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2.1 Introduction 

The topic of this chapter is the rationale for innovation policy in advanced 
market economies. Since innovation and its associates, invention and the 
diffusion of innovation, play such a central role in the performance of 
modem economies, indeed they constitute a defining element in the claim 
that they are knowledge-based, it is hardly surprising that this rationale 
should be an indispensable part of economic policy more generally. The 
Barcelona accord on research and development (R&D) spending^ suggests 
how important this issue is for European governments, and raises the ques­
tion of whether policy frameworks and instruments exist to reach the ob­
jectives of this accord. In particular, will it be possible to protect any sus­
tained increase in innovation expenditures from the effects of diminishing 
marginal returns in the short run and in the long run^? We shall argue that 
new perspectives are needed on innovation policy if innovation is to be 
stimulated in Europe while avoiding the spectre of diminishing returns. We 
also suggest that the traditional rationale for innovation policy, market 
failure, is flawed in its understanding of the innovation process and, more 
fundamentally, flawed in is understanding of the wider process of competi­
tion in the modem world. The reasoning behind this claim is that processes 
of innovation depend on the emergence of innovation systems connecting 
the many actors engaged in the innovation process, and that these systems 
are essentially self organizing. Innovation systems do not exist naturally, 
but have to be constmcted, instituted for a purpose, usually but not 
uniquely to facilitate the pursuit of competitive advantages by firms. To 

^ To raise European R&D to 3% of GDP by 2010 with at least two-thirds of this 
contributed by industry. 

^ Diminishing returns to the economic payoff, not diminishing returns to the 
growth of scientific and technical knowledge. 

mailto:Stan.Metcalfe@man.ac.uk


48 James Stanley Metcalfe 

anticipate the conclusion, innovation policy should be about facilitating the 
self-organization of innovation systems across the entire economy, not 
only in 'new' sectors. In sustaining this claim, we shall argue that innova­
tion is one element, perhaps the most important, of the general class of in­
vestment activities in an economy, that it is complementary with other 
classes of investment undertaken by firms and other organizations, and that 
it requires much more than expenditure on science and technology for its 
realization. A functioning science and technology (S&T) policy is in the 
first instance a stimulus to invention, in the process it facilitates innova­
tion, but the connection between the two is essentially a matter of invest­
ment, of present commitment in anticipation of future return, and it is 
equally important that policy promote the general process of investment if 
innovation is to flourish. Thus R&D spend may be a necessary underpin­
ning for innovation but it is certainly not sufficient, other complementary 
investments in skills, productive capacity and markets are also required. 
As an innovation policy lever on its own, S&T policy leaves much to be 
desired. Moreover, all investment is uncertain in its consequences, but in­
vestment in innovation is particularly prone to the unexpected and the un­
intended consequences of action, precisely because innovation is a major 
source of business uncertainty. In exploring the limits of the market failure 
doctrine we also draw attention to the general limitations of an equilibrium 
approach to the analysis of innovation and competition and suggest that an 
adaptive evolutionary process view is a far sounder framework for under­
standing and policy guidance. Innovation involves the growth of multiple 
kinds of knowledge including knowledge of how to organize and knowl­
edge of the market opportunities, and these different kinds of knowledge, 
complementary to scientific and technological knowledge, are gained in­
separably from the competitive market process. Innovation is a route to 
competitive advantage, but the converse is true also, that competition 
shapes the innovation process; the two phenomena are inseparable. In de­
veloping the argument, we will amplify the idea of innovation systems but 
not from a national perspective. Rather we emphasize the local character of 
innovation systems and the need for policy to deal with the issues sur­
rounding their birth, growth, stabilization and, if necessary, decline. Na­
tional arrangements influence the ecology of organizations and the institu­
tional rules of the game that enable innovation systems to be formed but 
innovation systems are not intrinsically national. Indeed a central implica­
tion of the unification of the European market is that 'local innovation sys­
tems' will cross national boundaries, with the prospect that national poli­
cies develop inconsistencies that are inimical to innovation performance. 
Thus, we argue that a systems failure perspective allied with notions of 
evolutionary competition will enable governments to form and implement 
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effective policies. Since innovation requires the development of new 
knowledge, typically within firms but more broadly in contributing 
innovation systems, the stimulus of innovation cannot ignore the 
conditions that facilitate the growth of knowledge and the communication 
of information. This epistemic dimension turns out to be of quite crucial 
importance in the innovation systems failure perspective. Finally, we say 
little directly about existing policies and instruments and direct the reader 
to a recent paper by Luke Georghiou for a detailed elaboration and 
evaluation of European level policies^ 

2.2 Attributes of the Innovation Process 

We begin with a brief statement of the relevant attributes of the innovation 
process. Innovation is, first and foremost, a matter of business experimen­
tation, the economic trial of ideas that are intended to increase the profit of 
or improve the market strength of a firm. This occurs in two broad sets of 
conditions, defined by innovation in existing enterprises and innovation by 
new enterprises, and the two are quite different contexts for innovation ex­
periments. Innovation, in this regard, is the principal way that a firm can 
acquire a competitive advantage relative to its business rivals. As a process 
of experimentation, a discovery process, the outcomes are necessarily un­
certain; no firm can foresee if rivals will produce better innovations nor 
can it know in advance, even when all technical problems are solved, that 
consumers will pay a price and purchase a quantity that justifies the outlay 
of resources to generate a new or improved product or manufacturing 
process. This is not a matter of calculable risk, for probabilities cannot be 
formed in respect of unique events, events that change the conditions un­
der which future events occur. There is an inevitable penumbra of doubt 
that makes all innovations blind variations in practice, and the more the in­
novation deviates from established practice the greater the fog of irresolu­
tion. Perhaps the fundamental point is that innovations are surprises, nov­
elties, truly unexpected consequences of a particular kind of knowledge-
based capitalism. This does not mean that innovation is irrational behav­
iour, firms are presumed to irmovate in ways to make the most of the op­
portunities and resources at their disposal; however, neither the opportuni­
ties nor the resources available can be specified with precision in advance. 
Innovation is a question of dealing with the bounds on human decision 
making, it is to a substantial degree a matter of judgment, imagination and 

^ See Raising EU R&D Intensity, European Commission, 2003, the report of an 
expert group under the chairmanship of Professor Georghiou. 
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guesswork, and the optimistic conjecturing of future possible economic 
worlds. Consequently, policy instruments must be subject to the same pe­
numbra of doubt in terms of their effects on the innovation process; there 
will be unanticipated consequences of innovation policy and great diffi­
culty in tracing cause effect relationships in the evaluation of policy. 

