
Prometheus, Vol 12, No. 1, June 1994 29

EVOLUTION, TECHNOLOGY,
POLICY AND TECHNOLOGY

MANAGEMENT*
J.S. Metcalfe

This paper outlines recent developments in our understanding ofthe process ofinnova
tion and the implications for technology management. It addresses the puzzle of the
interface between technology management (private, for profit, firms) and technology
policy (government), and the obvious implication that effective policy must be condi 
tioned by an understanding of the practice of management. Equally important is the
view that technology management is to be understood in terms ofthe systems ofinstitu
tions which generate and support technology, systems which extend beyond the bounda
ries ofindividual firms . Underpinning these themes is a particular subplot, namely the
link between technology management and competitiveness.
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INTRODUCTION
A recent issue of the Harvard Business Review provoked a lively debate with a
paper entitled ' Does America need a technology policy'.' This debate is notable for
its lack of agreement on the fundamental issues, which is not surprising in the light
of the reasons why this is such a complex area. Of some importance here are three
issues: that technological innovation is at the core of the mechanisms which define
modern capitalism, and these mechanisms are extremely complex; that technology
is only one factor in determining competitiveness, and it is impossible to separate it
from questions of organisation; and, that technology is itself complex with im
mense scope for misunderstanding if its dimensions are not properly distinguished.
One cannot hope to understand the link between technology, innovation and com
petitiveness by focusing on the individual firm, an internalist view is simply not
adequate. Moreover, a wealth of case studies of individual firms show a bewilder
ing complexity in terms of strategies, practice and performance in technology man
agement. This diversity is the key to understanding the nature of competitive be
haviour and it is undoubtedly an error to reduce this diversity by invoking an ideal
typology of firms. The importance of diversity in innovative behaviour takes us
immediately to the classical conception of competition as rivalry, driven by the
differences between firms and ultimately grounded in the idea of entrepreneurial
behaviour. Markets provide the framework for a dynamic of economic change and

* An earlier version of this paper was presented as the keynote address to the British Acad
emy of Management at its annual conference in September 1992.
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it is in this context that the distinctive contribution of the evolutionary approach
emerges.

Stimulated by the work of Nelson and Winter.' but with many precursors;' a
growing band of scholars is devel oping on account of the economic process in
which all the components in the jigsaw fit together while repre senting a continu
ally changing picture. Two aspects of the evolutionary school are important in this
context. First, it has alw ays looked to the management literature for insights into
the origins of diverse beha viour. Secondl y, it combines the strength of economics
(the importance of the interactions between individual behaviours) while avoiding
the weaknesses (an indifference to the internal operation of organisations and their
diversity). All this involves a considerable change in methodological approach to
the study of competition. The question is no longer how to characterise the simi
larities between firms, but rathe r what sense to make of the differences between
them. How these differences arise , how they are contained and limited, and how
these differences are resolved into market outcomes, become the central issues in
the evolutionary approach. From this, several insights follow: the rejection of es
sentialist doctrine and its handmaiden, the representative agent; the understanding
of behaviours in the context of an evolving population distribution; the importance
of history and the significance of small differences in behaviour; and the relative
ness of the competitiveness concept in that competition depends on where the firm
is located in the relevant distributions of beha viour.

All this leads us to what may be termed the ' technology pol icy paradox ' . Diver
sity in behaviour drives competition, but competition destroys that very diversity
(evolution consumes its own fuel). Thus if competition is to be sustained, some
mechanism has to be introduced to replenish variety. Mechanisms in relation to
innovation are obviously central to this task and it is this which brings us to the
importance of technology management and policy, and to a technology systems
perspective on the generation of innovative variety. But first some elaboration of
the evolutionary foundations of technological competition is required.

