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Introduction 
 
In this paper we report on our initial investigations into an alternative account of economic 

growth, innovation and competition.  It is one that is compatible with the development of ideas in 

relation to evolving, adaptive systems.  Indeed, we start from the premise that the economy is an 

adaptive evolving system comprising of multiple agents diverse in abilities and capabilities, 

interacting, adapting, reacting and constantly modifying the patterns and structures that they help 

create.  And they do so on the basis of sets of internal rules that are modified and refined in the 

process of interaction.  We believe that this approach offers the promise of new theoretical 

insights on economic processes, suggests new foci for empirical enquiry and also, new 

opportunities for the modelling of adaptive processes based on computational methods. 

(Saviotti,1996, Malerba et al,1999, Winter, et al, 2000, Ebersberger et al, 2000)  We also believe 

that there are strong policy and strategic implications of this approach that we intend to develop 

in the future. 

 

There are two clear themes that we wish to convey to the reader. The first is the importance of 

enterprise as the primum mobile of modern capitalist economies. To treat enterprise seriously, 

we argue, requires the tools and methods of an adaptive, evolutionary approach to economic 

growth. The second relates to the importance of depicting economic growth as an emergent 

phenomenon, in which the focus is on the creation of patterns through interaction, with these 

patterns being created at different levels of interaction. 

 

The focus of our enquiry turns on the process of economic transformation.  We suggest that it is 

transformation that enables growth and that the process of economic transformation is an 

evolutionary process.  Like all evolutionary processes it can be broken down into three elements: 

variety or micro-diversity of agent behaviours; selection processes that transform that diversity 

into patterns of economic change; and, development processes that generate and regenerate that 

behavioural variation.  It is the manner of interdependence between these three elements that 

defines any particular process of economic transformation.   

 

Of course economic transformation has qualitative and quantitative dimensions and the 

interaction between the two is central to the evolutionary story.  The qualitative dimension is 
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closely connected with the process of innovation and is reflected in the introduction of ‘new’ and 

the withdrawal of ‘old’ economic activities.  The quantitative dimension is inseparable from 

ongoing processes of structural change in the economy. We sketch in this paper, an argument to 

the effect that the link between the two is provided by a dynamic theory of innovation and 

competition as an evolutionary adaptive process.  

 

We believe that without a particular hypothesis about development, the evolutionary framework 

is seriously deficient.  Evolution and adaptation cannot be reduced simply to a question of 

variation and selection.  The generation of variety must also be explained and we do this through 

the hypothesis of a development process. Through the development process we have innovation 

in products and methods of production, and through the selection process, the continual change 

in the relative importance of the different activities.  The link between transformation and growth 

then depends on whether ‘better’ ways of satisfying economic needs increase in relative 

importance over time. 

  

Novelty or more precisely the creation of novel economic activities plays a particularly 

prominent role in the approach that we pursue.  We argue that the primary dynamic element in 

economic transformation is the generation of new business conjectures, theories and models of 

profitable activity that are to be tested in the market place.  One asks of such a process, ‘How 

creative is it?’, ‘What bounds does it place on the generation and trial of novel conjectures?’, 

‘What properties does it have as an experimental system?’ (Eliasson,1996; Rosenberg,1992; Foss 

and Foss,1999).  This perspective is essentially a perspective on the conditions for the growth of 

business knowledge, broadly defined; that practically useful knowledge that underpins the 

productive transformation of materials, energy and information into valued goods and services.  

As such it is bound to have a close affinity with the conditions for the growth of knowledge more 

generally and the essentially open-ended way in which all knowledge is developed. There is 

much more to economic growth than formal science and technology and our analysis recognises 

this. 

 

The institutional framework of the economy is extremely important in this approach.  Selection 

processes in capitalism are essentially market-based processes and the function of markets is to 
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simultaneously co-ordinate and value different activities. Prices of outputs and inputs are formed 

through co-ordination and these prices determine the profitability of the underlying theories of 

business. However, the institutions of the market are not given naturally.  Markets are costly to 

establish and operate, they operate by sets of rules in relation to standards and conventions for 

doing business and they are regulated either by law or informal practice.  Most markets reflect 

the interaction between public and private interest.  

 

Other institutions are equally relevant for the development process.  The growth of knowledge 

depends on the interaction between organisations in the public and private domains that generate, 

store and communicate knowledge.  These systems reflect the division of labour in the growth 

and application of knowledge between organisations and disciplines and, within these distributed 

processes of innovation, firms play the unique combinatorial role of gathering and bringing 

together multiple kinds of knowledge to practical effect.  Now these higher order institutions and 

organisations can also be said to evolve by processes of variation, selection and development so 

that the transformation of the economy involves evolution within its institutional structure and 

evolution of that structure.  In this way we can begin to unravel the interaction between different 

levels of evolution in the economy. We do not believe it is possible to comprehend the 

transformation and growth of the economy without a clearly articulated account of how its 

institutional framework evolves over time. Competition is essential to this story in terms of the 

way that institutions are constructed and in terms of the innovation-growth dynamic. However, it 

is competition as a process of change not competition as a market structure that matters in the 

evolutionary viewpoint.  Schumpeter expressed this as a process of creative destruction and this 

perspective raises very interesting issues in relation to what is being sustained in the process of 

economic growth. 
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The Theory of Economic Growth 
 

It will be useful to begin with a sketch of the established theory of economic growth as a basis 

for explaining why an evolutionary adaptive approach has a great deal to offer. Until recently 

growth theory had two relevant attributes.  First, it was not a theory of the rate of economic 

growth but rather a theory of the properties of an aggregate economy growing at an exogenous 

rate.  Essentially this theory had been constructed to explain various stylised facts of the growth 

process including the (alleged) constancy over time of the distribution of income and the 

productivity of capital.  Secondly the dominant factor in determining the rate of growth was the 

rate of technical progress, ultimately linked to the growth of new knowledge.  Studies of residual 

productivity had established this fact beyond question despite the attempt to eliminate the 

residual by more refined and theoretically consistent ways of measuring the inputs of factor 

services. The residual was an embarrassment to prevailing theories of growth and never escaped 

from Abramovitz’s labelling of it as a ‘coefficient of ignorance’. However, in the subsequent 

process of refinement two questions became confused.  The first is the extent to which we can 

measure accurately the shift in a production function by distinguishing between shifts and 

movements around it (Nelson, 1973).  The second is the quite separate question of the 

contribution that is made to economic growth by technical progress.  These two questions do not 

have the same answer.  Indeed in an economy that is growing steadily with a constant capital: 

output ratio, all of the measured growth in output per person employed is the consequence of 

technical progress and there is no independent growth contribution of factor accumulation. Put 

simply, the residual measurement procedure underestimates the contribution of technical 

progress to economic growth.  Movements around the production function only arise to the 

extent that the function also shifts over time, and, for capital accumulation to have an 

independent role, the saving ratio of the economy would need to vary over time. There appears to 

be little evidence in favour of this possibility (Prescott, 1998).  This point was stated with perfect 

clarity by Usher (1980), namely ‘no technical progress means no growth’. 

