative’ matching hypothesis. The bargained price of the collaborative 
research is the adjustment variable between the two relative willingness to collaborate. It is 
expressed in terms of cash flows and IPRs. The price requested by the academic partner will 
increase as his willingness to collaborate decreases, and conversely, the reservation price of the 
industrial partner rises with his willingness to collaborate. 
∙ An industrial partner who wants to carry out a risky research project will prefer to 

collaborate with an academic partner of a high excellence (which implies high opportunity 
costs) and thus renounce any involvement with an academic partner below a certain level.  
An academic partner at a high level opportunity cost will prefer to collaborate with an 
industrial partner who is ready to accept a higher level of risk in accordance to his own 
research objectives and will renounce collaborating with an industrial partner below a 
certain level of commitment. An academic partner with a low opportunity cost will be 
ready to accept doing research for an industrial partner who wants to get involved with a 
relatively low-risk research project in order to improve his research volume and benefit 
from research synergies.23  

∙ Type 1, the simplest version of the collaborations, is constituted of low volume, risk and 
novelty, and service like contractual research and applied research valorization through 
start-up creation and assistance, illustrating situations in which academic partners already 
have application potential, expertise or technology. The marginal investment needed to 
develop it is relatively slight and may be accomplished through the creation of a start-up, a 
doctoral dissertation or even a master’s thesis. The application of the research is expected 
to intervene within 3 years and within the IT sector. The academic partners usually do not 
exhibit a high specialization and a high academic excellence. 
– The academic partner perceives the collaboration in terms of a complementary develop-

ment of his knowledge, an opportunity for student placement, and the establishment of 
an industrial tie that can subsequently be strengthened. 

– The industrial partner sees this collaboration as an opportunity to benefit from 
knowledge at relatively low costs, which it can absorb totally by purchasing the 
technology and/or hiring the Ph.D. who has carried out the research. Sometimes the 
industrial partner considers also the collaboration as a means to create ties with a 

                                                           
22 Salanié B., 1997. The Economics of Contracts: A Primer. MIT Press: Cambridge. 
23 The two a priori compatible situations in high-high and low-low are very typical assortative matching 
configurations in which the best-ranked agents preferably match with the best-ranked ones. 
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potentially new academic partner and thus testing his capacities. 
– When the collaboration implies a start-up creation, the academic partner usually owned 

the intellectual property rights (IPRs), the common history of the partners is naturally 
strong, and a transfer institution is involved. Otherwise, the firm usually owns the IPRs, 
and the partners have not common history and no transfer institution is needed. 

∙ Type 2 consists of strategic bilateral collaborations most often based on framework agree-
ments and mixed laboratory creation extending over 2 years and covering a large volume 
of research. Their scientific domains are usually engineering sciences, performing applied 
or basic-oriented research, which is usually of a quite low risk and non-high novelty. 
– The main strategy of the academic partners is to increase their research volume through 

collaborating. Industrial funding occupies an important share of their budget, which 
often compensates for difficulty in obtaining a sufficient level of supplementary public 
funding.  

– The industrial partners offer a natural opening for their Ph.D., who cannot all be 
absorbed by the academic labor market (which reinforces the ties even further over the 
long-run because the Ph.D. become potential clients). Hiring the Ph.D. enables 
industrial partners to absorb the knowledge produced (in particular tacit knowledge), 
allowing the industrial partner to compensate for the risks of losing competencies 
through the outsourcing of the research. The industrial partners outsource research 
mainly on the basis of a low-cost research offer. Sometimes the industrial partners 
insist on maintaining the IPRs because such research is rather close to development. 

– The IPRs are either owned by the firm or jointly owned (the latter situation occurring 
most of the time when the partners are setting up a mixed laboratory). The partners 
usually work together and mostly benefit from public funding. Some cases are 
mediated through a transfer institution. This way of collaborating is especially used in 
France and concerns essentially firms of the IT sector. The firm is either a 
multinational or a national champion. The time to development is usually more than 3 
years. 

∙ Type 3 consists of collaborations that are distinguishable by two main features: 1) the 
research content is of basic and risky character, and concerns domains of a high degree of 
novelty; 2) it implies significant funding from the firm. The collaboration is usually of a 
long duration, without being mediated by a technology transfer institution, even if it is 
settled between partners that have not significantly interacted so far. The organizational 
solution adopted is usually only contractual, but becomes a research platform when it 
concerns several partners through a small consortia. The industrial partners are either 
firms of the biotechnology/pharmaceuticals sector or big multinationals of the IT sector 
located in the UK. 
– The academics performing basic research belong to quite fundamental research fields 

(in biology, biochemistry, mathematics, chemistry, and pharmacology). They exhibit 
usually high degrees of specialization and academic excellence, and their main 
objective for collaborating is to increase their scientific excellence. The period before 
the knowledge produced is exploited in the development process is expected to be long. 

– Such collaborations give academic researchers (and often corporate researchers as well) 
opportunities for important discoveries and major recompenses as pioneers in emerging 
lines or fields of research. They do not consider themselves constrained in their choice 
of agendas; on the contrary, the relationship offers important leverage for the 
advancement of their lines of research; hence the ownership of the IPRs is often not an 
issue. All the cases of small consortia belong to this type. It then appears that a high 
budget path-breaking research seems to be well addressed in a restrained research 
platform. 
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Table 2.1 Diversity of science-industry collaborations in IT & Pharmaceuticals/Bio 

Type Industrial Partner Risk, novelty and 
Basicness of the research Networked research 

Type 1 • Start-up or small firm in IT sector 
• Low volume 
• Low novelty 
• Service (contractual research) 
• Low risk 

• Bilateral relation 
• Short/medium duration 

Type 2 • Multinational or national champion 
of IT sector 

• High volume 
• Medium novelty 
• Applied research 
• Medium risk 

• Framework agreement 
• Bilateral relation 

Type 3 • Firms belonging to the Ph/Bio 
• Big multinationals of the IT 

• High volume 
• High novelty 
• Basic research 
• High risk 

• Simple contract 
• Small consortium 
• Long duration 

Type 4 • Start-up in the bio-chemistry 
• The firms or start ups of IT 

• Medium/High volume 
• Medium/High novelty 
• Basic oriented research 
• High risk 

• Simple contract 
• Bilateral relation 
• Long duration 

Type 5 • Multinational or national champion 
in IT • Medium novelty 

• Research platform 
• Big consortium 
• Networking research 

∙ Type 4 covers collaborations that involve research of high risk, but of a less basic character. 
The research project is of a long duration, but of lower budget (medium volume) and of a 
lower-novelty than type 3. Such collaborations are mainly organized through bilateral 
contracts, including also start-up creation in the biochemistry sector. The partners have 
usually a weak common history when they do not concern a start-up creation. 
– The industrial partners firms of the IT sector, whose plants are located in the US or UK, 

and which are start-ups created in the UK. The academic partners are performing basic-
oriented or basic research, mostly in physics. They are usually highly specialized and 
of a notable level of academic excellence. Their strategy towards collaborating with 
firms aims to increase their scientific excellence whereas it consists in valorizing 
public research when a start-up is created. They are generally affiliated to institutions 
that are at a high level of excellence, specialized in a narrow field of competence. 

– The industrial funding thus almost exclusively supports lines of research deemed likely 
to earn recompenses within the scientific community itself. The company takes a great 
risk in funding this research but it nonetheless commits itself to these collaborations 
because they should allow it to maintain its capacity for innovation in the middle and 
long term and/or get beyond a recurring technological obstacle. In this context, the 
industrial partner is less inclined to influence the academic partners' research agendas, 
precisely because, in his eyes, their interest lies mainly in their originality. This kind of 
relationship is most often spontaneously organized and flexible. Type 4 also includes 
the endowment of university chairs (two cases), the content of which is increasingly 
directed towards the development of original research projects on behalf of the 
industrial partner. 

– Sometimes, the IPRs ownership is not an issue. They are owned by the academics when 
the collaboration is settled in the US and when it concerns start-up creation. 

∙ Type 5 concerns collaborations that gathers big research consortia associating several 
research laboratories and firms at a national level. Such network research and research 
platform naturally lead to sharing IPRs ownership, to benefiting from significant public 
funding, and to lowering the research volume supported by each firm. The research 
concerns quite new areas but is not necessarily exploratory (applied and basic-oriented), 
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pooling together resources of national champions and multinationals located in the 
country and knowledge of academics. The firms mainly belong to the IT sector. The 
academic partners aim to increase their research volume, their research is weakly 
specialized and not of a significantly high excellence while their interest is dedicated to 
applied and basic-oriented research. 
– The broad objective, common to academic and industrial partners, is the building of 

bridges between their two worlds, thus allowing both the development of the 
interpersonal collaborations, which will provide the basis for subsequent bilateral 
agreements and the joint creation of the cognitive bases for a shared research field. The 
firms are most often required to make considerable concessions on research content 
and there may also be significant problems with IPRs and the sharing of technical 
knowledge because of the large number of partners, who may be direct competitors 
(while the research projects may be exploited rather quickly). 

∙ The findings call for some remarks concerning public policy. One may wonder about the 
consequences of the science-industry collaborations on the well-known cumulative 
advantages in scientific productivity, the Matthew effect. The probability that academics 
receive industrial funding increases with their reputation, thus reinforcing cumulative 
advantages.24 According to this hypothesis, the less reputed academic labs would less 
collaborate with firms. However, this proposition seems to be contradicted by numerous 
anecdotal evidences: many laboratories receiving much funding from firms lag behind the 
knowledge frontier. Our matching analysis suggests the slightly different explanation. 
Because of their scientific advance, some academics select their research collaborations on 
the basis of their research contents, i.e. their main criterion for accepting is that it feeds of 
their own research aims. Then their reputation enables them to benefit much more from 
the collaborations than the ones who are accepting industrial support in order to maintain 
or increase their funding. Even if they may collaborate much more frequently, they benefit 
relatively less from each collaborative research project. This leads us to the next two 
conclusions. 
– Barriers between science and industry may impeach creative and risky research projects 

to be undertaken. Nevertheless, this statement is conditioned upon a sustained public 
funding of science. Important cut-off in public funding may offer incentives to 
academics to undertake dysfunctional collaborative research projects. Dysfunctional 
means here that academics would be accepting to postpone promising research agendas, 
essentially aiming to preserve funding. 

– Lock-in effects may arise.25 The lock-in risk is observable at the laboratory level: some 
laboratories may be locked in service-like forms of collaboration, which could be 
decreasing the scientific relevance of their research. This risk is then important if they 
do not stress any coherent strategies for generating research synergies. Nevertheless, 
facing such situations, academic labs have high incentives for reorienting their research 
contents toward industry needs, thus increasing their research volume by fostering 
collaborations. Then, they are following a ‘size’ strategy, trying to reach a critical level 
that could allow them to save enough funds for supporting some fundamental lines of 
research. Such strategies can be very successful: some ‘peripheral’ laboratories became 
important actors on large scientific domains – both conducting reputed fundamental 
research and meeting industry needs. 

                                                           
24 Arora, A. and A. Gambardella, 1997. Public policy towards science: picking starts or spreading the 
wealth, Revue d’Economie Industrielle 79, 63-76. 
25 Meyer-Krahmer, F. and U. Schmoch, 1998. Science-based technologies, university-industry inter-
actions in four fields, Research Policy 27, 835-852. 
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Competition and pluralism in the public science 
Recent studies of technological specialization emphasized the continuing diversity of national 
differences of various sectors and the strong connections between this diversity and variations in 
institutional frameworks.26 The funding and governance of public research organizations and 
the way of establishing and managing research programs continue to differ significantly among 
countries. These variations remain mostly national because of the dominant role of the state in 
funding and controlling the institutions where publication-focused research has been conducted, 
especially the nationally distinctive higher education systems.27 National differences in the 
speed of developing radically novel technologies based on academic research appear especially 
marked in sectors such as information technology and biotechnology.28 
∙ Much research has focused on technology transfer mechanisms and the role of universities 

and public research institutions in stimulating new industries in different economies. 
However, less attention has been paid to the consequences of national differences in the 
organization and control of public science systems for innovation patterns, despite their 
considerable historical and contemporaneous variations. 

∙ Where the connections between the development of emerging technologies and new public 
knowledge of generic phenomena and processes are becoming closer, these differences 
can be expected to impinge upon innovation patterns more directly than has traditionally 
been thought. Given continued variations in technological specialization between nations 
with different institutional frameworks and in the organization of public science systems 
together with growing interdependence between innovations and academically produced 
knowledge, it would be anticipated that countries with contrasting academic systems 
display distinct forms of technological development. However, exactly which aspects of 
public science systems influence national variations in technological specialization and 
how they do so remain somewhat unclear. 

∙ Differences in patterns of technical change are sometimes summarized in terms of the rate 
and type of technological change in different sectors.29 Where technical change is 
frequent and disruptive, R&D programs can not easily be planned in advance because the 

                                                           
26 Pavitt, K. and P. Patel, 1999. Global corporations and national systems of innovation: who dominates 
whom? in Archibugi, D., J. Howells and J. Michie (eds.), Innovation Policy in a Global Economy, 
Cambridge University Press: Cambridge, 94-119. 
27 In a few big science fields, such as high-energy physics, research has become dominated by inter-
national laboratories and internationally coordinated programs conducted at a few very large facilities. 
Even here, employment and careers remain predominantly national and structured by nationally distinct 
institutional arrangements. As Krige (1992) points out in his discussion of teamwork at the European 
Nuclear Research Center (CERN), national groups and organizations constitute important bases for 
gaining resources and autonomy, as well as undertaking major tasks in constructing apparatus and 
generating results. Similarly, Abir-Am (1992) has emphasized that international collaboration enhanced 
the position at home of those scientists who engaged in it by providing them with access to new scientific 
resources as well as with the clout of both real and apparent power in the development of molecular 
biology. Nationally specific reputations and careers were here aided by membership of international 
networks in emerging sciences, not supplanted by them. See Crawford, E., T. Shinn and S. Sorlin (eds.), 
1992. Denationalizing Science: The Contexts of International Scientific Practice, Sociology of the 
Sciences Yearbook 16. Kluwer: Dordrecht, 233-262. 
28 Narin, F., K. Hamilton and D. Olivastro, 1997. The increasing link between US technology and public 
science, Research Policy 26, 317-330. Mowery, D.C., 1999. The computer software industry, in Mowery, 
D. and R. Nelson (eds.), Sources of Industrial Leadership, Cambridge University Press: Cambridge, 133-
168. OECD, 2002. Benchmarking Industry-Science Relations, Paris. 
29 Ehrnberg, E. and S. Jacobsson, 1997. Technological discontinuities and incumbents’ performance: an 
analytical framework, in Edquist, C. (ed.), Systems of Innovation: Technologies, Institutions and Organ-
izations, Pinter. Soskice, D., 1997. German technology policy, innovation and national institutional 
frameworks, Industry and Innovation 4, 75-96. 
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new knowledge that will be useful in dealing with technical problems is unpredictable and 
subject to change. This also applies to research skills and techniques so that the ability to 
change direction and to acquire new skills rapidly are crucial to success in developing new 
technologies in these kinds of sectors, especially where economies of scale and demand 
lead to winner-takes-all technology races.30  
– Firms in emerging industries that are dependent upon new public knowledge and the 

required research skills often experience such high levels of technical uncertainty, 
partly because of the rapid production and unpredictability of new research results. 
Thus, they develop close relationships with leading researchers and recruit newly 
trained scientists and engineers from their laboratories. In some cases, these firms 
themselves are founded and staffed by established researchers. 

∙ This flexibility and ability to acquire, develop, and use new knowledge about generic 
processes and phenomena are facilitated more by some institutional arrangements than 
others.31 In areas like Silicon Valley where high-tech industries have developed, these 
have included flexible labor markets, knowledgeable venture capital groups and legal 
firms, as well as proximate research universities and technical training institutes. At the 
national level, they also include public science systems that are quite flexible in sorting 
intellectual goals they recognize as legitimate and able to change them in response to 
external demands. Some systems are able to mobilize a large number of specialists to deal 
with new intellectual goals and problems and to train researchers in new techniques and 
ideas at relatively short notice. Such systems seem likely to produce a wide variety of 
knowledge and skills that could be useful to firms dealing with high levels of technical 
uncertainty. 

∙ At least one aspect of public science systems that could be expected to affect innovation 
patterns across countries with different institutional frameworks concerns their flexibility 
and ability to mobilize intellectual commitments to dealing with new problems and issues. 
This in turn reflects variations in the degree and organization of intellectual competition 
for reputations that are affected by national variations in employment structures, research 
funding arrangements, and the organization of higher education. 

∙ These connections can be examined through an analysis of the organization and control of 
public science systems in terms of two key characteristics: the intensity of reputational 
competition between researchers and the extent of intellectual pluralism and flexibility. 
These affect the rate at which new ideas and approaches are developed and integrated into 
research programs, as well as the ease of developing new research fields and careers that 
combine a variety of intellectual activities and purposes. They influence the number of 
different goals and approaches that can legitimately be pursued by researchers seeking 
intellectual reputations as well as the integration of problem solving activities across 
organizational boundaries. 

Despite the enthusiasm in OECD policy communities for commercialization of research, there is 
an ongoing and unresolved debate among science policy researchers about the merits of such 
policies. The efforts to support commercialization of university research have often been based 
on a desire to copy the perceived success of the US system. OECD countries have often drawn 
the wrong lessons from the US system. It is not the ability to commercialize technology that sets 

                                                           
30 Shapiro, C. and H.R. Varian, 1999. Information Rules: A Strategic Guide to the Network Economy, 
Harvard Business School Press: Boston. 
31 Casper, S. and H. Kettler, 2001. National institutional frameworks and the hybridization of entre-
preneurial business models: the German and UK biotechnology sectors, Industry and Innovation 8, 5-30. 
Casper, S. and R. Whitley, 2002. Managing competencies in entrepreneurial technology firms: a 
comparative institutional analysis of Germany, Sweden and the UK, in Proceedings of Takeda Foundation 
Symposium on Engineering Intellect and Knowledge. SCASSS: Uppsala, June. 
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the US apart from Europe.32 It is the high levels of public support for basic research and the 
multiplicity of entrepreneurial funding agencies that target highly profitable new lines of inquiry. 
∙ Like many OECD countries in the 1990s, France developed a new policy environment to 

support the commercialization of publicly funded research conducted at universities. 
France’s efforts to create new sources of funding that run alongside traditional support 
mechanisms for research and teaching as well as a series of measures are designed to 
encourage interaction between researchers and industry. 

∙ Those who are skeptical about new French policies directly challenge two main principles 
of the French policy reform. The first focused on the maintenance of the lack of university 
autonomy in managing staff and facilities, and the other suggesting that entrepreneurial 
researchers will be able to derive considerable financial benefits from their research. They 
suggest that the new French reforms have only had a marginal impact on the state of 
university autonomy in France. They have not provided the universities with the freedom 
that was intended by the reform program. Moreover, the idea of the entrepreneurial 
researcher is largely a myth. A more radical agenda of reform is suggested, involving 
greater university autonomy and greater personal discretion for researchers to raise 
income from their research activities. For them, the current set of reforms still carries with 
it many of the limitations of past generations of French innovation policy, an overly 
bureaucratic and state-directed system of control. 

∙ In the life science, the sets of network relations in the US are concentrated in regional 
clusters that span a number of drug development stages, a diverse range of organizations 
and numerous different disciplines. In comparison, European networks are less dense, 
more specialized and spatially more dispersed. The US networks are institutionally thick, 
involving considerable interaction across organizations and disciplines, whereas the 
European networks are institutionally thin, involving smaller numbers of actors in highly 
specialized communities. The characteristics of the European networks limit universities’ 
participation in commercially oriented R&D, undermining the economic potential of these 
university centers. Both the US and European networks are profoundly influenced by the 
distinct cultural and institutional contexts. Given these differences between Europe and 
the US, European research policy should not attempt to copy US policies. Rather they 
should be focused on developing a new set of network interactions between basic and 
development, and among small firms and universities within Europe. 

∙ The US system, particularly in the biomedical sciences, has been so effective in fostering 
technology transfer between the public sectors, especially universities, and biotech start-
ups. From a US perspective, a system whereby researchers are allowed to hold an equity 
position in a firm while being at a public sector should encourage start-ups. Researchers 
are permitted to leave the academic laboratory for a period up to 6 years and then return. 
Perhaps most important, is a policy that allows researchers to stay in the laboratory and 
still bring their scientific talents to a firm.33  

                                                           
32 Pavitt, K., 2001. Public policies to support basic research: What can the rest of the world learn from 
US theory and practice? (and what they should not learn), Industrial and Corporate Change 10, 761-79. 
33 University-based founders of biotech companies are able to have their cake and eat it too, maintaining 
their job in the university while founding the company. 35 out of the 50 university founders of the 
publicly traded biotech firms still held academic appointments at the time the company became public. 
Audretsch, D. and P. Stephan, 1999. Knowledge spillovers in biotechnology: sources and incentives, 
Evolutionary Economics 9(1), 97-107. University researchers hold large equity positions in start-up firms. 
40 university scientists affiliated with the biotech firms had sufficient holdings to require disclosure at the 
time the firm made its initial public offerings. The median portfolio value of the beneficial shares held by 
these 40 scientists at the close of the day one of trading was between $3 million and $4 million. Many 
other faculty members hold smaller positions. In 1992, there were over 1400 linkages between university-
based scientists and biotech firms that resulted in an equity position in a publicly traded firm. Stephan, P. 
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∙ One interpretation of why the US system, particularly in the biomedical sciences, has 
proved so effective in fostering technology transfer between the public sector and biotech 
start-ups is the way that university science is funded in the US, especially in life sciences. 
The facts of life for biomedical researchers at US research universities require that the 
researchers have a lab of their own. Indeed, it is common practice in the US for the lab to 
be named after the university scientist who is directing it. At the time the scientist join the 
university, the university provides start-up funds for the lab. Thus, it is the responsibility 
of the scientist to obtain funding for the lab. Such funding is key to the scientist’s 
continuation at the university since a history of funding for one’s lab is a necessary 
condition for a researcher to get tenure at a research university. Grant-seeking activity is 
also encouraged by the compensation system at US universities. This is because faculty 
members, who are usually paid on a nine-month basis, are allowed to write-off summer 
research time on grants, thereby earning up to one-third of their nine-month salary in the 
summer. Moreover, at many universities, faculty members can buy themselves out of the 
classroom during the academic year with grant money. While not increasing their yearly 
earnings, the buy-out opportunity provides them with more time to do research.34 

∙ The grant system results in faculty members spending a great deal of time writing research 
proposals. Some studies estimate that 30 to 40% of a researcher’s time could be devoted to 
the grant application process. Such a system of strong competition, and high opportunity 
costs, results in a natural selection process in academe whereby the survivors - and it is 
the survivors of the system who are tenured faculty members at research universities - 
excel at obtaining money. Having honed their skills at government agencies such as NIH, 
they are in a good position to acquire funding from other places as well, including industry. 

∙ It is common practice in the US in life sciences to receive funding from industry as well as 
government. 28% of the life scientists of the top 50 research universities had research 
support from industry.35 It is not just research grants. Faculty members receive gifts from 
industry as well. In a survey of the top 50 research universities, 43% of the respondents 
report receiving some kind of gifts from industry, in the form of equipment, bio-materials, 
discretionary funds, support for students, trips to professional meetings and so on.36 

∙ It is therefore not surprising that we have more and more interaction between industry and 
academe in the US manifested in a variety of ways including joint authorship as well as 
scientific personnel who hold positions in both sectors simultaneously. In conclusion, the 
US system has not only resulted in creating an entrepreneurial culture among university 
scientists in terms of grant seeking, but it also produced a faculty that has become 
increasingly interested in financial rewards. It was US government policy that fostered 

                                                                                                                                                                          
and S. Everhart, 1998. The changing rewards to science: the case in biotechnology, Small Business 
Economics, 10, 141-51. 
34 The primary funding agency for research in life sciences in the US is the NIH. In 2001 its budget was 
$20.5 billion; the 2002 budget is approximately $23.5 billion and the amount requested for 2003 in the 
president’s budget is $27.6 billion (NIH 2002). More than 80% of this is allocated to extramural 
programs; 52% to research project grants (NIH 2002). Despite this large budget, the success rate of 
applicants is not that high, although with growing budgets it has increased in recent years. In 1994, for 
example, of the 6,876 first-time un-amended, unsolicited applications for the traditional research project 
grant of NIH (called R01 projects), 12.9% were funded. By 1998, this had increased to about 20.1% due 
to large increase in the NIH budget. Mandel, H.G. and E.S. Vesell, 1999. Likelihood of NIH extramural 
funding, Science 285, 1674-6. When revised proposals are included, the rate in 1998 was 36%. Renewal 
requests, called continuations (the typical R01 grant has an average term of 3.8 years [National Research 
Council 1994]), have a significantly higher success rate, in the 40-55% range depending on year. 
35 Blumenthal, D., E.G. Campbell, N. Causino, and K. Seashore Louis, 1996. Participation of life-science 
faculty in research relationships with industry, New England Journal of Medicine 335, 1734-9. 
36 Campbell E., K. Seashore Louis and D. Blumenthal, 1998. Looking a gift horse in the mouth, Journal 
of American medical Association 279, 995-9. 
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this entrepreneurial culture. As the case of many other government policies, it was largely 
an unintended consequence of government policy. The NIH was set up with the idea of 
improving health. Research that NIH supports in the university sector has undoubtedly 
contributed greatly to achieving this goal. But the NIH goal has also been facilitated by 
the willingness of university staff to forge ties with both start-ups and established 
companies, thereby facilitating technology transfer. Although indirect, NIH played a role 
in this piece of the equation as well, by creating environment that has fostered an 
entrepreneurial faculty. 

The role of the public science system in supporting the growth of new industries with radically 
innovative technologies has varied between countries.37 National differences in the speed of 
developing radically novel technologies based on academic research appear especially marked 
in sectors such as information technology and biotechnology.38 Two characteristics of public 
science systems – different levels of reputational competition and intellectual pluralism and 
flexibility – help to account for continuing differences in the rate at which public science 
systems produce highly novel intellectual innovations and deal with a variety of problems.39  
∙ The intensity of reputational competition refers to the extent to which researchers seek 

recognition from their intellectual peers for the significance of their results in solving 
intellectual problems central to specialist fields. The greater is reputational competition, 
the more they have to convince colleagues/competitors of the importance of their research 
projects and influence on others’ work. Ideas and results have to contribute to collective 
intellectual goals and fit into current research programs. In highly competitive academic 
systems, scientists attempt to influence the future direction of colleagues’ research by 
establishing their research agenda as the dominant one, and their results as the key ones 
for future work.40 

                                                           
37 Pavitt, K. and P. Patel, 1999. Global corporations and national systems of innovation: who dominates 
whom? in Archibugi, D., J. Howells and J. Michie (eds.), Innovation Policy in a Global Economy, 
Cambridge University Press: Cambridge, 94-119. 
38 Narin, F., K. Hamilton and D. Olivastro, 1997. The increasing link between US technology and public 
science, Research Policy 26, 317-330. Bresnahan, T., 1999. Computing, in Mowery, D.C. (ed.), US 
Industry in 2000: Studies in Competitive Performance, National Academy Press: Washington, DC, 214-
244. Mowery, D.C., 1999. The computer software industry, in Mowery, D. and R. Nelson (eds.), Sources 
of Industrial Leadership, Cambridge University Press: Cambridge, 133-168. OECD, 2002. Benchmarking 
Industry-Science Relations, Paris. 
39 Whitley, R. (2003), Competition and pluralism in the public sciences: the impact of institutional frame-
works on the organization of academic science, Research Policy 32, 1015-1029. 
40 This characteristic of public science systems affects the extent of intellectual integration of research 
goals and results across organizational boundaries, and of collaboration among scientists working on 
common problems. Where competition is strong, new ideas, findings and approaches become more 
quickly communicated and incorporated into research projects, and intellectual problems should be 
resolved more speedily. The rate of new knowledge production about common intellectual problems 
should be greater in societies encouraging competition than in those discouraging competition. As a result, 
knowledge production about high-priority topics will be more integrated and focused on collective goals 
in highly competitive science systems. From the point of view of generating new knowledge that might 
be technologically useful, then, once research goals closely related to technological objectives become 
central to a field, they will receive more highly coordinated attention in competitive science systems than 
where competition is lower. Where public science systems exhibit relatively low levels of competition, 
scientists have only a limited need to convince specialist colleagues in their ‘invisible college’ of the 
worth of their research and to fight over the intellectual direction of research programs in their field. In 
such societies, the importance of national and international collegiate reputations for career prospects and 
rewards is limited. This may be because there are a number of different kinds of audiences for research 
results that apply varied criteria of significance, and because goals and reputations are more local than 
national or international. A low level of integration across employment units can arise in academic 
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∙ Intellectual pluralism and flexibility in changing research goals refers to the ease of 
gaining public reputations for different kinds of contributions to a variety of intellectual 
purposes and being able to change these in the relatively short term. Where such pluralism 
and flexibility are high, scientists can pursue a wide variety of intellectual projects with 
distinctive goals and approaches. Scientists in such societies can develop competing 
research programs focusing on different phenomena with contrasting theoretical models 
and technical procedures, hence relatively being eclectic in their intellectual objectives. 
– Countries with more pluralistic and flexible systems are more likely to encourage 

researches that seek both to understand fundamental physical and biological processes 
and to deal with technologically oriented issues. 

– Linkages between technological problem solving and reputationally oriented research in 
universities should be easier to establish and maintain in such circumstances. New 
fields focused on technological concerns can become institutionalized relatively easily 
as legitimate areas for researchers to gain reputations, and so enable academics to 
pursue new kinds of research questions within the reputationally controlled system. 

– In less pluralist and flexible public science systems researchers deal with a more limited 
number of major intellectual problems. They are highly constrained in the topics they 
choose to study and the approaches they adopt by current intellectual trajectories. The 
types of research that are regarded as legitimate tend to be restricted in such systems, 
and establishing new fields or intellectual approaches is often difficult. Such systems 
encourage long-term research programs organized around major disciplinary goals, as 
well as investment in a limited range of research technologies. But they can discourage 
the integration of diverse types of knowledge and intellectual approaches as well as the 
generation of radical intellectual innovations. 

– When intellectual pluralism and flexibility are limited by relatively centralized control 
over research programs and resources, both within employment organizations and in 
state bureaucracies, it is unlikely that researchers will find it easy to pursue distinctly 
individual intellectual objectives with idiosyncratic approaches. Where researchers’ 
employment and careers are highly segmented between different kinds of knowledge 
production, such as that focused on theoretical purposes and that concerned more with 
technological applications, it will be difficult to combine different types of intellectual 
objectives, or to change them. 

Table 2.2 Types of public science systems 
Intensity of reputational competition  

Low High 

Low 
Differentiated hierarchies: 

Incremental intellectual innovations 
in centrally planned programs 

Competitive hierarchies: 
Highly coordinated contributions to 
disciplinary goals within established 
frameworks 

Levels of 
intellectual 
pluralism & 
flexibility High 

Differentiated pluralist: 
Diverse programs in different organ-
izations dealing with varied problems

Competitive pluralist: 
Intellectual risk taking and varied, 
changeable approaches to common 
problems 

∙ Combining the two dimensions lead to four types of public science systems: competitive 
pluralist system, differentiated pluralist system, competitive hierarchical system, and 
differentiated hierarchical system. 