TECHNOLOGICAL COMPETITION
Let us begin with a brief synopsis of the evolutionary mechanisms which drive
economic change. They are two in number: mechanisms creating asymmetries in
firm behaviour, typically in terms of products and their methods of production;'
and dynamic selection mechanisms of non market and market types which change
the relative importance of the competing behaviours and eliminate the least effec 
tive .' We should be clear at this point that the equation of evolution with biological
science can be the source of many serious misconceptions. In biology, it is random
mutation which generates diversity in behaviour, but - without denying the signifi
cance of random events - this will not do for our purposes. In particular, economic
evolution depends upon the operation of learning mechanisms and the anticipation
of possible future states of the world . Far from weakening the evolutionary argu
ment, learning and anticipation (entrepreneurship!) greatly strengthen its applica
tion to competition, leading us directl y to the central importance of the adaptive.
creative firm .
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A third aspect of evolution now becomes relevant, that of complexity and its
implications for problem solving and decision making. If problems are too com
plex to be well defined, then so are their solutions. There are natural limits to the
application of rational deductive analysis . In a complex world, we expect behav
iours to be at best boundedly rational with complex problems solved predomi
nantly by induction on past experience, combined with creative insight. These are
essential elements in understanding how firms come to behave differently. They
operate in the same world, but perceive different vistas . Even if they could be said
to behave rationally, their optimisations would be local, not global , and therefore,
in all likelihood, different. How firms construct images of their environment, their
paradigms and research programmes is an issue of central concern to the evolu
tionary perspective. With the behavioural perspective in mind, it follows naturally
to think of firms as bundles of interdependent behaviour routines, " routines which
are the components of corporate competence and which adapt to experience and
creative insight, though always subject to inertia.

In terms of technology management, the relevant categories of routines are three
in number: routines to create the agenda for innovation, the list of alternatives from
which firms make choices about future technologies; routines to select from the
agenda ; and routines to manage the process of technological development. Taken
together, these routines determine how good the company is as an experimental
institution. Thus, from this evolutionary perspective, the company's creativity is as
central to its competitive performance as its efficiency. Much of the management
literature tells us that creativity and efficiency are often in conflict, that they re
quire different managerial and organizational styles", and that there is much more
to the management of innovation than R&D based activity. Moreover, we now
realise that there is considerable diversity across firms in the routines they employ,
and their routines to change routines . It is this diversity which provides the founda
tion for the market process of competitive selection, the dynamics of growth and
change in market share which provides the evidence for evolution at the economic
level. As an aside, we can note now that mathematical tools are now available to
handle these complex processes in a way not possible with conventional optimising
techniques and their associated equilibrium-dependent dynamics.

TAKING TECHNOLOGY SERIOUSLY
To understand more fully the origins of diverse innovation behaviour, it is clearly
necessary to take a more serious attitude to technology. New views have emerged
in economics, in strategic analysis and in the historiography of technological change,
with a number of excellent histories of corporate creativity." One hesitates to say
that an all encompassing view has been reached for novelty creativity and entre
preneurship are not obvious candidates for Cartesian analysis. It is indeed a mis
take to think that the only useful questions are those with precise answers.

Consider, for example, the relationship between science and technology.A wealth
of historical work has established that science and technology differ in the nature
of the knowledge they seek and in terms of the underlying patterns of discovery."
While science is important to technology, the relationship is subtle . That science
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leads and technology follows is a thoroughly discredit ed viewpoint. Quite cru
cially, three different dim ensions of technology need to be distinguished : as knowl
edge , as practical skill and as artefa ct. Eac h is accumulated by different mech a
nisms and in differen t institut ional contexts. Moreover, while it is economic to
codify much knowledge, subs tantial porti ons of technological knowl edge remain
tacit and accessible onl y through the development of individu al skill. Th is tacit
knowledge is communica ted by personal contact and dem onstration; it is accumu
lated by experience gained in specific co ntex ts. We should note carefully that the
tacitness of knowledge depend s to a co nside rable degree on the eco nomics of writ 
ing code s, with both coding and decod ing costs being import ant det erm inant s of
tacitn ess. Two important points follow from these distinctions. First, publ icly avail
able inform ation is not automatica lly abso rbed in a cos tless fash ion. Economists
may claim that sc ience is an international publi c goo d, but it is not a free good.
Inde ed, much corporate R&D can be understood as an attempt to listen-in and
part icipate in the open scientific debate. I II Secondly, techn ology transfer is a non
trivi al problem . When codes are written by different organisations, it is hardl y sur
prising that co mmun icat ion can be a particul arly intractable and costl y business. II