The second attribute of the innovation process is the necessity for new 
beliefs and knowledge to emerge before innovation is possible. Moreover, 
innovation requires the drawing together of many different kinds of infor­
mation, on the properties of a device or method, on the way to organize 
production and the perceived needs of the market. It is the combination of 
these elements that matters and the only locus of combination in capitalism 
is the firm'. Thus while many agencies may provide information valuable 
to the innovation in question, only the innovating firm can combine them 
into a "plan" for innovation. Neither universities, nor government laborato­
ries nor knowledge consultancies, which play an increasingly important 
role, have this final combinatorial responsibility, in this, the for-profit firm 
is unique. The corollary of this is that multiple kinds of knowledge are 
typically required to innovate and many of the sources of this knowledge 
will lie outside the firm, which has to extract the necessary information 
and integrate it into its own knowledge (Gibbons et al. 1994). Conse­
quently, the external organization of the firm and the management of its in­
ternal processes are essential elements in the innovation process and this 
insight is the foundation of the innovation systems perspective. 

The third attribute of innovative activity is its embeddedness or more 
accurately its instituted position in the competitive market process. Not 
only do firms innovate to generate market advantages relative to their per­
ceived rivals, so that the functioning of markets shapes the return to inno­
vation, but market processes and their wider instituted context of law, cus­
tom and regulation greatly influence the outcomes of innovation and the 
ability to innovate. Innovation is not a matter of market processes acting in 
isolation but of the interdependence between market and non market, and 
public and private spheres of action. Moreover, the instituted context is 
broadly based, for example, the way users respond to an innovation and 
the ability of a firm to raise capital and acquire skilled labour and compo­
nents necessary to an innovation are essential market process determinants 
of innovation activity. Yet, the fundamental test for successful innovation 
is not that it works but that it is profitable ex post, and this is a matter of 
market process. If markets are inefficient and distorted, this can only harm 

"̂  Broadly defined to include not for profit organizations that produce goods and 
services, such as hospitals, as well as the traditional for profit business organiza­
tion. 
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the innovation process and when incumbents and conservative users un­
duly control the relevant markets, the effect will be similar. It follows that 
competition policy and an efficient markets policy, more generally, are 
necessary elements in innovation policy. Conversely, a pro-innovation pol­
icy is perhaps the most effective contribution to a strong competition pol­
icy. 

Since innovation entails the acquisition of new knowledge, we need to 
be clear what is meant by knowledge, and the processes by which it is gen­
erated and diffused. Knowledge has a unique property, it always and only 
ever exists in the minds of individuals and it is only in individual minds 
that new innovative concepts and thoughts can emerge. This is fundamen­
tal, it is why we recognize the entrepreneur and the prize-winning scientist 
- they are different as individuals - and from it follows the fact that 
knowledge is always tacit it is never codified as knowledge. What is ar­
ticulated and codified is information but information is only ever a public 
representation of individual knowledge, sometimes virtually a perfect rep­
resentation, but in many significant cases not. As Polanyi (Michael not 
Karl) expressed it, we know more than we can say and can say more than 
we can write. Since economic activity in firms and beyond depends on the 
ability of teams of individuals to coordinate their actions, it follows that 
processes must exist for correlating the knowledge of the individual mem­
bers so that they understand and act in common. In regard to innovation, 
the internal organization and business plan of the firm are the primary 
means of coordinating information flow and turning individual knowledge 
into the necessary hierarchy of understanding and actions. It may be help­
ful to conceive of the organization of a firm is an operator, a local network 
of interaction through which what the individual members of the firm 
know is combined to collective effect. The spread of understanding in cor­
related minds is essentially a social process of human interaction, however, 
a chief consequence of information technology is that information can be 
communicated at a distance and this makes possible the inclusion of a firm 
in wider, less personal networks, including the scientific and technological 
networks that communicate almost exclusively in written form. To call 
these knowledge networks may be understandable, but it is a mistake. The 
relevant networks are information networks, perhaps better expressed as 
networks of understanding, and could not be otherwise, and their signifi­
cance is in shaping what individuals in firms, and other organizations 
transmit and receive as information. It is not that information is transmitted 
with error, it may be, rather, what matters is that information may legiti­
mately be 'read' by recipient and transmitter in different ways. The inter­
pretation of the message is not in the message but in the different minds of 
the parties concerned (Arthur 2000). Indeed the growth of knowledge de-
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pends on this possibility of divergent interpretation of the information flux. 
All innovations are based on disagreement, on a different reading of in­
formation much of which is currently available in the public domain. Thus, 
the prior knowledge state influences what is 'read' and what is 'expressed' 
and, as Rosenberg (1990) made clear, firms have to invest in their own un­
derstanding if they are to participate effectively in innovation information 
networks and this is why it is necessary for them to conduct their own 
R&D^ Thus while information is a public good, in the sense of being use­
able indefinitely, it is not a free good, scarce mental capacity must always 
be engaged to convert it to and from private knowledge (Cohendet and 
Meyer-Kramer 2001). Here we find one of the principal sources of varia­
tion in the innovation process, innovations are conceived in individual 
minds and these minds differ. It only needs a moment's refiection to rec­
ognize that if all individuals held the same beliefs there could be no growth 
of knowledge and no innovation and thus the beliefs in question could not 
have emerged in the first place. Idiosyncracy, individuality, imagination 
are the indispensable elements in the innovation process and the way inno­
vation policy is fi-amed must recognize this fact, indeed, without them en-
trepreneurship would not be recognizable. The obvious corollary to the 
policy process is that innovation cannot be planned from on high, it 
emerges from below. 

Scholars interested in innovation have for many years drawn upon the 
useful Polanyian (1958) distinction between tacit and codified knowledge, 
the former embodied in human skill and practice, the latter in material 
form. Tacitness is presented as a reason why information does not flow 
freely, while codification, is a process to make information public. Thus, 
Gallon (1994) is quite right to point out that the limits to excludability de­
pend upon the way in which information is embodied in different commu­
nication media, and that access to any particular knowledge depends upon 
complementary assets being accimiulated to give the capability to maintain 
and use knowledge based statements. However, it is important to recognize 
the point that the division of knowledge into mutually exclusive categories, 
codified and tacit, does not uniquely reflect properties of the knowledge it­
self. Rather, it is in part an economic decision dependent on the scale on 
which the information is to be used and the costs of codification. It is thus 

^ It is said that the British system of Industrial, Cooperative Research Associa­
tions, set up primarily in fragmented industries, failed to raise innovation per­
formance, precisely because their target firms did not invest in acquiring their 
own capacity to understand the research and development carried out on their 
behalf. 
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inextricably linked with the division of labour in the economy more 
widely, as I shall explain below. 

The distinction drawn here between information, knowledge and the un­
derstanding necessary for teamwork and cooperative endeavour, also bears 
on the question of property rights in knowledge and the assessment of the 
system of protection of intellectual property. Quite obviously, in the light 
of the above, knowledge is always proprietary it never leaves the minds of 
individuals, it is only its expression as information in a public domain that 
raises questions of intellectual property. Thus the oft-expressed view that 
secrecy is a very effective, perhaps the most effective form of protection. 
Where this is unavoidable, and in respect of product innovations it is 
nearly always so, patents protect the economic exploitation of the idea, but 
not its exploitation in a wider sense. Namely, the quid pro quo for eco­
nomic protection is the placing of an accurate description of the invention 
in the public domain thus opening the possibility that others are guided to 
the same effect, and by a different route. This is the technological price the 
inventor pays for the economic right of exploitation, and rightly so. It 
should also be remembered that patents protect the exploitation of the 
knowledge in the invention and that this is only part of the knowledge re­
quired to innovate. The firm with the excellent patent record is not neces­
sarily the firm best able to turn those inventions into profitable innova­
tions. 