                                                                                                                                                                          
systems, where researchers’ dependence on local employers and their controlling organizations in the case 
of state research institutes is greater than the need to obtain reputations from specialist colleagues. 
Rewards are tied closely to contributions to the dominant research program in particular department or 
research institute, or else are largely dependent on organizational seniority. Intellectual careers are thus 
more local than cosmopolitan and often built around the development of long-term programs. 
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– Competitive pluralist systems encourage pluralism and flexibility and institutionalize 
intense competition for intellectual reputations, hence generating a variety of different 
kinds of highly coordinated intellectual innovations. Researchers struggle to dominate 
scientific and technological fields by developing their own approaches to key problems 
and so a considerable variety of research programs and alternative approaches are 
likely to be produced, with many of these drawing on ideas and findings from a variety 
of areas. They are encouraged to differentiate themselves by pursuing distinctive kinds 
of objectives with novel techniques, and to be flexible in adapting to new knowledge 
and opportunities. Because intellectual careers are closely dependent on collegiate 
recognition in each fields, researchers are unable to simply pursue their own projects in 
isolation from each other, but have to convince their peer group of the importance of 
what they are doing. This means that considerable novelty and variety of goals and 
models are combined with high levels of intellectual coordination and integration 
achieved through common research procedures and routines.41 

– Differentiated pluralist systems enable scientists to pursue diverse goals and approaches 
with different research methods, such that intellectual contributions can easily become 
fragmented and incomprehensible to others. Competition in this kind of systems is less 
focused on common problems and issues in fields, and more on alternative conceptions 
of what the central problems and frameworks should be. Intellectual innovations tend 
to be fragmented across research sites, and incremental within them. Individual groups 
in technologically focused organizations may become linked to the development of 
particular technologies and sectors. However, the level of coordinated research across 
organizations that could contribute to such development will be limited.42 

– Competitive hierarchical systems combine high levels of competition with strong 
disciplinary control of research agenda and pressures to conform to current intellectual 
norms. Researchers compete for reputations on the basis of their contributions to 
intellectual objectives with standardized concepts expressed in a common language 
and shared techniques. The range of intellectual problems considered and the ability to 
shift research goals are limited so that both the variety of goals and conceptual 
approaches and the rate of major intellectual changes are relatively low.43 

– Differentiated hierarchical systems combine considerable intellectual constraint with 

                                                           
41 While techniques may vary in their formalization and standardization, they have to be sufficiently 
shared and unambiguous for results to be understood and used in similar ways by intellectual colleagues 
in different locations in these kinds of public science systems. As a result, competitive pluralist systems 
encourage intellectual risk taking within current technical norms as researchers develop distinctive 
approaches to deal with intellectual problems, and are relatively open to the establishment of new fields 
that are reputationally controlled. They are capable of generating a considerable amount of new 
knowledge about a variety of problems, including those relevant to technological issues, thereby 
contributing to the development of radically new technologies that involve combining many different 
kinds of knowledge to deal with unforeseen and frequently changing problems. 
42 Where authority in universities and public research organizations is strongly hierarchical, integration 
will be greater within organizations but weak across such boundaries. Local schools of thought based on 
divergent philosophical and theoretical positions can develop in such situations that, depending on the 
organization of academic labor markets, may rarely communicate with each other. Technological goals 
may, then, become the focus of some researchers in this kind of systems, but contributions to such goals 
will not be strongly integrated across research sites. 
43 Innovations are highly coordinated around common objectives such that new knowledge is rapidly 
incorporated into collective research programs and progress in dealing with key issues is relatively fast. 
Conflict over the criteria for assessing competence and success in achieving intellectual goals is low and 
challenges to the prevailing orthodoxy are unlikely to be successful. Such systems encourage long-term 
disciplinary development within established intellectual frameworks, but are unlikely to tolerate radical 
innovations that threaten those frameworks. Applied research goals will be less prestigious and rewarding 
than core disciplinary ones, and so the development of new fields oriented to both explanatory and 
practical purposes are difficult to accomplish in these kinds of public science systems. 
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lower levels of competition. These also limit variety and novelty but with reduced 
collective evaluation and integration of projects and results across research locations. 
Scientists may be quite constrained by centrally determined programs and objectives, 
but do not need to convince colleagues elsewhere of the value of their contributions as 
intensely as in the previous case. When directed towards systemic goals for which 
research can be reliably planned with current techniques and approaches, these kinds of 
public science systems can be highly effective, as in the development of large-scale 
technological systems.44 

∙ Four distinct features of national institutional frameworks affect intellectual pluralism and 
flexibility and reputational competition in public science systems: 
– The extent to which the funding agencies and employers of researchers, principally the 

state, are willing to delegate control over research goals, performance and assessment 
to practitioners through competitive peer review procedures.45 

– Differences in the organization and control of work in universities and other research 
organizations, as well as in the procedures governing promotion and other rewards.46 

                                                           
44 This lower intellectual coordination of results across research sites seems likely to reduce the flow of 
new information and the rate at which researchers adapt to new knowledge, as well as increasing the 
difficulties of mobilizing intellectual resources in different organizations around new problems. 
Innovations in such systems are probably going to be quite effective at dealing with relatively predictable 
problems that can be specified in advance, but less useful in fields with greater intellectual uncertainty. 
They are therefore less likely to generate radically new theories or understandings of phenomena. While 
supportive of technological goals that depend on current frameworks and trajectories, though, they will be 
less useful or generating novel technologies that involve the understanding of new kinds of phenomena 
and processes. 
45 This affects the extent to which researchers are collectively able to control the standards governing 
research priorities and performance evaluation. By relying on peer review to assess the merits of research 
projects, on scientific journals to decide the worth of research results, and on practicing researchers to 
evaluate the qualities of job applicants and promotion candidates, states effectively institutionalize 
intellectual reputation as the key to rewards. When states and other funding agencies limit such delegation 
and retain considerable control of funding, intellectual competition and coordination across organizational 
units remains restricted. This implies that scientists compete for different kinds of recognition, awarded 
for contributions to different objectives and assessed by different groups of people. Bureaucratic or 
political objectives are more important in such circumstances than theoretically driven intellectual ones. A 
critical dimension of such delegation concerns the extent to which it involves the allocation of research 
resources to investigators through competitive peer review as opposed to concentrating research programs 
in public laboratories or centrally administering them. Highly decentralized systems not only delegate 
employment and promotion decisions to autonomous research organizations, but also rely extensively on 
competitive peer review processes to allocate substantial research resources for both theoretical and 
policy purposes. 
46 Most Anglo-Saxon systems since the war are more pluralistic and varied in their authority structures 
than are those influenced by the Germanic model of research institutes headed by a single professor. In 
relatively decentralized systems, the post of department head typically rotates among the full professors. 
There are a number of full professors, and each established faculty member pursues his/her own research 
with a team of post-doctoral researchers and doctoral students. They compete for research funds, and 
work on different problems with limited departmental coordination. The research team is distinct from the 
main unit of administrative control (the department). Such systems facilitate considerable variation in 
topics, models and techniques among researchers, and enable intellectual change to develop within 
employment units as interests and priorities alter. In contrast, the more centralized system of research 
institutes is built around the single-Chair incumbent who develops a distinctive research program that 
characterizes each institute as long as they remain there. Both intellectual and resource control authorities 
are clearly located in the hands of the full Professor who determines the division of labor in the group and 
integrates results around a single set of intellectual objectives. Research is highly coordinated and 
relatively narrowly focused, with major intellectual change occurring only when the head retires or moves. 



88                                                Economic Growth and Innovation System 

– The extent to which such organizations are ordered into a stable hierarchy of prestige 
and resource control differs considerably between national research systems.47 

– The degree to which labor markets of scientists and technologists, research goals and 
performance standards are segmented between organizations.48 

Table 2.3 Institutional features and characteristics of public science system 
Characteristics of public science system 

Institutional features of academic systems Intensity of reputational 
competition & flexibility Intellectual pluralism

High state delegation of  
Resource control to researchers High High 

Strong centralization of decision making 
within employment organizations Varied Limited 

Stable and strong hierarchy of  
Research organizations Limited Low 

Strong organizational segmentation of 
Goals and careers Some Low 

Three ideal types of institutional frameworks and public science systems can be distinguished 
that are likely to be associated with distinct patterns of technological development. 
∙ Relatively centralized and hierarchical university systems with highly segmented careers 

of scientists and technologists are unlikely to develop highly novel technologies closely 
based on new formal knowledge produced by the public sciences. Such research systems 
limit the development of research programs that combine technological goals with the 

                                                                                                                                                                          
Such systems encourage long-term research programs, but can inhibit intellectual variety and change. 
47 This dimension concerns the extent to which intellectual prestige and control over the allocation of 
research resources are concentrated in a few central academic institutions. The stability and strength of 
such hierarchies affects the intensity of competition among research organizations for scientific leadership 
by limiting access to human and material resources for the less favored ones. In the more centralized 
states with stable hierarchies of academic prestige, control over intellectual goals and research funding is 
often quite centralized in the hands of a small elite of senior staff at the leading institutions, even when 
the state does delegate discretion to scientists. In contrast, federal states and countries where there are a 
number of non-state funding sources, such as charities and foundations, may well exhibit greater 
pluralism in the criteria they apply when allocating funds. In such cases, concentration of control is often 
low enough to permit considerable variety of research goals and approaches to develop, and the novelty 
of intellectual contributions will be correspondingly greater. In highly concentrated and hierarchical 
academic systems, the best researchers are not only recruited and trained in the leading organizations but 
are also likely to remain in them for most of their careers due to their superior status and resources. 
Peripheral universities are rarely able to improve their standing through attracting leading scientists or by 
acquiring better facilities through competitive processes. Therefore, open competition between research 
organizations is quite limited, as is mobility between employers in the course of scientific careers. 
48 This dimension refers to the strength of the separation and division of labor between research 
universities focused on creating theoretical knowledge for intellectual reputations, applied research 
institutes, technology transfer agencies, research association laboratories, and private firms. Where they 
have quite distinct goals, funding arrangements and control procedures – so that researchers in them are 
trained in different ways, do different kinds of work and have separate career paths – the degree of 
organizational segmentation is high. In such systems, researchers are discouraged from undertaking a 
wide variety of research types (including that focused on technological and commercial objectives in 
universities), and from moving between different kinds of employers without suffering a great loss of 
intellectual credibility. Knowledge and skill transfer between types of research organizations will be 
relatively slow and difficult in highly segmented systems. Rapid technological responses to new research 
results are unlikely to occur, and technological trajectories will continue to develop largely in isolation 
from radical intellectual innovations 
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fundamental understanding of generic processes and incorporate a variety of knowledge 
and skills. Such institutional arrangements can provide strong support to cumulative 
technological developments, especially where these are largely undertaken within firms, 
which rely on the academic system to produce highly trained technologists rather than 
autonomous knowledge producers. 
– As in post-war Japan, differentiated hierarchical science systems are more likely to 

develop when state delegation of resource control is limited, centralization of authority 
in employment organizations is considerable, and there is a strong and stable prestige 
hierarchy of universities. 

∙ As in Germany and France, the combination of considerable state delegation to relatively 
autonomous public research organizations with significant levels of internal authority 
centralization and organizational segmentation of goals and careers is likely to generate 
highly coordinated research programs focused on common goals, but perhaps with limited 
intellectual risk taking. Because recognition and careers are segmented between types of 
objectives and employers, technologically focused research is unlikely to be pursued by 
scientists seeking collegiate reputations for their contributions to theoretical goals. They 
are equally unlikely to pursue any potential technological implications of their work, let 
alone to commercialize them. Spillovers between theory-driven research and technological 
development will therefore be limited in such economies. The extensive set of public and 
quasi-public research organizations devoted to technological objectives, however, facilitate 
the integration of codified generic knowledge with design goals, albeit indirectly and 
usually within current technological trajectories. This combination of characteristics is well 
suited to the development of continuous, cumulative innovations within current established 
technological trajectories.49 

– Competitive hierarchical systems probably occur where there is some state delegation 
to practitioner elite and competition between universities, but the academic system is 
quite centralized and hierarchical within them so that disciplinary elite and institute 
heads can exert considerable control over research agenda and careers. The German 
institute model of universities seems to reflect many of these aspects. 

∙ Highly decentralized research systems with strong competition between universities for 
intellectual prestige and leading researchers and decentralized authority structures within 
research organizations and low segmentation of objectives and careers are more likely to 
generate different kinds of formal knowledge about highly varied phenomena from a 
number of approaches. They are likely to encourage relatively frequent restructuring of 
intellectual programs and models as research priority changes. Such frameworks stimulate 
the development of intellectual entrepreneurs who are willing to take considerable risks 
and to pursue a variety of different kinds of research goals and careers. As a result, they 
will be more supportive of the development of radically new technologies with numerous 
unforeseen problems that require formal research to deal with than less competitive and 
risk taking ones. This suggests that new industries reliant on use-inspired basic research 
are more likely to develop quickly in countries with these kinds of public science systems 
and labor markets than in those with centralized and segmented ones. 
– With the combination of considerable state delegation, academic decentralization, and 

low organizational segmentation, the US universities have established a competitive 
pluralist research system, which also encourages varied careers and roles for scientists, 
especially in the biomedical sciences where strong state support for policy-oriented 
purposes has been managed in a decentralized, but coordinated manner. 

                                                           
49 Casper, S., M. Lehrer and D. Soskice, 1999. Can high-technology industries prosper in Germany: 
institutional frameworks and the evolution of the German software and biotechnology industries, Industry 
and Innovation 6, 6-23. 
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2.2 Rationale for Science and Technology Policy 
Neo-classical Framework 
The neo-classical economic theory of science established by Nelson (1959) and Arrow (1962) 
played a significant role in buttressing the view that science requires independent public 
institutions. The central feature of this theory is that the information represented by scientific 
outputs has the feature of a public good.  
∙ Nelson (1959) and Arrow (1962) provide the answer to the question, why is the market 

system unable to produce scientific information as it does other information outputs? 
Their answer is that it will produce such outputs, but that their amount will be smaller than 
is socially desirable. This is simply because any particular private actor contemplating an 
investment in scientific research will produce only as much as he or she is able to directly 
employ and capture the returns from creating – an amount that is likely to be less than is 
socially desirable.  

∙ If private firms do not have adequate incentives to produce the appropriate amount of 
scientific information, then it follows that this market failures is one in which it is proper 
for the government to intervene. Such intervention might range from subsidizing to 
commissioning the generation and distribution of scientific information. The specific 
assumption in Nelson (1959) and Arrow (1962), involving the universality of access to 
scientific information, also explains why extending the intellectual property rights to 
scientific information is unlikely to be a cure. Such an extension would increase private 
actor interest in making investments in generating scientific information. But it would also 
raise the costs to other firms wanting to use this information far above the costs of its 
reproduction, again ensuring that too little science would be employed in the economy 
with deleterious consequences for output and productivity growth. 

The reliability of conclusion of Arrow and Nelson depends upon the assumptions. Several of 
these assumptions need to be qualified in the light of intervening experience with the operation 
of the scientific system. Without entering into too many details, the key point as regards 
innovation and technological progress is the way they have been endogenized by the neo-
classical approach. The line of argument put forward by Nelson (1959) and Arrow (1962) is 
roughly as follows.50 
∙ The peculiar activity of innovation and its peculiar outputs do not show the adequate 

properties that the theory requires for optimizing the decision of the agent. That is, there is 
indivisibility in the inputs as well as in the outputs, the result is uncertain and takes a long 
time to be obtained, it is a non-rival, non-excludable good, and thus a non-appropriable 
good. 

∙ The consequence is the lack of incentives to innovate from the part of the innovator: the 
activity is risky (uncertainty about the result and the demand) and costly (indivisibility). It 
is difficult to appropriate the economic gains since they may benefit:  
– Consumers or clients, who have access to better products without necessarily being 

charged a corresponding price increase; this is the base of the consumer surplus and 
market externalities;  

– Competitors and finally all of the economy that could use the technology without 
paying anything, giving birth to knowledge and network externalities.51 

                                                           
50 Nelson, R.R., 1959. The Simple Economics of Basic Scientific Research, Journal of Political Economy 
67, 323-348. Arrow, K.J., 1962. Economic Welfare and the Allocation of Resources for Invention, The 
Rate and Direction of Inventive Activity, Princeton University Press, Princeton, 609-625.  
51 See for instance Griliches (1979) on market and knowledge externalities and Jaffe (1996) on a clear 
exposition of the links between the three. Griliches, Z., 1979. Issues in Assessing the Contribution of 
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∙ In other words, the rate of return for the rest of the economy may be high, which means 
that the innovation should be done from the point of view of the society as a whole. In this 
respect, the resource allocation mechanisms at the very heart of the neo-classical approach 
do not work in a way to generate the socially optimal situation: the investment in 
innovative activity is inferior to its socially optimal level because of these market failures. 
Therefore the state can adopt S&T basic principles to remedy these situations. 
– The state provides better information to reduce the uncertainty of the environment. 
– The state substitutes for the market to reduce or share the risk and to reduce the cost for 

firms. On the supply side, it carries out itself innovative activity, or contributes to the 
firm’s investment in R&D by means of subsidy, tax credits, or grant. On the demand 
side, the state orders innovative outputs to firms or helps agents to buy such outputs. 

∙ Mechanisms to remove/diminish the externalities or to facilitate their internalization in 
agent’s optimizing calculations include: 
- Providing a property right to the innovator on his technology for he can be retributive 

for knowledge externality; 
- Promoting cooperation between users and producers of technology to share the market 

externalities and diminish the risk (vertical cooperation); and 
- Promoting cooperation between producers of technologies to share externalities and 

share the costs/risk associated with the technology production (horizontal cooperation). 
∙ Thanks to these corrections of the market failures, the optimizing rationality of agents will 

lead them to allocate resources through market mechanisms in such a way that a second-
best equilibrium could be reached. In other words, the first-best equilibrium could not be 
reached in any way because of these market failures; but the state intervention to correct 
market failures allows the system to reach a second-best equilibrium. If state intervention 
leads to such a situation, there is additionality. 

Obviously this picture is oversimplified. Many arguments have made it more complex, although, 
from our perspective, remaining in the same general framework. For instance, the consequences 
– in terms of strategies, incentives and modes of coordination – of uncertainty, imperfect 
information and related asymmetries between agents have been deeply investigated. They have 
not profoundly modified the framework, but have mainly made the different situations of market 
failure more complex and allowed to finely tune the applications of state policy actions to 
specific contexts in terms of information at the disposal of actors. 
∙ At the basis of another prolongation of the analysis, particularly important for explaining 

the role of cooperation is the question of transaction costs associated with market relations 
but not included in prices and their influence on the optimal mode of coordination. But 
again, most of the theoretic renewal in this field falls in the scope of the same framework, 
since it does not essentially preclude considering technology as information and favoring 
optimizing rationality. 

∙ But perhaps one of the most important developments at the boundary of the neo-classical 
paradigm has been the so-called economics of science and technology.52 On the one hand, 
it has helped to understand the implications of the public-good properties of technology 
considered as information, as well as the inherent and specific properties of the latter.53 
On the other hand, it has proposed to draw a new line between science- and technology-

                                                                                                                                                                          
R&D to Productivity Growth, Bell Journal of Economics 10, 92-116. Jaffe, A.B., 1996. Economic 
Analysis of Research Spillovers – Implications for the Advanced Technology Program. 
52 Dasgupta, P. and P. David, 1994. Towards a New Economics of Science, Research Policy 23, 487-521. 
53 For instance about the value of information, its cumulative and combinatory nature, the often high cost 
associated with its production in comparison with the always low cost associated with its duplication, the 
network externalities associated with it, etc. 
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related activities and their respective outputs. A tentative summary of the proposed 
distinction would be to say that it does not rely so much on the very nature of the outputs 
(both fundamentally subject to non-rivalry and at least partial non-excludability) than on: 
– The practices of diffusion associated with incentive schemes (openness or free access to 

scientific results, with priority to the inventor associated with social rewards; closeness 
or property rights on technology outputs associated with appropriation of the economic 
gains from innovation through market mechanisms); 

– The indivisibility of its production processes (comparatively higher cost for science 
than for technology); 

– The more generic usefulness of scientific outputs thus allowing for larger externalities; 
– The higher uncertainty in the production and use of scientific results. 

∙ One fundamental consequence of these new developments is that they allow for a better 
justification of the analytical distinction between science- and technology-policies in the 
neo-classical framework. In the field of science, state intervention is rather direct through 
funding, while it is rather indirect in the field of technology (through co-funding and 
property right system). In this respect, science policy is almost always acknowledged as 
indispensable, even though some argue (probably too simple given the analysis developed 
above) that the types of results produced by publicly supported basic research is useless 
for the industry, because if it was not the case, the industry would do it itself. More 
generally, following the linear model of innovation, education policy is aiming at 
providing the system with good inputs (researchers), and diffusion policy is aiming at 
helping agents to adopt innovation and at circulating the information about existing or 
potential needs and procedures. 

∙ The endogenous technical advance in economic analysis has also been the ambition of 
macroeconomic analysis, in the field of endogenous growth theory or new growth theory. 
Despite the technical refinements, only some types of development, accumulation and 
diffusion of information have been introduced, guided by rather simple forms of 
appropriability regimes and incentives, and most frequently associated with other classical 
hypothesis related to behavior and search for equilibrium. 
– It is questionable whether these approaches have provided more than an illustration at 

macro-level and modeling of innovation-related phenomena already identified. 
– Learning phenomena are not completely absent from the neo-classical perspective, 

especially in new growth theory. Certain forms of learning by doing may be compatible 
with this perspective. 

Without entering into a debate about the relevance of the neo-classical view and its compliance 
with reality, the main problems raised by the application of the principles of state intervention 
must be recalled. 
∙ The first is the identification of the situation in which market failures occur, and most of all 

the identification of where to correct them: which firm to support, which project to finance, 
which information to diffuse, how far to extend the property rights, and so on. The neo-
classical framework as such does not provide the tools to directly translate real 
phenomena to the limited number of variables that are required to operate the optimizing 
calculation. 

∙ The second problem is inherent to the way adopted to correct the market failures. In this 
perspective, a first aspect is related to the proposed solution to the lack of appropriability, 
namely the property right system. There is a trade-off between guaranteeing the property 
right to the innovator and diffusing the technology throughout the society, and the right 
balance between both ways is not easy to find. 
– The pure neo-classical axioms stipulate that all agents have the same information, and 

this specific feature leads the system to the social optimum. Any departure from this 



2. Science and Technology Policy                                                       93 

  

hypothesis entails at best that the reachable equilibrium is only a second best one. 
Moreover, the patent system may induce duplication of innovative efforts by firms in 
competition for being the first to be protected; over-investment could then result or 
conversely under-investment again if the patent race is dominated by one firm. Both 
results would not be socially optimal. Roughly, one may put forward the same 
argument as for the subsidy principles: subsidy causes asymmetry to the one who 
benefits, which is fundamentally against the pure neo-classical axioms. The fact that, in 
theory the amount of subsidy should not exceed the amount of externalities generated 
by the innovation only insures that a second best optimum can be reached. Again the 
same argument is relevant for the promotion of cooperation that restricts the diffusion 
of information and economic agents to a limited number of agents. 

– The general idea behind these trade-off is that solving a given market failure always 
makes another market failure emerges. The crucial question is the balance between the 
positive effects resulting from the correction of the first and the negative effects of the 
second. There is sometimes the risk that corrective public actions create other market 
failures worst than the ones that were supposed to be solved, i.e. that the increase in 
social surplus obtained thanks to the corrective action is inferior to the decrease in 
social surplus induced by the created market failure. If it is the case, we are in presence 
of government failure or policy failure. In any case, the balance between positive and 
negative effects from state intervention is hard to assess, and thus often as much a 
matter of policy decision as of an economic one. 

– Another case at stake is the possibility that the benefit effects are less important than the 
cost of intervention, this latter including the cost of the research of information about 
the presence of market failure and the evaluation of the actual and corrected situation. 
These are both typical cases of government failures associated with the neo-classical 
framework. 

These two fundamental difficulties are related to the set of information owned by the State, and 
its capacity to acquire new information. It is arguable that the state has more information than 
the markets, and moreover that it is more able to adapt its information structure than the market. 
Another occurrence of government failure emphasized in the field of public administration 
theory is related to the process of decision in public bodies, reflecting private interests, lobbying, 
etc. and raising the unresolved problem of the aggregation of individual preferences, at least 
with the neo-classical analytical apparatus. 
∙ To follow this line of argument, it should be mentioned that other theoretical developments 

in economic theory favor a more dynamic idea of competition, which would be seen as 
based on a continuous creation and exploitation of asymmetries, especially regarding 
information. As long as technology is treated as a set of information and the choice of 
agents is seen as an optimization taking into account existing or anticipatable alternatives, 
these approaches still remain within the boundaries of the neo-classical paradigm. Despite 
the progress of analytical tools and continuous refinements and complexification of 
contractual schemes in this field, there is still room for more dynamic approaches to take 
care of these asymmetries of information. 

The Evolutionary Framework and Its Implications 
Under this heading there is a constellation of approaches that nevertheless have some strong 
common features. Often inspired by other disciplines than economics (sociology, psychology, 
history, management, epistemology, etc.), they claim part of the heritage of Schumpeter’s view, 
and have been built against the neo-classical framework. They have strongly been gaining in 
coherence with the emergence of the knowledge-based approaches. 
∙ Most of these approaches can be seen as opposite to those of the neo-classical framework. 

This framework fully acknowledges the learning or more generally the cognitive capacity 
of agents or groups of agent. It embraces a capacity to create new knowledge, especially 
by changing the way of thinking, the beliefs, the visions, the routines, etc. As regards 
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innovation, the cognitive capacity concerns scientific and technological knowledge that 
cannot be reduced to pieces of information but is a mix of tacit and codified knowledge. 
This point has some decisive consequences on appropriation and diffusion phenomena: 
learning is obviously a cumulative and collective rather than purely individual process, 
which logically leads to admit that it is a context-dependent process. It varies from agent, 
group of agent, firm, industry, cluster of industry, region, institutions, etc., to the other. 

∙ The three main approaches share all these features, but each of them has focused on some 
specific aspects and therefore has added some decisive concepts and analytical tools to the 
general framework. These concepts, often with quite minor adaptation, have been adopted 
by the other approaches that use them as indispensable bricks for their own conceptual 
construction. 

∙ The evolutionist, systemic (including national or local systems of innovation as well as 
clusters) approaches have respectively provided the general logic of the evolution, the 
how it works and the basic engine of evolution. But the main problem remains to define 
what would correspond to the neo-classical optimal solution. Surely there are neither static 
nor dynamic equilibrium-like situations, which have little meaning if any, in this learning-
oriented framework. Accordingly, there is nothing like optimality, even though it is 
sometimes possible to assess ex post if one situation is preferable to another. 

∙ They refer to Schumpeter’s cycle analysis reinterpreted and enriched by paradigmatic, 
systemic and other approaches. The only apparent consensus on this point can be reached 
by saying that the system follows some trajectory induced by paradigm, and therefore it 
must be able to exploit a good trajectory as well as ensure a good transition from one 
paradigm to another. In order to be able to do so, there should be enough diversity in the 
whole system and at all levels of the system, among which the selection processes should 
perform satisfactorily, without much lack of cohesion that would unbalance the system 
and/or prevent it from evolve well. And the basic engine that allow for all of this would be 
the maintenance or increase of the cognitive capacity of all agents or groups of agents at 
all levels of the system. 

∙ With an approach in which all phenomena and processes are so complex and intrinsically 
related, it is then rather difficult to identify and especially isolate failures as we did for the 
neo-classical paradigm. Indeed, the term failure is adopted for simplicity’s sake, but may 
be misleading. 
– In the market-oriented framework, there is always an implicit or explicit reference to an 

optimal situation that would be reached if all conditions were fulfilled – if markets and 
behavior were perfectly equal to theory prediction. It is by reference to this mythical 
optimum that something is seen as going wrong or as failing. Within the alternative 
framework, this reference to an optimal situation does not exist so much, and thus it is 
not exactly proper to consider failures. It should be better to consider rather traps, 
dysfunction, gaps, holes, leading to dilemma and trade-off between existing forces 
driving the system rather than dilemma and trade-off between possible states of the 
system (as choosing between two second-best situations). There is no unified and 
unanimously accepted list of failures in the evolutionary constructivist framework. 

∙ What basically matters are generally speaking learning failures – problems that limit the 
cognitive capacity of agents and groups of agents or that refrain the use of such capacity. 
A series of failures that are expressions of learning and cognitive problems in different 
context and at different levels of analysis, fall within this general types of failure: 
– Exploration/exploitation failures: misallocation of efforts and most of all of cognitive 

attention to one activity to the detriment of other; 
– Selection failures: technology, practice, firms (e.g. infant firms) and all species at which 

selection is at work are eliminated too rapidly or according to inappropriate criteria; on 
the contrary, others are wrongly maintained; 
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– System failures: lack of coordination and complementarity between cognitive activities 
of agents and groups of agents; rigidity of cooperative structures; lack of appropriate 
institutions allowing a collective creation and diffusion of knowledge; bad adjustment 
and de-synchronization between the institutional and technological evolution. 

– Knowledge processing failures: codification problems (lack of standards and platforms, 
rigidity linked to excess of standardization, appropriability of codes, etc.); lack of 
(limitation of; absence of) control over absorptive and emitting capacity; lack of 
capability to articulate knowledge coming from different sources (e.g. external and 
internal to a firm); and structure of knowledge badly adapted to appropriate sharing 
and distribution. 

∙ The negative consequences of these different types of failures (and thus basically resulting 
from a deficit of cognitive capacity) are principally the lock-in in bad trajectories, the lack 
of diversity in the system, the difficulty of making new paradigms emerge and warrant the 
transition between old and new paradigms, and the existence of gaps in terms of 
knowledge, networks, institutions, economic and social conditions and so on, which 
unbalance the evolution of the system. 

The basic principle of policy would be to help by all possible means to the development and the 
orientation of cognitive capacity of actors and the provision of the conditions of use of this 
capacity. The different approaches developed within the evolutionary framework will put the 
emphasis on different aspects of this question,54 and therefore the basic principle can be 
activated by very different actions, such as the promotion of norms, platforms or other 
knowledge-related infrastructures, the support to communities and agents of knowledge, the 
reinforcement and adaptation of the education system, the renewal of property right system to 
take into account not only the cumulative nature of knowledge creation but also the nature of 
the knowledge and of its other modes of appropriation, the support of infant firms at different 
stages of development, etc. Above all it should be adapted to contexts, defined according to 
geographical, industrial, sectoral, market-related, and institutional dimensions. 
∙ The use of cognitive capacity is then supposed to provide the conditions for appropriate 

selection processes and sufficient diversity in which the selection mechanisms operate, 
without too many gaps in the system. In turn, this would guarantee the evolution of the 
system along satisfying trajectories and through relevant paradigms. This rather naïve 
picture could obviously be made more sophisticated, by orienting it towards some specific 
aspects involved in learning. But fundamentally, it would not escape from this simple and 
sometimes apparently tautological argument. 

∙ In this framework, the frontiers between science policy, technology policy and innovation-
related policy becomes blurred for different reasons. The actors are interacting at different 
levels of the system. The practices of diffusion, the incentives and the very activities are 
not strictly differentiated between science and technology. The nature of the knowledge 
produced is not fundamentally different. 

It is as easy to identify tracks, examples, partial assessments, and pieces of evidence of the 
fundamental relevance of this approach as it is difficult to define metrics and tools to operation-
alize and measure all the concepts that have been emerging for more than 20 years. The problem 
is complex and located at different levels. It concerns the measurement of some aspects even in 
qualitative (e.g. diversity, learning capacity), the definition of what would be a satisfying level 
of the corresponding variable, and the desirability to reach some degree of homogeneity in the 
metrics, scales or analytical tools. With the complexity of the approach, due to its systematic 

                                                           
54 For instance, researchers investigating innovation system will defend the role of institutions, infra-
structures and collective interactions, or the knowledge-based economics will debate of the necessity to 
help to the codification process or to support the development of knowledge infrastructure allowing for 
better use of the increasing of amount of codified knowledge within the whole society. 
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and constructivist nature, this is probably the main problem encountered with this framework, 
because it prevents analysts and policy makers from really envisaging the adequate policy 
options that would favor the adequate balance of all dilemma and other tradeoffs. Another 
problem resides at another level: it is the dominance of the neo-classical framework in the mind 
of the majority of analysts and decision-makers, although public action has begun to take on 
new rationale, roles and tasks. 
∙ A very important difference between both frameworks lies in the role of the State. In the 

neo-classical framework the state is basically considered as normally outside the system of 
markets, and is needless if markets and behaviors are consistent with what the theory says. 
This is only when some market failures occur that the state appears. Then it arise the 
questions of public/private rate of return, crowding effect, substitution, and the like, and 
finally those traditionally related to additionality. In the evolutionary framework, the 
perspective is quite different. The systemic, path-dependent and cumulative approach fully 
recognizes the state-related institutions and their influence on institutional, technological, 
social and economic changes; state-related institutions are learning roughly according to 
the same basic rules as other actors. And they have not necessarily more knowledge, a 
better cognitive capacity, broader vision, etc. than the other parts of the system. 

