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A VIEWPOINT ON EVOLUTIONARY ECONOMIC THEORY
Richard R. Nelson
Columbia University
March 2, 1997

Varieties of Evolutionary Economic Theory

It ié an honor to be asked to speak at the inaugural
meeting of the Japanese Society for Evolutionary Economics.
I want to use this occasion to reflect on the nature of
evolutionary economic theory as it has developed in recent
years, and in particular on the brand I espouse.

Over the past decade evolutionary economics, or at least
bodies of thought and writing that are associated with that
term, has become increasingly fashionable. The Schumpeter
Society has a strong evolutionary spirit. A society for
evolutionafy political economy has become well established in
Eurocpe. There have been several summer schools concerned
with teaching evolutionary economics. Several years ago, the

Journal of Evolutionary Economics was born, and there are

several other new journals that clearly have an evolutionary
economics flavor. I would like to advertise Industrial and
Corporate Chandge as an especially interesting journal for
economists inclined towards an evolutionary theory. Geoffrey
Hodgson has written a book that surveys precursors to modern

evolutionary economic theorizing, and Ulrich Witt has put



togéther a volume of what he considers classic writings in
the field. And now Japan has initiated a society for
evolutionary economics.

I will argue in a minute that in fact the body of
writing that calls itself evolutionary economics is quite
diverse. However, it is unified by two central features.
First, the central interest is in characterizing dynamic
processes. In some cases, the principal concern is with
economic variables that are understood to be undergoing
continuing change. In other cases, the interest is in a
particular configuration that is assumed to be in
equilibrium, but the explanation for that configuration
involves, in an essential way, analysis of how it got there.
That leads me to the second common characteristic of economic
writings that call themselves evolutionary. Almost all of
them assume, or have built into them, path dependency.
Within evolutionary theories, or models, history matters.

However, If one digs a bit deeper beneath these
important commonalities, I think one can identify at least
three distinguishable subgroups, or schools, of evolutionary
theorizing: evolutionary game theory, theorizing that
attaches itself to the new mathematical writings on nonlinear

dynamic systems, and variation-selection models.



The focus in evolutionary game theory is on repeated
games, generally with a given and fixed number of basic
strategies available to the actors, and in which there are
multiple possible equilibria. Which, if any, equilibrium
ultimately is reached is determined by the dynamic "out of
equilibrium" evolutionary processes built into the model, and
by initial conditions. For the most part, the interest is in
how the dynamic processes affect what equilibrium (if any)
ultimately is reached. Or, the analysis may purport to
explain a particular pattern of behavior, interpreted as an
equilibrium ijlia game, as the result of certain dynamic
processes that got the system there rather than to another
equilibrium point.

The by-now rather extensive body of writing by
economists, who have developed complex nonlinear dynamic
models that purport to represent in abstract form certain
classes of economic process, seems to me to be another kettle
of fish. Here, unlike most evolutionary game theory, the
focus of attention is on patterns of continuing change. In
many cases, simulation is the vehicle for modeling. And the
key theoretical arguments, and references, are to what has
come to be understood about the mathematics of nonlinear
dynamic systems more generally. Bifurcation points, chaos,
and emergent properties often are part of the language used.

While there is overlap, both of these bodies of

"evolutionary economics" seem to me to be quite different in



form, and spirit, from the kind of evolutionary theory Sidney
Winter and I mapped out nearly fifteen years ago in our book,

An Evolutionary Theory of Economic Change. Oour central

argument was that much of economic change could be understood
as occurring through the operation of a particular kind of
dynamic process, and that economic behavior and performance
at any time needed to be treated ih terms of where that
process had led as of that time. The dynamic process we
described had features analogous with, but details different
from, evolutionary processes in biology. Its key features
are these: At any time there usually exists some variety
regarding the variables under interest. Selection mechanisms
operate to winnow down that variety and there are relatively
strong inertial forces bearing on what survives selection.
But at the same time there are mechanisms that generate new
variety.

We proposed that this kind of a theory could explain a
wide variety of phenomena of interest to economists.
Actually, Winter's original interest in evolutionary economic
theory grew out of his scrutiny of the arguments presented by
some prominent economists, Milton Friedman and Fritz Machlup
in particular, that the standard predictions of neoclassical
economic theory about the policies and practices of business
firms were the same as what an evolutionary theory would
predict. In a famous article, written prior to our joint

ﬁork, Winter showed that the relationships between the



predictions of an explicit evolutionary theory, aﬁd
neoclassical theory, are very complex, even when one is
assuming that the environment within which firms are
operating is constant. More generally, he argued convincingly
that evolutionary theory needed to be regarded as a distinct
alternative to, and not an ancillary support for,
neoclassical theory for explaining, and predicting, phenomena
that are the central focus of the latter, like firm pricing
and employment policies. While in many cases the predictions
of behavior in equilibrium are similar, the causal mechanisms
stressed by the two theories are very different.

My own attachment to an evolutionary perspective came
about for different reasons. In my view, and I believe
Winter's, the principal value of an evolutionary theory of
the sort we developed is that it deals effectively with
economic behavior and performance in contexts where change is
rapid and unpredictable, and where neoclassical economic
theory would appear to be out of its plausible domain. Thus
evolutionary theory deals comfortably with contexts where
the assumption that behavior is "in equilibrium” is
implausible. My own work has focussed on economic growth,
driven by technological advance, and the dynamics of
competition in industries where technological advance is
important, two topics where the equilibrium assumptions of
neo classical theory would seem quite inappropriate. However

there are many other topics of interest to economists where



the assumption of equilibrium is awkward, at best, like the
consequences of structural change in the economies of eastern
Europe.

Since we wrote, there have been a large number of other
economists who have worked with, and further developed, this
kind of an evolutionary theoretic framework. I reviewed this
body of work in my recent piece in the Journal of Economic
Literature. It does not seem a good use of time to survey
that material again here for this audience,. who can be
presumed familiar with much of it. Rather, in the remainder
of this essay I want to focus on two matters.

One is the key analytic commitments of this branch of
evolutionary economics, and the sources of its strength, or
at least the ones I would stress. The second is constraints
on the arena where evolutionary theory of this sort is likely
to be powerful. My belief is that this kind of a theory is
widely applicable, but there are some phenomena of interest
to economists where an evolutionary theory may not provide

much illumination.

Key Analytic Commitments and Sources of Strength

I noted above that the body of economic theorizing I am
focussing upon here has features analogous to evolutionary
theory in biology, but the details are different. Speaking
for myself at least, I was not drawn to an evolutionary

theory of economic change because of the appeal of biological



theory, but rather because my observations of processes of
economic change strongly indicated to me that what was going
on was a combination of selection on extant variation and
generation of new alternatives. There are a wide variety of
models which have these features. Models of biological
evolution, and models of economic evolution of the sort we
are discussing here, are two distinct subclasses.

Recently, of course, the power of "blind" evolutionary
processes to develop life forms, and patterns of behavior,
that are wonderfully sophisticated and well adapted to their
environmental contexts, has become well recognized. Scholars
from all disciplines are familiar with the argument of

Richard Dawkin's Blind Watchmaker and Daniel Dennett's

Darwin's Dangerous Idea. Henry Plotkin has touted "Darwin
Machines" as the principal vehicle through which human
knowledge grows, an argument in the spirit of but somewhat
more extreme than the one Winter and I espousé.

In any case, Darwin's theory of biological evolution met
resistance in good part because it explained extant variety
without recourse to a creator with a"plan®. The brand of
evolutionary economic theory Winter and I have been
advocating has met resistance within our discipline because
it aims to explain economic change, and the existing
configuration of economic variables at any time, without

recourse to the assumption that the economic actors planned,



or anticipated, very clearly the full range of consequences
of what they were doing.

Unlike the more extreme versions of evolutionary theory
about human and organizational behavior, we certainly do not
deny that thinking and planning are central aspects of
economic behavior. The relationships among belief systems,
thinking, and behavior are very complex in humans and human
organizations. Most behavior of the sort in which economists
are interested is at least "rationalized" if naot derived as
a consequence of reason.

However, our ' central premise is that humans are
boundedly rational and that learning in the areas in which we
are interested has a strong element of trial, error, and try
again behavior. In some of these arenas there also is a
strong element of interperson or interfirm competition, but
not in all. What is essential in our view of evolutionary
economice is that alternative modes of behavior compete with
each other, and that there are systematic and understandable
selection process that tend to winnow out the less adequate.
Beyond that, our theoretical position is pragmatic and
empirically oriented.

Indeed, another central feature of our brand of
evolutionary economic theory is that it is, to a considerable
extent, empirically oriented and even inductive. When one
reads articles that fit within the first two of the economic

evolutionary theory camps that I mentioned above--



evolutionary game theory, and nonlinear dynamic theory--oﬁe
has the feeling that, for the author, the beauty or the power
of the formal analysis is the basic desiderata. Empirical
material is brought in mostly as "for instances," that is as
a means of suggesting that the formal theory might actually
correspond to something real out there. I am aware of few
instances in which careful discussion of the empirical
phenomena came first, and the theorizing was introduced and
justified as a way to explain those phenomena.

In contrast, virtually all of the body of evolutionary
theorizing of the sort that Winter and I have been doing has
been focused on providing a plausible interpretation of
certain bodies of empirical data, like the observed time
series of outputs, inputs, and prices, that have been
generated by experienced economic growth. In addition to
being strongly oriented toward explaining specific empirical
phenomena, our brand of theorizing also has explicitly and
self-consciously aimed for what might be called "process
realism." |

To elaborate what we mean by that, we do not think it
satisfying simply to have a model which is capable of
generating, hence "explaining", the basic empirical data
under consideration. We think it important that the
processes built into that model be at least metaphorically
consistent with what is known about the actual processes

being modeled. I mentioned above the particular assumptions



about human and organizational behavior built into these
kinds of evolutionary models. They are built in because they
fit the facts. The details of the modeling of the behavior of
the actors in our models, and the modeling of how the actors
interact with each other, and with their environment,
similarly are structured with considerable attention to what
is known about the case.