 

Now the consequence of this is rather problematic.  Economic growth is predominantly due to 

the growth of practical knowledge yet growth theory is silent in respect of the conditions under 

which applicable knowledge is increased.  It is this lacuna that theories of endogenous growth 
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are intended to fill.  One of the most important sets of ideas in this regard has been developed by 

Charles Jones (Jones, 1995), and it is worth sketching his central argument. (See Appendix) 

 

It is that the growth of the economy is driven by the growth of ideas and that in an economy 

growing at a steady rate the stock of ideas will also increase at a steady rate.  To establish this 

growth rate Jones appeals to the idea of a production function for ideas, a concept first 

introduced by Machlup (1962).  Underpinning this notion is the non-rival property of 

information, that it an idea may be used any number of times in the production of goods and 

services, and more importantly, any number of times in the production of new ideas.  At any 

moment in time there is a stock of ideas on which researchers can work, this stock defining a set 

of unsolved problems.  Applying more research effort to this given stock eventually runs into 

diminishing returns, however, the output of new ideas arising from this effort also changes the 

remaining stock of problems to be solved.  In this lies the dynamic of idea creation as an 

autocatalytic process, in which ideas beget ideas.  This led Machlup to an interesting distinction 

between the discovery of new ideas that expand the stock of unsolved problems (agenda 

increasing ideas) and those that reduce the remaining stock of unsolved problems (agenda 

reducing ideas).  Thus advances in knowledge today shift the productivity relations for 

tomorrow’s research and so enhance the incentives to allocate resources to research.  Jones 

works with the same framework by letting the rate of growth of ideas depend on current research 

effort and the prevailing stock of ideas, and then identifies the conditions under which the stock 

of ideas can grow at a constant rate.  If such a rate exists, he shows that it will be proportional to 

the rate of growth of current research effort which he makes equal to the rate of growth of the 

population.     The condition for the existence of such a steady state is that the elasticity relating 

the rate of growth of ideas to the prevailing stock of ideas is less than unity in value, this 

corresponding to an agenda-reducing pattern of knowledge growth in Machlup’s terms. 

 

Now an important reason for spelling this out is that the Jones’ approach, and indeed the 

orthodox approach to the growth of knowledge and the growth of the economy, is at the opposite 

end of the spectrum from the evolutionary adaptive framework discussed here.  Why this is so is 

worth careful statement. 
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The first source of difference is with the idea of ideas growing in a steady rate either in terms of 

themselves or in terms of their practical applicability.  That knowledge feeds on knowledge is a 

perfectly sensible idea but that it does so at a constant geometric rate seems particularly hard to 

swallow.  That research effort may grow in aggregate at such a rate does not entail the steady 

growth of the output of that enquiry, an observation that is surely consistent with the uneven 

growth of science and technology over time let alone its uneven rate of application.  Part of the 

problem here is in conceiving of an aggregate stock of ideas.  Are ideas to be added, multiplied 

together, or aggregated in combinatorial fashion, in which case the stock grows faster than 

exponentially?  Whatever the process of aggregation we still need the weights (prices) with 

which an idea in carbon chemistry, say, is to combined with an idea in the production of 

insurance services.  It is not obvious what these weights are, and they certainly are not to be 

found in market prices.  But then if ideas are disaggregated into more conformable groups we 

face another difficulty.   If we let the rates of research effort grow at the same rate for all classes 

of knowledge, a condition for steady growth on the input side, it will imply that the different 

stocks of ideas cannot all grow at the same rate, making it impossible to have steady growth on 

the output side.  (See Appendix) 

 

It seems clear that the source of these difficulties is twofold, relating to the macroeconomic level 

of aggregation and the notion of a steady rate of knowledge accumulation.  Neither of these is 

compatible with the idea of growth as transformation since they exclude from consideration the 

most pervasive of all the stylised facts of economic growth, structural change. The fact that 

macro aggregates vary slowly over time does not imply that the underlying micro components 

also change slowly. Growth does not occur without persistent changes in the relative importance 

of products, methods of production, firms, industries, regions and whole economies, and these 

changes in structure are a consequence of the growth process. The steady aggregate growth that 

we observe is usually based on microeconomic turmoil.   Such turmoil is not an inconvenience 

that hides the economic process like the shadows on the wall of Plato’s cave, it is the process of 

growth.  Economic, technological and business historians have long understood this elemental 

point, as have the group of scholars that sail under Schumpeter’s banner, and those who are more 

explicitly evolutionary in their approach.  Growth ‘theorists’ of the 1920’s and 1930s, including 
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Young (1928), Kuznets (1929) and Burns (1938) also understood this fact. Indeed their theories 

of growth placed special emphasis on the uneven accumulation of knowledge in the economy.  

 

 To take these ideas on board requires that the macroeconomic approach to growth needs to be 

reinterpreted in radical fashion in the light of the restless nature of capitalism.  This is the 

conclusion drawn from the researches of a number of scholars who are working with detailed 

longitudinal data sets on the USA manufacturing economy.  They have produced compelling 

evidence on the wide range of productivity differences even between firms in the same narrow 

industry, on the persistence of these differences over time, and on the corresponding importance 

of the changing relative importance of different firms and industries to the process of overall 

productivity growth (Foster et al., 1998; Bailey et al., 1992; Baldwin, 1995; Bartlesman and 

Doms, 2000).  It is clear from this work that micro-diversity, in this case in relation to 

productivity and productivity growth, cannot be reduced to random fluctuations around a 

common productivity level and that there are a multiplicity of reasons for these differences 

between firms (Nelson, 1991, Harberger,1998).  This supports the view of some management 

scholars on the idiosyncratic properties of the firm, each one, as it were, writes its own signature 

in the economic record (Metcalfe, 1996). To accommodate these findings requires a very 

different approach to the study of growth, one that is embodied in the evolutionary perspective. 

 

The first casualty of the change in perspective is the macroeconomic approach to understanding 

growth.  We can measure macroeconomically but to do so necessarily averages away the details 

that matter for comprehending the growth process.  This is not at all a statistical matter of 

eliminating unnecessary detail to get to the essentials.  Rather it is the micro-diversity of 

behaviours and of the co-ordination process in specific market contexts that defines the 

transformation process from which growth is a consequence.  To add together the consequences 

is not the problem, to obscure the process generating them is. Crucially this means that we must 

approach the study of growth in a ‘bottom-up’ not a ‘top down’ fashion. Indeed any top-down 

approach precludes the study of emergent phenomena. 

 

 The second casualty is the resort to expressing arguments in terms of representative agents, or 

more precisely uniform firms and households (Kirman 1992).  Leaving aside the difficulty of 
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how innovation is to be introduced without destroying the uniformity of behaviour, the 

fundamental point is that behaviours that are representative in a statistical sense are emergent 

features. These features are not attributes of individual agents but rather they are behavioural 

consequences that arise from the interactions between individual agents, and such interactions 

cannot be properties of those agents (Langlois,1983, Blume and Durlaf,2000).  What is 

considered to be representative behaviour, therefore, must be a product of the analysis not an 

assumption underpinning it.  Consequently, representative behaviour in a population of agents 

can evolve even when the underlying individual behaviours are constant. In a world of uniform 

agents this would, of course, be impossible. As we shall see, in the presence of diverse micro 

behaviours what is representative in any given context depends upon the manner in which the 

individual behaviours are co-ordinated by markets and other institutions. Notice that this gives an 

evolutionary, adaptive theory an inevitable non-reductionist flavour, it is necessarily a rather 

sophisticated form of methodological individualism. 