∙ Most of the learning failures affect public bodies as well and logically entail government 
failures. In this respect, the main source of government failures probably lies in the de-
synchronization of the speed of adaptation of public institutions and that of technological 
and scientific change in the system. This default in the speed of adjustment may have 
some negative counter-cyclical effects. Because of their specific role, public institutions 
are urged to develop integrative and coherent policy visions, tools and instruments, and to 
adapt constantly to the new requirements and trends of the economy. In this perspective, 
the adaptive policymaker should also permanently try to implement experimental policies, 
to use different policy instruments, to change the mix of instruments, and to make use of 
benchmarking approaches as policy learning mechanism. 

∙ Policy learning should also encompass diagnostic learning: it is also the ability to identify 
the changes in the environment and the changes in the relative position of actors (firms, 
countries, etc) in this environment that is at stake. The recent debate about the “European 
innovation paradox” clearly shows the importance of this learning capacity upstream from 
the innovation policy itself. 

Comparison of the Policy Principles and Policy Implications 
S&T policy actions derived from the neoclassical and the evolutionary frameworks are neither 
necessarily different nor antagonistic: many policy actions are apparently common to both 
frameworks. However, much more detailed analyses would obviously reveal differences in the 
practical applications of these principles. The common policy action is justified on different 
grounds according to each framework because it set up for different purposes. 
∙ As S&T policy principles are based on different rationale related to different theoretical 

frameworks (leading to different objectives), evaluation tools and techniques are based on 
different evaluation perspectives related to different theoretical frameworks (leading to 
different objectives of evaluation). Knowledge of this coherence requirement is certainly 
useful when wants to launch any evaluation exercise. 

∙ The different alternatives could be justified in each framework, and one could not pretend 
that one option is analytically stemming from a particular framework. Neo-classical 
externalities could be higher between sectors than within sectors or market failures could 
be more prominent and damaging in certain sectors, and the collective cognitive capacity 
could potentially be more or less transversal to sectors.  

∙ Another classification of S&T policy orientation is to distinguish between mission- and 
diffusion-oriented policies. At first sight, one could claim that mission-oriented policy is 
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more connected to the neo-classical framework, while the diffusion-oriented policy is 
more rooted in the evolutionary one. But there may be some circumstances in which the 
concentration of support on a small number of technologies and on large firms is the best 
way to develop cognitive capacities and enlarge the knowledge-base; conversely, diffusion 
of information and cooperation are not absent from the neo-classical perspective. The two 
distinctions are rather empirical orientation of policy, which always borrow implicitly or 
explicitly from both frameworks. 

∙ It is also interesting to pay attention to the role that the state can play in terms of market 
creation. Obviously markets play a key role in the neo-classical framework as the main if 
not the only mode of coordination, but its role is not completely denied by the alternative 
framework, being acknowledged for instance as a decisive element of the selection 
process. But whereas in the neo-classical framework, the creation of markets requires the 
creation of demand or supply, the definition of property right on the good which is 
exchanged, and general conditions of market operation, in the alternative framework the 
main focus is put on the creation of infrastructure and knowledge capacity which are 
required to make the market exists. In other words, this alternative framework tends to 
adopt a sociologist view of the market being a social construction involving cognitive 
capacity, and not so much a natural way of organizing the economy. This also has 
consequences on the forms of state intervention in the S&T policy field. 

∙ In both frameworks, there is a need for combining S&T policy with other policies. In the 
neo-classical one, the distinction between the different policies is straightforward, since 
each of them can act on a limited a priori defined set of variables of the neo-classical 
model (such as incentives, price, market structure etc.). In the alternative framework, the 
differences are less evident and almost all policies can impact the whole system because 
of all the interactions at all stages. 

The Questions of Additionality 
The question of additionality is obviously at the heart of the justification of state intervention in 
the field of S&T, and thus intrinsically linked with the rationale for the S&T policy. But it is 
also linked with evaluation and assessment problems. The problem could be expressed in the 
following terms: what differences do state intervention make? This question should immediately 
be linked to a second: do these differences justify state intervention? Additionality is then linked 
directly to policy action. Policy action aims at objectives and these objectives are to be linked to 
rationale. This raises a double problem: 

– Differences can be assessed in the light of the targeted objectives, but other unexpected 
differences may occur out of the scope of the targeted objectives. 

– These unexpected differences can be coherent with the framework that gives birth to the 
objectives or not. It is required to adopt the theoretical view of the other framework to 
identify them and if possible to evaluate them. 

An essential dimension of the additionality problem is related to the situation that is to be 
considered as alternative to the one in which there is a state intervention. The counterfactual 
scenario is a fictive construction about what could happen. There is another question related to 
the temporal dimension: the time horizon over which the additionality is examined. 
∙ Ex ante, additionality is between targeted situation (e.g. the objectives) and the forecasted 

alternative scenario. Ex post additionality is between actual situation and the re-built alter-
native scenario, but this actual situation may be better or worse than the one targeted. 

∙ Directly linked to this question is the one of the level at which the alternative scenario is 
under consideration: project level, firm level, program level, policy level, etc. As this 
alternative and hypothetical situation must be compared to some sort of evaluation of the 
actual or anticipated situation with the state policy, both situations must logically be 
considered at the same level. 
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∙ When the policy action takes the form of providing input to the innovation process, the 
neo-classical way of analyzing the activity of agents led to the first two types of 
additionality: input additionality and output additionality. The next step has been to 
concentrate on the process itself, making the ambitious question of behavioral addition-
ality emerge. The recent development of knowledge-based economics (and its influence 
on the evolutionary framework) suggests that a fourth type of additionality could be 
envisaged, the cognitive capacity additioanlity. Each of these four types of additionality 
shed some light on the global problem of additionality. None of them can alone address 
this global problem, and sum up of the four types is not equal to the global additionality. 

Products, processes and other physical devices, patents, articles, blue prints and other forms of 
S&T products can more or less be compatible with an output perspective. At most, knowledge, 
standards and norms can also be considered as outputs, but with specific properties sometimes 
far from those of information-like outputs. But the cognitive capacity and all types of capacity 
that are rooted in it do not fit in the picture. 
∙ The account for outputs does not express as such the “differences” the output made 

possible; it is indispensable to assess the impact generated by the use (production, 
exchange, etc.) of these outputs to derive a global assessment of additionality from the 
existence of output additionality only. The counterfactual scenario does not need to be 
analyzed in details, important is the achievement and not so much the process by which it 
is obtained. The only problem is to find common definition and measure to compare the 
output obtained and the one that could have been obtained “if”. 

∙ It may be some cases in which there would be no additionality as regards the outputs 
corresponding to the objectives of a given policy action, but aditionality as regards other 
types of outputs from the same policy action. This shows the crucial importance of the 
choice of array of outputs taken into consideration when assessing additionality. 

The concept of input additionality is closely linked with neo-classical analysis and related to the 
concept of output additionality. The input additionality is applied mainly because there is a lack 
of available material to elicit the output additionality problem. 
∙ Does public action add to the inputs dedicated by the agents to the innovative process or 

does it completely or partially displace such inputs? If the state financially supports 
actions that would anyway have been conducted by the agents, the agents are tempted to 
use their resources for other activities. There is additionality when the state supports 
actions that would not have been carried out by the agents, provided that the actions are 
socially desirable. In terms of the neo-classical framework, it means that these actions 
result in a social rate of return higher than the private rate of return. 

∙ Innovative activity being a risky one, this ex ante problem obviously is more complicated 
by the fact that the investment choice criteria become more like a trade-off between rate of 
return and risk. Public funds could motivate an agent to carry out activities with high risk 
but high rate of return leading to complementarity rather than displacement. The funds 
provided by the state may convince other provides of funds to reduce their requirements in 
terms of profitability; this is the sharing of risk management. There is also the possibility 
that in some instances the state favors privately favorable projects in order to show some 
kind of success of its policy. If the supply of inputs to innovative activities is inelastic, the 
support given by the state could increase the prices of the inputs and thus convince the 
competitors of this agent to reduce their efforts because they fear they might be 
disadvantaged in the competition. Public funds could displaces, complements or adds to 
private money, but it is only when looking at the specific context in which public money is 
used that we can conclude about the additivity. 

The interpretation of input additionality would be that the agents would have acted differently in 
the absence of public action, during the period corresponding to the course of action: the project 
could have been less ambitious, with different partners, could have taken more time, etc. The 
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second interpretation would be that, thanks to the public action, the agent will later behave 
differently (after the project): he will be use different routines (project management, research 
activities) or will use existing ones differently, will interact differently with his environment, etc. 
∙ The problem with the first interpretation is that investigating the behavior of agents does 

not directly inform on whether the behavior with state action is better or worse than the 
behavior without state action, i.e. whether there is additionality or not. To a certain extent 
also, examining the first type of behavioral additionality seems quite redundant with the 
attempt to build the counterfactual scenario, even though it could be a much more compre-
hensive and detailed scenario than in the case of output additionality.55 

∙ The second interpretation seems more coherent with the additionality question and orient 
the debate towards another perspective. We are not anymore preoccupied by the inputs 
and outputs, but rather by the change affecting the agents themselves, more precisely their 
ways of doing: do the agents behave differently after the project than before? This is 
clearly a crucial type of difference possibly by public action. Nevertheless, this position 
entails some overlaps between behavioral additionality and output additionality on the one 
hand and with the cognitive capacity additionality on the other. Firstly, some behavior 
may be rooted in explicit routines: quality management, project management, contractual 
arrangements, systems of information, etc., which are sometimes part of the very output of 
the activity supported by the state, and in other instances acquired by the agents in the 
course of this activity. Secondly, changes in behavior of firms are intrinsically linked with 
the modification of their knowledge base and the cognitive capacity generated by this 
activity. 

From an evolutionary perspective, output additionality is probably the most crucial one, and one 
could claim that it is the equivalent of the additionality in the neo-classical framework. The 
basic idea is: does the policy action change the different dimensions of the cognitive capacity of 
the agent? This question is complementary with the one we asked when we looked at the second 
acceptance of behavioral additionality. Both questions are dealing with the impact that the state 
policy action has on the system (which is clearly different than the question of the output 
produced by the system thanks to the policy action).56 
∙ It must be acknowledged that the difficulty of putting this concept into practice relates to 

the difficulty to define all the dimensions of the cognitive capacity, and of the change in 
the capacity. Only pieces of the puzzle can be apprehended. Some important dimensions 
could concern the absorptive capacity, an ability to master the codes use to articulate the 
existing and emerging knowledge, a capacity to interact with its environment, etc. 

                                                           
55 From an analytical point of view, this approach of behavioral additionality only provides explanation 
for the existence or the absence of the other types of additionality. For instance, if one assume that the 
objective of action supported by the state would have been reached (although maybe later) even without 
this state action but differently, the difference looked for in the additionality analysis lies in the behavior 
of the agents. In other words, by this means one could enriched the evaluation with an analysis of the 
innovation process in itself, which could eventually help the policy maker to refine the way he 
implements his program. To this extent, it does not add too much to the solving of the additionality 
problem neither from a neo-classical perspective, nor from an evolutionary structuralist one. But it may 
allow us to compare different ways of reaching the same result, in particular different learning process if 
we adopt the second framework. 
56 Theoreticians from organization would probably even argue that a third question could be added in 
order to tackle this question of the change of the system: does the policy action affect the structure of the 
system? It is also obvious that cognitive capacity additionality is linked with the two previous ones. It 
depends on certain types of physical devices and on knowledge itself, which are outputs of the activity 
itself or which have been acquired during its performing (output additionality); it results from the 
behavior of the agent during the project (first behavior additionality); abd it is partially expressed in new 
behavior (second behavior additionality). 
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∙ The question of the counterfactual scenario is even much more complex for the cognitive 
capacity additionality than for the output additionality, and probably too complex to cope 
with. The null hypothesis, although already very difficult to define, would be only solution. 

The Relevance of Additionality for S&T Policy Actions 
It is not obvious that the four types of additionality are directly transferable to the analysis of the 
other types of policy actions. Firstly, input is sometimes to apprehend; obviously all policy 
actions are costly, so they always involve financial expenses from the part of the state but it is 
not sure that this would be the best variable to take into account. Perhaps a broader concept to 
use would be the displacement/additivity of resources in the general meaning of the word.57 
∙ As for the output additionality, the problem is also difficult. Following the logic of the neo-

classical framework, additionality of indirect ways to increase the incentives to innovate 
could be handled in the same way as direct financial support. Other types of output could 
be in theory the information system at the disposal of the agents. A rich list of outputs is 
probably even more required when analyzing those types of policy actions, which render 
the understanding of the link between outputs and differences looked for by additionality 
research even more crucial. 

∙ The study of alternative ways of getting the same results (first interpretation of the 
behavioral additionality) is paradoxically as easy whatever the policy action, at least in 
theory. 

∙ The cognitive additionality (including the second interpretation of behavioral additionality) 
seems to be relevant for all policy actions, since according to the second framework, all of 
them may be acting towards the increase of cognitive capacity of agents. 

The very problem of additionality is relevant in both frameworks, but has some very different 
meanings in each, leading to different and possibly complementary concepts of additionality. 
Output additionality is more relevant in the neo-classical framework, while cognitive addition-
ality is central according to the evolutionary framework. Real policies do not fully stick to one 
or the other frameworks, and the policy action can be envisaged and interpreted (and possibly 
evaluated) in both of them. There is probably a strong need to try to reconcile both frameworks. 
This may be the same for additionality. Refinements have nevertheless to be made to adapt 
those concepts to different types of policy actions. 

2.3 Public-Private Partnerships and Technology Foresight 
Public-private partnerships are an integral element of the new paradigm in technology policy 
characterized by private sector and market-pull cooperative ventures rather than government-led 
technology push programs. For government, the benefits of partnerships between industry and 
universities, research institutes and public laboratories include higher social returns from the 
exploitation and commercialization of public R&D as well as a diversified source of funding 
and improved training of graduates. Besides reducing risk and cost sharing, partnerships can 
help firms access skills, monitor new developments, and undertake exploratory research in areas 
outside their core business. However, partnership policies and schemes should not be designed 
solely on the notion that cooperation between industry and public research is intrinsically good. 
Just as industry enters into public-private partnerships to achieve specific goals, government and 
public research institutions should also set clear goals and time horizons for inputs and outputs. 
∙ Public-private partnerships can be defined as any innovation-based relationships whereby 

public and private actors jointly contribute financial, human and infrastructure resources, 

                                                           
57 For instance in the case of property rights, comparing the investment from the state in the legal system 
to the resources devoted by the agent to establishing some type of protection; in the case of cooperation, 
the investment from the state in the findings of networks with the resources devoted by firms to the same 
purposes, etc. 
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either directly or in kind. As such, partnerships are more than simply a contract research 
mechanism for subsidizing industrial R&D. Partnerships can be formal or informal 
arrangements governing general or specific objectives in research or commercialization.  

∙ Collaboration between public research and industry has been a characteristic of the 
German research system since the 19th century. In post-war Japan, partnerships have been 
an integral part of large government-sponsored industrial technology programs to help 
Japan catch up in specific sectors. In the US, it was not until the Cold War that changes in 
the government policy, led by heightened defense spending on R&D, resulted in increased 
collaboration between public research and industry. In the 1960s and 1970s, structural 
change prompted the states to take the lead in promoting collaboration between industry 
and universities as a means of harnessing technology for local economic development, 
especially job creation. By the early 1980s, the success of Japanese collaborative R&D 
and growing competition in global technology markets led to a paradigm shift in the US, 
with public-private partnerships becoming a key component of federal technology policy 
and a tool for improving national competitiveness. 

∙ Perhaps the most common justification for promoting public-private partnerships as an 
implementation strategy for technology policy is one of efficiency by reducing overlaps 
and leveraging of scarce resources. Given the historical context where programs and 
policies exist but do not necessarily coordinate well with one another, the efficiency 
motivation for partnerships is also a response to government failure. The desire to form 
partnerships to improve the total efficiency of public technology policies is consistent with 
increased concerns about government performance enhancement. 
– A main appeal of public-private partnerships is that they reduce the risk of government 

failures resulting from picking winners by traditional R&D subsidization schemes. 
Public-private partnerships entail the competitive selection of participants and greater 
influence from the private sector in project selection and management, helping ensure 
that the best participants and projects are targeted. 

∙ In addition to addressing government failure, public-private partnerships can potentially be 
market correcting. It can be classified according to the functional objectives and goals of 
governments – e.g. support for strategic research and technology development, improving 
the mechanisms for commercialization and technology diffusion, generating spin-offs of 
technology-based firms. In addition, providing access to innovation financing and training, 
and stimulating network among innovation actors have become more explicit objectives of 
partnerships.58 
– If firms are brought together in consortia, the risks involved in R&D can be shared, 

leading to a better balance between costs and returns. Typically, this argument is 
applied to generic, pre-competitive research. 

– Public-private partnerships at the commercialization stage could also be justified if 
market failures (especially in financial markets) lead to under-investment in the use 
and application of new technology for developing new products and processes. Intense 
competition in the application of new technology in product markets with high 
substitutability may also lead firms to under-invest in technology. Therefore, there is an 
argument for tailoring government support, such as information provision or financing, 
according to whether the failure lies in the pre-competitive stage or closer to market.  

                                                           
58 From the point of view of the firms, four main goals are associated with participating in public-private 
partnerships: knowledge goals; exploitation goals; networking goals; and stewardship goals such as cost 
reduction and sound R&D management. Although cost sharing is generally considered a main motivation 
for partnering in R&D, survey evidence from partnerships in advanced technology programs suggests that 
knowledge goals rank highest among participating firms, which may reflect greater heterogeneity among 
partners since cost sharing are more important among similar firms. As regards the technology focus of 
partnerships, sector-based programs remain important but they are integrating multiple technologies. 
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– Partnership initiatives often seek to offer combinations of services, for example by 
combining technology assistance, training, management, and marketing assistance in 
an integrated fashion to firms. This is a mix that may require expertise from multiple 
public and private service providers. Even more fundamentally, partnerships frequently 
aim to accelerate the learning and sharing of knowledge and to promote networks of 
information flow, technology diffusion, experimentation, and organizational innovation. 

– Partnerships aspire to serve as investments in social capital to promote the processes of 
collective learning and innovation now seen as crucial in the formation of effective 
systems of innovation at national, regional, and sectoral levels. 

There is a wide variety of public-private partnerships in OECD countries with some forms more 
prevalent in certain countries, reflecting different institutional arrangement for public support to 
R&D (including to universities and laboratories). Experience suggest that the type of partner-
ship best suited for a given policy objective will depend not only on the stakeholders and their 
objectives, but more importantly on the types of market or systemic failure being addressed. 
Partnership programs must thus be targeted and adapted to the market and institutional 
environment in which firms and public research partners operate. The size of firms, their sectors 
and their position on the innovation ladder (e.g. internal R&D capability) also have a bearing on 
their ability to collaborate with public research. 
∙ The predominance of university-industry partnerships in the US reflects the specific 

national characteristics and embedded structures of university research financing. Basic 
research in US universities largely depends on competitive grants from extramural funds. 
In many European countries, university research has traditionally been supported by 
internal university research funds, although tighter budgets for higher education research 
have led universities to diversify their sources of funds. Since the 1980s, however, the 
share of higher education research financed by industry has increased strongly, especially 
in Germany and the Netherlands. 
– OECD governments have helped establish technology transfer and industrial liaison 

offices at universities, technology incubators, science parks, and, more recently, centers 
of excellence – all with the goal of increasing efficiency from public R&D spending 
and diffusing knowledge. The success of these various “bridging institutions” has on 
balance been mixed. Public funding of these knowledge centers remains an issue, as 
industry participation is insufficient for self-sustainability in the short to medium terms 
(five to ten years). Among the most successful initiatives are those which have taken an 
interdisciplinary approach and concentrated on specific technology clusters (e.g. 
biomedical and information technologies). 

∙ Government partnerships with industry generally bring together central government-
funded research bodies with consortia of large firms focusing on pre-competitive or 
“enabling” research. A major aim of government programs to fund industry consortia, 
including the US Advanced Technology Program (ATP) is to reduce the technical risks 
and induce firms to bear the remaining commercial risks that correspond to their market 
strategies. While partnerships between government and industry consortia may involve 
universities or laboratories in the execution of extramural research, generally the 
sponsoring government agency and firms are the main participants. 
– Another form of government-industry partnership takes the shape of joint research 

ventures between government laboratories and firms. Following the privatization of the 
government research establishments in the UK, contract research became a source of 
funds for them as well as for the Research councils.  

– In the US, legislative changes in the 1980s spurred the creation of the Cooperative 
Research and Development Agreement (CRADA) that are not collaborative technology 
programs per se but rather a mechanism that allows federal laboratories to enter into 
partnerships with industry as a way to commercialize dual-use technologies. While 
CRADA-initiated partnerships are mainly considered as promoting technology transfer 
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rather than research, they nevertheless contribute to building the infrastructure for 
cooperative R&D.59 

∙ In some countries, industry partnerships with research institutes are more common than 
those with universities or laboratories. This reflects the divide between countries where 
universities play a larger role in both basic and generic applied research (the US and the 
UK) and countries where public research institutes play a rather substantial or larger role 
in both basic and applied research (France and Germany).  
– During the 1980s, there was strong growth in the establishment of US research 

institutes, mainly at universities, which focus on certain industry needs (e.g. robotics 
for manufacturing), although the high funding involved has meant that large research 
institutes have given way to smaller and more specialized types of centers.  

– In France, the CNRS institutes and specialized research agencies are generally more 
active than universities and other higher education establishments in partnering with 
industry. In Germany, partnerships have been characterized by industry collaboration 
with both universities and applied research institutes such as the Fraunhofer or the 
Steinbeis Foundation centers. There has been a recent shift in partnership policies away 
from ‘institution-based’ collaboration towards project-based partnerships that involve 
multiple actors in the innovation system. While public research institutes in France and 
Germany have generally benefited from stable and permanent research funding, this 
situation is changing as institutes rely more on industry support. 

∙ Public-private partnership arrangements are increasingly targeting SMEs, linking together 
groups of SMEs and multiple public research providers. The questions arise whether there 
are institutional and market disincentives to partnerships, or whether the lack of 
cooperation is due to fundamental incompatibilities such as diverging time horizons – 
small firms focused on specific solutions to specific problems and universities focused on 
long-term research. Blindly promoting partnerships between SMEs and universities could 
divert resources away from projects with larger firms that may have potentially higher 
social and private returns. 
– An approach undertaken by several countries is to broaden public-private partnerships 

that involve both large firms and SMEs and other actors in the innovation system. The 
US Manufacturing Extension Partnership program link SMEs with various service 
providers such as federal labs, technology brokers, and consultants, with support being 
tailored to different types of firms.. The success of such broad-based partnerships, 
however, presupposes effective channels of cooperation and coordination among 
different levels of government and service providers. At EU level, a number of special 
measures have been developed to encourage the participation of SMEs in Community 
research partnership schemes. 

As regards the design and implementation of partnerships, there is again great diversity in the 
approaches of OECD countries. Lessons from various countries suggest that public financing of 
partnership initiatives should be designed to maximize the contribution of industry through cost 
sharing, which increases the market relevance of the project, and to provide incentives for all 
partners while limiting the risk of capture and dead-weight loss. Moreover, public-private 
                                                           
59 Government support for CRADA projects takes mainly the form of in-kind support including staff 
hours and access to federal laboratory facilities. At the same time, evaluations suggest that government 
laboratories in general have been less successful than universities in licensing technology. This may be 
due in part to their late entry and lack of experience in cooperating with industry or to the fact that few 
laboratory technologies are readily commercializable and instead require substantial interaction among 
partners – well beyond the attribution of intellectual property rights. Laboratories also tend to have less 
flexibility in partnering with industry given that their objectives are pre-set by agency missions or 
national R&D plans and the bulk of their funding is generally allocated on a discretionary basis rather 
than through competition and peer review. 
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partnerships should be designed so as not to preclude other forms of collaboration between 
public research and industry that are important for the diffusion of public research. 
∙ Evidence on the outcomes of public-private partnerships is limited, but case study and 

anecdotal evidence suggest that such partnerships – provided they are properly designed – 
can have a leverage effect on R&D as well as generate many indirect and often intangible 
benefits (e.g. improved networking and flows of tacit knowledge). Informal linkages, 
which act as ‘glue’ to formal agreements and help broaden the sources of external 
knowledge, have implications for partnership policies, which tend to focus more on larger 
collaborative ventures. Improvements in the collection of data on public-private partner-
ships are needed, especially in terms of the organization and management of partnerships, 
their financing mechanisms and outputs. 

Partnerships have emerged as a political response to attacks on traditional concepts and 
instruments of government policy. In the US, any discretionary governmental activity has come 
under great skepticism and criticism. This is certainly true of technology policy. At the federal 
level, political momentum by conservatives to leave technology development and diffusion to 
the market was strong in the 1980s and remains powerful in the 1990s. These political forces 
suggest that government cannot effectively guide technology policy, due to inefficiency, lack of 
skill, bureaucracy, or political favoritism. In response, technology policy proponents have 
advanced partnerships as a more effective, non-traditional approach that involves business input 
and matching funds, market incentives and fee for service, and an emphasis on performance. 
∙ Public agencies and institutions often promoted the formation of partnerships to serve their 

own organizational objectives. Partnerships can be seen as way of extending leverage and 
influence. In some instances, public agencies seek partnerships for purposes of survival. 

∙ If partnerships are too focused on efficiency and performance goals, then learning and 
innovation may be given short shrift. Yet, if too focused on social learning without 
efficiency outcomes, then the political system may become impatient at the lack of visible 
results and so curtail support. If political rationality results in partnerships that are mostly 
symbolic and which lack economic substance, this too is problematic, particularly in terms 
of economic and social opportunity costs and the credibility of public action. However, 
political sustainability and symbolism cannot be ignored: some partnerships that have high 
political value can preserve themselves, even if less than fully effective in economic and 
social performance. 

Partnerships usually have costs as well as benefits and frequently have to spend time and energy 
to reconcile competing interests. Once new policy frameworks have been established to 
encourage partnerships, significant leadership and management resources then need to be 
invested to ensure net benefits and desired results.60 
There is widespread and growing recognition that technology foresight represents a useful tool 
to aid decision-making in relation to technology policy, whether at the national level or at a 
more micro-level. Technology foresight has begun to take root, already starting to bring some of 
the process benefits, such as better communication between all the relevant stakeholders, the 
creation of networks, and the stretching of time-horizons in relation to decision-making.61 
∙ OECD use the working definition of ‘technology foresight’: Systematic attempts to look 

into the long-term future of science, technology, economy and society with a view to 
identifying emerging generic technologies (a pre-competitive stage in their development) 
likely to yield the greatest economic and/or social benefits. 

                                                           
60 Shapira (2001) illustrates the kinds of issues, tensions, and management strategies that are involved in 
implementing partnerships in technology policy through the case of the US MEP. See Shapira, P., 2001. 
US manufacturing extension partnerships: technology policy reinvented? Research Policy 30, 977-992. 
61 Martin, B., 1996. Technology foresight: A review of recent government exercises, STI Review 17, 
OECD: Paris. 
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∙ In the past, research priority setting tended to be made tacitly – emerged from the policy 
process – or in an unsystematic manner. During the second half of the 1980s, interest 
shifted to foresight.62 Technology foresight has a different philosophical starting-point 
from that of traditional predictive or extrapolative forecasting in the 1960s. The latter 
assumes that there is a unique future, and the task of the forecaster is to predict, as 
accurately as possible, what this will be. By contrast, foresight assumes that there are 
numerous possible futures. Exactly which one we will arrive at depends upon the choices 
made today. In other words, foresight involves more active attitude towards the future. 

∙ Emerging technologies and strategic research are often too far from the market, too risky 
or too expensive for industry to take sole responsibility. Governments must assume at least 
part of the financial responsibility. At the same time, governments are experiencing public 
expenditure constraints and demands for better “value for money”. Partly for this reason 
and partly because of the escalating cost of much research and technological development, 
no government can afford to do everything in science and technology, not even the richest. 
Governments now realize that they must be more selective in relation to technology – they 
must have clearer priorities. Technology foresight represents a systemic tool for helping to 
select those priorities. 

∙ The successful use and exploitation of science and technology depends increasingly on the 
creation of effective networks between industry, universities and government research 
laboratories. Technology foresight can help to establish and strengthen those networks. 

Foresight exercises need to be conducted at several levels, ranging from bodies responsible for 
the coordination of overall science and technology policy down to individual firms or research 
organizations. The foresight activities at different levels should be fully integrated, the results 
from higher and lower levels of foresight being fed into the process, and the results in turn 
feeding into subsequent foresight efforts at higher or lower levels. 

                                                           
62 Technology forecasting first came to prominence in the late 1950s and early 1960s in the US and, more 
specifically, in the US Defense sector. The latter was responsible for developing some of the principal 
tools of technology forecasting, such as the Delphi survey and scenario analysis. Private companies (e.g. 
in the energy sector) also took technology forecasting. Towards the end of the 1960s, Japan decided 
technology forecasting represented a potentially useful tool for assisting policy-makers. A team was sent 
to the US to consult with experts about the advantages and disadvantages of different approaches to 
forecasting. In 1970, the Science and Technology Agency (STA) of Japan undertook its first 30-year 
forecasts of the future of science and technology. The aim was to construct an overview encompassing all 
science and technology, thus providing decision-makers in both public and private sectors with the back-
ground of intelligence on long-term trends needed for broad direction-setting rather than specific priority-
identification). Several thousand experts (mostly active researchers as opposed to senior managers) drawn 
from industry, universities and government organizations, together with a few maverick thinkers (e.g. 
journalists and science fiction writers) were surveyed about possible innovations or technological 
developments. The results from the first round of the survey were synthesized and fed back to the same 
experts, who were then given an opportunity to confirm or modify their former views.62 These 30-year 
forecasts have been repeated approximately every 5 years. In the first half of the 1990s, there was a 
dramatic upsurge of interest in technology foresight. Prior to that, Japan had been engaging in extensive 
foresight activities since 1970, and there have been several technology foresight initiatives in France in 
the early 1980s. In the late 1980s, other countries such as Sweden, Canada and Australia also began to 
experiment with foresight. However, prior to 1990, there was comparatively little technology foresight in 
the US (apart from periodic field surveys), the UK and Germany (at least in the public sector). In the US, 
a number of critical technology exercises were carried out around 1990. In 1992, the first foresight 
initiatives were taken in Germany, including collaboration with Japan, which was then in the process of 
carrying out its fifths 30-year Delphi survey. A year later, A major technology foresight program was 
launched in Britain. More recently, France has begun a large Delphi exercise using the same survey topics 
as in the Japanese and German survey. 
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∙ Research foresight depends for its success on involving a wide variety of people – 
scientists, industrial researchers and R&D managers, policy makers in government and 
funding agencies, in some cases even the general public. The process involved in foresight 
is generally more important than the immediate outputs. 