Winter and I feel strongly regarding the merits of this
philosophy for doing economic theory. We have couched our
argument in terms of the relationships between formal theory,
and appreciative theory, in economics.

We have proposed that most of the solid understanding
economists possess is in the form of what we have called
wappreciative theory," which is causal analysis that is quite
close to the empirical phenomena and policy issues in focus.
Appreciative theory represents what the economist studying an
issue believes is '"really going on." 1In contrast, formal
theory is more abstract, and laid out with a certain distance
from particular bodies of empirical phenomena. Formal theory
encompasses only a small portion of what economists know
about economic phenomena, and even that portion is a highly
stylized version of what is known. This position led us to
the argument that, to be really useful in advancing economic
understanding, formal theory must be able to engage in

dialogue, as it were, with the appreciative theory, which is



where most of the economists' understanding resides. And to
do that, we argue, it must be developed to match up with it.

The evolutionary economic theory that is the focus of
this essay is formal theory, in the sense above. It is an
explicit abstract representation of the phenomena under
study, rather than simply a way of talking about those
phenomena.

However, the lanquage of economic evolutionary theory
is, in our view, one of its strengths. Evolutionary language
seems to be the natural language used by economists to
explain many of the phenomena they are studying, from the way
businesses respond to a change in demand or supply
conditions, to the patterns of long run economic growth. At
least it is the language often employed by economists when
they are not self consciously trying to theorize. Neo
classical language becomes the standard only when economists
are explicitly trying to develop a theoretical argument. A
formal evolutionary theory has the great advantage of easily
conforming with the economist's informed but not formal
explanation that we have called appreciative theory.

More generally, evolutionary theory is much more
conformable than neoclassical theory with social science
thinking outside of economics. Thus its use enables
economists to interact with scholars outside of economics
much more effectively, and this is a significant advantage.

When Winter and I made that argument nearly fifteen



years ago, we had general conformability in mind, and at that
time, did not anticipate that relatively formal evolutionary
theory, along the lines we were espousing, would become an
analytic vehicle widely used by scholars studying a variety
of different aspects of cultural and social change. Yet it
appears that, for scholars not coming from economics, an
explicit evolutionary theory is a very natural way of
understanding change. Indeed, evolutionary theory along the
lines we are discussing here appears to have been
independently discovered by a number of scholars of cultural
and social change. The various evolutionary theoretic groups
are just now beginning to find each other.

Thus over the last fifteen years or so, a sizable
community of scholars studying the progress of science has
adopted an expressly evolutionary theoretic perspective on
the processes that are involved. Indeed, Donald Campbell,
one of the pioneers in this arena, coined the term
"evolutionary epistemology," which is basically a commitment
to the proposition that knowledge evolves. Campbell was
originally a Social Psychologist. Most of the modern
evolutionary epistemologists have their training outside of
economics.

Technological historians, and sociologists studying
technological change, as well as economists, now are in wide
accord that the processes of technological advance need to be

understood as "“evolutionary." This discovery, or the



development of this particular theoretical perspective on
technological change, was arrived at more or less
independently by the different disciplinary camps.

Alfred Chandler, trained as an historian, and doing his
research in an historian's style, clearly has seen change in
standard modes of business organization as proceeding through
an evolutionary process. A new generation of business
historians, and organization theorists, are following that
theoretical road.

The fact that economists and non economists studying
these phenomena use the same language, and have in minds a
similar form of theory, enables knowledge to be combined. As
I noted, this is beginning to happen.

A number of scholars, coming from economics and various
other fields, have proposed that the law evolves. While in
the early stages of the renaissance of interest by economists
in institutions, neoclassical theory was the basis of the
theorizing, in recent years economists interested in
institutional change have joined sociologists, and
historians, in using the language of evolutionary theory. I
believe these strands of evolutionary theorizing, however,
have met with less success than evolutionary analysis of
technological change, and change in business organization.

It may be useful to consider why.

Limitations of Evolutionary Economic Theory




Evolutionary theory is proving to be a flexible analytic
instrument. Suitably tailored to the subject matter under
study, it has proved capable of providing a convincing story
about the processes of change governing a variety of
phenomena of interest to the broader community of social
scientists, as well as to economists. The theory has been
effective both when the focus is on explaining an existing
state of affairs, and when the orientation has been towards
explaining patterns of continuing change.

The power of an evolutionary theory depends strongly on
the analyst's ability to specify in a convincing way the
nature of operative selection criteria and mechanisms. Most
extant evolutionary models developed by economists give
explicit attention to both a pattern of behavior or a kind of
capability, e.g. a pricing policy or a technology for
producing something, and to the economic units that exhibit
that behavior or operate that capability. For the most part
those units- usually presumed to be business firms- are
treated as in competition with each other for customers in a
given market. Almost always in the formal models, the
criterion of fitness is "profit". This formulation gives rise
to a class of powerful models in which both behavior or
capabilities, and firms, are selected in terms of their
profitability. Of course probing deeper requires analysis of

just what the market treats as profitable.



I noted above, however, that this analytic structure;
involving units as well as practices in competition with each
other, is not an essential aspect of evolutionary theories of
cultural change. What makes the theory work is ability to
specify a plausible criterion of merit, and a selection
meéhanism that selects for that. Market competition
provides one way of specifying an evolutionary theory. But in
many contexts and arenas where one is tempted to apply an
evolutionary theory, there is no real operative market, but
only (maybe) a metaphorical one. Thus there is no real
"market" that evaluates new science, or new law. And even
where there is an operative market, evolutionary analysis
need not model that market explicitly.

It is interesting that, while in evolutionary theories
of technologicél change developed by economists there
generally are firms that use extant technologies and create
new ones, in the evolutionary theories of technological
change laid out by historians or sociologists the firms often
are ignored, and the competition is seen simply as among the
technologies. A similar difference obtains between writings
by economists and those by historians and other social
scientists regarding the evolution of business form and
practice. In most theories that propose that scientific
knowledge evolves, while it is recognized that scientists
compete for acclaim, the focus is on the competition among

theories.



To date, economists, and other social scientists, have
" been relatively successful with evolutionary theory when the
analyst can persuasively argue either that there is a real
"market" operative in the arena, and be able also to specify
what the market wants, or that there are generally accepted
and enforced criteria for what is better than what (as for
example an engineering or scientific consensus). The
difficulties evolutionary theorists have been having with the
law, and with institutions, in my view reflects that the
celection criteria and mechanisms are extremely complex, and
undoubtedly not constant over time. There may be not much an
evolutionary theory can illuminate, if that is the case.
Partly the issue here is regarding what one includes,
and excludes, under the broad rubric of evolutionary theory,
and what kind of illumination one regards as valuable. Thus
women's and men's clothes fashions change over time. These
changes are pulled by changes in demand, but changes in
demand are also pushed by people's perceptions of what other
people are buying. Eric Abrahamson has argued that many
kinds of business practices need to be understood as
reflecting "fashions" whose legitimacy is strongly influenced
by the fact that others have adopted those practices. If we
choose we can say that fashions in clothes and business
practices evolve. However, the understanding lent here by
evolutionary language, and theory, is not so much power to

predict, or even to explain in terms of stable systematic



consumption does -- a sign of satiation despite all the differentiation efforts in those industries. For other
product groups, such as housing space and, in particular, those products which directly or indirectly
provide comfort, safety, improvements in health, mobility and entertainment, the demand effects are
exactly the opposite, i.e. they indicate that satiation is a long way from being reached. The latter products

are, of course, precisely those provided by the economy’s service sector.

Are all these empirical findings just accidental or do they fit into some general causal patterns?
Economists are rarely inclined to accept this as a question they feel compelled to find an answer for. If
long run economic development is considered at all from a theoretical point of view, it is usually treated
as a process of economic growth that reflects an increase in the (subjective) utility which most of the
agents involved enjoy (Romer 1986) -- the anthropocentric view of a basically hedonistic economic
discipline. In an evolutionary perspective things may be inferpreted differently. Such a perspective
considers human kind as just another species, albeit one that has been able to enjoy a prolonged period of
affluence, because its enhanced eroblem solving capacity just kept pace with the ecological problems
created. As was explained in the previous section, human decision making can be seen as based on a
complex structure of preferences that have emerged over the individuals’ lifetimes from a few innate,
and therefore basically inter-individually shared, dispositions. Those complex structures vary greatly
and reflect the idiosyncratic learning history. It may therefore be very difficult to trace back the choices
made by an economic agent at a given time to the few innate preferences that agent shares with other
agents. Nonetheless, the only consistent and enduring effect that could, on average, be expected to show
up despite all the individual variance in the decision making of the human kind over an extended period
of time may be precisely an expression of those basic preferences that were fixed in the earlier times of

human phylogeny.