 

 There is no more difficult concept to try and deal with in representative agent terms than that of 

the entrepreneur.  Since entrepreneurs are agents of change they cannot exist in equilibrium, the 

rewards they earn depend on the economy being far from equilibrium, and the very notion of 

entrepreneurship is tied to the introduction into the economy of novel behaviours.  Clearly an 

evolutionary, adaptive account of the economy must give entrepreneurship and enterprise a 

special place in its analysis. Indeed the notion of entrepreneurial behaviour is, we believe, an  

unavoidable component of any complexity based approach to the economy.  

 

The final change in perspective is rather more difficult to handle for it involves the claim that the 

idea of economic equilibrium be abandoned.  It involves the parallel claim that there is no 

attracting state to which the economy is converging over some temporarily indeterminate ‘long-

run’.  Several fundamental issues need to be unravelled here.  The first is that the dominant issue 

in economic organisation is that of co-ordination, the equation in the market of plans to buy and 

sell in reference to a particular time period.  There is nothing wrong in referring to this as a 

temporary equilibrium providing we do realise its transient nature.  But it is far better to refer to 

it as a temporary order, for that is what co-ordination leads too, order not equilibrium (Loasby, 

1999). This claim requires further comment. 
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By an equilibrium configuration we strictly mean a pattern of relationships that is internally 

consistent and contains within itself no internally generated reasons to depart from that 

situation. Marshall’s famous analogy of the balls in the bowl is entirely appropriate in this case. 

Only an external force can disturb their mutual consistency of position and form. This means, of 

course, that the equilibrium relations exist outside of time, time passes and nothing happens in 

the absence of the external disturbing force. If this were an appropriate way to conjure economic 

equilibrium it would necessarily mean that all economic change came from outside the system of 

relations under investigation.  However, economic relationships do not relate to inanimate 

objects but to people and each person lives in time. In relation to relationships between people 

there can be no question of time passing and nothing changing and this takes us to the next 

fundamental point. This relates to the wider processes in respect of the accumulation of 

knowledge.  

 

 Knowledge does not accumulate out of context or of the passage of time.  Much knowledge 

therefore results from the conduct of the market process as suppliers and customers interact and 

learn what to produce and from whom to buy. To this extent much economically valuable 

knowledge is a product of co-ordination and can be expected to accumulate differently in 

different co-ordination systems.  It is this fact which links evolutionary explanation with some 

Austrian approaches to economic evolution as a discovery process. (Rizzo, 1994)  It follows that 

every position of temporary order creates within itself the sufficient conditions to change that 

order, and this is especially true of knowledge accumulated in the pursuit of innovation.  This is 

a point that Schumpeter was especially keen to emphasise, namely that the development of new 

technologies arises from within the system.  It is reinforced when we recognise that all economic 

processes take place in real time and that the mere passage of time means people experiencing 

events and thus gaining new information. In general, new information implies the possibility of 

new beliefs and new beliefs may lead to new plans for economic activity. It is this epistemic 

foundation of capitalism that makes it so dynamic.  

 

On both these counts it is particularly problematic if we try to posit some equilibrium economic 

state that is invariant to the motion towards it, for this is tantamount to holding knowledge (and 

the real time of human experience) constant while we get to equilibrium.  This makes no sense to 
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us other than in a formal way to avoid the problem.  In short when economies are out of 

equilibrium they stay out of equilibrium.  But they always exhibit order and that order reflects, 

and might be measured in terms of processes of interaction and the patterns of co-ordination that 

ensue.  Notice that this point runs much deeper than that of path dependence of outcomes in the 

presence of positive feedback processes.  It is the point made by Kaldor (1934) and it arises even 

when all production and marketing processes are of the constant returns to scale kind, in the 

conventional sense.  One cannot have economic activity without a change of knowledge.  In the 

modern economy, of course, this is reinforced by the practice of allocating a non-trivial portion 

of the economy’s resources to the acquisition of knowledge and its embodiment in the 

population. Capitalism is restless because knowledge is restless. 

 

No less an authority than Professor Hahn (1987) has suggested that consideration of the 

foundations of economic belief mean that ‘we cannot satisfactorily pursue a history free 

economics’ (p.325) and that an economic equilibrium must be an equilibrium of beliefs and that, 

consequentially it ‘is history or path dependent’ (p.327). With these sentiments we can but agree 

but not with the conclusion that Hahn draws.    His concern to preserve a notion of equilibrium in 

a world where knowledge, information and beliefs are paramount leads him inexorably to the 

view objected to here, namely that, in equilibrium,  ‘history has come to a stop’. That is to say, 

there are no longer internally generated reasons for beliefs to change. This is precisely to place 

equilibrium out of the time of human experience, as if  the constituent actors are inanimate 

objects. Thus the notion of order hinges on economic formulations of interaction and co-

ordination, yet it is inherently open to the idea of internally generated change. The forces making 

for disturbance, and for resisting disturbance, the forces distributing different rates of change 

across the system and the forces that create interdependence of rates of change come 

immediately to the for. To flag our hand, in the evolutionary, adaptive picture these forces are 

premised on new knowledge and beliefs and the way in which the institutions of the market 

process translate those new beliefs into the emergent market order. The bottom line is simply 

this. We cannot use a notion of equilibrium as a state of rest but we can and must use a notion of 

order premised on co-ordination. 
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Co-ordination, of course, implies that orders occur at many interdependent levels and we can 

distinguish between co-ordination within a market for a given class of products, co-ordination 

between these markets, and top level co-ordination of saving and investment in the capital 

market.  The interlinking of these different levels of co-ordination shapes the process of 

transformation and maps onto corresponding levels of evolution.  Indeed co-ordination is central 

to the problem of emergence interpreted as the evolution of economic structure from within the 

system itself (Dooley and Corman, 2000). 

 

 

Thus in tying the growth of the economy to the transformations associated with the endogenous 

growth of practical knowledge we need to set up our thinking on economic growth in a quite 

different, non-aggregate way.  This is the route of the evolutionary adaptive approach and we 

turn now to its major attributes. These are three in number: the assembly of aggregate relations 

from micro components in a bottom up fashion; the emphasis on competition as a process 

involving the co-ordination of diverse behaviours; and, the characterisation of the economy as 

operating far from equilibrium. One immediate consequence of this is that no evolutionary, 

adaptive theory of economic growth could begin by framing the process in a top down fashion 

via some aggregate relation between input and output. 

 

 

An Evolutionary Core  
 

Evolutionary theories are naturally accounts of the rate and direction in which the world changes.  