∙ Successful foresight involves counter-balancing ‘intrinsic tensions’. The first requirement 
is to balance technology-push and demand-pull factors. At least for strategic research,63 
these need to be given approximately equal weight. A second tension concerns striking a 
balance between top-down and bottom-up approaches. The third relates to the extent to 
which responsibility for foresight is allocated to an interested party (involved in funding 
or performing research or in exploiting the results) or to a more neutral third party. The 
former approach helps when it comes to implementing the foresight results but brings with 
it the accompanying risk of falling prey to vested interests (for instance, from established 
scientific disciplines or from sectors of industry). 
– Foresight for strategic research involves SWOT analysis – examining the emerging 

opportunities and threat, and the internal strengths and weaknesses.64 

2.4 Evaluation of Research and Technology Development Programs 
Recent Development 
Evaluation methods and practices have been developed alongside the evolution of technology 
and innovation policy and the understanding of the innovation process.65 Since the 1980s, 
demand for evaluation has been fueled by the desire to understand the effects of research and 
technology development (RTD) programs, to learn from the past, and to justify the continuation 
of those programs.66 Another important influence has been the growing tendency to associate 
science with competitive performance and the search for more effective ways to achieve 
university-industry linkage. 
∙ The development of evaluation in the past two decades has mirrored the evolution of 

technology and innovation policy. Technology and innovation policy began in the 1980s 
with a pre-occupation with large-scale pre-competitive and usually collaborative R&D 
program and gradually broadened the range of instruments through an increasing focus on 
enhancing the environment for innovation and technology transfer. In the 1990s, probably 
the main trend in innovation policies has been away from financial support measures 

                                                           
63 “Strategic research” is defined here as “basic research carried out with the expectation that it will 
produce a broad base of knowledge likely to form the background to the solution of recognized current or 
future practical problems” (Irvine and Martin, 1984). 
64 Strategic planning based on an examination of Strengths, Weaknesses, Opportunities and Threats is 
sometimes termed “SWOT” analysis. 
65 Broadly speaking, evaluation refers to a process that seeks to determine as systematically and 
objectively as possible the relevance, efficacy and effectiveness of an activity in terms of its objectives, 
including the analysis of the implementation and administrative management of such activities. The scope, 
methods and purpose of evaluation differ according to the questions to be addressed and the characteristic 
of the policy measures. Evaluation can be retrospective (ex-post), current, or prospective (ex-ante), 
producing information that can be used in the assessment of past policies, the monitoring of ongoing 
initiatives or the forward planning of innovation and technology policies. Policy makers and economic 
analysts stressed the role of evaluation in examining the justification of a program, analyzing its 
economic effects through its impact on the incentives of firms and individuals, and providing information 
to guide resource allocation and more strategic decision process. 
66 In the mid-1980s, the first OECD review in this field noted the convergence of the internal evaluation 
traditions of science with a growing demand for evaluation of public policy in general. The latter trend 
would later be characterized as a feature of new public management, which requires programmatic and 
institutional performance indicators. M. Gibbons and L. Georghiou (1987), Evaluation of Research – A 
Selection of Current Practices, OECD, Paris. 
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which assist firms to make better use of given opportunities for innovation and towards 
policies which create or enhance opportunities for innovation. 
– Policies for creating and enhancing opportunities for innovation include support for 

networking, between firms and between firms and science base. A strong growth area 
has been the provision of information to companies, to guide firms towards suitable 
partners or funding, to assist with decisions about the acquisition of technology or to 
improve management capabilities for innovation. 

– Other policies focus upon the supporting infrastructure, including incubators and 
science parks. Foresight programs represent an attempt to build networks through the 
formation of a common vision of the future. 

∙ Until the late 1970s, the focus of evaluation had been on the assessment of the quality of 
scientific research, with peer review and bibliometric techniques (impact analysis and 
citation counts) as the main evaluation methods. Program evaluation has developed later, 
following the proliferation of programs to support industrial innovation, mostly by 
fostering collaborative research. The proliferation and widening coverage of policy 
initiative have led evaluation to more use of quantitative performance indicators; to 
increasingly adopt a portfolio approach rather than focusing on individual projects; and 
towards a convergence between ex-post evaluation and continuous monitoring. 
– The increasing demand for evaluation can be partly traced to budget stringency and the 

need to better allocate scarce public resources. More fundamentally, however, the focus 
on evaluation is emblematic of a broader reassessment and examination of the role of 
government and of market mechanisms across several policy areas. Accountability, 
transparency and the desire to minimize distortions arising from government policies 
while maximizing their leverage effects are all driving this trend to more evaluation. 

– Quantitative methods are valuable supplements to the subjective interpretative methods 
such as peer review. Bibliometric methods are valuable in quantifying the research 
output. Different indicators are elaborated in order to illuminate different aspects of the 
research fields. Bibliometric analyses in combination with peer review yield clear and 
meaningful results even if the nature of the evaluated research includes applied 
research. Patent indicators (termed technology indicators as opposed to bibliometric 
science indicators) are useful in measuring the output of applied research and 
experimental development. 

– The proliferation and widening coverage of policy initiatives has increasingly led to the 
adoption of a portfolio approach. The benefits of research cannot be attributed to 
individual projects, but rather need to be appraised at the portfolio level, so as to allow 
indivisibility and interrelationship between research projects to be acknowledged. 

– Monitoring efforts have been increased and combined with periodic ex-post evaluation. 
Monitoring consists primarily of the data collection for performance indicators, which 
are subsequently analyzed and reported. Ex-post evaluations take a more strategic view, 
with the aim of assessing relevance, effectiveness and efficiency. The trend towards 
continuous evaluation becomes more evident from the development of a project-level 
tool-kit approach to collect systematic and easily aggregated information about project 
outputs and effects. 

∙ New methodological challenges for the evaluation have been raised by new development 
in technology and innovation policy. More elaborate techniques are required both for the 
evaluation of direct and indirect socioeconomic effects and for the assessment of the 
conduct of program. The multi-faceted approach has also been made necessary by the 
multiplicity of actors - policy makers deciding on programs, program managers designing 
and conducting it, firms participating, etc. 
– The recognition of the complex, systemic nature of innovation process, and the greater 

coverage of policy instruments, has led to the development of new quantitative tools. 
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∙ Evaluations have been instrumental in exposing the many feedback loops and unexpected 
consequences that have modified the way in which the innovation process is understood. 

Evaluation practices are far from uniform across OECD countries. In the mid-1990s, program 
and policy evaluation is characterized by different degrees of maturity as well as by a large 
measure of variety in terms of tools used, the institutions involved, and of the place of 
evaluation in policy-making in general. 
∙ Evaluation methods cannot be equated with techniques for collection and analyses of data. 

The choice of what is significant to measure, how and when to measure it, and how to 
interpret the results are dependent upon the underlying model of innovation. 

∙ Techniques aside, evaluation is very much a social process, as it involves inter-action of 
individuals, organization culture, practices, and routines. The institutional set-up in which 
programs are evaluated determines the nature, quality, relevance, and effectiveness of 
evaluation practices. Practical arrangements and policy issues are country-specific. 
– In the UK and France, the requirement to evaluate and guidelines for practice emanate 

from the center of government (centralized system). In Germany and the Netherlands, 
evaluation was common practice but was not promoted or coordinated in a systematic 
way across departments and agencies (decentralized systems). 

– Evaluation in the US is in general at the level of programs. Evaluation in France is 
mainly at the level of institutions, though many of the same issues are addressed. 

∙ The differences in approaches to evaluation among OECD countries reflect a number of 
underlying factors. Included in these factors are: 
– The level of maturity of policy (e.g. explicit technology policy as opposed to science 

policy, approach to market failure or systemic failure, characteristics of national 
innovation system taken into account or not, etc.) 

– The attitude towards the appropriate role of the state in the economy (whether 
evaluation is seen as a tool to improve and refine government intervention or to 
constrain government action). 

∙ While each country’s evaluation practices are distinctive, there are enough similarities 
across countries to enable them to be classified into 3 groups. However, the similarities 
should not be overplayed; significant institutional differences exist within each group. 
– The US and the UK share many evaluation practices. Their focus on evaluation can be 

traced to tight government budgets, but more importantly to explicit attempts to 
rationalize government action. The desire to evaluate and apply performance indicators 
is symptomatic of the move towards new public administration with an emphasis upon 
accountability. 

– France, Germany, the Netherlands, Switzerland and the Nordic countries have either 
legal frameworks that require research evaluation and the evaluation of technology 
programs or receptive policy attitudes towards evaluation. Strictly economic objectives 
and criteria in evaluation are less explicit. There is more concern with formative-type 
evaluations, and less with evaluation as a means to improve the allocation of public 
funds among competing uses. 

– In the other OECD countries, evaluation is a more recent, ad hoc phenomenon. While 
the legal framework for evaluation often exists, evaluation have not yet become a 
regular fixture of policy-making. 

Evaluation Criteria and Methods 
A critical issue in evaluation is the criteria to be used for judging programs and policies. The 
basic rationale for government initiatives to stimulate technological development in the first 
place is the market failure rationale. But the preponderance of government failure has forced 
evaluators to become more careful in accounting for costs of programs as well as for benefits, 
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including the costs associated with distortions to economic incentives. Moreover, the realization 
that the benefits of individual programs or policies can often be understood only in the context 
of their impact on a complex innovation system has given rise to the notion of systemic failure 
as a basis for policy. It has also forced evaluators to recognize that identifying social benefits in 
diffusion policies involves a dynamic analysis that looks at the development of new capabilities. 
∙ The accumulated experience of three decades of technology policies, together with recent 

advances in innovation theory, has shown the limits of a simple market failure rationale to 
policy. Socioeconomic effects may be manifested not only through competitiveness and 
exploitation/market-related effects (sales of products, reduction of process costs) but also 
through individual and organizational learning effects (networking, partnership), 
contributions to skills and research manpower, influencing norms and standards, and 
generation of externalities. 

∙ In terms of evaluation, systemic failure has translated into the more elaborate principle of 
behavioral additionality (participation in a program can change the innovative behavior of 
a firm). The focus on additionality as criteria for success is simply a reflection of the 
difficulty of accurately measuring externalities and thus the net social benefits of 
programs. 
– Whatever evaluation methods are used, the importance of having a counter-factual in 

policy evaluation exercises (comparing the absence of policies with the impacts in the 
presence of policies; changes in behavior and performance that would not have 
occurred without the program) has been stressed. 

– Much of the evaluation work to date ignored the competitive environment in which 
client firms operate, and in which the services provided by governments are supposed 
to improve performance. However, it is important to have an understanding of this 
environment in order to optimally design, provide and evaluate program services and 
to ensure that program objectives are not at odds with those of the client firms. 

In the evaluation of research performance and impact, a spectrum of approaches may be 
considered. At one extreme are the subjective, essentially non-quantitative approaches, of which 
peer review is the prototype. At the other end of the spectrum are the mainly quantitative 
approaches, such as bibliometrics and economic approaches. In between are retrospective or 
case study approaches. These retrospective methods make little use of mathematical tools, but 
draw on documented approaches and results wherever possible. 
Peer review of research represents evaluation by experts in the field. The objectives of peer 
review range from being an efficient resource allocation mechanism to a credible predictor of 
research impact. The quality of review will never go beyond the competence of the reviewers. 
The leader selects the reviewers, summarizes their comments, guides questions and discussions 
in a panel review, and makes recommendations about whether the proposal should be funded. 
Both the individual reviewer’s technical competence for the subject area and the competence of 
the review group as a body to cover the different facets of research issues should be considered. 
∙ There are many intangible factors that enter into a high quality review. High quality peer 

reviews require as a minimum the conditions: 
– The method, organization and criteria for an evaluation should be chosen and adjusted 

to the particular evaluation situation; 
– Different levels of evaluation require different evaluation methods; 
– Program goals are important considerations when carrying out an evaluation; 
– The basic motive behind evaluation and the relationship between decision-making and 

evaluation should be openly communicated to all parties involved; 
– The aims of an evaluation should be explicitly formulated; 
– The credibility of an evaluation should always be carefully established; 
– The prerequisites for the effective utilization of evaluation results should be taken into 

consideration in evaluation design. 
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∙ The biases and conflicts of the reviewers limit the quality of review. The biases and 
conflicts of the reviewers selected should be known to the leader and to each other. A 
broad range of reviewer expertise enhances the review results substantially. A key 
component of the process is the use of mixed levels of reviewers on the panels to evaluate 
the different potential impacts of research. The panels include: 
– Bench-level researchers to address the impact of the proposed research on their field; 
– Broad research managers to address potential impact on allied research fields; 
– Technologists to address potential impact on technology and the potential of research to 

transition to higher levels of development; 
– Systems specialists to address potential impact on systems and hardware; 
– Operational naval officers to address potential impact on naval operations. 

∙ The presence of reviewers with different research target perspectives and levels of under-
standing on one panel provided a depth and breadth of comprehension of the different 
facets of the research impact, which is hardly attained by segregating the science and 
utility components into separate panels and discussions. 

∙ In Europe, another development line has been to commission experts either to support 
panels or to conduct independent assessments, which may involve surveys, in-depth 
interviews, case studies, etc.67 Potential problems with peer review should be considered 
during the process of selecting RIA approaches. Peer review problems include  
– Partiality of peers to impact the outcome for non-technical reasons; 
– An old Boy network to protect established fields; 
– A halo effect for higher likelihood of funding for more visible scientists / departments / 

institutions; 
– Reviews differ in criteria to assess and interpret; and  
– The peer review process assumes agreement about what good research is, and what are 

promising opportunities. 
∙ The true costs of peer review can be considerable but tend to be ignored or understated in 

most reported cases. For serious panel-type peer reviews, where sufficient expertise is 
represented on the panels, total real costs will dominate direct costs. The major contributor 
to total costs for either type of review is the time of all the players involved in executing 
the review. With high quality performers and reviewers, time costs are high, and the total 
review costs can be a non-negligible fraction of total program costs. 

∙ The issue of peer review predictability affects the credibility of technology forecasting 
directly. The value of peer review as a predictive tool for assessing the impact of research 
on an organization's mission (other than research for its own sake) rests on faith more than 
on hard documented evidence. 
– A few studies have been done relating reviewers’ scores on component evaluation 

criteria to proposals or project review outcomes. Some studies have been done in 
which reviewers' ratings of research papers have been compared to the numbers of 
citation over time. 68  Correlation between reviewers' estimates of manuscript 
quality/impact and the number of citations received by the paper over time was 
relatively low. The author is not aware of reported studies, singly or in tandem, that has 
related peer review scores/rankings of proposals to downstream impacts of the research 

                                                           
67 Barker describes how evaluation experts coming from two main communities (civil servants and 
academic policy researchers) interact in evaluation of R&D in the UK. P. Larédo and P. Mustar (eds.), EC 
Handbook on Evaluation. 
68 Bornstein, R.F., 1991. The predictive Validity of Peer Review: A Neglected Issue, Behavioral and 
Brain Science, 14:1. Bornstein, R.F., 1991. Manuscript Review in Psychology: Psycometrics, Demand 
Characteristics, and an alternative Model, Journal of Mind and Behavior, 12. 
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on technology, systems, and operations. This type of study would require an elaborate 
data tracking system over lengthy time periods that does not exist today. 

∙ Peer review is the most widely used and generally credible method used to assess the 
impact of research. Much of the criticism of peer review has arisen from misunderstanding 
of its accuracy resolution as a measuring instrument. While a peer review can gain 
consensus on the projects and proposals that are either outstanding or poor, there will be 
differences of opinion on the projects and proposals that cover the much wider middle 
range. For projects or proposals in this middle range, their fate is somewhat more sensitive 
to the reviewers selected. 
– If a key purpose of a peer review is to insure that the outstanding projects and proposals 

are funded and or continued, and the poor projects are either terminated or modified 
strongly, then the capabilities of the peer review instrument are well matched to its 
requirements. 

– However, the value of peer review as a predictive tool for assessing the impact of 
research on the mission of the program (other than research for its own sake) rests on 
faith more than on hard documented evidence. Also, for serious panel-type peer 
reviews or mail-type peer reviews, where sufficient expertise is represented on the 
panels, total real costs will dominate direct costs. The major contributor to total costs is 
the time of all the players involved in executing the review. With high quality 
performers and reviewers, time costs are high, and the total review costs can be a non-
negligible fraction of total program costs. 

∙ Most methods used in practice include criteria that address the impact of research on its 
own and allied fields, as well as on the mission of the sponsoring agencies. Nearer-term 
research impacts typically play a more important role in the review outcome than longer-
term impacts, but do not have quite the importance of team quality, research approach, or 
the research merit.  
– A minimal set of review criteria should include team quality, research merit, research 

approach, research productivity, and a criterion related to longer-term relevance to the 
agency’s mission. More important than the criteria are the dedication of the manage-
ment to the highest quality objective review, and the associated emplacement of 
rewards and incentives to encourage quality reviews. 

Retrospective studies can provide evidence to the stakeholders that there is benefit (positive 
impact of research on the mission) in continuing sponsorship of research. Also, if the study is 
sufficiently comprehensive, the environmental parameters that helped the research succeed can 
be identified, and these lessons can be used to improve future research. 
∙ There are two major variants of retrospective studies. One type starts with a successful 

technology or system and works backward to identify the critical events leading to the end 
product. The other type starts with initial research grants and traces evolution forward to 
identify impacts. The tracing backward approach is favored for two reasons: the data is 
easier to obtain, since forward tracking is essentially non-existent for evolving research; 
and the sponsors have little interest in examining research that may have gone nowhere. 

∙ Through analysis of retrospective studies,69 six critical conditions for innovation were 
identified. The most important condition appears to be the existence of a broad pool of 

                                                           
69  Retrospective studies include Project Hindsight, Project Traces and its follow-on studies, and 
Accomplishments of Department of Energy (DOE) Office of Health and Environmental Research 
(OHER) and of the Advanced Research Projects Agency (ARPA). While methods for performing 
retrospective and case studies may differ within and across industry and government, especially 
concerning the research question, analytic framework, and case selection, the fundamental evaluation 
problems encountered are pervasive across these different methods. See Park, J., 2002.Evaluation of 
Research and Technology Development Program, Korea Development Institute. 
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knowledge that minimizes critical path obstacles and can be exploited for development 
purposes. The second important factor was a technical entrepreneur who sees the technical 
opportunity and recognizes the need for innovation. Also valuable are strong financial and 
management support coupled with many continuing inventions in different areas to 
support the innovation. 
– As the historiographic analyses have shown, if the time interval in which the antecedent 

critical events occur is arbitrarily truncated, the impacts of basic research on the 
technology or system will not be given adequate recognition. The number of mission 
oriented research events peaks about a decade before the technology innovation. 
However, the number of non-mission oriented research events peaks about three 
decades before the technology innovation. Over a long time interval, the majority of 
key R&D events tend to be non-mission oriented. Thus, future studies of this type 
should allow time intervals of many decades to insure that critical non-mission 
oriented research events are captured. 

– Indirect impacts of research are much more difficult to identify than direct impacts, and 
the data gathering effort is much larger and more complex. Neglect of indirect impacts 
reduces appreciation of the value of basic research significantly. Use of the advanced 
computer-based technologies could identify many of the pathways of the indirect 
impacts of research. 

– Studies attempted to incorporate economic quantification showed the difficulties of 
trying to identify, assign, and quantify costs and benefits of basic research, especially at 
a project/investigator level. As TRACES and other similar studies have shown, the 
chain of events leading to an innovation is long and broad. 

∙ One goal of the studies was to identify the products of research and some of their impacts. 
The Hindsight, TRACES and ARPA studies tried to identify factors that influence the 
productivity and impact of research. The following conclusions about the role and impact 
of basic research were reached: 
– The majority of basic research events that directly impacted technologies or systems 

were non-mission oriented and occurred many decades before the technology or 
system emerged; 

– The cumulative indirect impacts of basic research were not accounted for by any of the 
retrospective approaches published; 

– An advanced pool of knowledge must be developed in many fields before synthesis 
leading to an innovation can occur; 

– Allocation of benefits among researchers, organizations and funding agencies to 
determine economic returns from basic research is very difficult and arbitrary, 
especially at the micro level. 

∙ While these approaches provide interesting information and insight into the transition 
process from research to development to products, processes or systems, the arbitrary 
selectivity and anecdotal nature of many of the results render any conclusions as to cost-
effectiveness or generalization suspect. Supplementary analyses using other approaches 
are required for further justification of the value of the R&D. 

The main contribution of science and technology (S&T) indicators to the evaluation of RTD 
programs is the supply of information concerning the assessment of the program assumptions. 
S&T indicators never can replace judgments by peers. Peer reviews alone will not provide 
sufficient information. Indicator studies appear to be complementary and supportive to the peers. 
Different indicators are elaborated in order to illuminate different aspects of the research fields 
considered.70 

                                                           
70 Grupp, H., 2000. Indicator-assisted evaluation of R&D programmes: possibilities, state of the art and 
case studies, Research Evaluation 8, 87-99. 
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∙ Some dozens of publications deal with the utility of S&T indicators for program evaluation. 
Among these publications, bibliometric indicators are most prominent.71 Research on 
other indicators is much more sporadic. Bibliometric methods are valuable in quantifying 
the research output. Since they do not address quality, and their numeric outputs are 
subject to multiple interpretations, they are not self-contained assessment methods but a 
valuable supplement to the subjective interpretative methods such as peer review. 
– The choice of S&T indicators to use for research performance measurement may not be 

straightforward.72 Because of the volume of documented scientific and technological 
accomplishments being produced, computerized analyses incorporating quantitative 
indicators is necessary to understand the implications of these accomplishments.73 

– The bibliometric analysis in combination with peer review yields clear and meaningful 
results even if the nature of the evaluated research group includes applied research. 
Patent indicators (termed technology indicators as opposed to bibliometric science 
indicators) are suitable for measuring the output of applied research and experimental 
development, but their use in evaluation is rare up to now. 

– Research can relate to any phase of the innovation process. Potentially all types of R&D 
(basic research, applied research or experimental development) are required to generate 
innovations. Research can be regarded as a kind of problem solving in which 
innovation processes can become involved at any stage.74 A firm has an internal 
knowledge base, which it scans for solutions to problems. The S&T system tackles 
long-term problems that cannot be solved via a firm's internal knowledge base and 
actually helps to broaden this knowledge base. 

∙ An assessment of innovation quality is possible by using technometrics, a concept that 
measures technical characteristics of new products, processes or services. 75  This 
represents the theoretical notion of quality ladders in new growth theory. A sound trend 
analysis based on internationally comparable patent data may help to solve the problem of 
whether there is a technological gap between countries. Patent data may help to find out 
which of the program results are really new on a worldwide scale. 

                                                           
71 Van Raan, A.F.J. (ed.), 1988. Handbook of Quantitative Studies of Science and Technology (North-
Holland, Amsterdam). 
72 A study surveyed about 4,000 researchers to identify appropriate bibliometric indicators (1993) for 
particular disciplines. The respondents were grouped in major discipline categories across a broad 
spectrum of research areas. While the major discipline categories agreed on the importance of 
publications in refereed journals as a performance indicator, there was not agreement about the relative 
values of the remaining 19 indicators provided to the respondents. For the respondents in total, the 
important performance indicators were: (1) Publications (publication of research results in refereed 
journals); (2) Peer Reviewed Books (research results published as commercial books reviewed by peers); 
(3) Keynote Addresses (invitations to deliver keynote addresses, or present refereed papers and other 
refereed presentations at major conferences related to one's profession); (4) Conference Proceedings 
(research results in refereed conference proceedings); (5) Citation Impact (publication of research results 
in journals weighted by citation impacts); (6) Chapters in Books (research results published as chapters in 
commercial books reviewed by peers); and (7) Competitive Grants (ability to attract competitive, peer 
reviewed grants from the ARC, NH&MRC, rural R&D corporations and similar government agencies). 
73 5,000 scientific papers are published in refereed scientific journals every working day worldwide; 
1,000 new patent documents are issued every working day worldwide. Policy questions deal with the 
analysis of large numbers of papers and patents, often hundreds of thousands at a time to characterize the 
scientific and technological output of nations and regions. 
74 It is important to differentiate R&D activities (fundamental research, applied research, experimental 
development) and innovation stages (idea, theory, discovery; technical design; production design; 
imitation, improvement, diffusion, exploitation, disposal, etc.) 
75 Grupp, H., 1998. Foundations of the Economics of Innovation – Theory, Measurement and Practice 
(Elgar Cheltenham). 
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∙ When employing S&T indicators for program evaluation, two basic problems occur: how 
to match the indicators (or the data retrieval strategy) to the subject of the program, and 
how to bridge the time lag between program duration and output.76 
– Selection of suitable patent or publication documents or of R&D expenditures, market 

shares with new products and so forth may be done in two completely different modes. 
The straightforward procedure would be to select the institutional or researchers’ 
names as given by the program contracts. The second principal approach to a patent 
search strategy is to select the statistical data by subject.77 

– S&T indicators seem to be so outdated with respect to the evaluation requirement that 
the results of the assessment will be transmitted to the managing authorities in the 
course of or right after termination of a program. This is clearly a disadvantage in 
utilizing this type of indicator for program evaluation. They share this limitation with 
other output-oriented indicators. But output measurement by indicators is more 
objective than questionnaire-based information provided by the evaluated persons. 
They measure impact, not input. Consequently, in most cases, a mixture of methods is 
recommended blending quick, subjective with slow but more objective information.78 

∙ Technology indicators are better suited for measuring the technological competitiveness of 
industries than for research evaluation. Therefore, an awareness of whether they may be 
used for program evaluation has not come to mind for many analysts. 
– Patent indicators are not simple to work with; many obstacles prevent them from being 

used widely by unskilled evaluators. Patent indicators should not be used in evaluation, 
when the principles of their construction are not well known to the analyst. On the 

                                                           
76 Problems with publication counts include: (1) Indicates quantity of output, not quality; (2) Non-journal 
methods of communication ignored; (3) Publication practices vary across fields, journals, employing 
institutions; (4) Choice of a suitable, inclusive database is problematical; (5) Undesirable publishing 
practices (artificially inflated numbers of co-authors, artificially shorter papers) increasing. Problems with 
citations are as follows. (1) Intellectual link between citing source and reference article may not always 
exist. (2) Incorrect work may be highly cited. (3) Methodological papers among most highly cited. (4) 
Self-citation may artificially inflate citation rates. (5) Citations lost in automated searches due to spelling 
differences and inconsistencies. (6) SCI biased in favor of English language journals. (8) Same problems 
as publication counts arise. 
77 In the former case, a control group may be constructed as well in order to compare output productivity 
between the supported contractors and the control group. However, many R&D programs do not define 
the involved institutions or persons in a strict way. Some programs aim at better collaboration and are 
open to everybody. Records on formal participation do not exist. In other cases, confidentiality hinders 
such a matching, or the names producing the output. In the latter case, many, but not all, R&D programs 
define one or several subjects being aimed at the program. The problem remains to match the data sample 
to the subjects under consideration. In many cases, it is not possible to find a suitable selection of 
classification codes that in combination would match the program or sub-program in question. Thus, a so-
called combined search strategy has been suggested. In addition to a well-considered selection of 
classification symbols, it also takes into account key words laid down by experts, such as members of an 
evaluation panel. The combining of patent symbols and keywords sometimes forms a complex logical 
composition commensurate with the program or sub-program. Therefore, it is possible for an R&D field 
under analysis to be covered as completely as possible. 
78 The real projects related to the program start somewhat later and may be terminated considerably after 
the termination of the program. Technical results from these projects are expected to turn out a year or 
two after the work has been started. If follow-up or spin-off results are included, relevant R&D results 
may occur years after the originally supported projects have been terminated, and thus a window of up to 
four or five years after the termination of the program will be required for analysis of the outcome. 
Priority claims at the national patent offices are normally raised very quickly after the invention has been 
made and papers are drafted very quickly. But it is not unlikely that the first publications of inventions 
coincide with the termination of the program. 
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other hand, if patent-related know-how is available, they can be applied as a 
quantitative indicator for the result of applied technical research.79 

– Only 5% of French recipients of EU funds mentioned patents as a result of their work. 
It is evident that only a part of the survey really aims at technical research and only a 
part aim at industrial type of development work. Therefore, among those EU programs 
suitable for an assessment by patents, the figure might well be much higher than 5%. 

– The NSF carried out an evaluation of the chemistry program to estimate the economic 
value of its impact on patented technology. The study found that, from 1964 to 1977, 
only 1% of the supported institutions produced patents that were related to the program 
funds. The NSF chemistry program represents a pure basic research program aimed 
mainly at academic institutions. 

– The feasibility of patent indicators for evaluation purposes requires an access to 
relevant patent documents on considerably disaggregated levels. Overall, the status of 
technology indicators appears to be that they are gaining ground as policy tools. But 
before they can be effectively used in R&D evaluations, a better understanding of the 
paths by which knowledge enters the economy is needed.  

– Ex-ante evaluations of programs promoting R&D are rare. This is a serious deficit since 
no systematic basis for decision-making is formed. The technometrics can be used as a 
method of ex-ante evaluations. Technology assessment can be combined with program 
evaluation. With respect to real-time monitoring and ex-post evaluation, technometrics 
is an appropriate tool for the detailed and objective description of the situation before 
the program started and during/after it is running, allowing before/after comparisons. 

– From Japan, it is reported that patents play a more important role as an outcome from 
government-supported projects. More than 3,000 patents and approximately 6,000 
know-how agreements came out as a result of the Large Scale Project of the MITI. As 
only 175 Japanese private firms have participated in the project, each firm has taken 
out more than 17 patents on average. How the evaluation sub-committee in MITI's 
chemical project worked out the selection of private firms to be involved in the project 
is also reported. To assess the capability of applicants, they checked acquired patents as 
well as the quality of researchers and the keenness to participate. The Japanese 
example seems to be a clear-cut indication that patents are not just an important type of 
output from government-supported R&D in industry, but also that they may be used by 
evaluation committees. 

∙ Evaluation processes based on indicators can be as a rule more objective. But data retrieval 
is complex and requires considerable know-how. In Europe only few group master these 
methods. There are many objections with respect to the utility of S&T indicator for 
program evaluation. Quantitative indicators tend to supplement other, largely qualitative 
methods. A proper mix of evaluation methods is suggested. 
– In the early 1990s the Commission of the European Union tried to improve evaluation 

methodology and in particular to increase the widespread use of S&T indicators for 
that purpose. So far, the number of successful such evaluations is not numerous. 

– Scientific research is a multi-faceted activity, and over-emphasizing any of its aspects 
(publication productivity, citation influence, technological applicability, etc.) may lead 
to serious distortions in its assessment. Studies on the publication and citation 
distribution for individuals indicate that very few of the active researchers are 
producing the heavily cited papers. 

– Patent citation analysis has the potential to provide insight to the conversion of science 
to technology. Much of the Federal government support of the development of patent 
citation analysis was by the NSF. Some recent studies have focused on utilization of 

                                                           
79 Lovio, R., 1987. Technology indicator as a medium for evaluation of research in Evaluation of 
Research – Nordic Experiences, FPR publication No.5 (Nordic Science Policy Council, Copenhagen). 
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patent citation analysis for corporate intelligence and planning purposes.80 
Economic approaches have limited value when applied to assessing the potential of fundamental 
research, because of the uncertain nature of the data. Their validity increases as the research 
becomes more applied, and cost-benefit streams can be estimated more accurately. As databases 
become more extensive, and computer power continually increases, data intensive quantitative 
analyses will increase in use. 
∙ A comprehensive survey examined the application of economic measures to the return on 

R&D as an investment in individual industries and at the national level. This document 
concluded that while econometric methods have been useful for tracking private R&D 
investment within industries, the methods failed to produce consistent and useful results 
when applied to Federal R&D support. 

∙ Economic approaches involve computing impacts using market information, measuring the 
impacts in monetary term, and then comparing the value of the impacts with the cost of 
research. Principal measures include surplus measures and productivity measures. With 
known benefit and cost streams, internal rates of return to R&D investments are then 
computed. 