Some of the features of the long term economic evolution sketched above do seem to fit this
conjecture well. Humans behave much like any other species that dominates its environment. They
increase their population size and pay little attention to the ecological dangers a rapidly growing
population means, and they make efforts to enhance individual health and life expectancy. They subdue
all rival species or drive them to extinction. Humans use their growing knowledge to find ways of

avoiding the burden of physical work in making a living. As far as they can, they expand their



The strongly improved ‘terms of trade’ between human labor and nature’s products (non-human
energy flows and, with the necessary accumulation of machinery, materials) explain a fact that may seem
puzzling, at least to non-economists. In their historical development, modern economies could afford to
shift the bulk of their expenditures (or, to look at it the other way round, the bulk of their income
creation) first from agriculture to the industrial sector and then on to the service industries. Nowadays,
agriculture and the industrial sector together generate less than half of domestic income in all OECD
countries. Because of the comparatively high input share of human work hours needed in producing
services, these services have become relatively more expensive compared to agricultural and
manufactured goods. At the same time, the demand for services does not seem to have been curbed by
their increasing relative price in favor of an expansion of demand for agricultural and manufactured
goods (perhaps because the demand for the latter goods is more quickly satiated than demand for
services, see below). The inflation in energy utilization has, of course, led to a situation where the current
level of production and consumption rely on the depletion of the - finite - fossil energy sources. The
mechanization in the transformation of materials not only saved labor in terms of hours worked per unit
of output. It also meant a large scale increase of output in terms of physical quantities, i.e. in the flows of
materials processed in production. (This would be true even if the materials coefficient, i.e. materials per
unit of output, did not increase.) These flows are partly necessary to maintain an ever growing stock of
equipment. However, they also serve an increasing direct consumption of materials. This means that the

act of consumption transforms goods into waste, a dissipation of materials.

Indeed, another striking feature of economic evolution over the past few centuries turns up on
the demand side of the markets, where mankind’s consumption has grown continually both absolute and
per capita. In both the developing and the developed countries this is accompanied by increasing
differentiation of consumer goods and the generation of entirely new groups of products. Economic
growth is no longer only a matter of capital accumulation, technical progress, and productivity increases.
It is also a story of what can be sold in the consumers’ markets. Qualitative change in the array of final
consurnption goods, increasing mobility, internationalization of trade in formerly local specialities, and
the soaring diversification of the service sector are only the most salient aspects of a deep seated process
of change. This change is not without regularities. Economists have long known that the demand for

certain product groups, such as groceries, does not expand at the same rate as income available for



production volume. Wind and water power, wood, coal, oil, natural gas, uranium were tapped one after
another (see Marchetti 1980). Human physical energy input successively lost its character as a constraint

on the growth of economic production.

This is an important fact for understanding how the economy could develop into its present
form. A dissipative system like the human economy can increase its production only by increasing
energy throughput. (As a matter of fact, material throughput has been regularly been increased as well.)
The way in which energy and materials are combined in the economic production process is contingent
on the state of technological knowledge applied. Each technology used implies a certain upper bound on
the energy and materials feasible. These bounds can be shifted through switching to more advanced
technological knowledge -- provided this can be made available. Without both improved human
knowledge and cheap non-human energy flows, the characteristics of modern economic growth -- ever
increasing specialization of individual economic activity, the division of labor, and the scope and scale

of the market would not have been possible.

The tapping of non-human energy sources and their substitution for human physical work
resulted in a strongly growing energy flow utilized in production per hour worked, i.e. in an increasing
energy intensity. Coincidentally, the price of energy per umit, measured, e.g., in Mega-Joules, fell
strongly relative to the wage rate. This means that, on average, one hour of work was able to buy an
increasing amount of energy. Furthermore, the mechanization of the transformation of materials at large
increased output produced per hour worked, i.e. the general productivity of labor. Since, however,
energy intensity grew faster than labor productivity, the energy input per unit of output, the ‘energy
coefficient’, increased. This is particularly obvious in the agricultural sector where a direct comparison
between ‘primitive’ methods of cultivation based exclusively on human energy inputs and modern
methods based on non-human energy inputs is possible (see Pimentel and Pimentel 1979, Table 7.3, 7.4,
and 7.7). Needless to say, the productivity increases in agriculture thus achieved were instrumental in
feeding a growing number of people. In addition the productivity increases in the agricultural sector
improved the nutrition of the existing population an resulted in an increasing life expectancy as recent

research on the period since 1800 has shown (see Fogel 1986).



easily be imagined, given man’s large associative capacity, how an extremely developed hierarchy of

learned reinforcers emerges from the very simple innate learning mechanism.

In the light of this approach, some instructive conclusions can be drawn with regard to human
preferences. Their variety can obviously be explained as the result of a permanent learning process, a
slow process of preference formation and change. In an individual lifetime history of conditioning, a
more or less long chain of learned associations leads from the few innate preferences to those actually
revealed in current economic choices. These choices do not necessarily increase genetic fitness -- people
may, for instance, prefer to enjoy increased consumption rather than to raise children -- yet their
decisions are related, in a complex, idiosyncratic fashion, to basic preferences that once had an adaptive
value. In addition to the individual history of interactions of primary and secondary reinforcers, the
unique historical circumstances that make certain choices available to certain individuals at a certain time
also, of course, contribute to the enormous variance in actually observable choices in (and outside) the
markets. The question that remains is whether, in spite of all the variance resulting from the individual
influences, it can be argued taht a general tendency can arise in the grand total of human choices in a way
that is significant for characterizing economic evolution and, if so, whether such a tendency has

something to do with the basic innate preferences of man.

V. Economic Evolution - Between Anthropocentrism and “Nature’s View”
It has been argued in the previous sections that the Darwinian theory of natural selection is of little
heuristic use for conceptualizing evolution in the economic domain. There may, however, be an indirect
influence through some basic, innate, human preferences which play a role in organizing and directing
the individuals’ learning or preference formation processes. Before this question can be decided, it is
useful to briefly outline some of the significant features of economic evolution which have been
observed particularly over the past centuries. An almost trivial fact to be mentioned first is the
undiminished exponential growth of the human population. An important prerequisite for the economic
subsistence needed to feed a growing population has always been the provision of labor for the
production of the means which, in turn, are capable of satisfying the basic needs. However, it is only in
the last four centuries that growing technological knowledge made two things feasible at once -- a large

scale substitution of human physical work through non-human energy sources and a real boost in the



Depending on the particular choices available, any objects can, in principle, enter the utility function.
Since the individuals’ subjective preference orderings are not directly observable, laboratory revelation
procedures must be designed in which the ordering on a set of objects (as given by the experimentor) can
be inferred indirectly from the observed choices. Although an individual’s preferences may be viewed as
reflecting her/his desires, economic theory usually refrains from attempting to specify, in a more general
way the objects from which utility is derived. With reference to the subjective nature of their evaluations,
the question of whether individuals have certain preferences for objects in common, which would be

expected when preferences have a genetic basis, is left open.

It is interesting now that, in developing a theory of revealed preferences, economists have tried
to design basically the same experiments which behavioral psychology has set up for a different purpose,
namely when an attempt is made to empirically deteﬁnine reinforcers empirically, that is, those items
which have the power to reinforce operant behavior of an organism (Lea 1983). If a preference
revelation experiment were run with mammals, some basic items could therefore be expected to be
found as objects of the animals’ preferences - those which have been identified in laboratory
experiments with mammals (Millenson 1967) as primary reinforcers: air, water, sleep, warmth,
nutrition, sexual activity, maternal care, love and affection, physical activity, and novelty. Because thees
elements are held in common and because of their obvious adaptive value, they may be considered part
of the mammals’ genetic program. To provide a hypothesis about the common elements of individual
preferences, something which is missing in economic theory, these items may as well be considered part

of man’s genetic endowment.

However, besides these innate, primary reinforcers, behavioral psychology suggests the
existence of so-called “secondary” or conditioned reinforcers. They are acquired in a conditioning or
learning process which builds on the innate learning capacity shared by all vertebrates including man
(Skinner 1966, Pulliam and Dunford 1980, pp.11-44). According to this theory, learning secondary
reinforcers takes place by simple association with primary reinforcing events. If an originally neutral
stimulus is systematically paired with a primary reinforcing stimulus, an association is established in
such a way that the learned stimulus can eventually act as a substitute, at least for a limited time. A

stimulus associated with conditioned reinforcers can also acquire reinforcing power in this way. It can



capacity to anticipate consequences of their behavior and to take account of them deliberately by
searching for better solutions is more akin to Lamarckian than to Darwinian evolution. This is the reason
why economic activities are much more volatile. Nonetheless, adaptive features are present here as well
and they may be conjectured to follow their own regularities, Because of the limited human information
processing capacity, these regularities are likely to reflect mental, rather than genetic, selection processes
-- people are forced to be selective in what they sense, learn, and perceive. Since a coherent theory of
these mental processes is still lacking, the present understanding of ‘internal’ selection processes and
problem solving leaves many questions open. In any case, it may be inferred from the insights already
available that the anticipation of external selection forces by internal selection, i.e. cognitively guided
behavioral adaptations, does not necessarily lead to the same outcome as external selection alone.
Cognitive anticipation usually allows for a multiplicity of solutions to a problem. This is a forteriori true

where the invention of new, as yet unknown, solutions is considered.

IV. Economic Preferences and the Genetic Inheritance 10
Even though there does not seem to be any evidence that natural selection forces govern the rapid
adaptations of economic behavior observable in modern societies they may have an indirect effect.
During human phylogeny, natural selection did shape human genetic endowments which, because those
selection forces are no longer a source of systematic change, are still present and thus may have an
impact on economic behavior. Among these endowments the basic, apparently genetically coded,
conditioning or learning mechanisms and their “primary reinforcers” (Skinner 1966) seem to be
particularly relevant. Before explaining their influence on economic activities it is necessary to elaborate
briefly on the notion of reinforcers developed in psychology and on the notion of preferences considered

in economics as a determinant of human decision making,

In the economists’ view, individuals are supposed to order, according to their subjective
preferences, alternatives which are available for choice. When a choice has to be made, people decide in
favor of the most preferred of their alternatives. Under certain conditions, preferences can be represented

by a utility function in which the independent variables are quantities of the objects of choice.