They are theories of differential growth and decline in the absolute and relative numbers of 

designated entities.  They are, as Winter, paraphrasing Prigogine, has repeatedly emphasised, 

theories of becoming not of being.  For the economist and economic historian, the development 

of evolutionary explanations of economic phenomena has provided a powerful set of ideas that 

make sense of the relation between innovation, competition and economic growth.  By accepting 

that capitalism in equilibrium is a contradiction in terms, we must give prominence to the idea of 

transformation as flux, of growth as development.   
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What are the principal characteristics of evolutionary theories?  This is not an easy question to 

answer as the synthetic theory of what constitutes an evolutionary process has been the topic of 

considerable development and controversy (Depew and Weber, 1995, 1999).  The broad 

selectionist core has been challenged on the one side by claims in favour of contingency and 

stochastic drift and on the other by claims in favour of the new dynamics of self-organising and 

non-linear processes.  Along with Depew and Weber we see these developments as an 

enrichment of the evolutionary approach that simultaneously needs to accommodate selection 

with chance and non-linear feedback dynamics.  After all economies are composed of multiple 

agents interacting in a multiplicity of partially connected ways and subjected to a good deal of 

noise; precisely the conditions for complex, adaptive, evolutionary patterns of change. 

 

In his recent survey of non-linear economic theories, Brock (1999), building on Arthur, Durlaf 

and Lane (1997) suggests that complexity involves the following: dispersed interactions, self 

organisation without a guiding hand, the interlinking of hierarchies at different levels, perpetual 

novelty, continual adaptation, and, out of equilibrium dynamics.  By contrast, the synthetic 

account of evolutionary processes emphasises only three elements.  These are: the principle of 

variation, that members of a relevant population vary in characteristics that convey selective 

significance; the principle of heredity, that the characteristics of individual entities are copied 

over time by appropriate mechanisms; and, the principle of selection, that interaction between 

the entities in a specific environment implies that some entities have sets of characteristics better 

suited to their survival and growth in the population.  Notice carefully that survival and growth 

are not characteristics of the entities rather they are consequences predicated on their 

involvement in a selection process.  It is this confusion which so often lies behind the quite 

mistaken notion that selection theory is tautological (Sober, 1994). 

 

Now the attributes claimed by Brock to define complex systems, map in a ready way onto the 

more traditional evolutionary triad. Perpetual novelty relates to the generation of variety and 

keeps selection processes far from equilibrium.  Dispersed interaction is another way of defining 

a selection process, and interacting hierarchies captures the point that selection (and 

development) can occur at multiple interdependent levels.  Continual adaptation is the 

consequence of a variation selection process from which patterns of order emerge and are not 
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imposed from on high, as it were.  If this were correct there would seem to be little 

incompatibility between the old synthesis and the new field of self-organising complexity.  

However, the fruits of the interaction between these different approaches remain to be 

elaborated.  Our conjecture is that the study of growth, innovation and competition will provide a 

suitable lens so to do. 

 

The distinguishing feature of an evolutionary theory is that it is concerned with populations of 

entities and the associated measures of evolution relate to changes in the statistical properties of 

those populations (Metcalfe, 1998). That is to say they are concerned with the changing 

frequencies of particular behaviours.  Philosophers call this a population approach and contrast it 

with a typological approach in which the focus is on ideal types.  In this essentialist way of 

thinking all variations around the ideal types are accidental, they are inconsequential aberrations 

due to impermanent interfering forces.  They are therefore to be ignored.  It is this style of 

reasoning that leads to the uniform agent and which is anathema to the evolutionist, as we 

explained above.  For in population thinking, variety is not an interfering complication that hides 

the underlying reality it is the underlying reality and it is the prerequisite for a theory of change.  

It is for this reason that evolutionary theory is often equated with statistical theory (Horan, 1995); 

not in the probabilistic sense but rather in terms of being a theory of how the statistical moments 

of the population distribution evolve over time under the pressures of selection and development.  

Such moments, of course, are constructed from data on all the members of a population, they are 

descriptive aggregates, and they are not representative of any individual they are representative 

of that entire population.  Thus the fundamental point about population thinking and selection is 

that deterministic processes give rise to statistical change.  None of this is incompatible with 

stochastic variation in the characteristics of the underlying entities or in the working of the 

selection process. Indeed the neutral theory of evolution is one in which characteristics that do 

not convey selective advantage drift stochastically over time.  The two approaches are perfectly 

compatible. 

 

It will be clear that the basic demarcation in evolutionary theory is between units of selection and 

the selection environment.  The units of selection are entities whose selective characteristics are 

relatively stable over time to preserve the identity of the entities in question.  In economic 
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approaches the units are often specific business activities producing a particular set of products 

using particular methods of production.  The selection environment is defined independently of 

the entities it is the framework that evaluates the various entities and transforms their selective 

characteristics into selective advantage.  In economic evolution this is usually specified as a form 

of market co-ordination process.  This demarcation needs to be treated with care.  What is the 

unit of selection at one level can be the selection environment at another level.  Thus, for 

example the firm as unit of selection in the competitive process becomes the selection 

environment when we consider its internal development process and how it evolves over time.  

This is not a problem rather it is an interesting challenge that enriches the evolutionary approach 

since it brings into the frame the way in which selection environments are instituted.  Equally 

enriching is the possibility that the units of selection do not treat the selection environment as a 

parametric given.  Firms, for example, do devote considerable effort to constructing the selection 

environment in an advantageous way, as they do when establishing proprietary standards that 

become the market standard.  Similarly, in pressing for particular taxes, tariffs or subsidies they 

seek to alter the selection process to their advantage.  An evolutionary economic approach needs 

to recognise that selection environments are constructed by the actors within them and regulated 

by external actors; the are not natural givens, and this opens the possibility of treating the 

construction of selection environments as a ‘higher evolutionary’ process.  Here there is a 

powerful connection with those economic-sociological literatures, beginning with Polanyi 

(1957), that emphasise the institutionalisation and mutual embeddedness of economic and social 

processes.   

 

There is another reason that an adaptive evolutionary approach to competition, innovation and 

growth differs from its biological counterparts.  This lies in the role of the intentionality of 

human agency.   Individuals behave in the solitary moment of the present and selection can only 

be defined in relation to the present but this does not prevent memory of past selection outcomes 

and the anticipation of future ones shaping the selective characteristics of the relevant agents.  

Memory and expectation, introspection and inference, necessarily play a role in any explanation 

that depends on the creativity and novelty of agents.  But clearly, such expectations cannot be 

rational in the global sense that all agents understand the workings of the economic process in 

the same way.  Indeed, a moment’s reflection allows us to see that having expectations different 
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from others is central to the variety generating process. This is particularly important in relation 

to the formation of business strategies, for innovation and innovation strategy involves none 

other than a process of idiosyncratic expectation formation. In a world of heterogeneity the 

rationality of expectations cannot equate to the uniformity of expectations.  The point is to have a 

better model of the world than one’s rivals, not to work with the same model of that world.  

 

It is vital in summarising the points above to recognise that evolutionary explanations are not 

biological explanations and that evolutionary theory has its own logic independently of its field 

of application. It is a logic of micro diversity and interaction to generate patterns of change. 

 

 

Two-Stage and Three-Stage Processes 
 

This logic has often been elaborated as a two-stage process involving prior variation and 

subsequent selection (Mayr, 1982). As we shall see, this schema takes us a long way in 

evolutionary dynamics but it is so patently only a part of any evolutionary theory.  The crucial 

step is to realise that any selection process destroys the variety on the existence of which it 

depends: as Lewontin expressed it, ‘evolution consumes its own fuel’.  Some account is needed 

not only of the initial amount of variety in a population, but of the replenishment of that variety 

over time.  Otherwise evolution grinds to a halt. 