∙ Cost-benefit analyses are a family of related techniques, including Cost-Benefit, Net 
Present Value, and Rate of Return. These approaches tend to be more widely used in 
industry than in government. For one or many projects, the basic approach is similar. A 
starting point in time for the research is defined. The time stream of costs for product 
development is estimated, and the time stream of benefits from the product is estimated. 
Using the time value of money, the costs and benefits are discounted to the origin of time, 
and the net benefits are compared with the net costs. 
– The main differences in the approaches to cost-benefit analyses are in the sophistication 

of the methods used to estimate the cost and benefit streams, and the time value of 
money. 

– Cost-benefit analyses have limited accuracy when applied to basic research because of 
the quality of both the cost and benefit data due to the large uncertainties characteristic 
of the research process. 

∙ Production function approaches to evaluating returns to research only need time series data 
on output, capital, labor, and research expenditures to estimate empirically the marginal 
contribution of research to value added. But the relationship of research to value added is 
non-linear and indirect. Variables such as other inputs to technology and production and 
marketing functions complicate the research / value added relationship. 
– Mansfield's earlier study typifies the strengths and weaknesses of the production 

function approach. This study attempted to determine whether an industry's or a firm's 
rate of productivity change was related to the amount of research it performed. 

– The study exemplifies the problem inherent in multiple regression analyses: that of 
determining cause and effect from what is essentially correlation. It is possible that 
industries and firms with high rates of productivity growth tend to spend relatively 
large amounts on research, but that their high rates of productivity growth are not due 
to these expenditures. Nor does Mansfield's model specify the path(s) by which R&D 
investment supposedly leads to productivity improvements. 

– A production function approach to cost-efficiency of research essentially used a 
regression analysis between outputs (citations per dollar, graduate students per dollar) 

                                                           
80 Some of the data presented verify further Lotka’s Productivity Law, where relatively few people in a 
laboratory are producing large numbers of patents. Patents of the most productive inventor are highly 
cited, further demonstrating his importance. Highly productive research labs are built around a small 
number of highly productive, key individuals. 
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and inputs (quality of the investigator's department, quality of the investigator, etc.). 
Much remains to be done in identifying the appropriate measures of outputs and inputs 
and the nature of the interactions among these measures for different disciplines. 

Types of Policy intervention and Evaluation Methods 
Evaluation methods tend to cluster around particular types of policy intervention – support for 
basic research, university-industry linkages, industrial collaborative R&D, and diffusion and 
extension. Hence, it is more useful to review evaluation methods by type of intervention than by 
grouping of methods independently of their context.81 
(Public research) The growing significance is attached to the economic and social rationales for 
public research – publicly funded research carried out in universities and/or public laboratories. 
Modified peer review extends the terms of reference of peer review panel to cover the broader 
socioeconomic issues. Reliable economic measures of the returns to research, however, calls for 
a combination of complementary approaches, including the documentation of actual cases based 
on direct survey information, measures of research output and impact, and economic approaches 
to measure benefits from research. 
∙ In the US, there have been three critical assessments of methods to measure the benefits 

from public research.82 Among these studies, there were virtually complete agreements 
concerning the strength and weakness of various approaches. 
– Historical trace studies offer the possibility of detailed information about the relative 

contribution of basic vs. applied research, institutional contexts, and sources of 
research supports. This method, however, requires subjective judgements about the 
significance of particular research events, and suffers from lack of generality due to 
non-random innovation selection processes.83 

– Research output measures have been refined so that reasonably valid and reliable data 
on the quantity and quality of research outputs can be obtained. While any single 
output measure is insufficient, the relative effectiveness and efficiency of research 
programs, organizational units and institutions can be measured using combinations of 
measures. The problem for such indicators is one of linking outputs to impacts, 
especially impacts that are valued in markets.84 

– The fundamental problems with production function approach are exacerbated when it 
is applied to public R&D expenditures. The technical information term in the 

                                                           
81 Georghiou, L. and D. Roessner, 2000. Evaluating Technology Programs: Tools and Methods, Research 
Policy 29, 657-678. 
82 The Office of Technology Assessment reviewed economic and output-based, quantitative measures. Its 
Technical Memorandum (1986) was stimulated by Congressional interest in improving research funding 
decisions through the use of quantitative techniques associated with the concept of investment (US 
Congress, Office of Technology Assessment, 1986). The Critical Technologies Institute of the RAND 
Corporation published a report prepared for the White House Office of Science and Technology Policy 
that reviewed methods available for evaluating fundamental science. (Cozzens et al., Methods for 
Evaluating Fundamental Science. RAND/CTI DRU-875/2-CTI, Washington DC. 1994). 
83 It traces single products of research backwards in time to identify the full range of contributions, rather 
than tracing forward from a single research activity (e.g., a project) to identify multiple impacts or 
consequences. It is an extremely costly method; given the complexity of knowledge flow processes and 
variations across fields of science and technology, the number of cases necessary for generalization would 
be prohibitively expensive. It fails to account for the indirect effects of research, including dead ends 
(from which substantial learning takes place), spillovers and synergistic effects. 
84 For some policy purposes, such as resource allocation decisions among several institutions conducting 
basic research, these kinds of studies can be of considerable value. But they are inadequate for questions 
concerning the impact of basic research on larger societal goals, especially when measures of value are 
sought. Most direct indicators of R&D outcomes such as citation and other bibliometric indicators are 
only indirectly related to the socioeconomic impact of research.  



118                                                Economic Growth and Innovation System 

production function is only approximated by R&D expenditure data, and in any event 
its effect on the larger production system is not well understood. The approach does not 
account adequately for externalities that result from R&D activity. If the focus is on 
publicly supported R&D, additional problems arise because the intent of most public 
R&D is not to stimulate economic growth, but to achieve agency missions. Any 
contribution to economic growth is thus due to indirect knowledge transfer. The 
contributions of basic and applied research are difficult to distinguish. Yet these are 
important for many policy purposes. This approach is designed to address economic 
benefits that result from incremental changes in production efficiencies, but cannot 
adequately account for the effect of new products or radical changes in production 
efficiency. 

– Cost-benefit approach has also significant drawbacks. The casual mechanisms that link 
R&D investment to social returns are imputed but not direct. Because calculations of 
consumers’ and producers’ surplus depend on the existence of supply and demand 
curves, they are inappropriate for goods and services that are radical departures for 
their predecessors. Because they rely on data from individual cases, like historical trace 
studies, they are difficult to generalize from and expensive to conduct. They rely on an 
adaptation of an investment model intended for short-term investment calculations, not 
the long-term benefits that might accrue from basic research. The discounting require-
ments of the model may severely underestimate the contribution of basic research. 
Spillovers are difficult to identify and account for. 

(Science-industry linkage) The new conceptual framework to analyze scientific activity offers 
opportunities for new way of thinking about how to value science beyond attempts to measure 
in money terms the value of knowledge produced and to infer such value from the applications 
in economic markets.85 
∙ Citations to scientific papers made in patents have been used as an indicator of growing 

linkage between academic and industry. But patenting by universities gives a restricted 
and distorted picture of the range of the contributions that university research makes to 
practical applications.86 This reflects the complex nature of the relationship between 
universities and the corporate sector, involving flows of ideas and people. 
– It is not the accumulated innovation products but research collectives and networks 

engaged in knowledge production and use that should more properly be considered the 
main asset when assessing the value of research. The appropriate evaluation unit of 
analysis should be the set of individuals connected by their uses of a particular body of 
information for a particular type of application – the creation of scientific or technical 
knowledge.87 In this scheme science can be valued by its capacity to generate uses of 
scientific and technical information. 

– The concept of techno-economic networks was used to characterize the nature, types 
and durability of alliances between public laboratories and companies. This approach 
focused on how networks are assembled to realize innovations in collective goods. 
This approach appears to offer considerable promise for capturing many of the payoffs 
from basic research, such as the development of human capital, which have been 
systematically underestimated or ignored.88 

                                                           
85 Dasgupta, P. and P. David, 1994. Towards a New Economics of Science, Research Policy 23, 487-521. 
86 Pavitt, K., 1998. Do patents reflect the useful research output of universities? Research Evaluation 7, 
105-111. 
87 Bozeman, B. and J. Rogers, 1999. Use-and-Transformation: An Elementary Theory of Knowledge and 
Innovation. School of Public Policy, Georgia Institute of Technology, Atlanta, GA (draft paper). 
88 Callon, M., P. Larédo and P. Mustar, 1997. Techno-economic networks and the analysis of structural 
effects, in Callon, M., P. Larédo and P. Mustar (eds.), The Strategic Management of Research and 
Technology – Evaluation of Programmes. Economica International, Paris. 
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∙ Case studies of evaluations of the programs to stimulate academic-industry linkages 
demonstrate both general lessons for methodological practice and the importance of the 
specific context of each evaluation. All were subject to a mixed approach (the normal case 
for evaluations) and demonstrate the strengths and limitations of each method employed in 
meeting the needs of different clients and stakeholders. 
– An extensive evaluation of The Center for Advanced Technology Development (CATD) 

was conducted in 1995-1996.89 Multiple clients for the evaluation called for the 
evaluation design combined multiple strategies and types of data: a survey of client 
firm and a cost/benefit analysis, a series of detailed case studies, and a benchmarking 
analysis.90 

∙ The evaluation of Engineering Research Center (ERC) program attempted to examine 
patterns of university-industry interaction and to identify the results of that interaction in 
terms of the types of impact and value of impacts (benefits to firms).91 But these attempts 
posed several challenges. To deal with these challenges, the evaluator designed a survey 
based on a series of case studies. 
– These objectives posed several challenges because the consequences of industry-

university interaction take multiple forms over time, flow via multiple paths within the 
firm, and are likely to have intermediate effects not valued in monetary terms – but set 
in motion (or prevent) activities that do have such value. 

– In an effort to deal with these challenges in the initial research design, the evaluator 
(SRI international) first conducted a series of case studies within a small number of 
firms to provide details on activities related to ERC participation. Drawing upon these 
case studies, a focus group of participating companies was held. A survey instrument 
was then designed based on the results of the case studies, focus group, and model. 

– The case studies and focus group required that typical approaches to survey design be 
rethought. Prevailing ideas concerning how firms value their investments in external 
R&D are incomplete and simplistic. 

– Surveyed companies evaluated their participation as a dynamic process. Few of them 
expected a fixed set of benefits that can be assessed by rating of outcomes. 
Occasionally, specific outcomes were realized and an economic value estimated, but 
this was rare. Only a small proportion of companies developed a new product or 

                                                           
89 Roessner, D. and H. Coward, 1996. An analytical Synthesis of Empirical Research on U.S. University- 
Industry and Federal Laboratory-Industry Research Cooperation. SRI International, Washington DC. 
Final Report to the National Science Foundation. The CATD was established in 1987 at Iowa State 
University with funds from the Department of Commerce. CATD seeks to bridge two gaps in the 
innovation processes: (1) between the research results of the university and the commercial market; and 
(2) between a company’s problem and the expertise resident at the university. To address the first gap, 
CATD funds research intended to demonstrate proof-of-concept and develop advanced prototypes. To 
address the second, CATD can match funds provided by industry to address industrial problems. 
90 Methodologically, the case studies offered the best fit between client questions and the evaluation 
results. The least successful efforts were benchmarking, primarily because it proved so difficult to 
identify comparable programs evaluated at a comparable level of detail. The benefit/cost framework was 
required to address the questions posed by decision makers concerned about the future of the program 
itself, but the result offered no more than a modest justification for the public expenditures and little for 
purpose of research management. The case studies yielded three models of university-industry 
collaboration that could be associated with measures of impact. Managers could then decide based on 
their preferred outcomes (e.g., job vs. increased private investment vs. start-up companies), what project 
selection criteria to emphasize. 
91 The National Science Foundation (NSF) initiated ERC program in 1985. ERC program was intended 
to stimulate US industrial competitiveness by encouraging industry-university research collaboration (the 
university-based industrial research consortium), emphasizing interdisciplinary research, and fostering a 
team-based, systems approach to engineering education. 



120                                                Economic Growth and Innovation System 

process or commercialized a new product or process obtained as a result of ERC 
interaction 

(Collaborative R&D) Collaborative R&D program stimulated research evaluation method and 
practice. Program managers seek a deeper understanding of their actions. Added to this has been 
an ongoing desire to demonstrate to policy-makers and other stakeholders that the programs are 
contributing to the competitiveness of firms; firms have been induced to undertake R&D that 
would not have taken place in the absence of an intervention. 
∙ In Europe, questions of rationale have generally been dealt with at the ex ante stage. In 

most cases, it has been sufficient to demonstrate that economic and social benefits have 
been achieved. Methodological issues are discussed in terms of a series of case studies, 
selected both for the prominence of the programs involved and for the evaluation issues 
they raised. 
– For the ATP, a further hurdle has been the need to demonstrate to political critics that 

the program is satisfying the theoretical criteria for intervention by operating in the 
margin where private returns alone do not justify the R&D investment without the 
additional consideration of social returns. 

∙ The evaluation of the Alvey Program for Advanced Information Technology set the style 
for most subsequent UK national evaluations of collaborative R&D, as well as forming an 
input to broader European practice. That particular exercise was a real-time evaluation, 
tracking the program from shortly after its inception, with periodic topic-oriented reports, 
which addressed the complex process issues arising from the program and fed back to the 
management. 
– According to the final report delivered 2 years after the initiative ended, the Alvey had 

succeeded in meeting its technological objectives as well as its main structural 
objective of fostering a collaborative culture, particularly in the academic-industrial 
dimension. However, it had manifestly not succeeded in its commercial objective of 
revitalizing IT industries. For reasons that went well beyond technological capability, 
the market position of UK IT firms declined substantially during that period. This was 
perhaps the first example of a long-running evaluation problem in this sphere: such 
programs have multiple and some times conflicting goals that are often not articulated 
in a format amenable to investigation through an evaluation. Hence, it was necessary to 
reconstruct the objectives in a form that can be evaluated. 

– Since that time, the UK has developed the so called ROAME system, whereby prior-
approval for a program requires a statement detailing the rationale, objectives, and 
plans for appraisal of projects, monitoring and evaluation (plus feedback arrangements). 

∙ The Framework Program has been evaluated in many different ways at the behest of a 
variety of stakeholders.92 The legally based evaluation process has always been based 
upon convening a panel of independent experts for each sub-program and asking them to 
report upon its scientific, managerial and socioeconomic aspects. 
– From a methodological perspective, the first significant development came from a study 

carried out in France that aimed to look at the impact of EU R&D funding on the 
national research system. This was the prototype of a family of national impact studies 
which, using a survey and interviews, took a cross-cutting view of effects and revealed 
a number of unexpected results, for example the significance of European projects in 
providing a basis for doctoral training. By working at the level of the organization 
rather than the project, some idea of the aggregate and interactive effects of 
participation could be gained. 

                                                           
92 Georghiou, L., 1995. Assessing the framework programmes – a meta-evaluation. Evaluation 1 (2). J. 
Peterson and M. Sharp (1998), Technology Policy in the European Union. Macmillan, Basingstoke. 
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– The economic effects of programs on participating organizations are calculated by the 
BETA method based on in-depth interviews. During the interviews, managers in the 
organizations are asked to identify added value from sales and cost-savings, and to 
attribute a proportion of this to their participation in the project in question.93 

– The emphasis on broader social objectives in the Fifth FP implies the need to deal with 
a broader range of stakeholders and to enter the difficult territory of measuring the 
effects of R&D on employment, health, quality of life and the environment, all areas 
mainly driven by other factors. A second challenge is the need to deal with the concept 
of European value-added, which is sometimes elusive. 

∙ The ATP is drawing substantial critical attention from policy-makers, and partly for this 
reason is also the supporter of numerous formal evaluation studies. ATP is probably the 
most highly scrutinized program relative to its budget size of any government program to 
date. The range of research topics being supported by ATP suggests a rich future source of 
(largely economic) analyses and evaluations of virtually every aspect of the program.94 
– Measuring the average rates of net social return to a portfolio of projects may serve to 

justify (or undermine) the rationale for the program, but in the absence of predictive 
models directed at the project level, project selection decisions remain uninformed 
about possible spillover effects from individual projects. Identifying technological and 
market factors that tend to be systematically related to large positive differences 
between social and private returns at the project level continues to be a formidable task 
facing economists. 

– The Republican-led US Congress has been highly critical of ATP, and has initiated a 
number of inquiries concerning its cost-effectiveness and political justification. 
Prominent among the formal evaluation efforts launched by the Congress is a large-
scale, survey-based evaluation of ATP by the GAO. An unusual aspect of the 
evaluation was the use of a comparison group, quasi-experimental design. 

– The GAO evaluation demonstrates the difficulties associated with the evaluation of 
public programs intended to support pre-competitive technology development in 
private firms. While relevant and reliable data on key questions about pre- and post-
award project histories can be obtained from client companies and from a comparison 
group of companies, drawing conclusions about whether the program is addressing a 
market failure or not is a political rather than an analytical exercise. 

(Diffusion and Extension Programs) Industrialized nations have initiated a variety of programs 
intended to promote the diffusion of industrial technology within their borders. Some of these 
programs single out new, state-of-the-art technologies for diffusion; others emphasize best 
practice technologies and techniques; still others focus as much or more on business practice, 
training and marketing as on technology itself. Target firms are usually manufacturing SMEs. 
∙ The evaluation of diffusion and extension programs involves a transition from the rather 

lumpy and unpredictable distribution and attribution of benefits that characterize research, 
to a domain where large numbers of client firms are in receipt of less visible assistance. 
Evaluation here is thus characterized by treatment of large data sets. 
– Econometric technique based on longitudinal micro-level data examines the impacts of 

programs by comparing the performance characteristics of the client firms with those 
                                                           
93 The most innovative aspect of the method is a formula for calculating indirect benefits to the 
participating firms, which arise from technology transfer, business obtained or reputation enhancement, 
organizational or management improvements, or from the impact on human capital or knowledge in the 
organization. The principal difficulty is to attribute particular economic effects to a single project, when in 
many cases, the innovation may have drawn upon multiple sources from inside and outside the company 
concerned. 
94 Ruegg, R.T., 1998. The Advanced Technology Program, its evaluation plan and progress in imple-
mentation, Journal of Technology Transfer 23 (2), 5-9. 
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of non-client firms. This technique is only the first step in a full cost-benefit analysis: 
at its best it establishes the private benefits conferred to firms as a result of the 
program; justification of a program needs to account for social benefits against the total 
costs. The quality of results based on this approach is conditional on the extent to 
which researchers can control for firm characteristics other than program participation. 

Best-practice Principles for Policy Evaluation 
OECD attempts to draw out what can be said to constitute best practices with respect to three 
different dimensions of evaluation: basic rationale, objectives and criteria for evaluation; 
coverage of evaluations and use of different tools and methods; and conduct of evaluations and 
institutional setting.95 
∙ Best practices are defined as approaches, rules and procedures that are desirable from a 

conceptual and theoretical point of view, that seem to have worked in practice and that 
have some measure of generality. These best-practice evaluation principles are those that 
if widely applied would be most likely to maximize the leverage effect of government 
interventions while minimizing potential distortions. 

Table 2.4 Best-practice evaluation principles 

Basic Rationale, objectives and criteria for evaluation: 
– Establish a realistic hierarchy of objectives, so as to allow quantitative ex post assessment of 

their attainment wherever possible; 
– Clearly establish the economic rationale for the intervention and use it in the evaluation; 

carefully balance market and systemic failures against potential government failures; 
– Identify and attempt to measure the additionality implied by the policy intervention; 
Coverage of evaluations and use of different tools and methods: 
– Evaluate as broadly as possible all existing innovation and technology policies; 
– Attempt “portfolio” evaluations; 
– Develop the use of quantitative techniques (e.g. cost-benefit analysis, econometrics based on 

the use of micro-level data) where appropriate; 
– Combine results of quantitative and qualitative techniques when interpreting results; 
Conduct of evaluations and institutional setting: 
– Design the evaluation together with the program to be evaluated; 
– Ensure that evaluations are user-driven; 
– Formulate guidelines and a “code of conduct” for evaluations, ensuring their independence, 

funding and regularity; 
– Ensure feedback and learning by establishing a requirement for responding to evaluations and 

a presumption in favor of publication of evaluation results. 

(Rationale, objectives and criteria) A hierarchy of objectives needs to be established when 
designing and evaluating programs. Stating objectives in very general terms is useless in the 
operational sense of examining whether or not the policy has attained its objectives. 
Intermediate or lower-level objectives need to be clearly spelt out. 
∙ Evaluation is complicated by the fact that the objectives against which results are judged 

are often multiple and complex, mirroring the complex relationship between technical 
progress and its socioeconomic impacts. 
– Objectives can be direct (inciting additional R&D expenditures, increased mobility of 

personnel, greater university-industry collaboration, etc.) or indirect (increasing the 
knowledge base of the economy, boosting productivity or creating jobs, etc.). 

                                                           
95 OECD (1998), Technology, Productivity and Job Creation: Best Policy Practices, Paris. 
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– Links between particular policies and direct objectives are often hard to establish. The 
more indirect the objective, the more difficult it is to establish cause and effect. 

∙ Vague and inappropriate objectives make any attempt to verify whether they have been 
met either trivial or close to be impossible. 

∙ The specific sources of market or systemic failure that justify policy intervention have to 
be explained. However, specifying this rational is not a gratuitous exercise; the policy 
initiative is often not the most appropriate to counteract the specific failure. The process of 
identifying the specific source of market or systemic failure provides valuable lessons for 
the design of the policy initiatives. Clearly establish the economic rationale for the 
intervention and use it in the evaluation; carefully balance market and systemic failures 
against potential government failures. 
– The rationale behind the policy intervention is often misunderstood; even clearly stated 

objectives do not justify policy intervention. The economic rationale needs to be 
clearly established and used in the evaluation. Market and systemic failures should be 
carefully balanced against potential government failures. 

– Signaling out the first order direct economic effects is useful, since it helps in judging 
whether the rationale for the intervention is valid and allows a more accurate 
examination of whether the objectives have been achieved.  

– In setting out a rationale, the case should be made that government initiatives can 
improve on imperfect market outcomes. Government failure is preponderant, making it 
all the more important to account for costs of programs, including costs associated with 
the distortions to economic incentives that policy initiatives can bring about. 

∙ Having set out objectives and spelled out a rationale for a policy initiative, the next 
question relates to the evaluation criteria to be used. A criterion that deserves particular 
mention is additionality, the change due to the policy compared to what would have 
happened in its absence. Identify and attempt to measure the additionality implied by the 
policy intervention. 
– The evaluation criteria involve a host of questions. How effective has the policy been in 

achieving its objectives? How efficient has it been in terms of benefits and costs 
incurred, after (positive and negative) wider effects are taken into account? How good 
was the management of the program in question? 

– While additionality and the existence of positive private returns to firms as a result of 
the program are preconditions for success, for policy to be justified the net social 
benefits of a government program must be positive. 

– Additionality measures only one part of the benefits – those accruing to private agents. 
It does not measure the externalities involved – the main justification for having the 
program in the first type. If expected net social benefits are low, and expected private 
benefits strongly negative, policy makers must be confident of a very high degree of 
additionality for the policy to be justified. 

– Additionality is traditionally concerned with the difference arising from an intervention. 
For instance, would the project have taken place in the absence of the program? In 
practice, however, the situation is often more ambiguous, with the project being carried 
out differently as a result of funding (collaboratively rather than by a single 
organization). The concept of behavioral additionality has been developed to describe 
this category of effect, which can be the most long-lasting. 

(Coverage of evaluation and use of different tools and methods) Best-practice evaluation must 
include an assessment of soft factors in the innovation process, such as collaborative behavior, 
information, awareness, intangible investments in skills and organizational practices, etc. 
∙ The coverage of evaluations in terms of policy tools and instruments has evolved over time 

to accompany the development of innovation and technology policy. It moved from an 
initial focus on evaluating the potential merits of scientific projects toward assessing the 
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socioeconomic impact of diffusion-oriented or collaborative research programs. 
– First-generation evaluations were predominantly concerned with inputs, and following 

generations extended the examination of factors to various indicators of innovative 
outputs including soft factors in the innovation process. 

∙ Best practice can be found in evaluations that use a portfolio approach rather than focusing 
on individual projects. Additionality cannot be appropriately measured by looking at 
individual projects, but has also to take into account the portfolio of projects that firms 
pursue in order to judge the program or policy with respect to how far it was able to 
change the portfolio-choices of the firm.  
– There is increasing demand for evaluations that analyze different program in order to 

compare the relative effectiveness of different policies using different instru-ments. 
Due to methodological problems, good practice has yet to evolve in this respect, and 
further development of evaluation methodologies is needed. 

∙ There is a growing awareness that no single best method exists. Different approaches are 
complementary and, to increase the credibility of evaluation results, a number of 
alternative methods are used to consolidate the foundations for policy recommendations. 
– The mix of various methods must be tailored to the specific policy instrument 

(diffusion-oriented programs, collaborative R&D programs, etc), the goal of the 
evaluation and the informational needs of the clients. 

– An interesting recent development in evaluation methodology concerns the use of 
econometric techniques based on longitudinal micro-level data, where the impacts of 
programs are examined by comparing the performance characteristics of firms that are 
clients of government initiatives with those of non-client firms. 

∙ Evaluation schemes constructed around social cost-benefit frameworks can give a spurious 
sense of precision. Ideally, they should be combined with the qualitative information from 
user surveys, in-depth case studies, and interviews to produce the variety of information 
needed by the different users of evaluations. 
– Quantitative techniques need to be further developed, especially with regard to the 

challenge of capturing the economic impacts of the soft factors of innovation (impact 
on learning, cooperative and innovative behavior). 

– Given the high variance of returns in different technology projects, case studies are 
crucial in order to see which policies work and which do not. But the importance of a 
counterfactual in policy evaluation exercises needs to be stressed. 

– The broader context of program (competitive environment in which client firms 
operate) is often ignored. It is important to understand this environment to ensure that 
program objectives are not at odds with those of clients. 

(Conduct of evaluations and institutional setting) Evaluation should be designed together with 
the program or policy to be evaluated. Such a concurrent design of both program and evaluation 
procedures would secure the collection and provision of the data needed and raises acceptance 
levels of the procedures and criteria by the persons and institutions involved. 
∙ Best-practice examples include the build-up of databases that can be used for various 

evaluations of programs and policies. 
∙ Evaluations ought to be more user-oriented, that is to address the varying informational 

needs of policy makers, funding agencies, providers and clients of a particular program or 
policy; hence they should encompass an appropriate mix of methods to produce these 
different types of information. This would also improve the take-up of their results. 
– In most advanced countries, evaluations are already standard tools in the policy process. 

In others, however, an evaluation culture – in the sense of a general awareness of the 
need for and a positive attitude towards regular evaluations, but including also the 
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creation of a pool of knowledge and expertise with regard to evaluation practices – 
needs to be created or could be much improved. 

– Valuable experience has been gained in establishing multi-disciplinary evaluation teams 
to judge the scientific, economic, managerial and political dimensions of the program 
or activity. Such a broad approach to evaluation, though desirable from a 
methodological point of view, has to be balanced with the resources available, and in 
practice will tend to be confined to large-scale programs. 

∙ An institutional prerequisite for valuable evaluations is the independence of the evaluators. 
Evaluations need to be carried out regularly, rather than being conducted on ad hoc basis. 
A reasonable fraction of R&D budget should be allocated for evaluation purposes, and 
advancement along a career path for evaluation professionals should parallel that of 
researchers. 
– Institutional solutions exist – e.g. evaluations being carried out by the independent 

accounting offices of parliaments, the commissioning of evaluations to external 
consultant etc. Increasingly, countries commission evaluations to international 
evaluators, especially in European context. In some countries, the idea of a code of 
conduct for evaluations is advocated, comprising standards and basic requirements for 
those commissioning evaluations. 

– There are substantial learning effects from frequent evaluations, both on the demand 
side for policy makers, program managers and providers, as well as on the supply side 
for the professional evaluators. The accumulated knowledge can be a valuable tool for 
policy making. Frequent evaluations have been shown to have a lasting effect on the 
behavior of the evaluated institutions and in many cases contributed per se to the 
improvement of routines and performance. 

∙ It seems necessary to put a formal obligation on those responsible for policy making to 
react to the results of evaluation or to expose the results of evaluations to public 
discussion. There is a need to secure the take-up on a higher-level of policy making. A 
presumption in favor of publication of evaluation report was thought to be very important 
in this respect; once in the public domain it is more difficult to ignore results of 
evaluations. 
– Even when evaluations are carried out regularly, there is often an implementation gap in 

that results from evaluations are either not taken up at all or are taken up in a localized 
form (recommendations are only implemented if the institutions evaluated can 
implement them on its own). 

– The lack of a feedback mechanism is probably the most important single factor limiting 
the value of evaluations. Some countries have put a formal obligation on those 
responsible for policy making to react to the results of evaluations. Others have a 
policy of exposing the evaluation results to public discussion. 

– Evaluations have been used mainly for incremental change (improving the design and 
administration of programs), but rarely to guide more fundamental shifts and strategic 
re-orientations in policy. To empower evaluation for such a task, it would have to be 
embedded in a wider system of information gathering and preparation, linking it to 
technology foresight and technology assessment exercises. 

∙ The role of evaluators is likely to change in such a setting. In bridging together various 
sources of information as inputs to a strategic policy formulation, their role would be 
transformed from one of a referee to that of a moderator of the information-gathering 
process and a coach for the strategic. 
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Table 2.5 Appropriate applications of evaluation methods 
 Framework, 

Data acquisition 
Analysis 

Appropriate Applications and 
Relevance to evaluation priorities 

Interview methods Data acquisition 
∙ Wide applicability but not suitable for the 

collection of statistical samples 
∙ Generally ex post 

Expert judgement 
base method 

Framework 
Data acquisition 

Analysis 

∙ Long-term, generally science-based projects 
∙ Limit imposed by scope of expert knowledge 
∙ Conservative 
∙ Ex ante or ex post 

Questionnaire 
survey methods Data acquisition ∙ Firm-based impacts 

∙ Ex ante or ex post 

Review methods Data acquisition 
Analysis ∙ Best prospective – ex ante – methods 

Case study based 
methods 

Framework 
Data acquisition 

Analysis 
∙ Generally ex post 

Systemic and 
network theory 

methods 

Research 
Framework 

Analysis 
∙ Strong on frameworks and systemic effects 

Longitudinal/ 
Historical studies Data acquisition 

∙ Examining the persistence of policy effective- 
ness – and hence additionality 

∙ Providing context relevant information  

Scientometrics/ 
Technometrics 

Data acquisition 
Data analysis 

∙ Can identify the impacts of policy 
∙ Proxy for impacts (indicators) 
∙ Provides possibility for historical comparison 
∙ Modeling and measurement of impacts 

Scoring methods Data acquisition ∙ Construction of measures of impacts 

Economic and 
Econometric Data analysis 

∙ Macro, meso, micro-economic modeling and 
measurement activities 

∙ Ex ante or ex post 

Note: Review methods include user review (user surveys), Delphi methods, Foresight/technology 
assessment, scenario planning, historical tracing, etc. Systemic and network theory methods include 
Techno-economic Networks, Actor Network Analysis, Social Capital etc. Scoring methods include Multi-
criteria Analysis, Decision-making matrices, Relevance Trees etc. Longitudinal/Historical studies are in 
effect a form of case study. Scientometrics/Technometrics include Bibliometric Analysis (Citation counts, 
Citation analysis), Co-Citation Analysis (Cluster Analysis), Co-Nomination Analysis, Co-Word Analysis, 
Content Analysis, etc. 