10 For a more detailed discussion of the material of this section cf. Witt (1991).



may be different. The continuity of what has been suggested as the analogue of the selection mechanism

is lost. The argument derived from the selection metaphor rests on shaky foundations. °

In a more general perspective there is yet another reason for the limited usefulness of the
selection metaphor in the economic domain. In the genetic context, selective forces operate on a given
population and change the relative frequencies of the genes in the pool. The individual members of the
population have little, if any, room for escaping from these pressures or for adjusting to them. In this
sense, selection forces may be labqled ‘external’. In a similar way, the anonymous competitive forces of
the markets can be seen as external to the individual. The market participants unintentionally impose
constraints on each others in their multilateral interactions, and these constraints may even force some of
them out of business. Thus the population of agents on the supply and/or demand sides of a market may
systematically change over time. Yet, unlike in the genetic case, the agents are not helpless when
exposed to these changes. Indeed, an important part of the systematic changes observable in markets,
both in the composition of the participants and in their activities, may be attributed to the individuals’
attempts to anticipate the effects of the market forces and to take account of them. If successful, the
effects of ‘external’ selection are replaced by what would have to be labeled ‘internal’ selection - an

attempt to change activities deliberately and so to avoid unfavorable selection consequences.

Since this dimension of economic behavioral adaptation has no equivalent in the genetic
domain, the selection metaphor may be a misleading heuristic for understanding the crucially important

feature of economic evolution - the role played by learning and cognition. In fact, the individuals’

? The conclusion which Audretsch (1995, p.186) draws from his empirical findings is worth
noting in this context: “..the main message ... is that, with respect to the dynamic patterns of firms over
time, there is, in fact, no tendency that can be generalized. Rather, the dynamic nature in which firms and
industries tend to evolve over time varies substantially from industry to industry. And there is at least
some evidence that it is differences in the knowledge condition and technology underlying the specific
industry, that is the nature of innovative activity, that account for variations in industry evolution across

markets”.



structured processes than in the Darwinian example. In evolutionary economics they therefore lack much

of the significance they have in evolutionary biology.

Despite these reservations, the weakened form of the analogy suggested by Nelson and Winter
(1982) is, up to the present, probably the most influential contribution to evolutionary economics. They
argue that firms are organizations which have to base their internal interactions on behavioral routines,
rules of thumb, and regular interaction patterns. The firms’ behavior in production planning, calculation,
price setting, and even the allocation of R&D funds is viewed as rule bounded. The corresponding
“routines” are interpreted as the ‘genotypes’ while the firm’s specific decisions thus derived are
interpreted as ‘phenotypes’. The latter may be more or less favorable for the firm’s overall performance
measured in terms of profitable growth. Assuming that routines which successfully contribute to growth
will not be changed, the actual expansion can be understood as an increase in relative frequency of those
‘routine-genes’. Routines which cause deterioration in the firm’s performance, on the other hand, are
unlikely to replicate. The development of behavioral routines is thus considered to be a significant
instance of economic evolution and an object of selection processes. Yet, there is little to support the
assumption that this development is governed by a continuously operating selection mechanism
(perhaps even one following transition laws given by a time-dependent change of respective frequency
distributions). On the contrary, it is most likely that firms facing deteriorations are induced to identify the
deficient routines and to replace or improve them in a kind of intentionally produced mutation of their

‘genes’,

Nelson and Winter (1982) argue that such improvement or replacement activities are themselves
subject to (higher) routines, and that the differential growth argument therefore applies once again. It
may indeed be that firms activate higher problem solving routines on a regular basis when a crisis occurs
or is expected to occur. Yet, the outcome of these problem solving routines is often more likely to
depend on whose problem solving capacity is involved in those routines than on the routines themselves.
In this case, the differential success of the problem solving process triggered cannot be derived from
differences in those routines. Differential success is basically unpredictable (much lﬂ{e mutation in the

genetic sphere). When different people are involved in the same routines at different times, development



artefact can thus be seen in the changes in its production technology, its mechanical layout, and its
appearance. Its ‘population dynamics’ were significant before it eventually became extinct. Nonetheless,
it is hard to provide a coherent explanation of the development in terms of a selection model. Many of
the changes may be due to limitations on the materials available or to manufacturers’ costs. Other
changes may have been introduced by the manufacturers in anticipation of changes in fashion, i.e. biased
adoption decisions of the consumers. A general causal structure does not seem to underlie these changes
nor is there any hint of a continuously operating selection mechanism. The development of other
artefacts has had different features so that the chances of finding a coherent explanation on the basis of

the selection metaphor appear negligible. 7

Another answer to the question of what might be the object of economic selection, or the
evolving entity, in the domain of economics has been given in the literature on firms’ organizations and
their growth, persistence, decline, and eventual exit from the market. These contributions grew out of the
debate on “economic natural selection” which has been instrumental in the development of evolutionary
economics. ® The question raised was whether, and to what extent, diversity in the firms’ goals and
performances would be eliminated by competition. Would all those forms which are not sufficiently
proﬁ’;able be driven out of the market? The idea was explicitly derived by analogy with Darwinian
thought. However, for logical reasons, the analogy is difficult to defend. First, no convincing analogue
for the two separate, systematically interacting, levels of the genotype and the phenotype can be found
in the economic domain, a point already made by Winter (1964). Second, there is no entity comparable
to a gene pool in terms of continuity or, more specifically, no equivalent to the continuity of the germ

plasma. As a consequence, the notions of selection and replication refer to much less constrained and

7 Several aspects of the changes which occurred in this and many other artefacts may, however, be
captured quite well by a diffusion approach not based on any notion of selection, see Rogers (1983),
Metcalfe (1988), Nakicenovic and Griibler (1991). As explained in more detail elsewhere (Witt 1992),
the frequency dependency effect is a dominant feature of diffusion processes and represents an

important element in formulating respective transition laws.

8 Alchian (1950), Penrose (1952), Friedman (1953); among the few empirical studies are

Wedervang (1965) and, more recently, Audretsch (1995).



groups of agents, is an essential element of economic evolution and may yield a basis for deriving
appropriate transition laws (for a corresponding modeling effort see, e.g., Witt 1996). The point is,
rather, that these processes of transmitting knowledge within a human population are too little
understood to justify the farreaching conclusions Hayek wants to draw. ©
ML, Natural Selection as a Metaphor

Attempts to construct analogies between genetic and economic evolution (e.g. in Boulding 1981,
Hirshleifer 1982, Matthews 1984, Allen 1988, Metcalfe 1989, Faber and Proops 1990, Saviotti and
Metcalfe 1991, Hodgson 1993, Anderson 1994, Gowdy 1994, chap.5) seem to be more popular than
attempts to apply the theory of natural selection directly, or so it seems from their frequency. Yet there
are serious objections to this kind of transfer too. To demonstrate this, imagine, for the moment, that the
metaphor is used for the economic context. What then would the objects of economic selection be, or
what would have to be thought of as the evolving entity in the domain of economics? Quite diverse
answers to this question have been suggested in the literature. Some sudies, for instance, focus on human
artefacts such as mechanical devices for power transmission (Usher 1954) or products which serve
certain particular needs (Saviotti 1988). The history of such artefacts is often well-documented. The
Comptoise clock, which was produced from 1680 to 1914 in a small part of eastern France, is a telling

example (see Schmitt 1983).

The basic mechanical layout of that pendulum clock has changed only in minor ways. The
transition from manufacturing by hand (an estimated 20 000 pieces in the roughly first hundred years) to
mechanized mass production (an estimated 2 million pieces in the following hundred years) has been
accompanied mainly by changes in the outer appearance of the clock and the materials used. There have

been several generations of faces, pendulums, and devices for striking the hour. The evolution of this

The co-evolutionary approach suggested, among others, by Boyd and Richerson (1985) covers
several ideas of Hayek’s theory in detail and is quite explicit in deriving corresponding transition laws.
However, where it is not based on analogy, its crucial assumption is that social learning processes and
genetic evolution interact or interfere with one another . Implicitly, this view presupposes that the theory
of natural selection can be applied, albeit in a biased form, to present day human behavior, an

interpretation that has been rejected here for the reasons given above.



(Hayek 1967) whose role, he claims, is often not understood even by those who follow the rules. They
are passed on through cultural transmission - a ‘blind’ or spontaneous process in the sense that it is not

consciously planned or controlled.