 

The answer to this puzzle is provided by developmental processes, so that evolution becomes a 

three-stage scheme involving the generation and destruction of variety of behaviour.  This is 

particularly so of economic evolution, as Schumpeter’s famous bon mot so succinctly 

characterised, and this has been recognised by all the major contributions to evolutionary growth 

theory starting with Nelson and Winter (1984).  However, it is the interdependence of selection 

and development processes which is the key to evolutionary adaptive accounts of economic 

growth.  The outcomes of the selection process shape the development process and vice versa.  

This is clear from any economic account of innovation.  The profits earned by firms are an 

outcome of competitive processes and they are an important determinant of the resources 

available for novelty generation.  Governments take a substantial amount of tax revenues and 
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fund the development and dissemination of novel ideas.  The scale of markets and the relative 

values established in markets act as inducements to bias the development process in appropriate 

directions; in all of these ways selection influences development.  From the other direction, 

development changes the relevant selective characteristics of firms, for example, to give them 

new selective advantages in their population.   

 

Thus what matters for the rate and direction of economic transformation is the correlation 

between processes of selection and development.  It is not always the most profitable firm or the 

largest firm that comes up with the novel idea to transform an industry; often it is a firm 

operating in another industry or an entirely new venture.  This business, technological and 

economic histories make abundantly clear.  However, how this correlation works out in any 

given context depends on the way that the development and selection processes have been 

instituted and a complete evolutionary account would explain these instituted characteristics in 

terms of those higher order processes of variation, selection and development.  It is here that an 

account of the role of policy and the state is of relevance and the corresponding boundary 

between public and private action.  It is here also that the phenomena related to collaboration in 

the development process between firms and other organisations find their place. 

 

What this account points too, is positive feedback in the relation between selection and 

development, moderated by a substantial element of noise.  Development is autocatalytic in 

relation to selection, it is an open-ended process in which new information is the driving force 

that keeps the economy far from equilibrium. As we emphasised above, economic transformation 

is open-ended precisely because the generation of information and its translation into knowledge 

is also autocatalytic and open-ended.  This is why the future of economic systems is not 

predictable, their history is open-ended.  As Marshall (1898) recognised, economic activity 

changes knowledge directly and indirectly and every change in knowledge opens up the 

conditions for changes in activity and thus further changes in knowledge, ad infinitum, and in 

quite unpredictable ways.  Economic systems are necessarily restless, the clock can never be 

turned back  (Foster, 1993) and these are features uniquely associated with the capitalist system 

of organisation.  Moreover these systems are competitive not by virtue of their market structure 

but by virtue of the fact that every economic position is open to challenge while the generation of 
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novelty becomes the means to mount those challenges.  Thus the self-organisation of knowledge 

becomes an essential part of the evolutionary story.  Popper (1985) is of help here, not least 

because of the clarity with which he agues that the accumulation of knowledge is an unfolding 

process in which the realisation of possibilities makes possible the specification of new 

possibilities.  Since all knowledge is provisional we adhere to what we know until something 

better comes along and this is as true of business conjectures as it is of conjectures about the 

natural and man-made worlds.  It is the fact that knowledge generates knowledge that links 

together selection and development to mark economic evolution as a positive feedback process.  

Complex, adaptive, evolutionary processes may provide the most promising way to capture this 

dynamic. 

 

 

 

Growth Theory and the Replicator Dynamic 
 

We consider in this section one of the key elements in the formalisation of an evolutionary 

process, that of the replicator equation. This brings together the ideas of micro-diversity and 

selection process.  Since Fisher (1930), this has become the principal tool for study of selection 

processes and there is an extensive literature on its properties (Michod, 2000; Frank, 1998).  This 

works in terms of the statistical properties of the distribution of selective characteristics and 

provides the explanation of evolutionary change in terms of the population moments of this 

distribution.  Even in a population in which the characteristics of the entities are fixed, there will 

be evolutionary change at the population level and this is the chief insight of replicator analysis.  

Moreover, the replicator process links directly to the idea of the competitive process with the 

units of selection being units of business, or firms for short.  Thus the replicator is embedded in 

the institutions of the market place and the way that these stimulate and accommodate to 

economic change. 

 

In terms of growth theory the replicator also motivates the idea of differential interdependent 

rates of growth of the different entities in the population and differential growth leads us straight 

to structural change.  Crucially, growth of an entity or any ensemble of entities is not to be 
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conceived as a process of convergence to some attracting point; for the force of our previous 

discussion is that no such state may exist.  Rather the replicator defines a distributional 

dynamics, in which the changing relative position of the entities depends upon how their 

particular selective characteristics are distributed around the current population averages.  All the 

dynamic motion is contained in this distance from mean principle.  These processes have a 

number of general characteristics: 

 

• The population averages for each selective characteristic change over time in a way which 

depends on the distribution of each and of the other characteristics in the current 

population.  This is the result called Fisher’s Principle (Metcalfe, 1998). 

 

• Whether or not the individual characteristic represent some optimising principle at the level 

of the entities, the evolution of the population as a whole does reflect an optimising 

principle (Kimura, 1958).  Namely, that the rate of change of the appropriate population 

averages changes more rapidly with the replicator dynamic than with any other process of 

selection.  The consequence of this is that the more efficient are the market arrangements, 

the faster is the rate of evolutionary selection in the competitive process. 

 

• A replicator dynamic system typically defines a system of non-linear coupled differential 

equations. The chief characteristic of which is that the instantaneous motion of the system 

is governed not by the gap between the current state and some long-run attracting state but 

rather by the distribution of the relevant variables around the current population average. 

Thus the replicator dynamic is a distance from mean dynamic. 

 

As a prelude to using the replicator process in an illustrative model of innovation, competition 

and growth it will help to sketch the general method more formally. 

 

Consider a set of entities fixed in number, each entity being described by a vector of selection 

characteristics z .  These characteristics are intrinsic properties of the entities and let these be 

fixed for the moment.  The entities constitute a population by virtue of the fact that they interact 

in a common selection environment and it is the experience of a common selective process that 
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determines whether any entity is a member or not of this population.  The process of interaction, 

values the selective characteristics and the values so obtained determine the rate of growth, ig , 

in the scale or number of each entity in the population.  At any point in time the structure of the 

population is described by the share of each entity, is , in the total population of entities. 