3. Regional Innovation System 

3.1 Regions as Externalized Learning Institutions 
The Evolutionary perspective on regional economic development 
The increasing globalization of economies must not be mistaken for the leveling of all regional 
characteristics. Corporate globalization strategies are meaningful only if national and regional 
differences exist and can be harnessed on a global scale. Regions will be reconstituted on a 
global scale – in instances this may arise only because a globally active corporation has 
observed a certain region in terms of its potentially exploitable economic advantages over other 
regions for present and future investments. This process also changes the challenges with which 
regional actors are confronted.1 
∙ Business or professional associations, unions and politicians concerned with industrial 

policies are faced with the task of creating an innovative local environment, wherein 
innovative strength must increasingly define itself in a global context. Regional innovation 
policies increasingly derive their parameters from a global horizon of different develop-
ment paths, technological options, and product life cycles, and must also do justice to 
regional policy objectives such as employment, income, and welfare development. 

∙ The scope for action and the strategic options of regional players must be identified against 
the background of evolved regional structures. The new constitution of regional economy 
in the context of an altered division of labor is determined to a considerable degree by 
institutional and industrial structures emerged in the course of industrialization history – 
economic-structural and institutional path-dependency. There are not only technological 
but also regional trajectories. Technological knowledge is not only organized in large-
scale technical systems or in branches, but often also in regional innovation systems; and 
this knowledge, incorporated in regional production clusters, cooperative relations, 
institutions and policy patterns, does not usually develop in great leaps and bounds, but 
incrementally, step by step. 

∙ In evolutionary theory approaches, the regional traditions of work, management, and 
innovation are perceived as less as an ‘iron cage’ and more as a repertoire of behavior and 
interpretation patterns. Regional players draw on this repertoire in a more or less targeted 
manner. 

As economic activities are increasingly based on notions of collective learning and competition 
increasingly involves partnerships and interactive innovation,2 the regional level of economic 
organizations has become more important in the wake of the profound economic restructuring 
of the 1980s and 1990s. Furthermore, with the relative decline in national economic sovereignty, 
regional administrations strengthen support policies for their industry, encouraging inter-firm 
interactions, evaluating and monitoring cluster.3 
∙ The demise of the top-down industrial policy and its spatial correlate, regional policy 

gathered pace through the 1980s. Complaints from receiver regions about the insensitivity 
                                                           
1 Braczyk, H., P. Cooke and M. Heidenrich, 1997. Regional Innovation Systems, UCL Press: London. 
2  This occurs between management and workforce, between firms in respect of pre-competitive 
collaboration, and between large and small firms, and their governance systems at national and regional 
level. Regional milieu has risen in importance as mediators of economic coordination. High trust, 
learning capacity, and networking competence are now widely perceived to be associated with relative 
economic and social success. 
3 The new economic order presided by the WTO has accompanied a changed role for the member states. 
The role of the state with respect to economic management became more circumscribed by international 
agreements. 
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or lack of consultation by central government in the allocation of regional investments 
raised questions about the efficacy of regional subsidies to stimulate growth through direct 
national allocation to regions. This led to a withdrawal of government responsibility and 
more regional responsibility for the content of industrial or enterprise support, which 
usually meant multinationals engaging more and more in bidding wars between regions. 

∙ Regions displaying characteristics of industrial clusters offer advantages to firms seeking 
enhanced external economies from geographical proximity. For supply-chain transactions 
involving knowledge transfer of a non-codified or partially codified type, the existence of 
localized knowledge pools, a specific kind of industry culture, and the availability of high-
quality knowledge centers such as universities, are externalities of tremendous importance. 

∙ Where such regional clusters exist, they tend to become more specialized, technologically 
and in terms of product focus, and trade may well be increasingly characterized in terms 
of intra-industry trade. Specializing locations may thus attract foreign direct investment 
seeking such expertise, thereby strengthening the agglomeration. 

There are three key reasons for focusing on regional learning/innovation system: the massive 
growth in externalization of production of goods and services by corporations; the increasing 
specialization of regional economies in consequence of externalization; and the regionalization 
of industrial policy, enterprise support, and promotion for inward investment. 
∙ Regions with local suppliers to important industry branches could, where there was co-

location, offer competitive advantage, especially in design and innovation, where tacit 
rather than codified knowledge is often the most important transactional asset. 

∙ As a consequence of the localized learning implied in the tacit knowledge-exchange at the 
regional level, regional economies become more specialized in those areas of expertise. 
The location of foreign direct investment has become more focused in specific kinds of 
networked regional economies in which enterprises support and regional industry 
promotion have given the region a specific image or identity that is then reinforced as 
foreign firms learn of the regional advantage of locating there too.4 Even in relatively 
under-specialized spatial systems, the emergence of regionally integrated supply chains in 
specialized industrial branches was becoming pronounced in the mide-1990s. 

∙ Such regions have many of the key elements of a regional learning infrastructure, notably 
good sensing, awareness, and response functions in the organizations (development 
agencies, training organizations, and territorial governance offices) that promote their 
regional economies.5 Moreover, to the extent these are linked informally or formally with 
universities, research institutions, vocational training agencies, and technology transfer 
organizations as well as regional firms, these regions approach what may be called a 
regional innovation system. 

It is important to differentiate regional learning systems from regional innovation systems. 
Learning is a first step to innovation. A regional learning system can be developed towards a 
regional innovation system when upstream and downstream innovation capability is integrated 
into regional industry. 
∙ There may be some possibilities in national innovation systems to compensate for relative 

lack of research-based corporations and technology policy, through communication and 
interaction economies in a system of SMEs. Interactive learning of this kind is a ‘catch-

                                                           
4 de Vet, J., 1993. Globalization and Local and Regional Competitiveness, STI Review 13, 89-121. 
5 For successful systems of strategic learning to occur, three things are necessary: spotting signs of 
change external and internal to the organization (sensing), communicating those signs and explaining 
them so that others understand their implications (aware-ness), and mobilizing resources to respond to 
emergent ‘emergencies while maintaining a steady course (responsiveness). Mintzberg, H., 1994. The 
Rise and Fall of Strategic Planning, New York: Prentice Hall. 
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up’ strategy. Notions such as ‘learning-by-searching’ underline this. Innovations may arise 
from unanticipated effect of system interactions around inventions from elsewhere, but by 
that time, the originators will have moved into new fields. So leapfrogging is difficult in a 
regional learning system. 
– Small economies, such as Nordic countries, have proved to be highly innovative by 

learning from other countries where innovation and R&D magnitude are much higher 
in expenditure terms. Inevitably, firms in such economies only find rooms to innovate 
in niches. 

∙ Ability to learn is directly correlated with the level of learning accomplished at the outset. 
So ‘learning-by learning’ is achievable and there is a point at which a regional learning 
system can be developed towards a regional innovation system. This occurs as upstream 
and downstream innovation capability is integrated into regional industry. Such regions 
have the capability of initiating innovations based on upstream (i.e., close to the point of 
origination of the invention) interactions as well as more downstream (i.e., near-market) 
linkages. 

∙ Regions possessing the full panoply of innovation organization set in an institutional 
milieu where systemic linkage and interactive communication among the innovation 
actors is normal. Such regions approach the designation of regional innovation system. 
The innovation organizations can be expected to consist of universities, basic research 
laboratories, applied research laboratories, technology transfer agencies, regional public 
and private (e.g. trade associations, chambers of commerce) governance organizations, 
vocational training organizations, banks, venture capitalists, and interacting large and 
small firms. Moreover, they should demonstrate systemic linkages through collaborative 
programs, research partnerships, value-adding information flow, and policy action lines 
from the governance organizations. 

∙ Because of increased regional (and national) specialization, less and less of a country’s and 
a fortiori a region’s given upstream innovation capacity will be generic. Even the US is 
unlikely to retain invention-innovation hegemony in all sectors: it had already lost it for 
wide areas of engineering. For more and more sectors, a country’s innovation capability 
will tend to be in downstream activities where regional learning systems will be extremely 
important. Regional systems of the upstream variety are likely to have the full panoply of 
organizations necessary for leading-edge sectoral innovation in a region.6 

Multilevel governance system and policy networks 
The learning organizations in the regional system (the research laboratories and technology 
transfer agencies in particular) scan and sensitize the sources and users of innovation. Recently, 
a new function entered the scene, the reflexivity function – the process of monitoring and 
evaluating in complex ways the likely implications of the innovation for the regional system.7 
In well-integrated regional systems, reflexivity operates as means of system guidance. Regional 
administrations engage in this reflexive process. 
∙ Reflexivity is the systemic process that combines learning and intelligence such that the 

system receives guidance in a number of feedback loops; it involves the assessment of the 
extent to which the trajectory on which the system is evolving is appropriate, which 

                                                           
6 One thinks of Silicon Valley, as described by Saxenian (1996), Glaxo-Wellcome axes in London for 
world-class pharmaceuticals. Johnson and Gregersen (1996) speak of the distinctiveness of knowledge-
production, knowledge-distribution, and knowledge-regulation organizations. They noted standard-setting 
committees and patent regulating organizations that function to create and maintain formal institutions, 
regulating creative paths and definitions of usable knowledge. 
7 Sable, C., 1995. Experimental Regionalism and the Dilemmas of Regional Economic Policy in Europe, 
paper presented to international seminars on ‘Local Systems of Small Firms and Job Creation’, OECD: 
Paris. 
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entails consideration of whether ends and means need to be changed; it concerns the 
performance of the system in comparison to that of peer-systems, examining ‘best 
practice’ of peers; it focuses on the relationship between different elements in the system.8  
Reflexivity is a crucial dimension of intelligence, which is itself fundamental ingredient of 
learning capability. Intelligence in the institutional and organizational senses consists of 
information, monitoring, and evaluation.9 
– Information is the raw material that is the medium for learning in the sense of 

knowledge building, the prelude to the achievement of competence and capability. 
– Monitoring is the capacity to make judgment regarding the impact of information on the 

trajectory upon which the regional economic system is set. 
– Evaluation is the capability to assess the extent to which trajectories or the ends to 

which they are aiming need to be marginally or significantly adjusted. 
∙ Local businesses, largely SMEs, play a central role as suppliers of specialist know-how, 

products, and even organizational processes to large corporations. Innovation support for 
such firms is clearly much better handled by competent bodies operating at the regional 
level rather than the national level of governance and administration. 
– Firms are increasingly forced towards sub-national interactions amongst suppliers and 

innovation support organizations, especially where tacit knowledge is being exchanged, 
and pulled towards global interactions for learning of a more codified nature. All three 
levels – global, national and regional – have their relative importance. 

∙ Innovation-support policies should remain an innovation policy not an employment policy, 
and a fortiori not a regional equalization policy. The last two are policy problems in need 
of their own associational policy formulation by policy networks of actors of consequence 
to those spheres, including actors of consequences to regionalized innovation support. 
These are issues involving tacit knowledge exchange between actors from different 
constituencies – large businesses, small businesses, academia, associations, regional 
government, expert agencies, outside experts, etc. 

∙ Such interchanges, which are fundamentally learning processes, demand high trust 
exchange relationships among members of diverse constituencies, which have developed, 
over time, a networking propensity, a common language, shared institutional norms, and 
the capability to invoke legitimate authority and resources to implement evolutionary 
policy pathway adjustments. 

Some Regions have been strengthening their offensive development capacity since the early 
1990s. By feedback loops, advanced regional organizations monitor, engage in reflexive 
behavior, learn, and implement actions appropriate to the task at hand through associational 
policy networks. Learning is the selection mechanism, by means of which innovation brings 

                                                           
8 In the 1980s, the Irish government embarked on an ambitious vocational training program to skill the 
workforce intensively in information technology. But this ‘building for stock’ strategy produced over-
supply, which re-awoke the Irish bugbear of out-migration of its youngest and ablest people. In the mid-
1990s, a big push to attract American computing and software firms resulted in out-migration falling to 
zero. Wales in the 1980s embarked upon a successful program of attracting foreign electronic and 
engineering firms but by the 1990s these were complaining of shortage of multi-skilled craft and 
technical workers.  
9 A conceptual distinction between ‘organization’ and ‘institution’ has been noted in the discussion of 
innovation system. Institution is defined in the spirit of classical institutionalism as regularities and 
patterns of economic behavior, or rather as the habits, norms, routines, established practices, and rules, 
which pattern behavior. Concrete things like firms, research organizations, and state departments, etc., 
which are often referred to as institutions in everyday speech, they prefer to call organizations. 
Organizations can be conceived as embedded in institutions in a process view of socio-economic change. 
This rule-action distinction is important to an understanding of systemic innovation.  
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forth the mutation of one path-dependence for another. Such innovations are transmitted and 
transferred by imitation. Thus the nexus of processes produced conditions in which economic 
performance came to depend more and more on a capacity to support and maintain externalized 
relationships among economic actors of different size and types. Such externalization is also 
accompanied by increasing specialization because of the growth of intra-industry trade or the 
locational attractions of specific geographic spaces. 
∙ Agglomeration facilitates inter-firm learning, especially in respect of tacit but also newly 

codified knowledge and information. To the extent that such interactions build on the basis 
of trust between firms, transaction costs will be reduced owing to a lessening of the 
requirement for transaction search, selection, and legal contract expenditure.  

∙ At a higher-level, a micro-constitution of acceptable, desirable, and outlawed practices, 
norms, and routines becomes institutionalized. To the extent that this acts as a form of 
micro-regulation, conventions can be said to have evolved into ‘rules of the game’ 
whereby considerable reliance is placed on the practices of members of the network which 
would, if breached, be psychologically, socially, and economically costly. 

∙ To the extent that such conventional or regulatory micro-constitutional norms and under-
standings evolve, a collective social order has become institutionalized.10 This explains 
the collective social orders of rules and conventions that underpin both the Emilia-
Romagna and Baden-Württemberg industrial system. 
– Emilia-Romagna had been successfully developed through the promotion of small firms 

and Baden-Württemberg had become so through its globally competitive large firms 
and niche-focused SMEs. These regions had a substantial existing or historic base in 
industry: mechanical, automotive, and electronic engineering in Baden-Württemberg, 
and mechanical, clothing, ceramics, furniture, and leather in Emilia-Romagna. 

– Baden-Württemberg’s prosperity was associated with much higher levels of linkage 
between sectors and firms, on the one hand, and interaction by firms with govern-
mental and non-governmental agencies, on the other. Innovation was an important 
focus for much of this interaction, with Baden-Württemberg firms making full use of 
the rich infrastructure of research institutes, universities, higher education institutions, 
and technology-transfer agencies. Large firms like Daimler-Benz and Robert Bosch 
were major animators of the regional economy and they, along with the leaders of 
business associations representing the SMEs, were in very close contact on a regular 
basis with the regional political élite who, in turn, designed customized industry and 
innovation policies to coincide with their expressed needs. 

Co-location is not enough to give agglomerations sustained capacity to survive and prosper. 
Agglomeration can be vulnerable if they are too narrowly focused. If they involve as relatively 
self-sufficient islands their risk is that of introversion, deafness to dissent, path-dependence, and 
lock-in associated with a failure to innovate that may be fatal. If based on small firms they may 
be prey to acquisition, concentration, and external control. Localized learning can lead to lock-
in and the danger of network and system degradation. Learning regions should be open, 
information-scanning, sensitizing, monitoring and evaluating systems. There is a distinction to 
be made between strategic learning and routine learning by firms. Strategic learning is bound 
almost by definition to be non-proximate where the source is elsewhere and unique. By contrast, 
in the case of routine learning, the absence of acculturation by the distant user to the nuances 
prevalent in the producer community is a barrier to successful take-up. This is mirrored in the 
introverted customer-supplier relationships. 
∙ The initial rationale for an agglomeration can be superseded in the cumulative causation 

process, as externally or internally generated innovations or contextual changes occur over 

                                                           
10 For micro-constitutional regulation and collective social order, see Ostrom, E., 1992. Community and 
the Endogenous Solution of Common Problems, Journal of Theoretical Politics 4, 343-51. 
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time. Agglomeration can be vulnerable to new competition that may simply take markets 
and wipe competitors out. The community should manage to apply selective learning and 
shift the local trajectory to new viable one. However, there are not large numbers of cases 
of trajectory switching to a totally new path-dependence in the recent history of regional 
development.11 

∙ The milieu or institutional infrastructure of norms, rules, and routine practices amongst the 
production community, adds to the socio-cultural and political assets available to help 
sustain and move forward the activities of the agglomeration. This is the environment 
from which advantage is supported by unlocking the learning and innovation capacity 
contained in social capital 

∙ Three distinctive processes offset the destructive forces that may assail the ‘mono-cultural’ 
industrial agglomeration. The first most important process is the selective learning and 
innovation capacity of firms, especially SMEs, which may increasingly be conceived as 
the backbone of the specialized agglomeration. The second process capable of offsetting 
systemic degradation of agglomeration is the activation of social and political capital. 
Regions with appropriate governance mechanisms had moved from a defensive to a more 
offensive posture in regard to their economic constituencies. The regional state agencies 
are the legitimate facilitators of this process but not the sole actors in the policy-
appreciation, monitoring, and implementation spheres, which give expression to regional 
reflexivity function. The third process is ‘asset stock accumulation’ – i.e., information 
diffuses rather like a free good, enabling imitators rapidly to swarm into the market 
opened up by a radical innovator. A successful innovator will have moved on to the next 
application, and thus will have ‘kept ahead of the game’. 

∙ The evolutionary perspective allows for diverse developmental pathways. Accordingly 
there may be many more-or-less appropriate policy instruments that can be implemented 
to suit the economic circumstances specific regions confront. Consequently, there is no 
universalistic measure. 

For the foreseeable future, product, process, and institutional innovation will continue to make 
the major contribution to productivity growth in all countries. It must always be born in mind 
that learning capability increases exponentially. Innovation-poor regions will continue to slip 
behind the innovation-rich regions unless preferentially assisted. But there is no correlation 
between innovativeness and the size of a region’s R&D budgets. A relatively low R&D input 
can be compensated for through practicing the principles of a learning economy. These involves 
the promotion of firms that enhance learning capabilities by networking, lateral information 
exchange, inter-firm staff mobility, the reflexivity of learning organizations, and governance 
systems that promote the means, incentives, capability, access, and intelligence to learn. From 
this perspective, the role of government becomes one of supporting learning processes. This is 
most suitably organized at the regional- rather than the national-level. Such policy interventions 
are most appropriately coordinated regionally. 
∙ There has been a shift towards decentralized industrial policy, a trend also recommended 

by the OECD and EU. Decentralized industrial policy is relatively inexpensive and has 
shown good signs in many instances of bearing fruit, though it is also a well-tried way for 
nation states to offload responsibilities in circumstances they find difficult to manage.12 

                                                           
11 The accounts of the progress of some former ‘Rustbelt’ regions given in Cooke (1995) are relevant to 
this discussion of switching from one path-dependence to another. Cooke, P. (ed.), 1995. The Rise of the 
Rustbely, University College London Press: London. 
12 The regional level is in fact the best level for contacting enterprises and providing them with the 
necessary support for the external skills (resources in terms of manpower, technology, management and 
finance). It is also the basic level at which there is a natural solidarity and where relations are easily 
forged. 
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∙ The lessons of all the efforts to promote innovation in the less favored regions (LFRs) of 
the EU is that these efforts deliver little or nothing unless there is adequate investment in 
social capital. Hence in the evolution of regional innovation policy, from the STRIDE 
program in 1990 to the Regional Innovation Strategies of 1997, there was an important 
shift from supply-side initiatives to a more interactive process in which consensus-
building and collective learning are deemed to be the key elements.13 

∙ The European Commission has played an important role in fostering regional conscious-
ness, not least by raising the status of the regions as an institutional partner in the design 
and delivery of the Structural Funds, the main instrument for promoting spatial cohesion 
in the EU. While LFRs could do much more for them selves as regards institutional 
capacity-building, which includes the tasks identified in the Table 1, these regions cannot 
regenerate themselves solely through their own efforts because the scale of the problems 
far outweigh their internal capacities and because the current policy repertoire, at both EU 
and national levels, inadvertently works against them. 

Table 3.1 Strengthening the regional dimension of innovation 

∙ To foster coordination among enterprises (large and small) and strengthen groupings based on 
technology or sector in order to realize the potential of local know-how (in traditional 
activities as well as for top-of-the-range products); 

∙ To encourage an internationally minded approach among enterprises (in liaison with research 
centers and support services), facilitating acceptance of foreign investment with high value 
added and introducing procedures to absorb technology from other countries; 

∙ To improve or add to business support structures by introducing: 
– Tools for analyzing the stated or unstated needs of enterprises; 
– One-stop shops for access to information and services; 
– Mechanisms to facilitate dialogue between the various local partners involved in innovation 

and the follow-up and monitoring of aid measures; 
– Networks to link and rationalize support services 

∙ To reinforce university-industry cooperation in order to facilitate transfers of technology, 
knowledge, and skills  

Source: European Commission, 1995. Green Paper on Innovation, Brussels: Commission of the European 
Communities. 

∙ Successful strategies for innovation and cohesion often depend on multi-level governance 
systems. The central state can no longer expect to operate in the old hierarchical ways, 
since it has neither the legitimacy nor the competence to do so. The traditional hierarchy, 
with the central state at the apex, is being modified because ‘change at the bottom is no 
longer expected to come about through change at the top’, although ‘change at the top is 
called for to consolidate and develop the achievements of the initiatives at the bottom’. 

∙ The central state is not necessarily rendered less powerful if it engages in less direct 
intervention. By doing less and enabling more, it can actually help to build new capacities 
for action amongst its regional partners, and this is nowhere more important than in the 
LFRs, where barriers to innovation are as much to do with institutional capacity as with 
technological competence. This strategy may even be forced on central states by tight 
public budgets and the growth of the ‘new governance’, which refers to the proliferation of 
self-organizing inter-organizational networks.14 The greater danger is that central states 
will simply pursue the first part of this strategy (i.e. doing less), which is precisely what 

                                                           
13 Morgan, K., 1997. The Learning Region: Institution, Innovation and Regional Renewal, Regional 
Studies 31, 491-503. 
14 Rhodes, R., 1994. The New Governance: Governing Without Government, Political Studies 44, 652-67. 
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has happened under neo-liberal strategies of deregulation, and this poses severe problems 
for both innovation and cohesion strategies in the LFRs. 

∙ While the new regional innovation strategies in the LFRs are moving in the right direction, 
those bottom-up initiatives need to be complemented and nurtured by stronger top-down 
support from national initiatives with respect to investment, training, technology-transfer, 
and institutional capacity-building.15  

∙ The national-level will remain an important arena for promoting innovation and securing 
social and spatial cohesion, though the central state, to be effective, will have to work in 
and through a multi-level governance system. 

This mode of policy appreciation and delivery is far more inclusive (associational) than it was 
under the hegemony of central state in the 1960s and 1970s or the more no-liberal mode of the 
1980s and early 1990s. Associational interactivity is accountable if there are democratic 
institutions and organizations to clarify rules and police indiscretions in a transparent manner 
and on a regular basis. 
∙ This can only happen in a satisfactory manner when the recipient region has acquired the 

capacity for significant supra-local policy deliberation and delivery. Some organizations 
have developed the substantive credibility that they are bodies competent to enhance their 
regional economies through the pursuit of decentralized industry policies.16 They show 
the capability to meet policy commitments, pursue democratically determined policy 
themes, and to varying degree function on the basis of inclusive policy network. These 
latter bring in representatives of consequence to the policy theme in question, as sources 
for learning and policy evolution whether indirectly through commissions of inquiry or 
directly in respect of urgent policy questions.17 

∙ The regional level is highly suitable for organizing vocational training at all levels. 
Because of the increasingly distinctive skill needs of regionally specialized economies, 
probably only the regional level now has the appropriate purview of labor market demand 
and supply relationships in the current period.18  

∙ Innovation – not to be confused with R&D – has to be supported by policies formed at 
regional level, particularly the innovation support to be given to SMEs. This is to be 
shared with those organizations such as research laboratories, universities, or even large 
firms that can show themselves to be essential to the security and durability of networks of 
small firms confronting challenges of innovation and selective learning. 

∙ Business intelligence, enterprise support and general funding assistance, advice and sign-
posting comprise a sphere where the regional level is the appropriate one for coordination, 
in association with local public and private representatives and associational bodies. 

                                                           
15 It should be recognized that these new strategies cannot hope to address all the problems of the LFRs, 
particularly unemployment and social exclusion. To address these problems, it needs to be recognized that 
conventional economic growth no longer offers a credible solution for the long-term unemployed in our 
societies. Among other things this problem requires more innovative labor market concepts, like the 
‘socially useful third sector’. Lipietz, A., 1992. Towards a New Economic Order, Polity: Cambridge. 
16 For example, the Steinbeis Foundation in Baden-Württemberg. 
17 The case of regional automotive industry business association in the development of small-firm 
innovation support through ‘model-projects’ in Baden-Württemberg, the Emilian associa-tionalism in 
tackling the need to develop an innovative CAD-CAM system for the clothing industry, are testimony to 
the power and advantage of incorporating and empowering ‘local knowledge’. 
18 Wales is genuinely hampered in its pursuit of a manufacturing growth strategy by a central government 
education and training policy governed by the more acadenic requirements of a post-induatrial, metro-
politan society in London. Baden-Württemberg, by contrast, can tailor its needs for industrially 
experienced graduates by establishing distinctive vocational universities. 
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3.2 Ex ante evaluation of regional benefits of R&D projects 
An extensive literature survey and consultation with practitioners failed to identify any existing 
methodology or approach to measuring ex ante the benefits of publicly supported R&D; 
however, they highlighted the significant and rapidly growing knowledge-base derived from ex 
post evaluations. This suggested an alternative approach, i.e. to use the accumulated knowledge-
base derived from these ex post evaluations19 to develop a framework that could be used to 
form ex ante judgements about the potential benefits of supporting R&D projects in varying 
geographical, institutional and economic settings.20 
∙ The regional development agencies in UK face problems in assessing ex ante the regional 

benefits of publicly supported R&D. Their policy objective was to address the standard 
market failure leading to socially sub-optimal levels of private sector R&D investment. 
But it was difficult to justify public support for R&D. When applied to R&D projects, the 
standard investment appraisal procedures in public sector raise problems.21 Problems 
arose due to:22  
– The difficulty of defining ex ante the range of benefits that might stem from the project, 
– Uncertainty relating to the scale and timing of such benefits, and 
– Doubts about the share of these benefits that will be appropriated by the host region. 

Drawing on the knowledge-base implicit in ex post evaluations of publicly funded R&D and 
other related conceptual and empirical studies, Roper et al. (2004) suggests a framework for the 
ex ante evaluation of the regional benefits from R&D projects. The framework comprises two 
main elements: 

– An inventory of benefits which might result from any R&D project; and  
– An assessment of the share of these total benefits that might accrue to a host region, 

taking into account the nature of R&D project and the region’s innovation system. 
∙ The inventory of benefits separately identifies private and social benefits and distinguishes 

between increments to public and private knowledge stocks, benefits to R&D productivity, 
and benefits from commercialization. Potential market and pure knowledge spillovers are 
also considered separately. 

                                                           
19 Georghiou and Roessner (2000) review a number of ex post project and program evaluations using 
different evaluation methodologies and provide a valuable review of methodological issues. Evaluation 
work has probably had less of an impact in the literature than it deserves, in part because much of the 
detailed work is not easily obtainable. There is a disturbing tendency for evaluation data that could form a 
valuable reference point for future studies to be lost in the gray literature. 
20 For example, the literature now provides consistent evidence on the tendency for knowledge spillovers 
to be spatially concentrated around knowledge sources (e.g. Jacob et al., 2002). Anselin et al. (2000) also 
highlighted the spatial concentration of spillovers from R&D, and emphasizes the different spillover 
footprints of university and private sector R&D, and that of different industries. Egeln et al. (2002), in 
their analysis of over 2000 public research spin-outs in Germany, report that 66.5% locate within 49km of 
their incubator institutions. Wallsten (2001) points to the strong spatial concentration of award winners in 
the US small business innovation research (SBIR) program. Previous studies have also suggested that 
lagging regions may find it difficult to appropriate spillover benefits due to limited absorption capacity of 
receptivity (Rodriguez-Pose, 1999). 
21 For the UK public sector, investment appraisal procedures are defined in the so-called Greenbook. 
Investment appraisal techniques vary with project size, with full cost-benefit analyses undertaken only for 
larger projects. 
22 This uncertainty in defining ex ante the social returns of publicly supported R&D may itself be a cause 
of market failure, leading to socially sub-optimal levels of public R&D investment and confounding any 
attempt to counter private sector under-investment in R&D. This under-investment is likely to be greatest 
where public spending is rationed and R&D projects are competing with other spending priorities with 
less uncertain outcomes. 
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Table 3.2 Inventory of private and social benefits from R&D activity 
Private benefits Wider social and public benefits 

Private knowledge base 
· Basic R&D results 
· Applied R&D results 
· Developmental R&D results 
Private R&D productivity 
· Better targeting of future research 
· Staff and research management development 
· Reputational and halo effects 
· Increased capacity to use research findings 
· Sharing research results 
Benefits from commercial application 
· Cost reduction in existing products/services 
· New or improved products or services 
· Productivity gains 
· Growth gains 
· Profitability gains 

Public knowledge base 
· Basic R&D results 
· Applied R&D results 
· Developmental R&D results 
Public R&D productivity 
· Infra-technology improvements 
· Better targeting of future research 
· Development of overall research capacity 
Rent spillovers 
· Cost advantage to customers 
· Scale advantages to suppliers 
· Availability of research trained staff 
Pure knowledge spillovers 
· Knowledge spillovers on productivity, etc. 
· Spin-outs etc. 
· Agglomeration or clustering advantages 
· Reputational, image or demonstration effects 

The benefits of R&D projects 
The assessment of the range of potential benefits resulting from R&D projects is based around 
an inventory suggested by ex post evaluations and related empirical and conceptual studies (the 
inventory-based approach to identifying the potential benefits of R&D projects). 
∙ The most obvious private benefits are the addition to the stock of knowledge capital. This 

may then lead to commercial applications or the sale of licenses to other technology users. 
The social benefits derived from R&D depend on additions to the science base and infra-
technology and the extent of positive externalities, spillovers. Two types of externality are 
commonly identified: rent externalities resulting from market transactions and pure 
knowledge spillovers independent of any market mechanism.23 

∙ Private benefits include 1) increments to the stock of knowledge capital, 2) developments 
in the organizational or managerial capabilities that might influence subsequent R&D 
productivity and 3) benefits derived from commercial application of R&D results. 
– In the case of private firms, the increment to the knowledge stock may provide the basis 

for creating or sustaining competitive advantages, while for universities or other public 
research institutes this may lead to spinout businesses or revenue streams based on 
licensed technologies. 

– Increased R&D capability and productivity lead on to further projects with commercial 
potential.24 Research activities lead to developments in human capital and managerial 

                                                           
23 Rent spillovers arise when quality improvements by a supplier are not fully translated into higher 
prices for the buyers. Productivity gains are then recorded in a different firm or industry than the one that 
generated the productivity gains in the first place. Rent spillovers occur in input-output relations. Pure 
knowledge spillovers refer to the impact of the discovered ideas or compounds on the productivity of the 
research endeavors of others. Pure knowledge spillovers are benefits of innovative activities of one firm 
that accrue to another without following market transactions. Pure knowledge spillovers do not require 
market interaction but depend instead on the free flow of knowledge from the R&D center, and its 
absorption and adoption by other organizations. 
24 Mansfield and Switzer (1984) suggest that around 1/3 of the publicly funded R&D projects undertaken 
by US firms led on to further R&D projects that the company funded from their own resources. 
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capability of R&D centers and therefore to more positive outcomes in future research 
projects.25 The brand images of companies are often based on their reputation as an 
R&D active or innovative business. For companies in technology intensive industries, 
their portfolio of collaborations is both a resource and a signal to markets, as well as to 
other potential partners. R&D activity may also improve firms’ ability to absorb R&D 
results or knowledge from elsewhere and to manage collaborative R&D projects with 
other organizations.26 Public funding of R&D may create the potential for R&D cost 
savings through collaborative R&D and the sharing of research results. Participation in 
publicly supported collaboration enables firms to acquire knowledge more cheaply by 
sharing the results of joint R&D. 