Hayek argues that the questions of which rules come into being, and how this happens, is a
matter of historical accident. In contrast, systematic influences that result from a selection process decide
which of the rules survive. He believes that the process shapes culturai evolution and operates on groups,
where the groups are defined as sharing the same rules of conduct. Those groups which succeed in
developing and passing on rules better suited to governing their social interactions are able to grow and
to feed a larger number of people. Their relative superiority may enable them to conquer and/or absorb
less well equipped, competing groups and thus, unintentionally, propagate the superior sets of rules. A
growing population requires increasing specialization and division of labor. This, in turn, means that the
underlying rules of conduct and the order they induce is extending. The rules become more
differentiated and abstract (and, for the single mind, more difficult to understand). An “extended order”
is seen as spontaneously emerging in this way over centuries. It is what has enabled modern societies to
achieve a historically unique level of civilization and productivity. This order embodies an impersonal
intelligence accumulated during the selection processes in the form of surviving impersonal rules of
conduct. Its most important achievement, Hayek (1988, chap. 3) submits, is trade and the emergence of

a system of markets,

Thus, Hayek’s theory is based on the twin ideas of spontaneous order as a system of impersonal
rules of conduct and evolution as a result of group selection. Taken together they amount to claiming that
natural selection not only ‘chooses’ between competing species, it also ‘chooses’ between the competing
groups of humans in which acquired cultural norms and rules are fixed. The problem with Hayek’s grand
wview is that it offers no explanation of the crucial processes of social learning and the transmission of the
rules of conduct. How do these processes operate? Is their continuity sufficient to ensure that group
selection can indeed exert a differential effect on the replication of the rules? Since much of the process
is tacit, is it possible that “observational” or “vicarious” learning (Bandura 1986), i.e. learning by
imitation, plays a crucial role? How does this fit the standard interpretation of group selection? These

questions do not deny the possibility that social or collective learning, which takes place within stable



conducive to that success. * In the absence of selection pressure -- in a situation of affluence -- behavior
which contributes to genetic fitness is no longer selected for. Behavioral variety may then increase and
include variants which have no adaptive value. Thus, in a state of affluence, the Darwinian approach to
explaining behavior by reference to its contribution to inclusive fitness is much less significant than
under conditions of selection pressure. Given the abundance which modern economies have been able to
create, it can scarcely be doubted that human behavior can vary significantly without having a
differential impact on reproductive success. In particular, economically more or less efficient forms of
behavior do not seem to correlate with generating more or fewer offspring, not even when a trade-off

between quality and quantity in raising offspring is accounted for. *

In a modified form, a direct application of Darwinian thought also underlies the theory of
societal evolution outlined by Hayek. > He assumes three levels of evolution. The first is that of genetic
evolution in which primitive forms of social behavior, preferences, and attitudes which bring about order
in social interactions have been fixed genetically during man’s phylogeny. Second, there is the evolution
of the products of human intelligence and knowledge. Freed from the finite existence of each individual
brain by efficient forms of coding, storing, and transmitting information, human knowledge has
expanded enormously. Today the extent to which it makes the mastery of nature possible is impressive.
Third, and this is what Hayek considers the core of his approach, there is the level of cultural evolution
operating “between instinct and reason” (Hayek 1988, ch.1). Culture, in Hayek’s interpretation, is

neither genetically conditioned nor rationally designed. It is a tradition of learnt “rules of conduct”

3 As, for example, the size and quality of a habitat. It is worth noting that competition for scarce
resources may exert its influence through an ecology effect. Competition for feeding opportunities at the
level of the predator may induce selection pressuré at the level of the prey, if the adaptive features of the

prey population vary as in the case of the evolution of industrial melanism.
4 For further discussions see Witt (1985) and Hermann-Pillath (1991).

5 For statements of various aspects of that theory cf. Hayek (1971) and the epilogue in Hayek
(1979) in which he explicitly draws on older notions of group selection in sociobiology; see also Hayek

(1988).



Following the lead of sociobiology in explaining the emergence of “reciprocal altruism” (Trivers 1971),
evolutionary game theory has been applied to social dilemmas, particularly the prisoners’ dilemma,
arising in economic interactions. Conditions are derived under which, in a suitably defined human
population, agents who share ‘altruistic’ genes have a selective advantage. They behave cooperatively
even where, with self-interested preferences, rationality forbids such behavior. The contributions
provide a logically sound explanation for the compatibility of altruism and rational decision making
within a certain population where otherwise they are irreconcilable. It is the irreconcilability that gives
rise to the dilemma. Taken by itself, this application of evolutionary game theory to human behavior can
be interpreted as referring to early stages of human phylogeny during which selection pressure was
intense. Preferences for behaving altruistically towards certain persons may have then been genetically
fixed and thus still be present today. The argument has something to it and will be discussed further in

section IV in a more general form.

The argument does not imply that the process described by evolutionary game theory is still
operating on human behavior today. In fact, such an interpretation would be much stronger and difficult
to defend. A vast array of inherited traits determines the potential behavior of each individual in a
population of genetically reproducing organisms of a certain species. Genetic variety in the gene pool of
the population translates into a distribution of traits and thus into potential behavior. 2 The case in which
differences in the inherited traits of the organisms imply differential reproductive success and induce a
change in the distribution of traits in the gene pool of the next generation is a situation of selection
pressure. In the original, Malthusian, spirit of Darwin’s theory, selection pressure may be considered to

be reflecting a situation of competition between organisms for reproductive success or for items that are

2 On the ontogenetic level, environmental influences (e.g. nutrition conditions) which affect the
growth of the phenotypic organism may differ in their impact on actual behavior and thus affect the the
extent to which this behavior lives up to its genetically determined potential. The ontogenetic differences
are, however, supposed to have a minor and non-systematic influence on reproductive performance, i.e.
the number of living offspring who carry the gene-pool of the next generation, compared to the influence

genetic differences have.



mechanics (see Mirowski 1988). In this they were turning their backs on both the pre-Victorian (Smith
1759, 1776) and the Victorian (Mill 1848) versions of social philosophy. They had a “mechanics of
utility and self-interest” in mind in which the state of rest, and not processes of change, figured most
prominently. Focus was on the (market) equilibrium in which not only all individual plans fit together,
but in which all the agents’ utility reaches an extreme value, a maximum in this case, subject to the
mutually imposed constraints. (This is the dual formulation of the concept of equilibrium in classical
mechanics where the state of rest is associated with minimum free energy.) The basic concepts and the
way in which they were presented, came from Newtonian physics -- the approach which the ‘Darwinian

revolution” had just begun to challenge (Mayr 1991, Chapter V).

In view of these markedly different intellectual developments and in view of the fact that an
evolutionary approach is now more seriously being used in economics, it may be asked how relevant the
‘Darwinian revolution’ is for economics. In economics attempts to actually make recourse to Darwinian
concepts have so far been made in two different ways. One is the direct application of the theory of
natural selection to human economic behavior. The other is a metaphorical use of Darwinian concepts in
the construction of analogies. As is to be expected, the different approaches imply entirely different

_answers to the question just posed. The present paper briefly outlines these approaches and discusses
possible parallels with evolutionary biology. Section II focusses on the attempts at applying the theory of
natural selection directly to the economic domain. Section III turns to contributions in economics in
which the theory of natural selection is used as a metaphor. In section IV the theoretical background of a
more indirect interpretation is sketched. Section V highlights some of the significant historical features
of long term economic development and argues that the explanatory sketch given previously is helpful in
making sense of the observed features of economic evolution in terms of a broader Darwinian world
view. Section VI offers some conclusions.

II. Does Natural Selection Operate on Economic Behavior?

Attempts to extend Darwinism directly to human economic behavior have been made in contributions
covering several topics such as game theory (Hansson and Stuart 1990, Giith and Yaari 1992) and social
philosophy (Hayek 1967, 1979, 1988). The game-theoretic contributions are motivated by the fact that
humans are a result of genetic evolution and that human behavior, in particular all kinds of behavior

conducive to, or instrumental in, enhancing reproductive success, has been subject to natural selection.



i. fmtroducaon
Present theorizing in economics is mainly directed towards two goals. First, there is the functionalist
endeavor at explaining, or better rationalizing, why certain kinds of behavior and institutions can be
observed in the economy. Second, efforts are made to attribute, in a hypothetico-normative manner,
certain features, such as efficiency, equity, or optimality, to the outcome of the economic process. Both
strands of thought relate to a definition of economics as a discipline which deals with the problem of
scarcity. As a result of “nature’s parsimony”, as Ricardo once put it, humans (and probably not only
humans, see Ghiselin 1978) have to use scarce means to achieve given ends. An alternative to this
latently normative orientation is to interprete economics as a theory of human social behavior in the
context of what are usually considered economic activities, namely production, accumulation,
distribution, exchange, and consumption. From this perspective, explaining why and how the
historically observable forms of prodﬁction, accumulation, distribution, exchange, and consumption
change so significantly and why the changes have accelerated so much in the last few centuries is a

natural goal for economic theorizing.

It is precisely this reinterpretation of the economic sphere as undergoing continuous change
which has recently induced increasing efforts to develop an evolutionary approach to economics. Some
economists at the turn of the century influenced by the ‘Darwinian revolution’ in natural history and the
sciences in the 19th century had already expressed an interest in such an approach. ! However, their pleas
did not have much influence on actual economic theorizing. Darwin’s -- and, even more so, Spencer’s --
thought seem to have been inspired by the idea of extending the upper classes’ liberal social philosophy
of Victorian Britain to nature (Young 1988; Bowler 1989, 1995; Desmond and Moore 1991; Richards
1992). The inspiration guiding economic theorizing at the end of the 19th century was quite different.
The proponents of the ‘neoclassical revolution’ in economic theory (Walras 1874/1954, Edgeworth

1881, Pareto 1896) tried to establish economic theory in terms of concepts borrowed from classical

1 See the often cited introduction to Marshall (1898/1938); see Veblen (1898) and Schumpeter
(1912/34); a good survey is in Hodgson (1993); for a most recent restatement of such an interest see

Khalil (1992).
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But clothes fashions and some aspects of business practice
may be others.

As the above remarks suggest, I regard ability to
specify selection criteria and mechanisms as essential to
effective evolutionary modeling. In many cases, it also
seems essential to be able to specify in some detail the
mechanisms that generate innovation. Here, evolutionary
economic theory still is rather backward.

To date, for the most part evolutionary economic
theories have assumed either that new variety (innovations)
are marginal changes from extant variety, or that the process
is strictly random, or some of both. This has sufficed for
the creation of formal models of technological and economic
change that have aimed to explain relatively broad stylized
facts. However, they clearly will not suffice if the focus
is on more fine grained phenomena, like the development of
computer technology, and changes over time in the structure
of that industry.