 

Now consider some selective characteristic jx  in the population.  The mean value is defined by 

ijij xsx ∑=  and the rate of change of this mean value is 

 

     ij
i

i

j x
dt
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Now 

 

     ( )ggs
dt
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ii
i −=  

where ii gsg ∑=  is the rate of increase in the total population.  Whence we find the first 

statement of Fisher’s Principle that 

 

   ( ) ( )jsijii
i

j xgCxggs
dt
xd ,=−∑=  

 

The covariance (using population shares as weights) between the characteristic in question and 

the growth rates of the entities measures the rate of change of the population average value of 

that characteristic.  That is to say, evolution equates to correlation, and the theory of selection 

explains how this correlation is determined and how it changes over time.  Notice how a theory 

of differential growth is built into this analysis from the outset.  Any entity that is growing more 

quickly than the population average will be increasing in relative importance and its pattern of 

selective characteristics will have a greater influence on the relevant population averages.  The 

average entity, the representative entity in terms of growth rates if you wish, has a constant 

relative importance in the population.  These links between differential growth and structural 
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change lead to a particular version of Fisher’s Principle for the growth rates.  From the definition 

of g  is follows that 
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where ( )gVs  is the variance (weighted by the shares is ) of the growth rates in the population.  If 

the individual growth rates are constant this gives Fisher’s Fundamental Law that 

 

      ( ) 0>= gV
dt
dg

s  

 

so that selection always works to increase the population growth rate, in his terms the average 

fitness of the population.  If, by contrast, the average growth rate is fixed by some hypothesis, 

then 

  ( )∑ <−= 0gV
dt

dg
s s

i
i  

 

On average the growth rates of the individual entitles must be declining over time, corresponding 

to what an earlier generation of growth economists (Kuznets, 1929; Burns, 1934) called 

retardation of growth. 

 

Now the force of the three stage approach to evolution is that the replicator alone is an 

incomplete account of the evolutionary process. What is missing is an account of how the 

selective characteristics are created and recreated over time. How does development fit into this 

picture?  In terms of the average value for characteristic jx  we simply add in a second 

development term 
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so that the rate of change of the average is the sum of the selection and development effects.  (In 

discrete terms, of course, there would also be a third, interactive term.) 

 

Taken together, selection and development provide the backbone of an economic theory of 

innovation, competition and growth. 

 

 

Innovation, Competition and Growth 
 

The questions for an evolutionary explanation of growth should be clear by now.  How is an 

analysis based upon selection and development to be translated into a theory of economic 

transformation?  How are we to give prominence to the ideas of micro-diversity, competitive 

processes and innovation?  No doubt there are many ways to answer these questions, but they 

will all have broadly the same structure if they are based on evolutionary ideas.  Here is such a 

sketch, like all sketches it highlights parts of the terrain and not others and it works with a 

particular level of resolution.  Clearly much is left out but the purpose is to illustrate the method 

not to provide a comprehensive statement of evolutionary growth. 

 

As with all agent-based models a dichotomy is drawn between the agents and the environment in 

which they interact.  In this case the agents in focus are business units, firms for short, producing 

a given product.  Each firm is characterised by a bundle of decision routines, the capabilities to 

articulate those routines and a particular strategic intent.  These routine bundles may or may not 

be optimal in some sense; if they are, they are locally optimal.  What matters is not optimality 

per se but micro-diversity of the routine bundles.  The articulation of these bundles is captured in 

three attributes of the firm: the efficiency with which it produces the given product; the rate at 

which it invests to expand capacity; and, the rate at which it innovates to improve its efficiency.  

It is the specification of the rules that corresponds to the limited degree of agent adaptability to 

changes in the environment. 
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Let the firms have the same capital:output ratio, b , but let them differ in their unit labour 

requirements, ia .  If the wage is w  and the cost of capital is R , we can write unit costs as 

bRwah ii += .  Let is  be the share of the firm’s output in total output and let ie  be the 

corresponding share of total employment.  Since labour productivity is ii aq /1=  it follows that 

iisi saae =  or equivalently that ieii sqqe = , where iis asa ∑= , iie qeq ∑=  and 1=es qa .  The 

shares ii es ,  are measures of the structure of the economy, and their changes provide evidence 

for the rate and direction of economic transformation.  The values of ia  will depend on 

technology and organisation at the level of the firm, they reflect the disparities in knowledge 

across the firms but they do not measure these differences in knowledge. 

 

The firms produce and sell in a market environment, a set of instituted practices for 

disseminating information about rival offers, and demands and the associated terms of trade.  In 

this context firms set prices and they do so by taking into account the effectiveness of the market 

in diffusing knowledge on prices.  In a perfect market, there is no latitude, a firm must set the 

same price as all its rivals.  As the market institutions become less effective at disseminating 

information so the latitude to set individual prices increases.  In each case we need a price setting 

rule, a non-trivial requirement.  For clarity we assume this rule is such that each firm sets prices 

to equate the rate of growth of its market with the rate of growth of its capacity.  We call these 

‘normal’ prices. 

 

The market environment plays two interdependent roles in this account.  First, it values the 

activities of the firms.  By constraining the prices set, it establishes a distribution of profitability 

in relation to the underlying distribution of the routine bundles of the firms.  Secondly, it is the 

context for market selection, the process by which the firms grow at different rates capturing 

market share at different rates. 

 

We capture this process by a standard procedure (Phelps and Winter,1971; Iwai, 1974; Metcalfe, 

1998) in which the ‘customers’ in the market are mixing at random (a homogeneous market with 

no geographic or other niches), comparing prices, ip , and shifting demand when they obtain 
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information of a firm setting a lower price.  The consequence is that the growth of the particular 

market for any firm depends on how its price compares with all the other prices set by rivals.  

This enables to write the rate of growth of demand for its output, ′
ig , as 

 

[ ] iisisDi pspppgg ∑=−+=′ ;δ    (1) 

 

where Dg  is the overall growth rate of the market, and δ  is the market selection coefficient 

capturing the speed at which demand shifts between firms when they set different prices.  A 

perfect market corresponds to ∞=δ , and firms set identical prices.  A world of isolated 

monopolies corresponds to 0=δ , and firms set normal prices in relation to their desire to grow. 

 

The growth in the capacity of each firm, ig , is governed by its investment function, relating its 

desired expansion to its profitability.  Formulate this as 

 

  [ ] 0, =>−+−==
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


iiiiii

i

hphpbg
Q
I µφ ,  otherwise   (2) 

 

The ratio, µφ /i , measures the minimum margin required before the firm will invest.  It is not 

essential to what follows that µ  is assumed the same, it simply makes the exposition more 

straightforward.  The coefficient iφ  measures the willingness to invest, which is smaller the 

greater is iφ .  

 

The final dimension of the firm stands in relation to its innovative performance, the visible sign 

of the change of its knowledge.  Innovation is focused on unit labour requirements which reflect 

the organisation of production which in turn we take to depend on the scale of the firm’s 

activities.  In short, scale influences organisation and organisation influences efficiency.  To 

capture this aspect of the development of the firm we adopt a simple technical progress function 

relating the rate of decline in unit labour requirements to the growth rate of capacity.  Thus, 
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    iiii gq
dt
da

dt
d βα +==− loglog     (3) 

 

If 10 << β , we have a positive feedback process or increasing dynamic returns.  If 0<β  we 

have decreasing dynamic returns and growth harms efficiency.  Clearly, there is a link here with 

Edith Penrose's (Penrose, 1958) theory of the firm and the relation between the rate of growth 

and the accumulation of capabilities.  The parameter, iα , simply captures all other idiosyncratic 

influences on the firm’s innovating performance. 

 

Taking (1), (2) and (3) together we have all the elements of an evolutionary growth model.  