A fourth implication for the innovation process is that the systemic, 
emergent nature of group understanding leads directly to the basis of inno­
vation systems. There is an increasingly elaborate division of labour in the 
generation of knowledge, to use an old economic concept, the division of 
knowledge labour is becoming increasingly 'roundabout' in nature. Since 
Adam Smith, scholars have recognized that the knowledge contained in 
any economy or organization is based on a division of mental specialism. 
It is not simply that the division of labour raises the productivity of the pin 
maker, it also raises the productivity of the 'philosopher and man of specu­
lation' and greatly augments the ability to generate knowledge in the proc­
ess. When this division of labour is not contained within the firm we have 
the conditions for an innovation system to emerge and the necessity for the 
coordination of the divers minds within that system. Innovation systems 
are the necessary consequence of this division of knowledge; and these 
systems do not arise naturally, they have to be organized and are not to be 
taken for granted. This self-organization process is a central concern of in­
novation policy from a systems failure perspective. Innovation systems 
are, in Hayekian terms, a form of spontaneous order, that is to say they are 
self-organizing. Perhaps the most obvious characteristic of modem econo­
mies is the distributed nature of knowledge generation and the consequent 
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distributedness of the resultant innovation processes across multiple or­
ganizations, multiple minds and multiple kinds of knowledge (Coombs et 
al. 2004). As a system, what matters are the natures of the component 
parts, the patterns of interconnection and the drawing of the relevant 
boundaries and each of these aspects forms a dimension of innovation pol­
icy, as we explore below. 

Fifthly, and finally, it is helpfiil to group the factors that influence the 
ability to innovate into four broad categories, perceived opportunities, 
available resources, incentives and the capabilities to manage the process. 
In principle, we could imagine policy levers for each of these elements, but 
what matters is that all four need to be addressed if policy is to be effec­
tive. Thus, increasing the resources devoted to innovation is likely to run 
into rapidly diminishing returns if new opportunities are not perceived or if 
the management of innovation is weak and poorly connected with other ac­
tivities in the firm (Carter and Williams 1957) 

With these aspects of the innovation process in mind we turn now to an 
assessment of the traditional market failure rationale for policy and then 
contrast it with the systems failure perspective before drawing general 
conclusions for policy. 

2.3 The Limits of IVIarket Failure 

The development of an economics of information and knowledge in the 
1960s led scholars to the realization that knowledge and information are 
not normal economic commodities but possess attributes that do not make 
them natural candidates for market exchange (Nelson 1959; Arrow 1962). 
The market failure doctrine and the rationale it provides for innovation 
policy have followed fi-om these insights. Central is the idea that markets 
in relation to knowledge and information have an inherent tendency to 
produce socially inefficient outcomes, inefficiencies that provide the justi­
fication for failure correcting public policies. The private hand is not 
guided to produce and use the socially optimal amount of knowledge, and 
the optimizing policy maker is justified in corrective intervention through 
the joint provision of resources and incentives at the margin. This has 
proved to be a powerfiil set of ideas for shaping policy debate, particularly 
concerning the public support of university based science and technology 
that are far fi-om market application. I shall argue that it has been a far less 
usefiil means for designing specific innovation policies in relation to pri­
vate firms. The reason is clear, the idea of a perfectly competitive alloca­
tion of resources (the doctrine of Pareto optimality) on which the idea of 
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market failure is premised is a distorting mirror in which to reflect the op­
eration of a restless capitalism. This doctrine seriously misreads the nature 
and role of competition in modem societies through its failure to realize 
that capitalism and equilibrium are incompatible concepts and that innova­
tion and enterprise preclude equilibrium. 

Why does the market failure doctrine fail in respect of irmovation? The 
reasons are hidden within the properties of a perfectly competitive econ­
omy. For its realization not only must all agents be denied the power to in­
fluence prices of products and productive factors, there must also be a 
complete set of markets that values all consequences of all economic ac­
tion in the present and in the indefinite future. In general, the set of possi­
ble markets is incomplete and serious problems follow. The consequences 
of action that are not priced in the market are called externalities and, fi^om 
an irmovation perspective, the most significant externalities relate to im­
perfect property rights in the exploitation of knowledge. If the works of the 
inventor can be copied without cost, others may turn invention into inno­
vation, and erode the incentives to invest in invention. This has long been 
recognized as a justification for patent and copyright systems and rightly 
so. Nonetheless, the practical implications of intellectual property protec­
tion are less straightforward. 

The problems are two-fold. It is not information spillovers per se that 
damage the incentive to invest in knowledge production but a presimiption 
of instantaneous and complete spillover, an unlikely state of affairs for rea­
sons which become clear belov^. Absent this and the existence of many 
practical ways that firms have developed for protecting knowledge ac­
quired privately, and it becomes clear that inventors and innovators may 
still gain an adequate return from their investments without patent protec­
tion. Secrecy and a short product lifecycle, are familiar examples and help 
explain why patent protection is only considered significant in a small 
number of industries, those with high invention costs and long lead times 
to market. Secondly, this doctrine is far too negative, not all information 
spillovers are between direct competitors or diminish innovation opportu­
nities. The difficulty arises fi-om thinking that all firms are the same, losing 
sight of the fact that they read the information flow with different 'minds'. 
Spillovers can, and generally will, have positive benefits in stimulating the 
differential creation of new knowledge, which should not be underesti­
mated, indeed, this is why patents are designed to put inventive ideas in the 

^ I note in passing that what is spilt is information (messages) not knowledge. The 
knowledge content of any information flow is, of course, notoriously unpredict­
able as any university examiner knows only too well. That this is so is essential 
to the emergence of novelty. 
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public domain. There is no reason why an alert firm should not gain more 
than it loses from the unplanned flow of information and so enrich its in­
novative capacity. In this regard, information spillovers are to be encour­
aged and one might expect firms to try to manage this process through 
links with other knowledge generating institutions, which is precisely what 
we observe in practice^. What is interesting about the idea of property 
rights in commercially valuable knowledge is that they sit side by side 
with very imperfect property rights in economic activities more generally^ 
Copy my invention and I can pursue you in the courts. Make a better, but 
unrelated, equivalent and there is nothing we can do except compete. In­
deed if it were otherwise, it is difficult to see how capitalism could have 
been the source of so much economic change and development. This 
means of course that competition is a painful process. Investors, whether 
their assets are in paper titles or human skills, are ever open to the erosion 
of their worth by innovations made by others, this is why innovation 
driven capitalism is, from a welfare point of view, an uncomfortable rest­
less system. The fact that, on average, innovation enhances the standard of 
living should not blind us to this fact and to the inherently imcertain, po­
tentially painful nature of innovation related economic processes. From a 
policy viewpoint, one immediate implication is that the scope of patents 
should not be drawn too broadly, for this simply limits the ability of others 
to creatively explore the design space which any patented invention has 
placed in the public domain. A world with no spillovers simply restricts, 
perhaps makes impossible, the wider and deeper growth of knowledge. 
Thus, broad patents have the potential to damage the creativity of the capi­
talist model (Merges and Nelson 1990). 