In fact, Winter and I, along with Franco Malerba and
Luigi Orsenigo, are now working exactly on this problem. We
are calling the new kinds of evolutionary models we are
developing "history friendly". I would be delighted to tell

you more about this during our discussion period.



selection forces. Rather, if the theory is basically
correct, the understanding is that these phenomena are shaped
to a significant extent by random forces, and that the
attempt to explain them in terms of "efficiency" may be a
fool's quest. |

The conceptual and analytic issues here are not simple
for someone who espouses an evolutionary theory of economic
behavior and performance. In particular, they focus
attention on a particular aspect of much economic
evolutionary theorizing - the presumption that the practices
that one observes are "functional" in some sense for the
entities that have adopted them. Many years ago Jon Elster
questioned the use of "functional" theories in the social
sciences, while at the same time granting the Nelson-Winter
theory approval as an exceptipn. I noted above that most
evolutionary theorizing by economists links adoption of a
practice by an entity to its profitability, which in turn is
linked to its ability to survive. This theoretical strategy
both enables a functional argument to go through, and
eliminates the need to take explicit account of belief
systems and conscious goal-directed decision making.

But what of aspects of human individual and
organizational practice where survival is not at stake? It
would appear then that an evolutionary theory needs to deal

explicitly with belief systems. Science is one case in point.



consumption of primary reinforcing items -- food, drinks, entertainment, mobility, living space, and so
on -- to a level of satiation. Before satiation is reached, suppliers of those items search for and create
more sophisticated ways of consuming those items, The satiation features of some items, such as food,
set more narrow limits on the expansion of the consumption than others like the diverse services
mentioned above. Since many of these services, in particular those relating to mobility, rely more
heavily on energy flow inputs than on material inputs, energy consumption is unlikely to reach satiation
in the future. If the above suggested working hypothesis about the role of innate primary reinforcers or
preferences suggested above holds, it may be argued that a Darwinian perspective on economic
evolution is fruitful, and that it leads to important material conjectures about economic evolution -
provided, however, that perspective does not build on misleading metaphors or misconceived

applications of the theory of natural selection to the domain of economics.

VL Conclusions
Human economic activity has changed significantly over time and, apparently, is continuing to do so in
an accelerating fashion. In view of this, the static (and latently normative) interpretation of the economy
in modern economic theory is quite inapt. An “evolutionist revolution” does seem warranted. However,
unlike the amazingly simple and yet powerful principles of genetic variation and natural selection which,
as Darwin discovered, undeilie the evolution of the species, the regularitieéwhich economic evolution
may follow seem to operate in a way that is far more complex. The idea of applying the theory of natural
selection directly to explaining the rapid adaptations in modern economic behavior cannot be upheld.
There is simply no evidence for a systematic, differential, reproductive effect of certain kinds of
economic activities. Metaphorical use of core notions of the Darwinian theory -- selection, variation, and
replication -- in an economic context is no less problematic. Economists sometimes indulge themselves
in speaking of selection forces metaphorically to highlight the outcome of competitive processes,
particularly market processes. Agents in the markets compete with each other and the relatively
efficient, incompetent, or simply hypertrophic, competitors lose and eventually go out of business (an
economiic, not a physical, extinction). But the differences between the actual economic and biological
processes referred to by the term selection, and the results produced by these processes, are so very
different that the metaphor is of limited value for economic theory. The simple reason is that, in the

domain of economics, there is no structure comparable in its continuity with the genetic mechanisms that



have led to the emergence of species in nature. An inspection of long term economic development can,
however, help identify certain regularities which can be explained by evolutionary concepts as long as
these are defined in a broader sense. A theory of preference formation has been suggested that points to
some crude, genetically coded, human dispositions which may have a weak but persistent effect on
economic choices and would explain the observed regularities. Economics may thus be fruitfully
approached on the basis of a Darwinian world view in which natural selection has been, but no longer is,

the immediate shaping agent.
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Introduction

The subject of this paper is focused on public management of
national projects. Here, I am talking about those large science
and engineering projects, that cannot be managed neither by
scientists nor corporations alone without direct government
involvement.

I have in mind high energy physics facilities, space research,
fusion energy, oceanography, and Antarctic projects as examples.
In these areas, even a single national government's involvement
is no longer sufficient, thus, an international cooperation will
be necessary, because none of us, Europe, North America, and
Japan, can easily afford the total cost. Moreover, the smaller
nations share a desire for access to the best facilities for
.these scientific researches.?!

Indeed, in these areas, the government can play an important
role in the creation of new science and téchnology, but it is a
different role than that of corporations. That is, the govern-
ment must approach the creation of new technology with a view
that is different than that taken by successful corporate manage-
ment, which can be characterized based on the concept of "natural
trajectory." The cumulative nature of technological advance has
been described by Nelson and Winter as following a natural tra-
jectory: today's research produces successful new technology and
the natural beginning place for tomorrow's searches. 2 They dis-
cuss a "neighborhood" concept of a quite natural variety: once a

system proves to be a success, it is possible only to make minor



changes.

However, a set of technological possibilities sometimes con-
sists of a number of different classes of technology. Within any
of these classes, technological advance may follow a particular
trajectory. At any given time, all R&D may be focused on one
class of technologies with no attention paid to other classes of
technologies.3 These path dependencies, which are often involved
in technology development, indicate the possibility that the
system will lock into paths that are not globally optimal.4

Public policy discussions, therefore, should be centered around
how to unlock the path we have been taking, and to explore all
the possible trajectories. In order to unlock a less-globally-
optimal trajectory which have been taken, we might need a diver-
sity in technological approach and a redundancy in organizational
setting. The Manhattan project, however, is still the convention-
al model for government involvement in the creation of new tech-
nology. According to Nelson, this model involves a willingness to
make large early bets on particular technological options and
force these through at very high cost.?

International cooperation has followed this model, and has been
dominated by notions of cost sharing and task sharing. According
to Branscomb, for example, cost sharing is being practiced in the
European Center for Nuclear Research (CERN), and task sharing as
represented in the U.S. space station, where different nations
provide components to be assembled into the final system.6 Howev-
er, dividing up costs and tasks suggests that an option has
already been selected.

In this paper, therefore, using the path dependency as the



framework of analysis, I will try to describe the Japanese expe-
riences of national projects: one is the nuclear program and the
other is the space program. By reviewing the Japanese develop-
ment of nuclear programs, I will make a study of technological
lock-in. By réviewing the Japanese space programs, I will show
that the importance of organizational redundancy is built into
the Japanese programs, whether it was intended or not.

In the face of huge ex ante uncertainties concerning the uses
of new technological capabiiities, Rosenberg points out that
private firms can depend upon the market mechanism, and that it
encourages exploration along a wide variety of alternative
paths.7 In these national programs which we have been studying in
this paper, however, we cannot rely on the market mechanism.
Therefore, I will come to propose a new idea for international
'cooperation, i.e., option sharing. |

"Option sharing" is a concept which entails dividing up the
burdens and responsibilities for pursuing each of the possible
scientific and technological options in a given area. I will
argue that a thorough search of all possible options should be
the main objective of future international cooperation. For the
management of this new type of international cooperation, I will
draw some lessons from Japanese experiences in government-
sponsored joint research among private firms, although these

collaborations were conducted at domestic level.



1. Technological Lock-in: Japanese Nuclear Programs

Japan's total R&D budget for nuclear development is noW far
larger than any other country's, and comparing how this sum is
being spent in Japan with how money is spent for nuclear develop-
ment in other countries makes it clear that Japan has made a
strong commitment to a specific technical option, the fast breed-
er reactor (FBR). By 1990, Japan's FBR budget has become the
largest in the world, as shown in Table 1. Having reached that

level, its future has become uncertain.

Table 1 Total nuclear and FBR budgets in major countries

Country Total FBR
($million) (Smillion)

Japan (1991) 3,200 520

U.s. (1992) 1,100 50

France (1990) 2,000 61

Germany (1991) 1,000 40

U.K. (1990) 800 176

Source: Science and Technology Agency, Nuclear Power Pocket Book
(in Japanese), (Tokyo: Japan Atomic Industrial Forum,
1992).

Notes; U.S. budget is the Department of Energy's nuclear R&D plus
radioactive waste management budget. The FBR budget is
"advanced reactor" budget. French budget is total civilian
CEA budget. German budget is BMFT's total budget. UK's is
UKAEA's total civilian budget.

Japan's interests in nuclear technologies began in 1952 when the
U.S. occupation ended and a ban on nuclear research was lifted.
In 1955, Japan's Basic Atomic Energy Law was enacted, and the
Japan Atomic Energy Commission (JAEC) was created in 1956 as the
authoritative entity for policy decisions. JAEC's main task was

to create a long-term development plan to promote domestic nucle-



ar technological capabilities.8

JAEC published its plan for power reactor development in 1966.
The plan, which is still the essence of Japan's existing nuclear
reactor development programs, defined the FBR as the primary goal
of advanced nuclear reactor development.9 It is not surprising
that a resource-poor country like Japan adopted FBR as its major
goal, as in theory FBRs can produce more fuel than they consume.
Furthermore, at the time of adoption, the world uranium resources
were believed to be limited, and most other advanced nuclear
nations took the same strategy.lo The plan also called for the
establishment of a domestic fuel cycle, which would include the
reprocessing of spent fuel, which is essential to extract pluto-
nium for FBR.

JAEC's plan was the first strong commitment to the development
of "indigenous" technology in Japan. It was a break in the pat-
tern of technology importation that had been prevailed in Japan
since the late 1880s. To achieve its goals, the government estab-
lished the Power Reactor and Nuclear Fuel Development Corporation
(PNC) in 1967 to develop FBR and its associated fuel cycle tech-
nologies. Over the years, Japan's nuclear budget has increased
drastically. Before 1967, the budget increase was moderate, but
it jumped in 1970 and then grew six fold in 10 years, thus,
making it one of the largest nuclear budgets in the world.