There is micro-diversity, variety, in respect of, productivity, investment behaviour and 

innovation.  There is selection within a competitive process produced by the interaction of (1) 

and (2) within the given population of firms, and there is development as captured by the 

technical progress functions (3).  Moreover, and this is crucially important, selection establishes 

a distribution of growth rates which implies a distribution of innovation rates to redefine the 

distribution of unit labour requirements and unit costs.  Thus, some of the selective 

characteristics of the firm evolve through the interaction of development and selection. It is 

therefore interdependence that is crucial to an adaptive evolutionary account of growth. 

 

To understand how this works out it is useful to divide the argument into two parts 

corresponding to the process of selection and development. 

 

Selection 
 

If we combine together (1) and (2) with the assumption of a given number of firms, we can work 

out the dynamics of selection and the patterns of economic transformation that follow.  At any 

point of time the firms fall into three possible categories. First, we have the profitable firms, 

ii hp > , setting normal prices to grow at a rate determined by the market process and their 

investment rules. A second possible group of firms just break even, ,ii hp = they do not invest 

and they use the existing capacity to meet whatever demand there is.  These are the marginal 
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firms. Finally, there are the non-viable firms that make losses, ii hp < , and we assume that they 

have abandoned production. It simplifies matters greatly for present purposes to focus only on 

the first group of dynamic firms.  The cost is that we cannot consider exit rules or entry 

behaviour but to do so would take us well beyond the current remit of this paper (Metcalfe, 1998; 

Calderini and Metcalfe, 2000).   

 

It is useful now to define two kinds of micro-diversity.  Primary diversity relates to the intrinsic 

characteristics of the firm, the selection characteristics, defined in terms of input productivity, 

investment and innovation behaviours.  These are the data for the selection process.  Secondary 

diversity relates to those phenomena that are emergent in the co-ordination process in the market.  

The growth rates, prices and profit margins all fall in this category.  They are not intrinsic 

attributes of any firm but rather arise from a ‘higher level’ process of interaction within the 

population of firms. 

 

On combining (1) with (2) we can establish for each from the relation between its growth rate, 

price and margin, im , and the corresponding averages for the population of interacting rivals. 
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In each case, the way the secondary measure of variation is related to the underlying primary 

measures depends explicitly on the way in which capacity growth and market growth are co-

ordinated.  Change this manner of co-ordination and the emergent phenomena changes also; 

growth patterns depend on the way that markets work.  Equation (4) forms a system of non-

linear coupled differential equations for the evolution of the market shares of the different firms.  
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In general they do not have an analytic solution, being closely related to the predator prey 

equations of a Lotka-Volterra system.  We shall see below however, that (4) in combination with 

(5) or (6) allows us to deduce expressions for the time variation of the moments of various 

population distributions. 

 

Focus now on the distribution of growth rates (4).  This tells us that the growth rates of the firms 

emerge jointly, they are interdependent, and it tells us how growth rate diversity depends on the 

distribution of unit costs and investment propensities around the population means.  A firm may 

be more efficient than average, si hh < , but it may grow less quickly than average if it has a co-

joint lower than average propensity to invest ( si φφ > ).  Patterns of growth, in general, depend 

on the joint distribution of selective characteristics. 

 

Now the focus of these observations is that when growth rates differ, the structure of the 

economy is changing, resources are shifting between firms absolutely and relatively.  The 

economy is being transformed, it is in a state of flux, and in the process this is changing the 

average efficiency with which resources are utilised even when we abstract from the 

development process. 

 

At this point we get to the core of the selection dynamic, for (4) is a replicator equation ((5) and 

(6) are clearly not), the difference Di gg −  measuring the rate of growth of that firm’s market 

share.  When market shares change so do the population means sh  and sφ , to redefine the 

distribution of growth rates.  The rates of change in these population means obey what I have 

called elsewhere Fisher’s Principle, after the eminent English geneticist who hit upon this 

general evolutionary principle in the 1930s (Fisher, 1930; Metcalfe, 1998).  From the definitions 

of sh  and sφ  it follows immediately that 
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and similarly, 

 

     ( )gC
dt

d
s

s ,φ
φ

= . 

 

 

For the average values of the selective characteristics to change they must co-vary statistically 

with the growth rates of the firm!  No correlation means no evolution.  But we can go further 

because from (4) it follows that 

 

    ( ) ( ) ( )hChVghC sss ,, φλ−∆−=  

 

and 

( ) ( ) ( )hCVgC sss ,, φφλφ ∆−−=  

 

where 
δµ

δµ
h+

=∆  and 
δµ

δλ
h+

=  are the selection coefficients for the evolutionary process, 

and ( )φsV  is the variance in propensities to invest, and ( )hCs ,φ  is their covariance.  In each case 

these statistics are computed using the market share weights, is , so that these measures of 

variation also evolve over time. 

 

Thus the replicator dynamic captures well the idea of ‘restless capitalism’, the continued change 

in structure driven by micro-diversity in the presence of a market process. 

 

Much more can be said about (4), (5) and (6) but space precludes doing so.  Suffice it to state 

that they are a basis for evolutionary simulation and for econometric tests of the Fisher’s 

Principle. 
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The Development Process 
 

Instead let us turn to the question of the development process.  For without development, the 

process defined in (4) eventually grinds to a halt as the entire market becomes concentrated on 

the most dynamically viable of the firms.  To ensure the sustainability of the transformation 

process, we need ongoing innovation and this comes from development.  In our case this is 

subsumed in the technical progress functions of each firm.  The economist will recognise these 

as a representation of the Kaldor/Verdorn principle of dynamic increasing returns.   

 

The consequence of this hypothesis is to couple together selection and development.  Rates of 

innovation depend upon rates of growth and rates of growth are determined in the selection 

process thus selection shapes innovation and in turn innovation reshapes the selection process.  

The consequence of this is that the innovative performance of any firm cannot be separated from 

its current efficiency and its investment behaviour, nor can it be separated from the efficiency 

and investment rules of its rivals.  Rates of innovation too are emergent phenomena.   

 

To make this more transparent let us focus on the evolution of one statistic in our population, 

namely, the rate of change of sh .  This is our measure of the average rate of development. Since 

bRwah ii +=  it follows that, at given market shares,  
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where ω  is the average share of wage costs in total costs (not sales revenue) in the population of 

firms. 

 

Now it is simple arithmetic to establish that 
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Whence 
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This gives us the ‘progress equation’ for the population of firms holding constant their relative 

market positions.  The term in the last bracket is the average progress effort dependent on sα  

and the growth rate of total output, Dg .  These average effects are modified by two measures of 

micro-diversity: ( )α,aCs , the covariance between efficiencies and idiosyncratic innovation rates, 

is a primary measure of variation, and ( )gaCs ,  is a secondary, emergent measure.  Now 

( ) ( )ghCgaC ss ,, =  on our assumptions, and the latter co-variance we have already established 

above in our discussion of the selection process.   