Externalities do not exhaust the idea of missing markets. Perhaps more 
important is the absence in general of futures markets to guide investment 
decisions. All innovations are investments, activities that require current 
outlay in advance of the economic return. Yet the markets to trade these 
future outputs, by establishing the price today for an activity to be sold say 
a year hence, exist only for a narrow range of standardized commodities 
that are broadly speaking unaffected by the prospect of innovation. In the 
absence of known prices, the only recourse is to substitute the judgment of 
entrepreneurs. This uncertainty is intrinsic to the market process, for the 

^ Hence the increasing volume of work which points to the role of knowledge 
spillovers in productivity growth. Cf. Griliches (1998) for an authoritative treat­
ment. 

^ It is worth noting that competition authorities in the UK have taken a dim view 
of firms that refuse to grant licences to exploit their patents and of attempts to 
use Hcences to distort the competitive process. 
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most significant sources of micertainty relate not to whether it will rain a 
year from today, but whether others will have developed superior innova­
tions by that date. It is not the game against nature that matters but the 
capitalist game of innovation, of rival against rival. In modem capitalism, 
genuine uncertainty is 'built in', as it were, and its consequences for the 
willingness to invest in innovation are far more difficult to cope with, be­
cause innovations, like all discoveries, are unique events for which the 
probability calculus is an inappropriate method of analysis. Much decision 
making about knowledge creation is at root an act of faith, it is a matter of 
the conjecture of imagined future worlds with necessarily unpredictable 
time delays between knowledge creation, application and market testing 
(Loasby 1999). Keynes's much ignored notion of animal spirits is certainly 
appropriate as a route to understanding innovation in capitalism. More­
over, it is not at all obvious that the process of accumulation of scientific 
or technological knowledge is any less hazardous than the accumulation of 
market knowledge (Gallon 1994). A central implication of this theme is 
that investment becomes impossibly difficult in perfectly competitive mar­
kets as pointed out by Richardson (1961). Current market prices do not 
convey the information required to invest since they do not convey infor­
mation about the investment plans of rivals. Consequently, firms seek 
other ways to tacitly or explicitly coordinate their activities whether com­
plementary or competitive and these necessitate deviations from the atom­
istic competitive ideal. Although Richardson directed his analysis at in­
vestment in productive capacity, it applies equally well to investment in 
innovation, and one would predict a need for market imperfections if such 
investment is to be stimulated. One consequence of all this is that innova­
tion processes are mediated by a range of non-market methods, primarily 
involving information networks and other forms of arrangement between 
organizations and individuals, procedures that build confidence and trust 
and work to limit the damaging consequences of uncertain, asymmetric in­
formation. These arrangements are precisely contrary to the idea of compe­
tition between isolated, atomistic, independent firms. Without market 
power, innovation becomes an unlikely occurrence, and collaborative 
R&D arrangements, for example, are one way of dealing with the implied 
coordination failures. 

However, it is not at all obvious from a wider view that the missing 
markets constitute market failures in the narrow sense that we have used so 
far. Uncertainty and asymmetries in knowledge are direct consequences of 
a market process in which innovation is the driving force for competition. 
Without innovation, it is possible that a richer ecology of futures markets 
would come into existence, but this is not the market capitalism we know, 
it is rather a picture of a stationary state. It is surely perverse to label as 
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market failures phenomena that are integral to the competitive market 
process and which give modem capitalism its unique dynamic properties. 
Nor is there any obvious way that policy could 'correct' for lack of futures 
markets, they are simply intrinsic to the process of innovation and eco­
nomic change. The fundamental fact is that profits follow from the de­
ployment of ideas that others do not have, with the consequence that the 
whole system dynamic depends upon the generation of unquantifiable un­
certainty and asymmetries in information. One cannot sensibly argue that 
the economy would perform better if innovation related uncertainties were 
reduced, for the only way to reduce these uncertainties is to reduce the in­
cidence of innovation and thus to undermine the mainspring of economic 
progress. This does not deny that radical uncertainty can be a justification 
for policy intervention. Indeed the rationale for the public support of fun­
damental research in science and technology lies in the fact that the links 
between these general categories of knowledge and market exploitation of 
specific innovations is often so tenuous that private firms would, quite le­
gitimately, find no justification for investing in these kinds of knowledge. 
Even here, the matter is not clear-cut. For by no means all university re­
search in fundamental science and technology is funded by government, 
and of that which is, a proportion is directed at meeting the mission objec­
tives of government agencies in such areas as defence or health. Con­
versely, non-academic organizations carry out a substantial portion of 
work on fundamental science and technology; indeed large private firms, 
usually multinational firms, can often boast far more advanced research fa­
cilities than can universities^ 

Having dealt with the problem of missing markets, consider next the 
idea that perfect competition requires an absence of market power, in par­
ticular that each firm be small relative to the scale of market to make this 
possible. It is recognized that a major reason this condition will not be 
achieved is the presence of some form of increasing returns in the use of 
resources. Yet, fundamental to the economics of knowledge production 
and dissemination is the fact that the exploitation of all knowledge is sub­
ject to increasing returns: the fixed cost of producing an item of knowledge 
can be spread over a greater volume of output, as it is used more widely 
and more intensively in the production process. Since one cannot innovate 
on the basis of a fraction of a technology or a quarter of a scientific fact, 
there is necessarily an indivisible cost of creating the complete set of 
knowledge behind an innovation. Consequently, the costs of exploiting an 

^ Narin et al. (1997) find that of the US scientific papers cited by US industrial 
patents only 50% came from academic sources while 32% came from scientists 
working in industry. 
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innovation fall with the scale of exploitation, precisely the condition that 
removes the possibility of perfect competition. Furthermore, every invest­
ment in innovation nov^ requires its own expected minimum scale of ex­
ploitation if an adequate return is to follow .̂ The result of these considera­
tions is the complete inability of the perfectly competitive model to 
provide guiding iimovation policy principles in a w ôrld w ĥere firms are 
required to innovate in order to compete (Stiglitz 1994). The overhead in­
novation costs that firms must incur unavoidably mean that their behaviour 
v îll at best be imperfectly competitive and that there will be systematic 
and uneven deviations between prices and marginal production costs 
across the economy. The only way the fixed costs of knowledge produc­
tion could be recovered, independently of prices and outputs, would be for 
public laboratories to develop that knowledge, or for all private research 
and development expenses to be fiilly subsidized from the public purse. 
This is not a model for iimovation likely to commend itself outside of very 
special cases such as metrology and public technical standards (Tassey 
1992). 