∙ Similarly, social benefits can be split into four main categories: 1) benefits to the public 
science or knowledge-base, 2) benefits to R&D productivity in other organizations, 3) rent 
spillovers mediated through market transactions, and 4) pure knowledge spillovers. 
– There will be potential increments to the public science base through published papers, 

patents or knowledge codified in new products or equipment. University research is a 
crucial factor in maintaining the standards of teaching and the production of skilled 
manpower. The knowledge obtained by basic research provides a source for industrial 
development and the exploitation of new products and processes for solving industrial 
problems. 

– Leyden and Link (1992) stressed the positive benefits resulting from investments in 
infra-technology by public laboratories.27 They also reported that among a sample of 
126 US manufacturing companies in 1991, 45.2% were engaged in infra-technology 
investment, accounting for 16% of their R&D budget. Much of this infrastructure 
investment was capital spending intended to support the their R&D activities through 
the purchase of equipment for measurement testing, process control, data formatting/ 
translating etc. 

– Rent spillovers occur where an R&D center or project generates either a local supply or 
demand in which either cost reductions or quality improvements are not fully reflected 
in price changes. This type of effect may be mediated through the supply-chain, with 
positive effects on R&D centers’ suppliers/customers, or factor-markets with positive 
effects on other local organizations with similar factor demands. Other forms of rent 
spillovers may depend on the movement of research-trained staff who acts as localized 

                                                           
25 Sakakibara (1997) indicates that the managers of publicly funded collaborative R&D projects in Japan 
rated researcher training as the most important benefits that their companies derived from such projects. 
The critical role of human resources to R&D success is also suggested by the positive results reported by 
Meyer-Krahmer et al. (1983) in their evaluation of the German program of grants towards the costs of 
R&D personnel. Sakakibara, M., 1997. Evaluating Government Sponsored R&D Consortia in Japan; Who 
Benefits and Why? Research Policy 26, 447-473. Meyer-Krahmer, F., G. Gielow and U. Kuntze, 1983. 
Impacts of Government Incentives towards Industrial Innovation, Research Policy 12, 153-169. 
26 Cassiman and Veugelers (2002) emphasized the complementarity between internal and external R&D 
activity, and demonstrate that firms engaged in both activities introduce more innovative products than 
firms engaged in either external or internal R&D alone. Love and Roper (2001) found that UK and 
German firms were obtaining economies of scope in the management of outsourced R&D: management 
competencies developed in outsourcing in one element of the product development process were being 
used to take advantage of the potential benefits of outsourcing in other activities. Cassiman, B. and R. 
Veugelers, 2002. Complementarity in the Innovation Strategy: Internal R&D, External Technology 
Acquisition, and Co-operation in R&D, in Proceedings of the EARIE Annual Conference, September 
2002, Madrid. Love, J.H. and S. Roper, 2001. Location and Network Effects on Innovation Success: 
Evidence for UK, German and Irish Manufacturing Plants, Research Policy 30, 643-661. 
27 Infra-technology is defined as technologies that facilitate R&D production, including evaluated 
scientific data, measurement and test methods used in research, production control and acceptance testing 
for market transactions; and various technical procedures such as those used in the calibration of 
equipment 
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carriers of knowledge. Where individuals are patent holding scientists or engineers, or 
have the skills and know-how to engage in technological advance, such local moves 
may generate localized knowledge spillovers. 

– The very nature of pure spillovers makes them particularly difficult to observe. Small 
firms, in particular, may derive their knowledge inputs not from their own R&D but 
from knowledge spillovers from other firms and from universities in the country or 
industrial sector.28 Spinouts also represent one of major routes through which publicly 
supported R&D activity is commercialized.29 

Assessing host region’s share 
The profile of the R&D centers and the innovation system of the host region are the two main 
determinants of the share of benefits that can be captured or appropriated by the host region. 
The types of and the institutional and organizational setting of the R&D projects are important 
characteristics of R&D centers. The absorptive capacity of the regional innovation system (RIS) 
will depend on the capabilities of firms and other organizations and the degree of association 
between the elements of the RIS. 
∙ As for the types of R&D, the social returns from basic R&D are likely to be higher than 

those from more strategic or applied research activity (e.g. Jaffe et al., 1983). For less 
favored regions (LFRs), or those with an intermediate technological and industrial base, 
however, the locally captured social returns might be greater from strategic or applied 
research rather than from basic research. 
– Social benefits arise from the production of skilled manpower and the public good 

nature of the research output – the result of pre-competitive research can be shared by a 
group of firms without reducing the incentives to develop products or processes.30 
However, the links between basic research and economic development – particularly at 
a regional level – remain ill-defined and unpredictable. Investment in this type of 
activity is difficult to justify in the context of a slowly growing LFR facing tight 
budgetary constraint. 

– For LFRs, the returns may be greater from applied or near-market R&D activity. 
Applied research is directed at specific problems or possibilities but is not aimed at 
achieving direct practical application. It generates knowledge and internal capability 
that keep firms, industry, and the public sector at the forefront of technological 
development. The knowledge generated by applied research is more specific than that 
generated by basic research. This limit the extent of any knowledge spillovers, which 

                                                           
28 Some empirical evidence on ‘pure’ knowledge spillovers comes from a number of studies which have 
attempted to link levels of innovative activity in a region to indicators of academic research output or 
inputs. The pioneering work in this area is by Jaffe (1989) on the ‘real effect’ of academic research. 
Working at the level of US states, Jaffe found that the number of patents registered in any state for a given 
sector was a positive function not only of industrial R&D expenditure in the state but also of the amount 
of research expenditure by universities in the state (after allowing for differences in the absolute size of 
states). This is interpreted as indicating that knowledge generated at universities spills over into the 
industrial sector, leading to higher innovative output than would otherwise be the case. 
29 Egeln et al. (2002) identify a number of reasons why spin-off from universities or public research 
laboratories might be expected to cluster around their incubator’s location and therefore benefit the host 
region. Egeln et al. (2002) conclude that spin-offs tend to move away from their incubator’s region if 
urbanization economies are less pronounced. Incubators located in smaller and peripheral regions thus 
have a lower probability that firms spinning out of their institutions will stay nearby, i.e. spin-offs tend to 
transfer knowledge outside the region’. This tendency is particularly strong where local demand for the 
products or services of the spin-out is weak, again a factor which may characterize may smaller peripheral 
regions. 
30 Public support for basic research is important if the fundamental science base of the country is to be 
sustained. Investments in basic research may act as an attraction for both academic staff and high-quality 
students to move to and remain in a region. 
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may further eroded depending on the IPR regime adopted by the researching 
organizations. 

– Experimental development is aimed at addressing specific market opportunities or the 
development of specific new products or processes. It generates strong private returns 
and rent spillovers but is less likely to lead to very significant pure spillovers. 

∙ Concerning the institutional and organizational setting of the R&D projects, research 
centers outside universities could be more flexible in responding to the specific needs of 
their regions. Larger research organization or  
– Research centers outside universities could be more flexible than those in a university 

setting due to the lack of normal academic restrictions such as teaching, academic 
promotion criteria, and contractual restrictions. This type of restrictions may shape the 
orientation of university-based research centers making it more difficult for them to 
respond to the specific needs of their region. University-based centers are likely to 
have a more general (i.e. national or international) orientation towards the needs of 
specific sector or industry. 

– Larger research organizations may also find it difficult to relate effectively to local 
small businesses, while smaller units may be more flexible and able to adopt a more 
specific focus. In Germany, polytechnics tend to support small firms in their region, 
while universities and research labs transfer knowledge more effectively to larger 
companies with no regional priority (Blind and Grupp, 1999). 

– Similar issues arise in terms of publicly funded R&D conducted by firms. Locally 
owned, single-plant companies will per force exploit locally conducted R&D locally. 
For large, particularly multinationals, the spatial distribution of the commercial 
benefits of R&D activity may be very different to that of the R&D activity itself. 

– The other key aspect of the profile of R&D centers is their industrial focus. Some 
sectors may provide advances in ‘general-purpose technologies’ that may be more 
useful in producing generalized productivity advances across a wide range of sectors 
than R&D conducted in other more specific technological areas (Bresnahan and 
Trajtenberg, 1995).31 

∙ As for the innovation system of the host region, the industrial composition and absorptive 
capacity of local firms, the strength of local knowledge dissemination networks and the 
integration of public and private knowledge mediating institutions will all be important as 
will the extent of synergies between the research focus of R&D centers and the needs of 
the regional economy. 
– The absorptive capacity may be less well developed among smaller firms, which are 

generally less advanced in terms of use of new technologies and have lower levels of 
innovative capability. Intermediate institutions may be particularly important in linking 
small firms with the knowledge-generating organizations.32 

– The absorptive capacity of any RIS will also depend, however, on the systemic 
capability for knowledge diffusion between local firms and other organizations, in 
other words it will depend on the extent of local inter-organizational linkages and 
knowledge transfers. 

                                                           
31 Ten Raa and Wolff (2000) examine both within-sector and between-sector sources of productivity 
growth. They identified 10 sectors of ‘engines of growth’ that made the largest contributions to TFP 
growth over the 1958-97 period. All of these sectors are in manufacturing with the largest sectoral TFP 
contributions coming from computer and office equipment and electronic components. These sectors had 
the strongest spillover effects of any manufacturing sector. Ten Raa, T. and E.N. Wolff, 2000. Engines of 
Growth in the US Economy, Structural Change and Economic Dynamics 11, 473-489. 
32 In terms of technology intermediaries, Heidenreich and Krauss (1999) document the positive role of 
‘intermediate’ institutions in the Baden-Württemberg RIS, while Walker (1993) notes the weakness of 
such institutions in the UK. 
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– The extent of any rent-based spillovers will depend on whether the R&D organization is 
embedded in the local economy, i.e. it is sourcing locally and selling services and 
products to other local organizations. Relatively little is known about the embedded-
ness of R&D centers in different regional settings. 

– In LFRs, projects are often only weakly embedded in their host region, with local 
purchasing limited by the availability of the type of complex products and services 
demanded by high-tech firms. Local demand for the type of products or services 
offered by an R&D organization is also more likely to be weaker in an LFR than in a 
host region with a greater concentration of high-tech industry again reducing the 
potential for localized spillovers through forward linkages.33 

– Rodriguez-Pose (1999) highlights the particular difficulties of LFRs in appropriating 
spillovers from locally conducted R&D due to their limited absorptive capacity. The 
dominance of small and medium-sized firms limits its capacity to appropriate locally 
the full benefits of publicly supported basic research activity (Fernandez et al. 1996). 

– The geographical distribution of industry in a host region may also be an important 
factor in determining the potential benefits that the region can capture due to spatial 
economies of clustering and agglomeration (Dobkins, 1996). How significant such 
agglomeration effects are likely to be, however, remains uncertain. 

– The regional share of the benefits of an R&D center will also depend on the synergy 
between the research focus of the R&D center and the host region. At one extreme here 
is the literature on inward investment by multinationals into developing countries, 
where the technical weakness of indigenous firms, and a lack of synergy between the 
activities of local and incoming firms essentially curtails any local spillovers. At the 
other end of the scale are situations where international R&D investment in a specific 
sector is attracted to a region to take advantage of existing clustering or agglomeration 
advantages,34 and by doing so further extends the localization economies. 

The inventory of benefits is used a as checklist of potential benefits; the profile of the R&D 
center and the characteristics of the RIS are then used as ‘filters’ to define the final set of 
benefits that might accrue to the host region. 
The framework is applied to a collaborative, applied R&D project proposed for support by a 
locally owned textiles business in collaboration with its local university. The company was a 
long established firm with a reputation for its innovative approach. The university research 
group involved had a positive reputation for innovation and an international reputation for 
research excellence. The project was the first university collaboration in which the company had 
been involved 
∙ The aim of the project was to develop an innovative type of effluent control system for the 

company’s dye-house, drawing on basic research previously undertaken in the university. 
The initial aim was to develop a product that could be used by the textiles business and 
subsequently exploited through a new joint venture partnership between the company and 
university. This project involved primarily applied research. 

∙ Gains to the private knowledge base of the company and university were therefore 
primarily applied with some ‘experimental development’ gains. Private R&D productivity 
benefits were also possible due to the collaborative nature of the project and the fact that 
this was the firm’s first collaborative R&D venture. Benefits from commercial application 
were also possible but were limited by the nature of the application to cost reduction for 
the participating firm, and the potential introduction of new or improved products.  

                                                           
33 The strength of local linkages and levels of knowledge transfer may also depend on the size of region 
with lower linkages in smaller regions (Hewitt-Dundas et al., 2002). Numerous studies have also 
suggested that small firms are less likely to have external links than larger businesses, and may therefore 
find it more difficult to benefit from the presence of a local R&D centre (e.g. Love and Roper, 2001). 
34 For example, Saxenian (1996) on Silicon Valley or Crone (2002) on Dublin. 
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∙ Gains to the public knowledge base were limited to applied and developmental research 
results by the applied nature of the project. Public R&D productivity gains were unlikely 
due to the lack of any infra-technology investments in the project. Rent spillovers were 
more possible due to potential cost reductions in the output of the participating firm. Pure 
knowledge spillovers were also possible but were perhaps limited by the specificity of the 
technology being developed. 

∙ The share of the social benefits of this R&D project appropriated by the region will also 
depend on the nature of the RIS. As the university partner was local, public knowledge-
base effects were possible, although the value of these was perhaps limited by the 
specificity of the technology being developed. Public R&D productivity benefits were also 
possible with the development of research skills in both the university and company 
partners, although the extent of these benefits would depend on staff remaining within the 
host region.  

∙ Rent spillovers were limited because the firm had few local customers and pure knowledge 
spillovers were limited both because the firm was in an isolated geographical location and 
was in a sector in which spin-outs were uncommon. Pure knowledge spillover effects on 
productivity etc were also limited due to the lack of other similar firms locally.  

∙ The profile and RIS filters suggest that this project was likely to have larger private than 
social benefits and that some of the major social benefits (e.g. rent-based spillovers) were 
likely to fall outside the region. In fact, the products developed were technically 
successful but commercially un-viable. This limited the downstream advantages but the 
project did leave a legacy of trained staff in both the company and university. 
Subsequently the university staff left the area, but staff within the company did use the 
knowledge gained in the project as the basis for future R&D. 

The framework is applied to the case of a basic research center established within a university. 
This initiative built on two earlier research centers operated by the university, both of which had 
built up extensive local relationships to firms within a regional cluster of plastics businesses. 
The aim of the project was develop an enlarged center of excellence that could conduct leading-
edge research and rapidly disseminate research findings into local firms. The research center 
would also act as a resource for local firms with product or process difficulties. 
∙ In terms of benefits, the project had potential private gains in terms of basic and applied 

research. Research capability in the university would also be strengthened with a range of 
potential advantages. Private benefits from commercial application are probably fewer due 
to the university base of the project, but there may be gains in terms of profitability if 
licensing arrangement for IP or joint ventures developed from the research center. In terms 
of the public knowledge-base gains, considerable benefits might be anticipated through 
publication of research results, patent registrations etc. In addition, there may be gains to 
public R&D productivity due to some spending on infra-technology (testing equipment, 
systems). Rent spillovers mediated through the supply-chain will not occur due to the 
university-based nature of the project, but there may be gains from an increase in the 
availability of research trained staff. Knowledge spillovers may also be significant as may 
spinouts and clustering advantages. 

∙ In terms of the RIS effects, the research center being supported has established links to a 
cluster of local firms. These links are likely to have little effect on the region’s share of 
any public knowledge-base effects, with firms from all over the world able to access 
codified knowledge in the form of patents or published papers. Local gains are therefore 
likely to be positive but relatively modest. In terms of public R&D productivity, 
infrastructure investments by the research center are likely to improve local R&D 
productivity allowing testing to be done locally rather than at a distant national center. 
Similarly, the local availability of research trained staff may also help generate market 
based spillovers of benefit to local firms. Pure knowledge spillovers are likely to be more 
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strongly localized due to the local clustering of firms, which may also reinforce 
agglomeration or clustering advantages. Spinouts are uncertain but possible given the 
sectoral focus of the technology. 

∙ The localized (social) benefits of this project were strengthened by the relevance of the 
technology being developed to a cluster of local firms, and established university-industry 
linkages. In actuality the project proved highly successful producing both high quality 
research output and making a substantial contribution to the development of a group of 
related firms. Some staff moves from the university to the related companies were evident 
and the center has produced some nascent spinouts. 

The knowledge-base derived from ex post evaluations of publicly supported R&D projects, and 
related conceptual and empirical studies, now provide sufficient evidence to enable ex ante 
judgements to be made about the likely regional benefits of publicly supported R&D projects. A 
framework was developed for ex ante evaluation based around an inventory of potential global 
benefits, and an assessment of the factors that determine the share of these global benefits that 
will accrue to the host region.  
The results of ex post evaluations are also used to identify the factors that will determine host 
regions’ share of the potential benefits of R&D, which will depend on the nature of the R&D 
project itself and the innovation system of the host region.  
∙ The extent of any ‘rent’ spillovers from an R&D project to other local firms, in terms of 

cost savings or quality improvements in their inputs, will depend on the strength of the 
downstream linkages between the firm conducting the R&D and other local companies. 

∙ The extent of any ‘pure’ knowledge spillovers from an R&D project will depend on the 
type of R&D being conducted, the extent of any synergy with other production activities 
being undertaken in the host region and the absorptive capacity of the region’s innovation 
system. 

For LFRs in particular, it may be difficult to appropriate many of the potential spillover benefits 
(both rent and pure) from local R&D activity. Localized spillovers from basic research and 
applied research, in particular, may be difficult for such regions to capture locally, especially 
where the R&D being conducted is of limited relevance to local firms. 
∙ Experimental development activity may have stronger direct benefits for LFRs but even 

here R&D in multinationals may lead to the main production benefits being enjoyed 
elsewhere. Labor market spin-offs as envisaged may be more strongly localized and of 
more importance to LFRs, though evidence on the scale of any such impacts remains 
elusive.  

∙ This is not of course to say that supporting R&D is necessarily a bad public investment in 
LFRs. Regional attractiveness may be enhanced by the presence of R&D facilities, and 
these may contribute to cluster and industrial development. Moreover, the presence of 
R&D facilities within inward investment plants has been shown by Kearns and Ruane 
(2001) to enhance plant longevity. What is necessary, however, is a realization of the 
potential weakness of rent and knowledge based spillovers from publicly funded R&D in 
LFRs and a structured approach to the ex ante evaluation of public R&D investments.  

∙ The agglomeration effects from concentrating R&D activity in the core generate sufficient 
value added to more than compensate the periphery for the loss of R&D activity (Lacroix 
and Martin, 1988). However, R&D investment in lagging areas may be the only possible 
solution to prevent the technology and development gap between core and periphery from 
expanding; R&D investment in lagging areas may prove in the long run to be a better and 
cheaper alternative to social transfers (Rodriguez-Pose, 1999). 

To date the evaluation framework developed here remains experimental having been applied to 
only a relatively small number of individual projects in a single region. A spreadsheet-based 
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implementation of the framework has been developed, however, and early indications are that 
this has been found to be a useful tool in assisting policy-makers in ex ante project evaluation. 
Useful future developments might be to examine a wider range of project types using the 
framework. 

3.2 Conditions for Clustering35 
If the advantages of proximity fit with the central success-factors of an industry, clusters offer 
competitive advantages. Those industries with a divisible production process and a transportable 
product or service fulfil the necessary conditions for clustering. A long value-chain including 
multiple distinct competencies, innovation-intensity characterized by network innovation, and 
the volatility of markets further increase the potential for an industry to cluster.36 In a clustered 
environment, isolated firms have been found to suffer from a periphery discount.37 
∙ Innovative clusters of symbiotic organizations can achieve superior business performance 

due to their club-like interaction with intensive knowledge exchange.38 Without intensive 
interactions that exceed traditional market exchanges, the advantages of proximity would 
basically confine to lower costs of transportation and lower switching costs for employees 
only. In a cluster, firms can be more efficient, i.e. work at lower costs, and simultaneously 
be more innovative, i.e. upgrade products and performance continuously. The traditional 
trade-off between costs and differentiation can be overcome. The foundation of this 
advantage lies in the possibility of linking scale- and competence-adequate structural 
fragmentation with an efficient and flexible co-ordination of multiple actors. The costs of 
transaction are lower because in a club-like cluster, feedback due to intensive information 
exchange between its members reduces the success of opportunistic behavior. Furthermore, 
the partners needed to transform ideas into business-innovations are available, well known 
and can be trusted. 

∙ A localized value-creating system can transform into an innovative cluster, if local firms 
have developed a milieu allowing for interactions that are simultaneously co-operative and 
competitive. The constituents of multi-organizational systems adjust their behavior to each 
other, which can be observed in well-functioning clusters.39 The constituents are aware of 
their membership to the system. They adhere to a common set of rules. The conventions 

                                                           
35 Steinle, C. and H. Schiele (2002), When do industries cluster? A proposal on how to assess an 
industry’s propensity to concentrate at a single region or nation, Research Policy 31, 849-858. 
36 Since the 1980s not only the significance of the Silicon Valley (Saxenian, 1991) but also the success of 
Italian industrial districts has interested many scholars, whose explanation centered around the higher 
efficiency of these agglomerations due to flexible specialization (Brusco 1982; Becattini, 1991). The 
French milieu-approach has put more emphasis not on cost-reducing efficiency, but on the innovative 
power of regions (Aydalot and Keeble, 1988; Capello, 1999). Saxenian, A. (1991), The origins and 
dynamics of production networks in Silicon Valley, Research Policy 20, 423-437. Brusco, S. (1982), The 
Emilian model: productive decentralization and social integration, Cambridge Journal of Economics 6, 
167-184. Becattini, G. (1991), Italian industrial districts: problems and perspectives, International Studies 
of Management & Organization 21, 83-90. Aydalot, P. and D. Keeble (1988), High-technology and 
innovative environments in Europe: an overview, in Aydalot, P. and D. Keeble (eds.), High Technology 
Industry and Innovative Environments: The European Experience, London, 1-21. Capello, R. (1999), 
Spatial transfer of knowledge in high technology milieux: learning versus collective learning processes, 
Regional Studies 33, 353-365. 
37 A periphery discount can amount to 40% lower returns. Fabiani, S. and G. Pellegrini (1998), Un’analisi 
quantitative della imprese nei distretti industriali italiani: redditvità produttività e costo del lavoro, 
L’Industria. Rivista di economia e politica industriale 19, 811-831. 
38 See Capello (1999), See also Weder, R. and H. Grubel (1993), The new growth theory and coasean 
economics: institutions to capture externalities, Weltwirtschaftliches Aechiv 129, 485-513. 
39 DiMaggio, P.J. and W.W. Powell (1983), The iron cage revised: institutional isomorphism and 
collective rationality in organizational fields, American Sociological Review 48, 147-160. 
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can be enforced due to the possibility to exclude members from the club and thus deprive 
them from the information flow. The costs associated with bad reputation are so high that 
trustful collaboration is recommendable. Information about the opportunistic behavior of 
an actor easily spreads within the cluster so that, breaking the conventions, a member 
would put the whole of his relationships with other members at risk. 

∙ Clustering is the process of development of locally rooted value-creating systems. Several 
companies at each step of a single value-chain, in addition to related and supporting 
organizations, agglomerate in a region, while serving a larger market. Clustering can 
happen because a value-creating system can impose itself already at the beginning of an 
industry life cycle or because most companies of an industry, except the members of the 
strongest cluster, go out of business over time. 

Figure 3.1 Conditions for clustering 
Potential for 
clustering  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                        Conditions for clustering 

The constituents of a localized value-creating system can improve the quality of interaction 
among them, even though the local culture may represent a limiting factor.40 The six conditions 
for clustering (2 necessary conditions – divisibility of process and transportability of product – 
and 4 sufficient conditions – long value-chain, multiple competencies, network innovation, and 
volatile markets), however, can hardly be influenced on a medium term. They can best serve to 
assess the potential for clustering. The conditions for clustering are not elaborated in order to 
predict where a cluster will develop, but to indicate which types of business are more likely to 
cluster-somewhere. 
∙ Specialization into different activities along the value-chain must be possible and the final 

product of the system has to be transportable. These requirements can be considered as 
necessary conditions, for their absence makes clustering technically impossible. 
– Only the possibility to divide a production process into several distinct steps allows for 

                                                           
40 Fornahl, D. (2001), Regional economic development: the impact of collective beliefs, in Proceedings 
of the workshop on the Influence of Co-operations, Networks and Institutions on Regional Innovation 
Systems, 8-10 February, Max-Planck-Institute for Research into Economic Systems, Jena. Pilon, S. and C. 
DeBresson (2001), Local culture and regional innovative networks: New hypotheses and some 
propositions, in Proceedings of the workshop on the Influence of Co-operations, Networks and 
Institutions on Regional Innovation Systems, 8-10 February, Max-Planck-Institute for Research into 
Economic Systems, Jena. 
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specialization, so that alternative forms of co-ordination can be considered. On the one 
hand, the fragmentation of production process depends on its technical divisibility. On 
the other hand, a critical mass, in terms of firms and business volume, has to be present 
in order to enable the process of fragmentation, i.e. the forming of multiple specialized 
organizations. There should be several actors at each step of the value-chain to allow 
for healthy competition, as well as mutual learning. 

∙ A cluster’s final products have to be transportable. If components are difficult to transport 
while final products can easily be exported, the need for proximity during the production 
phase increases, and the chances for clustering of the entire industry accentuate. 
– If a product cannot be relocated, the site of its consumers determines the location of its 

providers. Industrial products and services are transportable, if providers move with the 
equipment to the customer. 

∙ The length of a value-chain is technically determined. However, founders of specialized 
organizations find most fruitful ground if there is an incompatibility of scale, i.e. there are 
different optimal amounts of output per activity.41 It is easier to source additional capacity 
externally than to sell own surplus on the market. Another reason for the segmentation of 
the value-chain resides in a different profitability of its segments.42  
– The more specialized a firm is, the more its competitiveness depends on complementary 

actors and the more important the organization of its environment becomes. Such a 
situation is typical for a very fragmented value-creating system. The challenge of co-
ordination is accentuated, if diverse actors have to be coordinated not only after, but 
also before supplying their component, i.e. if instead of standard intermediate inputs, 
supplies have to be tailor-made. 

∙ The more distinct the competencies in a value-chain, the more challenging it gets for a 
single company to master them all. As a consequence, the problem of coordinating diverse 
partners, each focused on different competencies, arises. The presence of complementary, 
but dissimilar knowledge in a value-creating system, thus, can be considered as another 
sufficient condition for clustering. 

∙ An industry whose process of innovation is typically characterized by the appearance of 
network-innovations favors clustering. Network innovations occur when different actors 
with distinct competencies combine their skills, thus improving an existing products or 
processes or even creating new ones. Unlike well organized R&D, network-innovations 
can happen without planning, but require the cooperation of several organizations. The 
more complementary actors contribute to a process of innovation and the shorter the time 
available for their coordination, the more the efficiency of their cooperation would be a 
success-factor. 
– The distinction between inventor-based innovations, laboratory-type innovations and 

network-innovations could be very fruitful for understanding an industry’s innovation-
induced propensity to cluster.43 In the case of the inventor-entrepreneur, innovations 

                                                           
41 Gertler, M.S. (1995), Being there: proximity, organization, and culture in the development and 
adoption of advanced manufacturing technologies, Economic Geography 71, 1-26. 
42 Jarillo, J.C. (1995), Strategic Networks. Creating the Borderless Organization, Oxford. 
43 On the basis of extensive historical research, Freeman and Soete (1997) summarizes the evolution of 
the process of innovation by distinguishing between three phases (inventor-entrepreneur, large in-house 
R&D, and network innovation). In each of them, a distinct design shapes most of the innovations. 1) 
Inventor-entrepreneur was the predominant actor in the 19th century. An invention leads to a radically 
new product, often commercialized by the inventor. 2) Large in-house R&D began in the 1870s. In 
particular the chemical companies pioneered an organizational revolution. A considerable number of 
specialists were pooled in distinct departments. Most systematically improved already existing processes 
in their laboratories. 3) In the case of a network-innovation it is not a radically new invention that is 
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have an exogenous character. Since inventor-innovations appear unexpectedly, they 
lead to sunk costs for all other actors in the field. Laboratory-type innovations, on the 
other hand, require the deepening of one competence and therefore grow best by 
continuous R&D in the stable environment of large corporations. Network-innovations 
describe such innovations that evolve due to the combination of different competencies 
and tend to mature in a multi-organizational environment. In such a situation, the 
advantages of localized agglomerations become most relevant. The likelihood for 
complementary actors to exist or to form and to know from each other is higher. The 
need for efficient coordination becomes vital. If the development of an industry is 
driven by network-innovations, we can expect such an industry to favor clustering. 

– Radical innovations require a couple of complementary innovations in order to develop 
their potential. The constitution of the proximate environment of an innovator would 
be of utmost importance with radical innovations, since the amount of organizations 
involved can be large.44 In such a process of mutual adaptation, the exchange of tacit 
knowledge is crucial. The presence of tacit knowledge as such is considered to foster 
clustering, thus expecting clusters to be more important at the beginning of a product 
life cycle.45 

– Incremental innovations lead to the formation of clusters when product-based learning 
takes place. In such a situation, a constant and direct exchange of knowledge between 
diverse actors is necessary. 46  It would be the face-to-face interaction between 
incrementally innovating actors that allows for the exchange of implicit knowledge. As 
a consequence, the process of clustering would be expected to accelerate as an industry 
becomes mature and incremental innovations replace radical innovations.47 

∙ Advantages of coordination due to the proximity of the actors in a value-chain transform 
into competitive advantages if the speed of reaction is important, such as in volatile 
markets. Market-determined time-sensitivity, hence a reduction in producers’ control of 
demand, therefore, fosters clustering.48  
– A multi-organizational system can adopt faster and at lower switching costs than an 

integrated company to market changes, implying that dynamics and volatility foster 
clustering. 

– The imperative of speed applies not only to high-tech industries or such industries with 
production process characterized by just-in-time deliveries. In particular, in such value-

                                                                                                                                                                          
brought into practical use as with the typical inventor-entrepreneur. Neither is it the improvement of one 
already existing competence as with the traditional laboratory. Currently a new design has the chance to 
become predominant. Freeman, C. and L. Soete (1997), The Economics of Industrial Innovation, Pinter: 
London. 
44 Moore, J. (1997), The Death of Competition: Leadership and Strategy in the Age of Business Eco-
systems, Chichester. 
45 Swann, P. (1993), Clusters in high-technology industries, The Business Economist 25, 27-36. Hobday, 
M. (1994), The limits of Silicon Valley: a critique of network theory, Technology Analysis & Strategic 
Management 6, 231-244. Audretsch, D.B. and M. Feldman (1995), Innovative Clusters and the Industry 
Life Cycle, Center for Economic Policy Research Discussion Paper Series No. 1161, London. 
46 Storper, M. (1992), The limits to globalization: technology districts and international trade, Economic 
Geography 68, 60-93.  
47 Grant, E. and M. Gregory (1997), Tacit knowledge, the life cycle and international manufacturing 
transfer, Technology Analysis and Strategic Management 6, 149-161. Malmberg, A. and P. Maskell 
(1997), Towards an explanation of regional specialization and industry agglomeration, European Planning 
Studies 5, 25-41. 
48 Schoenberger, E. (1994), Competition, Time, and Space in Industrial Change, in Gereffi, G., and M. 
Korzeniewicz (eds.), Commodity Chains and Global Capitalism, Westport: London, 51-66. Scott, A. 
(1988), New Industrial Spaces: Flexible Production Organization and Regional Development in North 
America and Western Europe, Pinter: London. 
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creating systems whose final product is subject to fashion or suffers from cyclical 
changes in demand (i.e. in systems that are active on volatile markets), time-based 
competition is likely to be present. Similarly, markets characterized by an outspoken 
heterogeneity of demand requiring product differentiation honor the flexibility of the 
producers. Standardized products allow for better control over time and therefore for 
control over space, with the result of a reduced likelihood for clustering. 