PNC's original mission is now complete. The next step for FBR
development is to build a demonstration power reactor (DFBR), but
for several reasons, the future of DFBR and the mission of PNC

have become uncertain. First, the commercial need for FBRs has



become much more uncertain. Uranium resources are now believed to
be plentiful, and the price of uranium is now the lowest it has
been since the 1970s. On the other hand, construction costs as
well as fuel cycle costs for FBRs, are still very high.

Second, existing FBR design and technology are no longer ac-
cepted as the best technical option for future nuclear develop-
ment. For example, although a large-scale oxide-fuel FBR was
believed to be suitable for commercial design, a small metallic-
fuel fast reactor is emerging as a possible candidate. This type
of reactor does not necessarily "breed" the fuel. Its design puts
more emphasis on passive safety features rather than breeding
capability. As waste management has become a critical issue to
nuclear development, another fast reactor design that can "burn"
or "transform" long-life radionuclides has become attractive.
There is no clear consensus among nuclear experts today on the
type of advanced reactor design that should be developed further.

Third, FBR uses plutonium, a material for nuclear weapons, as
a fuel. Using plutonium as a fuel has increased political con-
cerns about the risks of nuclear proliferation and possible
diversion of fuel to nuclear explosiVes.vBecause of recent
progress in nuclear disarmament, large quantities of plutonium
may become available from dismantled nuclear warheads. This may
increase political pressure to minimize civilian plutonium pro-
duction. This political uncertainty and environmental concerns,
which claim that plutonium is one of the most toxic materials in
the world, have made the future even more uncertain of FBR pro-
grams.

Fourth, most advanced nuclear nations either canceled or de-



layed FBR development programs. The United States canceled its
demonstration project, the Clinch‘River Breeder Reactor, in the
early 1980s. Germany's demonstration reactor (SNR-2) and proto-
type reactor (SNR-300) were halted in 1980s. Great Britain has
decided not to finance its FBR programs. Even France, which has
been most aggressive in developing FBR, recently announced that
it will not reopen its demonstration FBR (Superphenix) because of
its technical problems.

Finally, the Japanese public attitude toward nuclear power has
added further uncertainty to nuclear planning. While a majority
of the public still believes nuclear power is necessary for the
country, the portion of the public that favors a larger role for
nuclear power has dropped below half for the first time in the
1990 government poll.
| In conclusion, this kind of Japanese nuclear dilemma has been
summarized by T. Suzuki as follows: to some Japanese leaders, any
policy change seems like a threat to existing programs. But while
consistency is certainly an element of success, other considera-
tions need to take priority. Japan's nuclear policy will remain
credible only if it reflects new realities and reduces economic

and political risks. 'l

2. Exploring Alternative Paths: Japanese Space Programs

My criticism of the Japanese nuclear energy policy is not that it

made a major commitment to FBR that subsequently turned out to be



problem-ridden. A more appropriate criticism is aimed at the
single-mindedness of the focus on FBR power that led to a compar-
ative neglect of many alternatives. It now becomes more important
to explore a wide variety of alternative paths, rather than to
follow a single natural trajectory.

In fact, a pervasive uncertainty not only characterizes basic
research, where it is generally acknowledged, but the realm of
government-sponsored development projects. Consequently, as
Rosenberg asserted, the pervasiveness of uncertainty suggests
that the government should ordinarily resist the temptation to
play the role of champion of any one technological alternative.
He argues, therefore, it would seem to make a great deal of sense
to manage a deliberately diversified research portfolio, a port-
folio that is likely to illuminate a range of alternatives in the
event of a reordering of social and economic priorities.12

The importance of diversity in technical approach was vividly
demonstrated by the contrasting differences in commercialization
of space activities between the United States and Europe. While
the U.S. was once trying to integrate various space transporta-
tion activities by reusable Space Shuttle System, European Space
Agency (ESA) led the commercialization by its disposable Arian
Rocket System. In retrospect, the different approach by European
contributed on activating the worldwide space activities.

Whether it was intended or not, the importance of organization-
al redundancy is built into the Japanese space programs. Japan's
space efforts started in early 1950s at the University of Tokyo,
which led to the successful launching of its first so-called
"pencil rocket" in 1955. But during the early 1960s Japanese



space programs were still modest in size and concentrated in
science program. In 1967, however, the "Space Activities Commis-
sion (SAC)" was established to develop a comprehensive Japanese
space development programs. The SAC also suggested to establish a
national RD&D organization, in order to promote "national ef-
forts", hoping industry and the government can cooperate in
promoting space technologies. National Space Development Agency
(NASDA) was established in 1969 as an independent corporation,
and its major mission was to develop "Japanese satellites and
rockets".

NASDA's budget increased rapidly during 1970s as the develop-
ment of rockets and satellites proceeded. And the NASDA's share
was about 85% of entire national space budget. While Japan's
space program is still small as compared with the United States,
it's size is now comparable to those of other industrialized

nations, as shown in Table 2.

Table 2. National Space Budget in Major Countries

($ Million)
Country 1970 1991
U.S. 3,644 15,010
France 145 1,893
Japan 41 1,367
Germany 87 1,021
U.K. 44 290

Notes: Military related budgets are all excluded.
- Source: National Space Development Agency, 1992.

Ironically, however, now that the NASDA had successfully launched

its H-II rocket (100% domestic rocket with a world-class payload



of 2 tons) in Spring of 1994, the Institute of Space and Astro-~-
nautical Science (ISAS), founded in 1981 from University of
Tokyo's Space Research Institute, is increasingly attracting
attention of space experts.13 The ISAS is legally restricted to
only "space science" and has maintained independent position in
the Japan's space program. In January 1990, it successfully
launched a unmanned rocket to the Moon which made Japan the third
‘(following the U.S., Russia) country in the world to send a Moon
satellite.

Although SAC had kept encouraging ISAS-NASDA cooperation more,
the redundancy might become more important for the future devel-
opment than the removal of the wasteful expenses. In other words,
we should pay a more attention to the differences in basic design
philosophy and mode of technology transfer between these two
organizations, whose missions are so different with each other.

Since it was started, ISAS had been developing domestic tech-
nologies in a consistent way. They are using only solid fuels.
Its technology strategy for securing reliability is a system
simplification and a wider margin of safety factor. Its develop-
ment strategy is to conduct various tests in the space instead of
doing them on ground, and thus to reduce the costs.

The NASDA's strategy, on the other hand, is following the
tradition which NASA was developing since its Apollo project. Its
reliability is secured by redundancy design, by detailed testing
of components and subsystems, and by verifying the whole system
on ground. While several unique designs can be found at ISAS
system, the NASDA's system is based on those designs which had

been verified elsewhere. Despite these differences, the two



systems have so far achieved reasonably good performance re-
cords.

When it comes to possibilities of technology transfer between
these two projects, many Japanese suppliers are providing these
two organizations with their components and subsystems. For
example, Nissan Motor Co., a provider of solid-fueled rocket
system for ISAS, and NEC Corp., a provider of science satellite
for ISAS, are also involved in the NASDA's projects. Through
these suppliers, ISAS and NASDA can indirectly share each other's
system characteristics and development experiences. In short,

they can benefit from each other through suppliers channels.

3. Cooperate and Compete: Option-Sharing

3-1 Cooperation Scheme

Recent news about cold fusion and warm-temperature superconduc-
tivity, is a stunning reminder that science and technology entail
a vast array of options and alternatives. A thorough search of
all possible options, therefore, should be the main objective of
future international cooperation.

Under option sharing, in the early phase of the development of
large projects involving international cooperation, scientists in
each nation would pursue the approach of their own choosing,
which would be explored on an affordable scale. By international
agreement, all information about each approach would be open to

scientists pursuing complementary projects in other countries,



and, as each project matured, scientists could elect to work on
the project of their own choice, regardless of national location.

Of course, this cooperation scheme should not permit one‘coun~
try to force the option it has selected on other countries. Each
country should have the right to choose which option it wishes to
pursue. Given the need to ensure that all possible options ére
covered, of course, there would have to be a certain amount of
compromise and adjustment. In the case of projects like the super
collider, in which scientific value outweighs the merits of
diversity, prior agreement would have to be sought for sharing
costs and tasks to implement the scientific principles as a truly
international facility.14 However, the soaring costs involved in
large engineering projects is due, at least in part, to the
increasing number of options and to the pressure imposed on a
single government to cover all the costs involved in exploring
all the options simultaneously. Only through international coop-

eration, is it feasible to pursue all potential options.

3-2 Technological Rationale: Calibration of Progress

Covering all possible options through international cooperation
would have a profound effect on the development of technology.
While science aims at an absolute truth, technology aims at
relative superiority. Determining the most meritorious technical
option, therefore, is not possible unless all the options are
demonstrated and compared. Option sharing should not be looked
upon that a country relies on advances made by competing projects
of other countries. Instead, the other countries will provide a
calibration of the state of art of technical advance, with trans-



parency provided through international cooperation.

Geraldo Hane studied on the Japanese R&D consortia that re-
volved around three or four key firms that are capable of advanc-
ing and commercializing the core technology.15 Those eight cases
he examined are listed in Table 3, together with identification

of key participants.