Nor do missing markets and market power exhaust the difficulties in us­
ing perfect competition to reflect modem capitalism. There is also the, so-
called, public good problem. All knowledge and information has the in­
triguing property that it is used, but not consumed in its using and that, 
once discovered, it is in principle useable by any individual on any number 
of occasions to any degree. In the terminology of economics, there is non-
rivalry and non-excludability of knowledge. This terminology is not well 
chosen in relation to knowledge and information. We argued in the previ­
ous section, that knowledge is only ever private and is certainly excludable 
by choice of the knowing individual. It is a representation of that knowl­
edge, information that is placed in the public domain, but this is only ac­
cessible to everyone in principle. In practice, and as a direct consequence 
of the division of knowledge labour, to gain knowledge from information 
requires prior background knowledge to read that information and this 
knowledge has not been acquired without opportunity cost. There is much 
more to the transfer of knowledge than the costs of communication in the 
narrow sense. In many cases the interchange of knowledge requires com­
munication between correlated "like minds" only open to those who have 
acquired comparable abilities to understand the significance of new scien­
tific and technological information. Self-exclusion follows from an inabil­
ity to make the necessary background investments; information may be 
"free" but the ability to extract knowledge from it is not and it is the 
knowledge that matters for innovation (Mowery and Rosenberg 1989; 
Rosenberg 1990; Hicks 1995; Veugelers 1997). 
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To a degree, these different dimensions of market failure are interre­
lated. The public good aspect of information links directly to information 
spillovers and the externality problem. The fact that knowledge can be 
used repeatedly connects to the increasing returns dimension of the exploi­
tation of information, whether in producing goods or, more significantly, 
in the further production of knowledge. In each case, we are led to devia­
tions from the perfectly competitive market ideal, but it is not at all obvi­
ous that affairs can otherwise be arranged. All economies are knowledge 
based and the problems of the economics of knowledge are not an optional 
extra, they are intrinsic to the nature of a capitalist, market economy. 
When we turn to innovation policy, it is apparent that we are in difficulty 
in basing the rationale on a model of perfect competition. Leaving aside 
the well recognized imperfections that governments can be subject to when 
they intervene, backing the wrong horse too quickly or maintaining pro­
grammes long after the evidence against continuation is conclusive 
(Walker 2000), it is clear that market failure as a policy framework leaves 
much to be desired (Metcalfe 1995a,b). Market failure is a general rubric 
not a recipe for stimulating individual innovations. The logical underpin­
ning it provides tells us nothing about the precise design of policy instru­
ments, or their appropriate method of implementation or the firms that are 
most appropriately in need of support in their attempts to innovate. Is the 
focus to be on new knowledge, new skills or new artefacts? Is it to be con­
cerned with design, with construction or with operation? Is it to focus on 
the creation of innovation or upon the diffusion of innovation? The an­
swers to these questions could generate very different policy initiatives 
that bear no particular relation to specific innovation activities. The infor­
mation to provide the answers is simply not available to the policy maker, 
nor for that matter to anyone else. The market failure fi-amework, despite 
its formal elegance, is an empty box. In the presence of the apparent mar­
ket distortions in relation to knowledge and information, there is no war­
rant for the idea that piecemeal policy can improve economic welfare, the 
world is simply too complicated to avoid these problems of the second 
best. Perhaps the problem is deeper, in that the issues of uncertainty, 
"spillovers", increasing returns and "publicness" are not failures at all but 
vital elements in the evolutionary process that is capitalism. This thought 
takes us to the nature of competition and the idea of innovation systems 
and their failure as the basis for policy. 
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2.4 Innovation Systems and the Competitive Process 

The foundation of an alternative approach is that of competition as an evo­
lutionary process not as a state of equilibrium. In this perspective innova­
tion plays the central role as the source of the differences in firm behav­
iours that give rise to competitive advantages. Rivalry depends on 
differential behaviour and these differences are resolved into differences in 
profitability and the consequential differences in the relative grov^h of ri­
val producers. If markets are working well from an evolutionary perspec­
tive, firms with superior competitive knowledge and thus practice are able 
to grow at the expense of less competitive rivals. This is the central dy­
namic of evolutionary competition as a dynamic discovery process. All 
that competition requires is rivalry, and two firms can be as competitive as 
many and have a greater impact on the long run capacity to use resources 
efficiently. In such a view, the role of markets is to coordinate and evaluate 
rival business conjectures and so guide the economic change we (partially) 
measure in rising standards of living. This involves adaptation to new op­
portunities, new needs and new resources and market institutions are to be 
judged not by the canon of Pareto optimality, but by their openness in 
stimulating innovation and adapting to change (Metcalfe and Georghiou 
1998). 

Thus, the central weakness of the market failure approach is not its lack 
of precision, but its attempt to establish a policy perspective within the 
confines of the static equilibrium theory of markets and industry. The mar­
ket failure arguments identify significant features of the production and 
use of knowledge, but these features have their fiill impact only in relation 
to the dynamic nature of the competitive process. Economic progress de­
pends on the ongoing creation of private, asymmetric knowledge, knowl­
edge that is sufficiently reliable and defendable to justify the original in­
vestment, yet has prospective returns that are not only uncertain to the 
investor but create uncertainty in complementary and competitive fashion 
to other investors. The imperfections identified in the market failure ap­
proach are to be viewed now in a different perspective, as integral and nec­
essary aspects of the production and dissemination of knowledge in a mar­
ket economy. From this perspective, it is surely perverse to call them 
imperfections or market failures. This is, of course, not a new point: for 
those who have studied Schumpeter they are the natural features of an 
economic process driven by creative destruction. Another way of putting 
this is to say that without asymmetries of knowledge and the correlated 
uncertainties and indivisibilities the competitive process has nothing with 
which to work. The quasi-public good nature of knowledge, indivisibility 
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and increasing returns, the inherent uncertainties of creative, trial and error 
processes and the imperfect nature of property rights in knowledge are es­
sential if market capitalism is to function. They are not imperfections to be 
corrected by policy. 

Several important themes now fit into place in a way that is impossible 
with the market failure doctrine. First and foremost among them is entre-
preneurship a phenomenon, which has no meaning in economic equilib­
rium of any kind. Entrepreneurs introduce novelty into the economy, they 
disrupt established patterns of market activity, they create uncertainty and 
they provide the fuel that fires the process of economic evolution. The fact 
that the framework of perfect competition cannot incorporate the entrepre­
neur is a telling statement of its inapplicability to an innovation driven 
economy. Secondly, the reward for entrepreneurship is the differential 
economic reward that comes from introducing economic improvements 
relative to existing practice. Such abnormal rewards are not the conse­
quence of market imperfections, they do not necessarily reflect the unde­
sirable use of market power; they are instead the rewards for superior per­
formance and are to be judged as such. It is a view that abnormal profits 
are the socially undesirable consequences of market concentration that is 
the real Achilles heel of the market failure approach and which denies it 
anything useful to say in the appraisal of knowledge-based, innovative 
economies. 

Thirdly, this perspective of competition and innovation as a coupled dy­
namic process provides us with a framework to formulate iimovation pol­
icy. Innovations create the differences in behaviour, which we identify as 
competitive advantages, and the possibility of competition provides the 
route and the incentives to challenge established market positions. More­
over, to the extent that market institutions function properly, firms with 
superior innovations will command an increasing share of the available 
scarce productive resources, the process that is the link between innova­
tions in particular and economic growth in generaP^. 