∙ The sufficient conditions for clustering add to each other: a long value-chain does not 
necessarily lead to the presence of multiple competencies, but increases its likelihood. 
Chains with multiple competencies do not necessarily lead to a higher speed of innovation, 
but are probably characterized by network-innovations. Finally, innovations can lead to 
market volatility, which, independent of the production process, can also be demand-side 
induced. Therefore, the conditions for clustering could be summarized using a picture of 
stairs. 
– The necessary conditions for clustering are the foundations on which the stairs rely. The 

foundations of the stairs always have to be present. The clustering-stairs (Figure 1) 
offer a systematic way to analyze an industry’s propensity to cluster in one region or 
nation. Each of the sufficient conditions, then, is represented by a step. In this way it 
becomes possible to illustrate that more or less steps can be climbed. Because of the 
additivity of the sufficient conditions, it is even possible to jump over individual steps: 
clustering would be expected even if an industry is not very innovative, as long as it is 
operating on a volatile market and relies on a long value-chain. 

3.4 Learning Mechanism in Local Clusters 
The innovation processes in geographical clusters have been considered as the result of different 
learning mechanisms characterizing different types of clusters. Cabonara (2004) proposed a 
cognitive approach to investigate the characteristics of the innovative processes in three types of 
clusters corresponding to the evolutionary stages of Italian industrial districts. The evolutionary 
process of most industrial districts can be modeled using three main stages: the formation stage, 
the development stage, and the growth (maturity) stage.49 
∙ Widespread innovative capacity is probably the most important source of the competitive 

advantage for Type 1 cluster. In this stage, the technical-operative, tacit and informal 
knowledge is widespread in the local area. Empirical learning supports the growth of 
technical-operative knowledge. Inter-firm networks are developed to carry out an 
integrated system of production in accordance with the flexible specialization model 
(Piore and Sable, 1984). 
– In this context, an adaptive learning process, based on the incremental improvement of 

products and technologies, enables firms to pick up competitive advantages. Mainly 
individuals rather than firms activate mechanism of trial and error and learning by 
doing. Learning by doing develop know-how and improve the existing knowledge 
thanks to belonging to and location in the cluster, which has been called ‘learning by 
localizing.’ 

– The cluster consists of small firms involved in labor-intensive production phases, which 
are decentralized by large firms. The inter-firm relationships are basically aimed at 
subcontracting capacity, involving a low amount of operative knowledge transfer. 

– The cluster is located in a productive environment in which technical culture and social-
cultural value are shared. A dense network of relationships between individuals takes 
place. These factors allow the faster transfer of information and easy knowledge 
sharing. 

                                                           
49  Cabonara, N., 2004. Innovation processes within geographical clusters: a cognitive approach, 
Technovation 24, 17-28. 
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∙ Type 2 cluster is formed by a large number of small and medium-sized firms, highly 
specialized in a few phases of the production process, located in a specific area. The high 
specialization of the firm competencies in relation to particular production phases leads to 
vertical learning, i.e., the continuous improvement of existing knowledge stock. For this 
reason, this learning mechanism has been called learning by specialization The learning 
processes are still affected by the spatial issue. 
– The firms develop complementary competencies and are related by a dense network of 

relationships. They cooperate and compete with each other, according to the flexible 
specialization. The geographical proximity as well as the direct relationships among 
local firms creates an environment in which information, codes, languages organization 
routines, and strategies are easy to be shared, activating mechanisms of learning by 
localizing, and collective learning. In particular, collective learning is generated by 
different phenomena, such as the high labor mobility in the cluster, the client-supplier 
relationships, the emulation processes, the presence of complementary information and 
specialized services. The knowledge generated from these learning processes is strictly 
contextualized, and strongly linked to the environment and culture of the local area. 

Table 3.3 Cognitive characteristics, learning mechanism and innovation 
 Organizational and Cluster 

Learning Mechanism Cognitive Characteristics Innovation 

Type 1 
Empirical learning 

Learning by doing 
Learning by localizing 

– Tacit knowledge and professional 
skills 

– Fast transfer of information and easy 
knowledge sharing 

Incremental 
Product Innovation 

Type 2 

Empirical learning 
Learning by doing/using 
Learning by localizing 
Learning by specializing 

Learning by emulation 
Collective learning 

– Technical knowledge firm-specific 
– Fast transfer of information and easy 

knowledge sharing 

Incremental & continuous
Product and process 

Innovation 

Type 3 

Empirical learning 
Learning by doing/using 
Learning based on R&D 
Learning by localizing 
Learning by specializing 

Learning by emulation 
Collective learning 

Learning by acquisition 
Learning by interacting 

– Technical knowledge firm-specific 
– Fast transfer of information and easy 

knowledge sharing 
– R&D activities 

– Cognitive interaction with the 
external environment 

– Combination of external knowledge 
and contextual knowledge 

Radical and systemic 
Innovation on 

Product, process, 
Management and 

Organization 

∙ Type 3 clusters are characterized by the presence of leader firms and ‘meta-managers’, 
which coordinate the inter-organizational processes and sustain the innovative processes 
in the cluster. Learning processes and thus innovation processes are strongly influenced by 
the leader firms and meta-managers. The leader firms assume a governing position in the 
cluster. They manage the market information, which is translated into productive inputs, 
and define the way if developing and spreading the technical-productive and marketing 
knowledge of the local area. Meta-managers provide local SMEs with consulting services 
such as professional training, quality certification, financing plan, new product and 
process development. Leader firms and meta-managers manage the innovation processes, 
carrying out knowledge management (detection, generation, codification, diffusion and 
memorization), and developing a network of relationships with the external environment 
in order to capture new competence and knowledge. 
– Leader firms have a leader position in their markets as well as in the cluster. They have 

a sufficient critical mass to realize R&D investment. They have scientific and technical 
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competencies that help to produce technical advances and contribute to understand and 
adopt the innovation produced elsewhere and embedded in new technologies and new 
products. They directly perceive the signals of change originating from the markets and 
they are better able to access complementary technological competence. They are able 
to absorb and accumulate each small innovative solutions carried out by subcontracting 
firms, incorporating them into their products. 

– The meta-manager could be consortia of firms, trade associations or institutions. They 
play a critical role for the innovative performance of the cluster. They provide SMEs 
with innovation services, coordinate the production activities of local firms, activating 
and managing cooperative inter-firm relationships, and deal with the external environ-
ment (research centers, universities, clients, suppliers, etc.). They represent a cognitive 
interface between the cluster and the external environment. They are placed in internal 
cognitive flows and external cognitive flows to the cluster: the former spreads the 
contextual knowledge corresponding to the cluster firms’ know-how and it is defined 
by the relationships with the firms and other actors of the cluster. The latter takes the 
form of relationships with suppliers, clients, research centers and consulting companies, 
located outside the cluster. 

– The networking process activated by leader firms and meta-managers constitute the 
fundamental mechanism on which the development and acquisition of new knowledge 
are based. This learning mechanism is defined as learning by interacting (Lipparini and 
Lorenzoni, 1997). Leader firms and the meta-management structure learn interacting 
with the nodes of the local network and the actors in the external environment. 

– Leader firms and meta-managers are able to decode the relevant signals from the 
external environment and contextualize the external knowledge. They are conscious 
that the main source of the competitive advantage resides in the ability to interpret, 
make explicit and transfer the knowledge deep rooted within the cluster. 

– The learning processes in the cluster are mainly due to two processes activated by 
leader firms and meta-manager: 1) the first involves the internal cognitive context of 
the leader firm and meta-manager; 2) the second involves the interaction of the leader 
firm and meta-manager with the external environment. The former is characterized by 
different learning mechanisms based on learning by doing and by using, R&D, process 
engineering, quality control and benchmarking. The latter presents the form of relation-
ship with other specialized firms, R&D centers, universities and consortia, located both 
inside and outside the local area. 

– The learning mechanisms present the characteristics of learning by localizing, learning 
by specializing, collective learning and learning by interacting.50  

Significant changes in the competitive context have led clusters to modify the way of managing 
the innovative processes. Italian industrial districts have undergone a transformation process and 
have modified their configuration departing from the formation and development stages to the 
growth stage. The innovation processes based on widespread innovative capacity tend to be 
ineffective and inefficient for the cluster to sustain competitive advantage in the international 
markets. 

3.4 Knowledge Translation Gap and the Intermediary Sector 
Effective innovation requires the transfer of knowledge. In the models of knowledge transfer, 
each phase creates a greater value than the previous one as the outputs move up the information 
value chain from information through knowledge to understanding. The processes of knowledge 
transfer are not always complete: the middle process is less clear and possibly incomplete. This 
is the notion of knowledge translation gap. 

                                                           
50 Albino, V., A.C. Garavelli and G. Schiuma, 1999. Knowledge transfer and inter-firm relationships in 
industrial districts: the role of the leader firm. Technovation 19, 53-63. 
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∙ In the node models of knowledge transfer, data suitably organized and acted upon may 
become information; information absorbed, understood and applied may become 
knowledge; knowledge frequently applied in a domain may become wisdom; and wisdom 
is the basis for positive action (Cooley, 1987). Another intermediate node, understanding 
may be added, which is the result of realizing the significance of relationships between 
one set of knowledge and another (Horton, 1997).  
– Data is described as objective, low value, high volume, contained, and subject to noise: 

at the other extreme, wisdom is seen as subjective, high value, low volume, contextual, 
and less subject to noise. Wisdom is a result of understanding and the basis of action. 

Table 3.4 Nodes of knowledge transfer 
Model Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 
Cooley  Data Information Knowledge ― Wisdom Action 
Horton Data Information Knowledge Understanding Wisdom ― 

∙ Trott et al. (1995) define their model of inward technology transfer by four capabilities: 
– Awareness describes the processes by which an organization scans for and discovers 

what information is available. 
– Association describes the process by which an organization recognizes the value of this 

technology (ideas) for the organization. 
– Assimilation describes the processes by which the organization communicates the ideas 

and creates genuine business opportunities. 
– Application describes the processes by which the organization applies this technology 

for competitive advantage. 
∙ Horton (1999) presents a three-phase model: collection, collation and summarization; 

translation and interpretation; and assimilation and the resultant commitment to action. 
– Collection is analogous to awareness. Collation and summarization is equivalent to the 

process of associating the value of information to the organization. 
– Translation puts information in an understandable language. Most of the value is added 

here, generating an understanding of what can be done for the future. Interpretation is 
the most crucial step in the process, is poorly understood, and has few theoretical 
techniques. 

– Assimilation is the process by which ideas are communicated in the organization or the 
process by which understanding is embedded in the decision-makers. The value of the 
whole process can be judged here. 

Table 3.5 Processes of knowledge transfer. 
Model Process 1 Process 2 Process 3 Process 4 Process 5 

Horton Collection Collation 
Summarization

Translation 
Interpretation Assimilation Commitment 

Trott et al. Awareness Association ― Assimilation Application 

Major and Codrey-Hayes (2000) proposed a conceptual framework of knowledge translation, in 
which five processes (collection, collation, translation, assimilation and commitment) connect 
six nodes (data, information, knowledge, understanding, wisdom and action).  
∙ The nodes and processes of knowledge transfer models describe the moves through the 

quadrants of the diagram (strategic-product → strategic-process → operational-process → 
operational-product). 

∙ Data is tangible: it is a product. Since it lacks codification or context, it is strategic. As it is 
collected and collated into information and knowledge the process aspects are emphasized. 

∙ Information is more tangible than knowledge: information is therefore placed as a product 
and knowledge as a process. 
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∙ The translation and interpretation stage brings knowledge into the operational frame of a 
company, reaching a level of understanding. 

∙ Once within the company’s operational frame, process understanding can be assimilated. 
Abstract understanding, given a context, becomes tangible wisdom, the basic for commit-
ment to action. 

∙ The movement between quadrants, strategic-product → strategic-process is a codification 
process. The movement strategic-process → operational-process remains the translation 
process. Moving into the operational-product quadrant is a contextualization process. 
Codification on a macro-scale (the collection of data and collation of information into 
knowledge) is often carried out extensively by public agencies. Contextualization takes 
place largely within small and medium-sized enterprises (SMEs). It is in the translation 
process that intermediaries can have a strong impact. For a successful knowledge transfer, 
the knowledge translation gap needs to be bridged by intermediary organizations. 

                  Figure 3.2 A Conceptual Framework for Knowledge Translation 
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Intermediary organizations stand in an agency role between the originator and receiver of 
knowledge or information. Any attempt to bring technology foresight directly to SMEs has 
largely neglected this network. Intermediaries help firms to have access to services, information 
or expertise they would otherwise miss out on. Intermediaries can be distinguished by their 
prime functions: signposter, facilitator and contractor. SMEs have communications mostly with 
intermediary organizations in their normal contact universe (e.g. trade associations),51 which 
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tend to be facilitators. These organizations interact with SMEs to help them identify and acquire 
new technologies. Organizations outside the SME’s normal contact universe tend to provide 
more direct help, in a contractor type arrangement. 
∙ The three intermediary categories are not hard distinctions; some organizations may 

perform functions of more than one. There is rather a continuum from signposting through 
facilitating to contracting type of organizations. Early fieldwork suggested four trends in 
moving along the continuum: 1) longer-term relationships; 2) increasing organizational 
involvement; 3) increasing difficulty of SME involvement; and 4) increasing large 
company focus. 
– The UK business support community comprises a large number of intermediary 

organizations. Some organizations provide generic services on a regional basis: 
Training and Enterprise Councils (TECs), Business Links, Chambers of Commerce, 
and regional innovation and technology centers (RITCs). Trade associations give 
support and representation to individual industries. Personal membership in 
professional institutes can bring information into companies. Business support is often 
on a commercial basis. Universities are showing increasing commercial focus and 
industrial contracts. Research and technology organizations (RTOs) concentrate on 
commercially applicable research, and are potentially even closer to industry. Many 
business support organizations have extensive contacts with SMEs. Some (Business 
Links and RITCs) deal with almost exclusively with SMEs. Depending on the 
industries they serve, trade associations and RTOs may large support SMEs. Their 
proximity to industry provides a ready system for spreading new ideas. 

Figure 3.3 The structure of the intermediary sector 
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Major and Cordey-Hayes (2000) discussed the principles for SME-friendly technology foresight. 
To disseminate foresight to SMEs, policy-makers should put more effort into fomenting a 
foresight culture in intermediaries with less emphasis on the SMEs themselves, and SMEs must 
seek deeper and wider contacts outside of their existing links. To encourage a forward-looking 
culture, SMEs is promoted to link with intermediary organizations higher up the intermediaries’ 
roles continuum. By greater use of facilitators, reactive attitudes might form in low-tech SMEs. 
Greater use of contractors might stimulate reactive SMEs to become pro-active SMEs. 
∙ Managerial culture (managerial attitude to the future) is a central factor that distinguishes 

SMEs. Moving from low-tech through reactive to pro-active attitudes, SMEs exhibit 
higher foresight knowledge and more heterogeneous intermediary use. Also increasing is 
the importance to the SMEs of external networking. In contrast, the reliance placed by 
SMEs on their supply chains decreases.52 

∙ Intermediaries clearly have roles to play in aiding knowledge translation and dissemination 
of foresight to SMEs. Different intermediaries are used in different ways, and certain 
SMEs have deeper links with specific intermediaries. Certain intermediaries will be better 
placed than others to fill these knowledge translation roles to certain SMEs. 

∙ SMEs with different managerial attitudes can be reached through engagement of specific 
intermediaries, as shown by the positions of each type of intermediary in Figure 2. The 
vertical axis lists the roles of intermediaries. The horizontal axis indicates SMEs’ 
managerial attitudes. By re-assessing the fieldwork, it is possible to determine the type of 
intermediaries best placed to help each type of SME. For knowledge and technology 
acquisition, each SME group uses certain types of intermediary organization more 
frequently than others. Furthermore, each intermediary type is most used by a single SME 
group. Signposters are used most by low-tech SMEs, facilitators by reactive SMEs, and 
contractors by proactive SMEs.53  
– SMEs are revealed to be self-selective in their intermediary contacts, obviating the need 

to identify and target reactive SMEs on an individual basis. To reach the reactive SMEs, 
trade associations, membership-based RTOs and chambers of commerce should be 
engaged. These organizations will spread the foresight culture to the SMEs. Trade 
associations and RTOs are active in technology foresight, several running foresight 
exercises independently of the national program. Intermediaries close to re-active 
SMEs should be encouraged to take the foresight culture to their SME contacts. By 
taking hold of the foresight culture, intermediaries can have a direct impact on 
competitiveness of and innovations in SMEs. 

                                                           
52 SMEs are heavily reliant on the attitudes, skills and expertise of their personnel. This allows SMEs to 
be characterized by their attitude to the future. Most SMEs lack the time, resources and inclination to look 
beyond their immediate short-term needs. By and large, low-tech SMEs are unlikely to respond to 
technology foresight. They are not interested in growth or in new technology. To enact a cultural change 
in the face of such managerial attitude would be very difficult. At the other extreme, is a minority of 
SMEs that already have a foresight culture. These strategic SMEs take a proactive approach to the long-
term. Their management reveals a strong foresight culture. The future is seen not as a threat, but as an 
opportunity. There is a third, middle group of SMEs. These have a desire, but do not have an innovative 
foresight culture. They are willing to take on new ideas and methods of working, but needing someone to 
help them initiate the change. It is this group of SMEs that most responsive to technology foresight. 
53 Low-tech SMEs use Business Links, TECs and innovation and technology centers. Re-active SMEs 
use trade associations and chambers of commerce. Proactive SMEs use professional institutes and 
universities. With input from the RTOs survey, membership RTOs are used by reactive SMEs and non-
membership RTOs by proactive SMEs. Consultants are removed from this stage of the analysis. From a 
policy perspective they are not a group that can be easily engaged (arguably no more easily than SMEs). 
Working from low-tech to pro-active SMEs, this intermediary usage almost mirrors their categorization 
on the intermediaries’ roles continuum. 
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3.6 Organization Design for Technology Extension54 

Governments in most countries are anxious to help small and medium-sized enterprises (SMEs) 
lower their failure rate and grow to become job-creating employers. They have used a variety of 
approaches. However, they are unclear about either the effectiveness or the appropriateness of 
their policies. The policy choices are complex and the result of policy decisions are difficult to 
evaluate. Even when appropriate policy decisions are made, their implementation is neither 
obvious nor easy. It is a challenge to design organizations that can deliver selected policies 
effectively. 
Kolodny et al. (2001) discuss organizational innovation that enables technology extension (TE) 
organizations to foster the development of competence in SMEs.55 The TE organization may be 
less oriented towards directly assisting with technology than towards helping SMEs to access 
the sources of technology. Extensive networks of financial assistance and incentive programs 
that indirectly support TE organization rather than offer direct assistance to SMEs, can be found 
in most industrialized countries. 
∙ TE is referred to as supporting SMEs with technology: the phrase TE is used to distinguish 

it from other phrases such as technology transfer, industrial extension (Simon, 1992) and 
industrial modernization (Shapira and Roessner, 1996). 
– Technology transfer is becoming a specialized term to refer to the increased efforts by 

university and government laboratories to commercialize their own technologies by 
transferring them to large industrial corporations. It differs from technology transfer 
that reflects the needs of SMEs. 

– Industrial extension has also come to represent a broader domain of assisting SMEs 
with business planning, strategic direction, manufacturing processes, accounting and 
financing and marketing research, in addition to technological assistance. 

– Industrial modernization is referred to as the application of improved technologies and 
business practices to strengthen competitiveness and productivity, particularly among 
SMEs. Industrial modernization programs typically focus on the deployment of known 
technologies and proven business practices and training methods, rather than creating 
new technology. In effect, industrial modernization appears to be an alternative term to 
industrial extension.56 

∙ Kolodny et al. (2001) examined TE organizations in 7 countries. Given the variety of 
policy choices, no term fits well for all the different country situations. Therefore, they use 

                                                           
54 Kolodny, H., B. Stymneb, R. Shanic, J.R. Figuerad and P. Lillranke (2001), Design and policy choices 
for technology extension organizations, Research Policy 30, 201-225. 
55 For such organizational innovation, see Stymne et al. (1996). There is no empirical measure of 
effectiveness. Some TE organizations have attempted to measure their effectiveness to better direct their 
efforts (Luria and Wiarda, 1996). Some have done so primarily to convince the governments and/or 
legislatures that funded them that they merited continued support or even more support. Testimonials 
from contented SMEs have not carried too much weight with the controllers of government budgets. 
Numbers of new jobs created by an SME was frequently the focus of efforts to demonstrate effectiveness, 
but the attribution of cause to the creation of jobs was problematic, and increased efficiency often led to 
job loss rather than job creation, at least in the short run (Oldsman, 1996). It is also difficult to disentangle 
the contribution of technology from a good business plan or a creative new product or service or a well-
researched market niche (Berry and Taggart, 1998). 
56 In the US, NIST is the major sponsor of industrial modernization programs through its Manufacturing 
Extension Partnership (MEP) program, which combines government, industry and academic resources to 
foster technological modernization (Shapira et al., 1996). They analyzed data from MEP centers and 
found that most of the services MEP centers provided were focused on pragmatic issues rather than 
highly sophisticated technologies. Industrial modernization services are mostly aiding firms to upgrade 
their existing business practices, methods and techniques rather than promoting the deployment of 
leading-edge technologies, which can be too complex or untried for most small companies. 
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‘technology extension’ as a term that best fits most of the situations. Government agencies 
are traditionally reactive with respect to clients, anticipating that their clients will 
approach them. The 7 TE organizations were becoming increasingly proactive in reaching 
out to the SMEs that are so important to their local, regional or national economies. The 
term technology extension reflects the type of proactive attitude and behavior observed in 
the 7 organizations, even when they were not structured to directly approach their clients. 

∙ The basic model of TE service is such that their role between the sources of technology 
and the SMEs can range from being a reference source to being a broker, and to directly 
consulting on the client’s problem. 
– Clarke and Dobson (1991) examined 42 programs in 28 states in the US that served 

17,500 clients in 1990, but whose range of clients served was from as few as 20 to as 
many as 3,000 in that year. The choice depended on whether in-depth technical 
assistance was provided or whether the center served primarily as a referral service to 
other state and national programs of assistance. The decisions about what services to 
offer are one of the key policy choices that governments must make. 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
Policy choices, design requirements and design dimensions are the heart of the TE organization 
design process.57 TE organization is designed within the boundaries set by policy choices.58 
There are some criteria for the design of TE organizations that are common to all countries, 
even though different TE organizations in different countries implement these criteria in 
different ways. These criteria are referred to as design requirements. In satisfying the design 
requirements, different TE organizations arrive at different realized designs as different aspects 
of the design requirements are emphasized. This range of ways of responding to a design 
requirement is referred to as a design dimension. 
∙ Policy choices are made by policy-makers or evolve as a consequence of the mess. TE 

programs can either direct at all SMEs or target at specific sectors such high-tech. When 

                                                           
57 Shapira et al. (1996) has referred to efforts by NIST to establish best practice program management 
and service approaches in infrastructure initiatives in the domain of industrial modernization such that 
innovative practices developed in one region of the US can be quickly copied by others. 
58 Policy issues associated with technology extension can be pursued in more detail in Shapira (1990), 
Clarke and Dobson (1991), Simon (1993) and Stymne et al. (1996). 
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TE organizations work with a policy of assisting all SMEs irrespective of technology level, 
supporting SMEs with ‘appropriate technology’ rather than high technology leads to quite 
different organizational arrangements. TE programs could be combinations of national, 
regional or local programs. A major choice is whether to assist with technology alone or to 
extend to include industrial extension. Policy choices in the domain of TE include: 
– TE organizations can provide in-depth assistance to clients or they can serve as a 

referral (broker) service. 
– Policy makers must decide if the TE service will have a national electronic network 

linking sources of technology or, if not, which sources of technology will be made 
available to clients served. 

– The boundary between subsidized government service and private service providers 
must be defined. This is an increasingly important issue as many governments struggle 
with the questions of what services might be privatized. 

– Policy makers must address the question of where TE providers should be located in the 
economic spectrum. A shift is taking place from universities and colleges to public not-
for-profit economic development organizations as well as to for-profit organizations. 

 
 
 
 
 
 
 
 
             Laissez Faire 
               Design 

∙ Design features should not be linked to general indicators of success. The main problems 
of TE organizations have been formulated as design requirements. The design choice of 
each TE organization for each design requirements has been investigated.59 A minimal set 
of design requirements for an effectively functioning organization to carry out TE is listed 
in Table 1, which is not a complete list of all design requirements. 
– Organization designs are a mixture of explicit decisions taken and less explicit practices 

followed for historical or cultural or social or business reasons that are difficult to trace 
or rationalize. A particular organization design evolves out of a series of practices or 
actions. It can be hypothesized that policy-makers exercise choice over policy and the 
managers of TE organizations exercise choice in selecting design dimensions and other 
organizational attributes that help realize the set of design requirements. Sometimes it 
is difficult to attribute specific responsibility for decisions, which is represented by the 
laissez faire arrow in the figure. 

– Policy makers make explicit policy decisions but undervalue or underestimate the next 
steps, often by assigning them to a category entitled implementation. They assume that 
this category of activities will come about without too much explicit management or 
attention. They ignore the design of the organization that must convert the policies to 
action. In effect, the task of the hypothetical organization designer is largely ignored or 
devalued or left to chance or dismissed as not worthy of policy makers’ attention. 

                                                           
59 By investigating whether the specific choices made appear to have solved the problems or not; whether 
a TE organization made a certain design choice has encountered fewer problems than those made other 
choices, one may provide a wide and inter-linked set of observations and analyses that can help the 
designer of TE organizations to make informed choices. 
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Table 3.6 Design requirements in organizing for technology extension 
Design requirements Explanation 

1. It must be visible and easily accessible to 
the SMEs. 

SMEs rarely have the resources to search for help or to 
maintain even their technology. To effectively assist 
SMEs, the TE organization must make its services known 
and be easily accessible. 

2. It should make itself trust-worthy 

Trust is difficult to establish where SMEs exhibit high 
distrust of any kind of government intervention. The 
success of the transfer process is highly dependent on the 
trust that SMEs placed in the TE organization. 

3. It should provide SMEs with access to 
appropriate sources of technology 

The value of the service provided by the TE organization is 
closely related to the ability of the organization to connect 
the SMEs with the appropriate sources of technology. 

4. It must make itself credible with the 
source of technology 

Good relationships with and respect from the sources of 
technology are central to the ability to develop competence 
in technology extension. To be sustainable, the relationship 
should be characterized by trust and interdependence. 

5. It should respond quickly to the requests 
of SMEs 

SMEs tend to believe that a TE organization cannot under-
stand their problems and that the service provided will be 
slow and bureaucratic. The SMEs has to believe that it can 
quickly get appropriate assistance. 

6. It should complement the weakness of 
the SMEs it serves 

Even when SMEs know how to reach their goals, they may 
not be able to carry through projects that require informa-
tion searching or coordinated actions. TE organizations can 
and should complement the strengths and weaknesses of 
their SMEs. 

∙ The design dimensions reflect the organizational design practices of the TE organization in 
each country with respect to each specific design requirements. Each country situation is a 
reflection of the constraints and contingencies and boundary conditions for such 
organizational design decisions that are established by the contextual factors (the mess) 
and the policy and managerial choices. Some realized designs satisfy many of the design 
requirements, and others satisfy only a few of them. Some of the TE organizations are 
more comprehensive than others in carrying out their task. 

As case of the Spanish REDINSER and the Swedish BP (Business Partners) indicate, historical 
factors, contextual factors and institutional factors have significant impact on the design of TE 
organizations.60 Without taking them into account, organization design cannot be contemplated. 
Nevertheless, even independent of the mess, there are explicit design choices that of themselves 
create significant differences in the carrying out of TE services. Both the Canadian IRAP and 
the Italian ASTER have been effective in carrying out their TE mandates. However, they are at 
almost opposite ends of most of the design dimensions in the way they satisfy the different 
design requirements. The policy choices and the managerial choices emanating from their 
different contextual situations have allowed the organizational designers of each of these TE 
organizations to develop very different, yet quite appropriate, responses to their situations. 
∙ Effectiveness measures are very subjective and allow considerable scope for variation in 

the design decisions taken. It often takes years and the subjective assessment of many 
SME clients that have been served over those years to conclude that a TE organization is 
being effective or not in its environment. Even when they are judged effective, it is not 
possible to determine if there was not a set of policy or organization design choices that 
could not have improved them considerably. 

                                                           
60 Kolodny et al. (2001) examined TE organizations in Canada, Germany, Italy, Spain, Sweden, the UK, 
and the US. Their investigations lasted over several years, from 1992 to 1996. 
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Figure 3.4 TE organization design in 7 countries 
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The IRPA network is a nationally integrated program. The ASTER is a regional program. The CMTC (US) is a local 
support program. The GMTP (Germany) is a national/sectoral program. The BP (Sweden) is an industrial extension 
program. The REDINSER (Spain) is a variety of policy mandates. The BL (UK) is a service gateway. 



3. Regional Innovation system                                                         159  

 

∙ Even when policy choices are explicit and boundaries, constraints and conditions are clear, 
the design of a TE organization forces the organization designer to come face-to-face with 
a large number of choices. When they are not clear, the task is considerably more complex 
because of the high interdependence between policy choices and design alternatives. 
– An explicit set of design requirements helps designers constrain the design decision set.  

For each design requirement, however, there is more than one design dimension to 
consider. Furthermore, there is a range of responses possible for each design dimension. 

∙ While the design dimensions associated with each design requirement have been treated 
independently, the actions taken to satisfy any single design requirement will almost 
always have implications for other design requirements. This can complicate choices and 
force design decisions to be a trade-off in satisfying different design requirements. 
– Design requirements 2 and 4 state explicitly that the effective TE organization must 

develop credibility and effective functioning with each of its key interfaces: to the 
SMEs and to the sources of technology. These boundaries are not, however, 
independent of each other. The closer TE agents are to their clients, and the more they 
address their clients needs with off-the shelf available (appropriate) technology, the 
less relevant their and their clients experiences are to researchers and universities 
(Shapira, 1990).  

– When a TE agent responds rapidly to an SME’s urgent technical problem (design 
requirements 5), the interdependence of design requirements working advantageously 
improves the TE organization’s image of trustworthiness with the SME (design 
requirements 2) and complements the SME’s weakness (design requirements 6).  

∙ Once policy choices are made, the organization designer still has considerable influence on 
the design requirements that follow from those choices and, after that, even more 
influence on the design dimensions – the alternate ways of responding to the design 
requirements. What shapes such influence? Context is an important factor: historical, 
economic, cultural, institutional, and labor markets, in particular. Managerial preference is 
another important factor. 
– Whether the TE organization managers are technically oriented or entrepreneurially 

oriented will affect the relationships they choose to establish with SMEs and sources of 
technology. Whether TE organization managers are selected from and continue to be 
civil servants or whether they come from private practice may affect their perspectives 
in several different ways, which will impact the organization’s arrangements. 

– Will the TE managers be evaluated by particular performance criteria, and how easy is 
it to establish those criteria when the ultimate measure of their success is not how 
effectively they deliver their services but how effective their SME clients are in the 
marketplace, in creating new jobs, in advancing their technological competence?  

∙ Frequently, policymakers believe the bulk of their work is over when the policy choices 
have been made. The significant role that the design of the TE organization can have on 
the effectiveness of those choices should be emphasized. 
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