While it is the artefac t dimension of techn ology which is always at the cutting
edge of techn ological competition, it is the knowledge and skill dim ension of tech
nology whi ch raises so me of the most co mplex issues for technology management.
Th ere is, for exa mple, the appro priab ility problem , which can effective ly under
min e the incenti ve to invest in skills and knowl edge . Th at others can reap where
the innovator sows may be competitively eff icie nt, but it is not competitive ly crea
tive . As Down ie and Richardson point , out compet ition wor ks dynamically only if
there is sufficie nt sa nd in the whee ls of co mmerce ." Thus, innova tive competit ion
depend s on the existence of info rmation asy mmetries wh ich make competition im
perfect, but which ce rtainly cannot be term ed market failures . In short, a dynami c,
innovation-based econo my wi ll fa il all the tests of sta tic market effic ie ncy .
Schumpeter clearly understood this, as did Hayek, wi th their insistence that static
efficie ncy is not the proper bas is for eva luating the insti tut ions whi ch underpin
economic progress.

Because markets for know ledge and skills are necessarily imperfect, one would
expect a varie ty of differen t co-ordination mechani sms to emerge, and they have.
Vert ical con trol of innovation withi n organ isatio ns, network s for the formal and
inform al exc hange of knowledge, and co llabora tive innova tive activities across
independe nt organisat ions are all exa mples of necessarily non-market co-ordina
tion . Each involves difficult quest ions of tech nology management ; for example, in
relation to the differences in operat ion between sc ientific, techn ological and indus
trial netw orks.

An y evo lutionary theory has to have a clea r view of what it is that evolves, and
thus a conce pt of an appropriate unit of selec tion. It is now apparent that the single
innovation perspective is seriously deficient. Rather, what evolves and is selected
is a seq uence of innovations related by their or igins in a common set of technologi
cal principles, a des ign configuration. The design configura tion provide s the frame
work which shapes the day to day activi ties of innova tors and technologists, a
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heuristic, a set of guideposts or focusing devices, with paradigmatic qualities. I ]

The configuration identifies possible paths of advance , it constrains what can be
done, it is the framework for learning within which knowledge builds cumula
tively. Now the crucial point is that each distinct business unit (not co-terminou s
with the firm) is built around a particular design configuration . This provides strength
by focusing activity and weakness by limiting the capacit y to read changes in the
external environment. Configurations are fully compatible with the product cycle
perspec tive and help us understand the difficultie s business units have in shifting
to different design configurations, and their inability to appreciate the significance
of apparent minor changes in a competitor 's technology."

In terms of economic evolution, design configurations are subjected to two dis
tinct kinds of selection process: internal selection processes in business units and
their umbrella firms to decide which configurations to adopt and how to develop
these - the prerevelation stage - and external selection processes in which the
market selects between competing artifacts - the post revelation stage. While this is
straightforward enough, matters are necessarily made more complex by the fact
that technologies are not developed by firms in isolation; rather they operate in the
context of a wider innovation support system.

A TECHNOLOGY SYSTEMS PERSPECTIVE
This idea, central to current thinking about innovation, has a long history. In the
early 1970s, Chris Freeman and colleagues at the Science Policy research Unit at
the University of Sussex stressed the importance of institutional coupling devices
in the innovation process. Different kinds of knowledge, located in different or
ganisations , have to be combined to achieve significant improvements in technol
ogy. Here there is a strong division of labour, with many institutions, universities ,
research institutions and professional societie s supporting the activities of firms.
The different institutions accumulate and disseminate knowledge in different ways ,
and operate with different incentive mechanisms, geared to different time hori
zons. How they fit together as a community of interdependent practitioners is a
crucial question in understanding the creativity of firms.