This suggests that innovation policy and competition policy are com­
plementary, indeed that a pro-innovation policy may be the surest form of 
competition policy, and that its broad purpose is to ensure that conditions 
remain in place for the continued creation and exploitation of asymmetries 
of knowledge. In truly competitive markets, all established positions are 

^̂  As an aside here, we note that competition is not to be judged by market struc­
ture. Two rivals may compete far more intensively than many. The way to 
judge the efficacy of competitive arrangements is to consider the degree to 
which rivals can gain market share at the expense of each other and the degree 
to which they are innovating in the pursuit of competitive advantage. 
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open to challenge and it is this link between innovation and competition, 
v^hich has proved to be the reservoir of economic grovv1;h. Thus, capitalism 
is necessarily restless, occasionally kaleidoscopic, and competition is at 
root a process for diffusing diverse discoveries, the utility of w ĥich cannot 
readily be predicted in advance. The market mechanism is a framework 
within which to conduct innovative experiments and a framework for fa­
cilitating economic adaptation to those experiments^ ̂  The key issue, there­
fore, is how this competitive process interacts with the conditions that 
promote innovation. 

2.5 Increasing Returns, 'Roundabout' Knowledge 
Production and Innovation Systems 

We have referred already to the inevitable presence of increasing returns in 
a knowledge-based economy, the fact that the returns to investments in in­
novation increase with the scale of their exploitation. That this rules out a 
perfectly competitive allocation of resources is well understood but there is 
much more to the phenomena than is suggested by this partial and static 
perspective. The point is a more general one. As Adam Smith understood 
so clearly, increasing returns applies to the generation of knowledge as 
well as to its exploitation precisely because of the increasing specialization 
of bodies of knowledge and knowledge generating institutions. What we 
are observing in modem innovation systems is the increasing roundabout-
ness of production, not of material artefacts but of knowledge in general 
(Young 1928). 

It can be argued that two features shape the modem innovation process; 
namely, increasing complementarities of different kinds of knowledge to­
gether with increasing dissimilarity of these bodies of knowledge, a reflec­
tion of an increasingly fine division of labour in knowledge production 
(Richardson 1972). Innovating firms need to draw on and integrate multi­
ple bodies of knowledge, whether scientific, technological or market 
based, produced in an increasing range of increasingly specialized con-
texts^ .̂ At the same time to understand the significance of and contribute to 

^̂  This theme of the experimental economy has been particularly important in the 
work of Eliasson (1998). It has an inevitable Austrian hue, that markets are de­
vices to make the best of our limited knowledge (Rosenberg, 1990). 

2̂ Cf Grandstrand et al. (1997) for evidence that large corporations are increase-
ingly diversified in the technological fields which they employ, and more diver­
sified relative to their product fields. See also Kodama's (1995) work on tech­
nology fusion. 
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advances in these various kinds of knowledge is increasingly beyond the 
internal capabilities of the individual firm. Consequently, firms must in­
creasingly complement their own R&D efforts by gaining access to exter­
nally generated knowledge and learn how to manage a wide spectrum of 
collaborative arrangements for knowledge generation (Coombs and Met­
calfe 2000) The consequence is that innovations take place increasingly in 
a systemic context with respect to the use of new technologies and their 
generation. How they occur is a question in the coordination of the divi­
sion of labour in innovation systems. This is a central difference from the 
market failure approach, in which innovation is treated as a problem inter­
nal to the firm. Instead, we have to enquire how groups of organizations 
are coordinated to give innovation processes a systemic dimension. 

The essential point is the distinction made above between private 
knowledge and public understanding. All new knowledge arises only in the 
minds of individuals and if it is to have a wider effect it must not only be 
communicated to other minds but these minds must absorb it and reach 
similar imderstanding of the phenomena in focus. In short, knowledge 
must be correlated across individual minds. This is essential for any joint 
action and it is essential to the further growth of knowledge, as enquiring 
minds respond to the information that constitutes the testimony of others. 
The consequence of this is that what is understood is systemic, covering 
multiple individuals, it is combinatorial and it is emergent. Not only is un­
derstanding complicated, in the sense of the multiplicity of minds in­
volved, it is also dynamically complex, in the sense that it its development 
generates novelty in impredictable and unintended ways; this is one foun­
dation for the uncertainty that underlies innovation-led capitalism. Capital­
ism is a restless evolving system precisely because its knowledge founda­
tions are restless and adaptive too. The process of correlation of 
knowledge is complicated further by the fact that individuals typically ex­
press and communicate their knowledge in the context of the organizations 
of which they are members, and the rules and routines of these organiza­
tions shape the interplay of information both within and without that or­
ganization. Thus, all knowledge systems are constructed around multiple 
minds in multiple organizational contexts and here we should distinguish 
invention systems from innovation systems proper. The science and tech­
nology systems composed of universities and public and private research 
laboratories are primarily invention systems^^ and, as Schumpeter insisted, 
invention is conceptually distinct from innovation. Innovation systems de­
pend on additional sets of actors in relation to the availability of productive 

^̂  See, in particular, Carlsson (1995,1997) for a detailed exposition of the related 
concept of technological systems. 
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inputs, the design of organization and the engagement with customers and 
they depend on the unique role of the firm to combine the knowledge of 
these elements to achieve innovation. The knowledge and ability to organ­
ize a productive activity, to identify markets and to mobilize resources, are 
essential elements in the innovation process; for innovations are not only 
about the generation of knowledge, but also the economic application of 
knowledge. Thus, innovation systems are embedded in the market process, 
with customers, suppliers and even rivals on occasion, acting as important 
system components (Lundvall 1986, 1992). Markets are the context in 
which resource problems in relation to innovation are solved and in which 
innovation opportunities are identified. 

However, systems are not defined only in terms of their components, in 
this case knowledgeable individuals in organizations; the nature of the sys­
tem also depends on how these individuals are connected by flows of in­
formation and the purpose that lies below the flow of information. That 
correlation of knowledge requires communication of information indicates 
the importance of the connections in the innovation system, and the need 
for these connections to change as the innovation problems change. In 
many important cases, communication requires personal interaction and its 
correlates of trust and empathy between the individuals. In other cases, 
particularly in regard to science and technology, communication can rely 
on communication technology so that much of the information considered 
reliable comes from minds that are distant and anonymous. Indeed, it is 
these non-social forms of communication, information technology broadly 
defined, that have transformed knowledge generation. By permitting con­
nection between a far greater number of minds than is possible through 
personal interaction alone, information technology has been of vital impor­
tance not only to correlate knowledge more widely but also to stimulate 
the further growth of private knowledge within innovation systems. 