 

One step further, brings selection and development together.  Since, 
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we can write the combined effects of development and selection processes as: 
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In short, productivity grows in relation to the micro-diversity within the economy.  The above 

account shows us how to combine together these different kinds of micro-diversity.  The rate of 

productivity improvement depends on the market selection process in a fundamental way 

whenever we have firms characterised by dynamic increasing returns.  Market processes do 

matter, but this cannot be represented in any framework that takes the aggregate economy as its 

starting point.  Within this framework we have therefore established two points.  First, that 
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growth and innovation are coupled emergent phenomena.  Secondly, that the average rate of 

progress depends upon the micro-diversity of the population as reflected in the correlations 

between efficiency and innovation and efficiency and growth. 
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Conclusions 
 

 

In this paper we have reported on the first stages of our enquiry into an adaptive evolutionary 

approach to innovation growth and competition. We have emphasised the importance of 

structural transformation to the process of growth, the treatment of agent firms as bundles of 

decision-making routines, the importance of a population perspective and the treatment of 

economic growth as an emergent phenomena.  We believe that this provides a radically different 

basis for a new understanding of economic growth and its relation with economic policy.  We 

have also insisted on an evolutionary adaptive approach to economic growth, on the importance 

of micro diversity in relation to key economic behaviours, on the importance of the competitive 

process and, on the importance of depicting the economy as an evolving structure that is kept far 

from equilibrium by the continual creation of novelty.  In emphasising the productive 

consequences of diversity we are necessarily questioning narrow notions of efficiency in the use 

of resources.  A more sophisticated approach is required to recognise that creative, experimental 

processes involve the continual generation of mistakes and from an ex-post viewpoint, the 

inefficient use of resources.  This cannot be avoided in a knowledge driven economic system.  

As Peter Allen (2000) points out so perceptively, adaptive systems depend upon the presence 

within them of excess diversity. 

 

New knowledge, its development and application, is central to this picture and it is clear to us 

that to analyse knowledge-based economies as if they are in a steady state equilibrium is not 

productive.  Knowledge based economies are restless economies and the more we disaggregate 

the more we find evidence for the changing dynamic order of modern capitalism.  A concept of 

economic order is indispensable to any coherent account of adaptive evolution and this requires 

that we treat seriously the institutions of markets and innovation systems and their evolutionary 

dynamic.  This approach links naturally with capability based theories of the firm and other 

organisations and with theories of their internal evolution.  

 

From a formal viewpoint the key issues involve the specification of selection and development 

dynamics in the relevant populations, and the rules for aggregating from the micro through to the 
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macro. A simple model of agent firms characterised by intrinsic rules of productivity, investment 

and innovative behaviour and interacting in market based selection environments enabled us to 

explore the dynamics of growth based on the Fisher Principles of evolutionary change. This 

perspective allows us to identify regularities in relation to growth of output and productivity and 

to demonstrate the interdependence of selection and development processes.  

 

Of course we have presented above a very partial picture of the growth process.  The interaction 

between different market populations and the role of capital and labour markets for example, 

needs to be specified more completely.  There is also a clear empirical agenda before us to 

develop new measures of evolutionary change.  Most importantly of all, there is the question of 

institutions, in our case, markets and distributed innovation processes, and the ways in which 

they can be said to evolve through processes of selection and development.   
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Appendix 
 
 
Knowledge-Based Growth 
 
In a series of recent papers, Charles Jones has articulated a model of endogenous growth built 

around the idea of an ideas production function.  The most important step this work makes is to 

postulate a 'stock of ideas' that can be reduced to a quantity, A , and to argue that the change in 

this stock depends on the current stock and the level of research effort.  As explained in the main 

text, this is effectively the argument of Machlup (1962).  In this appendix we sketch this 

argument and test its robustness by asking "Can there be a steady-state growth of knowledge if 

we distinguish between different kinds of knowledge, say science and technology?".  The 

answer, special cases apart, is to the negative. 

 

Jones proceeds as follows: Let there be a production function for ideas, 

 

λφδ ALA
dt
dA =  

 

where AL  is the flow of labour applied to the generation of ideas and, δ , φ  and λ  are 

parameters defining the way in which knowledge leads to further knowledge, and the marginal 

product of research effort.  Presumably these parameters reflect the organisation of the 

knowledge production process.  In a steady state the rate of growth of the stock of ideas is 

required to be a constant, 

 

( ) λφδ AA LA
dt
dA

A
g 11 −==  

 

Differentiating this expression and equating it to zero gives the required condition.  A steady 

state is only possible if 
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φ
λ
−

=
1

ng A  

 

where n  is the rate of growth of research labour.  In steady state this too must be equal to the 

rate of growth of the total labour force.  Jones sets this equal to the rate of growth of population. 

 

If we postulate an aggregate production function ασ LAY =  it follows that 

 

LAy ggg ασ +=  

 

or ng y 




 +
−

= α
φ

σλ
1

, since ngg LAL ==  defines the steady state. 

 

Now the important parameter in this is φ , the elasticity of the increase in knowledge with regard 

to the stock of knowledge.  If 0<φ  we have strong negative feedback (Machlup's agenda 

decreasing case).  If 1<φ , we have Machlup's agenda increasing case.  However, if  1>φ , we 

have agenda explosion, and a steady state for the production of knowledge is not possible. 

 

Science and Technology 

 

A simple test for this framework is to abandon the idea of a single stock of ideas, and to 

distinguish say between science ( SA ) and technology ( TA ) each with their different knowledge 

production functions. 

 

Thus we could write 

 
STSS

STSSS LAAg λφφδ 1−=  

 

and 



 39

 
TSTT

TSTTT LAAg λφφδ 1−=  

 

This formulation recognises the interdependence between these two kinds of ideas via the 

elasticities TSST φφ ≠ .  Again we can presume that these parameters reflect the different ways of 

organising science and technology and the way they interconnect.  Now a steady state for science 

and technology taken independently requires that 0// == dtdgdtdg TS .  This is only possible 

when 

 

{ }SSTTT
T

T gng φλ
φ

+
−

=
1

1
 

 

and  

 

{ }TTSSS
S

S gng φλ
φ

+
−

=
1

1  

 

Clearly the growth rates of the two kinds of knowledge are complementary.  A greater growth 

rate of science implies a greater growth rate of technology and vice versa.  Solving for the 

consistent growth rates we find that  

 

( )[ ]SSTSTTST nng φλλφ +−
∆

= 11
 

 

and 

 

( )[ ]TTSTSSTS nng φλλφ +−
∆

= 11
 

 

and ( )( ) TSSTST φφφφ −−−=∆ 11 . 
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Clearly 0>∆  is required for a meaningful interpretation of these steady state relationships. 

 

Now if the economy is to be in steady state, nnn TS == , it follows that sT gg ≠  in general.  

The two stocks of knowledge cannot be growing at the same rate, a steady state for the growth of 

ideas is not possible.  Conversely if we impose ST gg =  we will find, in general, that ST nn ≠ , 

so we cannot have a steady state in the allocation of research effort. 

 

A condition for a steady state is that TSSTST φφφφ ===  but this is a trivial requirement for 

which there is no clear motivation. 

 

Consequently, we conclude that the Jones approach does not generalise when we disaggregate 

different kinds of ideas and make these complements.  It does not matter whether we distinguish 

kinds of knowledge or national locations of knowledge production, the idea of a steady state of 

knowledge accumulation is not coherent.  That is to say, one cannot have stocks of knowledge 

growing at the same rate while at the same time inputs to knowledge production are also growing 

at some common rate.  As we make clear in the text, a steady state of knowledge accumulation is 

a rather improbable construct.   
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