The extent to which the various institutions constitute a national system of inno
vation has been extensively investigated. 15The identification of boundaries and the
nature of institutional bridging mechanisms are major research tasks which indi
cate significant inter-country differences. Innovation systems are, of course, na
tional by virtue of customs, language, legal framework and policy domain , but
how viable is a national viewpoint? Science is international, multinational corpo
rations are significant generators of innovation, and there are important inter-na
tion collaborative attempts to develop technology . On the other hand, significant
groupings of institutions may operate at a sub-national level in terms of local net
work s, or, as Marshall would have termed them, industrial districts. " Rather than
prejudge the appropriate domain, it is simply enough to recogni se that each tech
nology has its own institutional arrangements and dynamics of accumulation. Nel
son has distinguished technologies according to how close they are to a science
base," and Pavitt has developed an influential taxonom y of different types of tech-
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nology innovation support system .IX Malerba, in his stud y of post-war Italy, finds
two independent innov ation systems, one comp osed of networks of small firms ,
the other of large firms and university complexes. " Finally, Carl sson has shown in
the Swedish case how different technologies have different support systems, some
of which are international in scope ." From all this it is clear that the under standing
of the generation and operation of techn ology systems will be an important theme
in future innovation research.

A brief illustration of the importance of the system perspective is provided by
collaborative R&D arrangements to couple together different sources of technol
ogy.2! From an evolutionary viewpoint, these constitute examples of group selec
tion - the participating firms intend to derive competitive advantages not available
to nonparticipants in collaboration. The significance of any such venture lies in
increasing the creativity of the participants, in particular through the sharing of
complementary knowledge bases. However, collaborations are not cost less and
raise some complex issues for technology management concerning choice of part
ner, exit route s and the valuation of foreknowledge brought to the venture.

THE EVOLUTIONARY PERSPECTIVE ON TECHNOLOGY POLICY
Collaborative R&D ventures lead neatly to the final topic of technology policy.
The traditional view within economics is of the optimising policy maker (the om
niscient social planner), correcting for market failure and allocating optimum re
sources for innovation. While there is much to commend in this market failure
perspective, it fails to address the dynamic process issues relevant to innovation .
Instead, evolutionary approaches postulate an adaptive policy maker subject to the
same considerations of bounded rationality as the firms and other institutions which
are the targets of policy. Several general principles underlie this shift in perspec
tive . The central concern is to support creative, disco very processes operating across
a range of institutions. In part, this involves the question of incentives, but with an
emphasis on the greater innov ation pay-offs from close institutional couplings.
Policy is built around the creation and support of bridging institutions. Support of
small firm s also plays a central role in evolutionary policy, as does the realisation
that duplication of effort is not a priori wasteful in an uncertain world. Most sig 
nificant of all , the policy maker requires a clear understanding of the broad design
configurations which underlie the innovation process and the relative importance
of knowledge skill s and artifacts as foci of policy. Like any evolutionary endeav
our, one needs a clear taxonomy of technology if policy is to be pursued effectively
and linked to the activities of firms.

CONCLUSION
This brief note has surveyed some rapidly developing areas of understanding. New
tools and new perspectives are becom ing available which allow us to think of econo
mies as evolving, emergent structures in which the creative activities of firms play
a powerful role. But no firm acts in isolation; the wider institutional matrix is of
vital importance to a clear understanding of innovation performance. As this field
of enquiry devel ops, the management literature will playa full role in identifying
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relevant sources of variety in behaviour and the inherent imperfections and grains
of grit which typify all real world decision processes. Taken together, we can ex
pect to gather a much greater understanding of perhaps the fundamental question,
' Why does the world change in the way it does? ' . Not least to benefit from this will
be public policy makers and corporate strategists, hopefully not in isolation from
each other.
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