Yet science and technology systems are not innovation systems, the lat­
ter are far more focused in scope and directed to business objectives, that 
is to say they are focused around very specific, local problem sequences 
reflecting the proprietorial concerns of the innovating firm. The most ap­
propriate way to conceive of these systems is that they self-organize and 
that private firms take the lead in stimulating the self-organization of the 
knowledgeable minds in the system. This means that innovation systems 
are locally dynamic entities, they are bom, grow, stabilize and ultimately 
decline and fail and that the basis for the dynamic of self-organization is 
the evolution of the particular innovation problem sequence. Part of the 
dynamic of system change is that the growth of knowledge depends on 
disagreement across individuals and the fact that the solution to one prob­
lem typically opens up new problems that may require different kinds of 
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knowledge in their solution. As Cohendet and Meyer-Kramer (2001) are 
right to point out, innovation systems operate as recursive trial and error 
processes for stimulating the growth of knowledge in relation to specific 
problems. The consequence of this is that as the problem sequence evolves 
so too do the components and connections defining the particular innova­
tion system. Thus, there seems great merit in seeing innovation systems as 
a form of self transforming, spontaneous order that interacts with the proc­
ess of market competition outlined above. Perhaps the key point to note is 
that innovation systems are the constructed bridges between invention sys­
tems and market systems (Carlsson et al. 2002). 

We can summarize the focus of this perspective in terms of the devel­
opment of the innovation infrastructure in the economy; an information in­
frastructure that facilitates the intercommunication of existing knowledge 
and mutually shapes the future agendas of different organizations around 
innovation problem sequences. In short innovation systems are devices to 
correlate knowledge and in the process advance knowledge in regard to 
specific innovations. It is an infrastructure to correlate knowledge through 
communication and to coordinate access to complementary kinds of 
knowledge required to innovate and it is more than the infrastructure for 
science and technology (Edquist 1997; Carlsson 1997; Nelson 1993). 
Many organizations are involved, private firms operating in market con­
texts, universities and other education bodies, professional societies and 
government laboratories, private consultancies and industrial research as­
sociations, but only the first of these is in the unique position to combine 
the multiple kinds of knowledge to innovative effect. Between them there 
is a strong division of labour and, because of the economic peculiarities of 
information noted above, a predominance of coordination by networks, 
public committee structures and other non-market mediated methods 
(Tassey 1992; Teubal 1996). The division of labour is of considerable sig­
nificance for the degree to which the different elements of the system are 
connected. Different organizations typically have different cultures, use 
different "languages", explore different missions, operate to different time-
scales and espouse different ultimate objectives. Consequently, informa­
tion is "sticky", it is partially unintelligible, it does not flow easily between 
different institutions or disciplines and thus it is difficult to correlate 
knowledge to the desired degree. Therefore, there is a major problem to be 
addressed in seeking to achieve greater connectivity of information flow 
processes^" .̂ 

14 

Cf. Andersen et al. (1998) and Green et al. (1998) for further elaboration of the 
systems perspective. Also see Edquist (1997) for a quite excellent overview of 
the current state of the art. 
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One influential strand of thinking in this area has been to emphasize the 
national domain of the science and technology infrastructure, and rightly 
so (Freeman 1987, 1994; Lundvall 1986; Nelson 1993)^^ Policy formula­
tion and implementation is essentially a national process, reflected in lan­
guage, law and the nature of national institutions and conventions. Hov^-
ever, there are good reasons to elaborate the national perspective both 
downwards and outwards. It is important to recognize that different activi­
ties have different supporting knowledge infrastructures so that a sectoral 
innovation system perspective becomes essentiaP^. This is simply one way 
of recognizing the specificity of the broad innovation opportunities facing 
firms (Carlsson 1995; Malerba et al. 2004). On the other hand, it is clear 
that the sectoral infrastructures frequently transcend national boundaries; a 
firm may draw on several national knowledge ecologies in its pursuit of 
innovation depending on where the knowledgeable individuals are located. 
Gibbons and colleagues (1994) draw attention to the emerging characteris­
tics of new models of knowledge production, a view that fits exactly with 
the view that innovation requires many kinds of knowledge for its success-
fill prosecution. What they term "mode-2" knowledge is produced in the 
context of application, seeks solutions to problems on a transdisciplinary 
basis, is tested by its workability not its truthfulness and involves a multi­
plicity of organizational actors, locations and skills. Together this entails a 
distributed system for iimovation with no one-to-one correspondence with 
traditional national or sector boundaries. 

To summarize the argument thus far, while nations and sectors contain 
the ecologies of knowledgeable individuals usually within organizations 
these ecologies do not constitute innovation systems. Systems require con­
nections as well as components, and it is the formation of the connections 
that is the necessary step in the creation of any innovation system. Innova­
tion systems do not occur naturally, they self-organize to bring together 
new knowledge and the resources to exploit that knowledge, and the tem­
plate they self-organize around is the problem sequence that defines the 
innovation opportunity. Hence, innovation systems are emergent phenom­
ena, created for a purpose, they will change in content and pattern of con­
nection as the problem sequence evolves, and they are constructed at a mi-

^̂  Carlsson (2004) has found 750 studies of innovation systems published in the 
past 15 years, half of which relate to national innovation systems. 

^̂  There is a growing literature on regional innovation linkages in which an at­
tempt is made to correlate innovation clusters with the processes of university 
based scientific activity. See Varga (1998) for a review and empirical study of 
linkages in the USA. The paper by Malerba et al. 2003 is a comprehensive sum­
mary of these sectoral perspectives. 
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cro scale. Within these networks, firms, the unique organizations that 
combine the multiple kinds of knowledge to innovative effect, play the key 
role in the self-organization process. Science and technology systems, 
networks and communities of practice, are necessary parts of the innova­
tion networks but they are not sufficient. 

2.6 Policy for Systems Failure 

Reflection on the above leads to a new rationale for innovation policy one 
that subsumes science and technology policy within its remit; this is the 
rationale based on system failure. It takes for granted the significance of an 
economic climate, with low real interest rates and stable macroeconomic 
and monetary conditions that encourages investment in all forms. Here the 
primary role of the state is to facilitate the emergence of innovation sys­
tems. In so doing it takes responsibility for the ecology of public organiza­
tions and institutions that facilitates business experimentation but recog­
nizes that without the necessary interconnections the ecology is not a 
system. Since competition depends on innovation and innovation depends 
on the emergence of distributed innovation systems, it is clear that this 
provides an interesting alternative to the market failure perspective on in­
novation policy^ .̂ We call this the system failure perspective. The state is 
not promoting individual innovation events in this view; rather it is setting 
the framework conditions in which innovation systems can better self-
organize across the range of activities in an economy. Moreover, whereas 
the market failure approach leads to instruments that allocate resources to 
firms in the form of R&D grants or tax incentives, the systems failure ap­
proach leads to instruments that enhance innovation opportunities and ca­
pabilities. Because systems are defined by components interacting within 
boundaries, it follows that a system failure policy seeks to address missing 
components, missing connections and misplaced boundaries. Each of these 
is a problem associated with the division of knowledge labour and the in­
creasingly roundabout knowledge production processes, and the location 
of relevant knowledge in specialized organizations. 

The availability of components is none other than the availability of 
knowledgeable individuals that can be allocated to an innovation process 
either in a firm or some other knowledge organization. The supply of 
knowledgeable minds to which innovating firms have access is perhaps the 
most crucial aspect of the innovation systems approach and of innovation 

^̂  Cohendet and Meyer-Kramer (2001) use the phrase knowledge oriented policies 
to capture much of what is meant here. 
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policy for it is individuals within organizations who are the elemental 
components of innovation systems. There availability is, in part, a general 
question about the wider education and capability formation process but, 
more specifically, it concerns the quality of the science and technology 
system in a country. "Are there sufficient knowledgeable individuals in re­
lation to multiple branches of knowledge, in place or in training, on which 
firms can draw to solve innovation problems?" This is the question that 
governments need to answer. Capabilities may be weak in some areas and 
non-existent in others and government has a role to ensure that a suffi­
ciently rich knowledge ecology is available from which innovation sys­
tems can be assembled. 

The availability of knowledgeable individuals is a necessary but not suf­
ficient condition for the emergence of innovation system. In relation to 
some kinds of knowledge, the required information may be in the public 
domain in published form, papers, reports, patents, in which case the trans­
fer process is effectively anonymous and impersonal. In many other cases, 
the information has to be elicited in some form of implicit or explicit con­
tractual arrangement through a direct process of personal interaction. This 
is the social network basis for innovation systems. In all cases, the knowl­
edge of the existing members of the firm is crucial to the ability to identify 
and absorb external information (Cohen and Levinthal 1990) If the indi­
viduals are not employed by innovating firms, then only an external trans­
fer arrangement can communicate what they know to the firm and here 
there is a wide spectrum of possibilities, not only in relation to the external 
organization of the firm, but also in relation to the external organization of 
other knowledge holding organizations. All the organizations in a systemic 
context must be consciously outward oriented if system failure is not to 
occur. Self-organization can fail because the different individuals are 
within organizations whose agendas and practices are misaligned in re­
spect of a particular innovation problem sequence. The rules that shape 
each knowledge organization are often effective barriers to communication 
with other organizations, a natural consequence of the different purposes 
of each organization and the primary need to focus on internal procedures. 
Thus, firms and universities are remarkably different kinds of knowledge 
organizations, they reflect a natural division of specialization and each is 
to be presumed appropriate to task; consequently, it would be as inappro­
priate to make universities operate like firms as it would be to attempt the 
converse. These differences are a potent source of iimovation system fail­
ure, and the systems failure policy response to this problem is the design of 
effective bridging arrangements, notionally between different organiza­
tions, but ultimately between individuals. 
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In the past two decades, policy makers in the USA and Europe have fol­
lowed such an approach without perhaps realizing its systemic founda­
tions. The current emphasis on collaborative research programmes includ­
ing firms, customers, suppliers and universities, the incentives to set up 
science parks or university incubators, the emphasis on cluster develop­
ment programmes, the establishment of technology transfer offices in uni­
versities, the funding of major industrial R&D programmes within univer­
sity laboratories and the intensive national efforts at Foresight activity are 
important examples of bridging mechanisms^^ Each of these is a device, 
whether conscious or not, to deal with a systemic failure in the innovation 
process, a failure in the self-organization of connection and interaction. 
Bridging processes are not designed to generate passive flows of informa­
tion but to engage all the parties in an alignment of knowledge generating 
and information sharing processes, that is, to create a distributed innova­
tion system (Coombs, Harvey and Tether 2004). Distributed innovation 
processes are partnerships with reciprocal obligations as well as collabora­
tions in pursuit of shared objectives. Since firms are likely to be the lead 
partners in defining the innovation problem sequences it is vital that they 
have the internal capabilities to interact with other knowledge agencies. 
There is consequently little point in governments supporting S&T in uni­
versities and public laboratories in the hope that this will lead to greater 
wealth creation unless private firms throughout the economy have the 
R&D capacity to ask the right questions of external individuals. This is one 
reason why tax credits for R&D, for example, may be a useful complement 
to an innovation systems policy. 

However, the fact that problem sequences evolve implies that the related 
innovation systems need to evolve also. Policy can only facilitate, it cannot 
design because design is always emergent. The members of a system and 
their connections will change over time and eventually any system be­
comes redundant as its underlying innovation opportunities are exhausted. 
It is important, therefore, that innovation systems are seen as transient, that 
they have useful lives, and that they need to be dissolved when their pur­
pose is fulfilled. In innovation policy as elsewhere, there is an ever present 
danger of preserving arrangements designed and instituted for yesterday's 
problems not the problems of the future (Walker 2000). 

Within this systems failure framework, there is a predominant emphasis 
on supply side measures directed primarily at the invention system with lit­
tle attention given to the wider market context of the innovation process. 
From a policy viewpoint this misses an opportunity for a complementary 

^̂  See the 'Georghiou Report' (footnote 2 above) for a comprehensive summary of 
such policy initiatives in Europe. 
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demand side approach that focuses on the procurement of innovation 
through public expenditure programmes. To recognize this is to recognize 
the significant role that users and consumers play in the innovation proc­
ess, they are not obviously the passive elements described in the Schum-
peterian approach. In respect of health, education and transport as well as 
defence, public agencies account for substantial proportions of national 
expenditures and even a small proportion of this fimding could be used to 
contract for iimovation and provide a degree of market stability. As in the 
case of the USA, with the SBIR programmes, public procurement can also 
be used to stimulate innovation in SMEs, since they face greater difficul­
ties in participating in innovation system arrangements by virtue of their 
limited managerial resources. 

2.7 Conclusion 

In this chapter I have reviewed recent developments in iimovation policy 
thinking and attempted to view them through the lens of new develop­
ments in our understanding about innovation systems and the processes 
that form them. Here the fundamental insight is the experimental, evolu­
tionary nature of a market and network economy. As Schumpeter aptly ob­
served capitalism works by means of creative destruction, and we have 
suggested that innovation systems are created and destroyed as part of that 
process, a process that is played out on a global scale nowadays. Patterns 
of international competition are ever changing and an advanced country 
must be ever aware of new opportunities and threats if its standard of liv­
ing is to be sustained. Central to this must be the rate of innovative ex­
perimentation and I have suggested that a consistent thread to policy has 
emerged in the past twenty years based around a distributed innovation 
systems perspective and innovation-led competition. In this new approach, 
it is the transient, institutionalized basis of innovation that is the focus of 
attention, rather than expenditure on research and development. I have 
called this the system failure perspective. From a political point of view 
this raises an interesting problem. Experimental economies experience 
many failures as well as successes, blind variation means that a great deal 
of effort is wasted, but this is a necessary part of the process of knowledge 
accumulation. As a general rule concerns for public accountability within 
the political process do not easily accommodate the notion of misdirected 
effort, which often appears with the benefit of sufficient hindsight. Gov­
ernments must learn to be experimental and adaptive too, just like the 
firms and other organizations whose innovative efforts they seek to jointly 
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stimulate. In this way they can expect to facilitate the self-organization of 
innovation systems that imderpin the future self-transformations of the 
economy on which standards of living will continue to depend. 
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