Table 3. Primary Systems and Device Developers

Project Key Firms

MHD Power Generation Hitachi, Mitsubishi Electric, Toshiba

Linear Motor Car Hitachi, Mitsubishi Electric, Toshiba

Superconducting Hitachi, Mitsubishi Electric, Toshiba

Generator

300 kW Gas Turbine IHI, Yamar Diesel, Kawasaki HI (systems)
Kyocera, NGK Spark Plug, NGK Insulators
(ceramics)

100 kW Gas Turbine Toyota, Nissan, Mitsubishi Automotive

(prototype engines)
Onoda Cement, Noritake, Nihon Cement

(ceramics)

Josephson Junction Hitachi, Fujitsu, NEC

Superconducting Sensor Hitachi, Yokogawa Electric, Shimazu,
Toshiba

Stirling Engine Mitsubishi Electric, Tokyo Sanyo,

Aisin Seiki, Toshiba

Source: Geraldo J. Hane, "R&D Consortia -- Contrasting U.S. and
Japanese Strategies," Center for International Studies, MITJP94-
02, Massachusetts Institute of Technology, 1994, pp. 10-12.

He finds that the key developers are not given common tasks, but
are typically assigned parallel tasks to develop slightly differ-

ent prototypes. These firms then compete in the development of



these core technologies. He also discovered that the firms do not
rely on advances of their competitors. Rather, the other firms
provided a calibration of the state of technical advance, with
transparency provided through the national laboratories in their
role as evaluators.

The other firms that participate in the systems and device R&D
consortia complement the tasks of the core developers either as
users or as suppliers. If there is substantial integration in the
skills of the complementary actors, competitive teams are formed.
This is the case, for example, in the development of ceramic
composites in the 100 kW gas Turbine Project. In this project,
each of the firms with ceramics materials expertise is teamed
with a petroleum firm, and the teams work in competition to
synthesize prototype components. Onoda Cement teams with Tonen,
Noritake teams with Idemitsu Kosan, and Nihon Cement teams with
Nihon Seikiyu.

This structure does not mean, however, that the horizontal
diffusion of information does not occur in Japanese consortia.
Horizontal diffusion occurs in the calibration of progress,
occurs at the start of a project when firms are standardizing
evaluation methods and gathering information about the state-of-
the-art internationally, and occurs in science projects where the
value of commercial appropriation is uncertain. However, in the
development of systems and devices, G. Hane concluded his inves-
tigation by saying: It is competition, not cooperation, that is

the organizing principle of the projects.



3-3 Economic Incentives: Rewarding Even Losers

The calibration argument gives us a technological rationale
behind cooperation, but it might not give enough economic incen-
tives. In this context, we can draw some lessons from the way in
which NTT structured the relationship between research and pro-
curement. They make competitive bidding of new options, but
procurements are divided into all the participants: a winner will
get a majority of the procurement, but the remaining portion is
divided among losers.

Before its privatization, NTT's status was a regulated monopo-
ly. Since NTT was denied its own manufacturing capability, the
Japan's organization for innovation in telecommunications has
been built upon the hierarchical structure of the so-called "NTT

family." The term is usually used to refer to NTT's four main
.external suppliers, Fujitsu, Oki, Hitachi, and NEC. D. Okimoto
made an objective analysis on how NTT and the four companies were
able to exchange information so freely without facing the problem
of opportunistic behavior. 10

What incentives prompted each firm to tackle the challenge of
innovation and not simply free ride on the efforts of others? He
discovered: although opportunistic behavior is hard to control
completely in any joint undertaking, the organizational structure
of the NTT family system lowered the temptations to engage in
opportunistic behavior by stressing the positive-sum gains from
mutual cooperation and the collective nature of rewards and
responsibilities. In short, by tying research performance to
procurements, NTT could provide most ingenious and effective

mechanisms for rewarding even losers.



Of course, this NTT method can not be directly generalized from
national to international level. However, by sharing information
about all the options to be tried, a nation with physical and
human capital focused on a losing option could be helped in
catching up with the nation that happened to develop the winning
option. This information sharing could be assured by allowing a
free flow of researchers across national borders. After research-
ers had freely chosen the option they wished to pursue in accord-
ance with their own views, convictions and career objectives,
they would work in the country pursuing that option. Once the
best option had beén determined, researchers would return to
their respective countries, thus ensuring information on the

option will be disseminated throughout participating countries.

Concluding Remarks

Through option sharing, it is possible to resolve the inherent
tension that exists between international cooperation and nation-
al autonomy. Through the principle of cooperate-and-compete,
nations in the industrial world may capitalize on parallel inter-
ests. There are growing fears that the shift toward technological
protectionism will turn into a minus-sum game for the world as a
whole.17 It can be said that only through option sharing can a
plus-sum game be assured. In a world in which "techno-national-
ism" is the prevailing mood, international cooperation through

option sharing may offer the breakthrough that can make the ideal

of "techno-globalism" the new reality.
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Abstract

Author made an evolutionary model of technology diffusion from advanced countries to
developing countries. Technology diffusion was assumed to occur stochastically from
abroad to domestic firms, and among domestic firms. Economies of scale was also an
important assumption of this model. By simulation analysis, it was shown that this model
had two solutions. One is the monopolistic solution, and the other is the "dead-heat" solution,
in which many firms with a similar size continued to exist and compete with each other.
Technology diffusion was fast in the dead-heat solution. If East Asia took the dead heat
solution and Latin America took monopolistic solution, we can explain the different
development performance between two regions by this model. Three empirical evidence
supported this model, that is international comparison firms size and entry frequency, and L-
shape pattern of firms size and growth relation.

Note:
This study was conducted as a part of the study which is funded by the Ohira Memorial
Foundations in 1992.

[1] Introduction

The aim of this paper is to propose a hypothesis to explain the differences of
development performances between East Asian countries and Latin American countries.

It is well known that after 1980, the development performances differed substantially
between East Asia and Latin America. Several hypotheses have been proposed to explain the
cause of this difference, but in my view, not are sufficient so far. For example, although
some researchers emphasize the accumulation of physical capital and human capital (i.e.
World Bank 1993), the empirical evidence is not so strong. The growth rate of capital stock

had been nearly the same during 1950-1980 between East Asia and Latin America®, and the

! The following is the growth rate of capital (Hofman[1993], p.255, Table 6).
1950-1973 1973-1980
Brazil 94 11.2
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enrollment ratio of the first and second level of education also had been similar at least until
1970.

Other researchers emphasize the macro economic instability of Latin America
countries as a cause of sudden fall of growth in 1980s. This explanation, however, does not
go well with respect to timing and causality. For example, Mexico's macro economic
indicators such as inflation rate and exchange rate had been stable as much as Korea till 1980.
The fall of growth and explosion of inflation ratio occurred simultaneously in Mexico, thus it
is difficult to determine which is the cause and which is the result. Moreover Brazil's
instability of inflation and exchange rate started already in mid-1960s, thatis, over 20 years
before the stagnation in 1980s.

I admit that capital accumulations and macro economic stability are important factors
for sustainable development. But these are not sufficient explanation for the contrast of
performances of East Asia and Latin America. Another explanation is needed.

The speed of technology diffusion is such an another factor to explain the difference
of development performances between these two areas. Some evidences exit which indicates
that the speed of technology diffusion is higher in East Asian countries than in Latin
American countries . For example, according to the comparative analyses, total factor
productivity tended to grow at higher speed in East Asia than in Latin America
(Hofman[1993], Kawai[1994]). With respect to the micro level, steel making technology,
for instance, diffused quicker in East Asia than in Latin America (Poznanski[1990]).

Why do technologies diffuse at the different speeds? What is the determinant of the
speed of diffusion? This paper attempts to answer to this question by using evolutionary
approach.

Conclusion is as follows. The model had two solutions. One was the monopolistic
solution in which the largest firm dominated the market and realized a monopoly. The other
was the dead-heat solution in which small and medium sized firms continued to exist and
compete with each other. Which solution was chosen was determined stochastically, but

. once either solution was realized, it tended to be maintained. In this sense, there was a path
dependency to this model. :

The speed of technology diffusion was higher in the dead-heat solution. Hence, I can
propose a hypothesis that East Asia took the dead-heat solution whereas Latin America took
the monopolistic solution. Comparison of firm size and entry frequency supported this
hypothesis.

[2] The model

<Overview of the model>

In order to specify the way of diffusion, we need to decide what kind of technology
we should focus on. According to the way of diffusion, technologies are classified into
three categories, thatis, patentable technology, capital embodied technology and human(or
organization) embodied technology. In this paper I will focus on the human or organization

Mexico 7.1 7.4
Japan 8.9 8.0
Korea 6.0 15.5
Thailand 5.9 44

There is not distinct differece between East Asian countries and Latin America countries.
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embodied technology, because other two technologies are less important as an explanation of
divergent performances of East Asia and Latin America countries.

Since the patentable and capital embodied technologies can be purchased in the
market, East Asia and Latin America would have had an equal access to these technologies.
In other words, every country could introduce technologies as patents or new machines in
exchange for money, and there is not persuasive evidence showing that the attitudes of East
Asia and Latin America are different substantially with respect to licensing and capital
formation. Thus to clarify the difference of development performances, focus should be put
on the human or organization embodied technology.

Human or organization embodied technology is a set of various know-how such as
worker's skills, improvements of workplace, tricks of marketing, efficient way of

managementetc.' Since it is difficult to buy this know-how in the market, firms in

developing countries have to do trial an error in order to get these technologies.” Thus the
success or failure of getting technologies will be stochastic. The success probability will not
depend on the investment and the size of firm, because the diffusion process is a trial and
error, not R&D investment. So I assume that the success probability is constant for all firms.

According to the assumption of scale economy, firms have the decreasing cost
function. This cost function is to shift down owing to the stochastic technology diffusion.

Technology diffusion occurs in two ways. One is the diffusion from abroad to
domestic firms, which we call the international diffusion. The other is the diffusion among
domestic firms, which is called the domestic diffusion. The probability of domestic diffusion
is assumed to be higher than that of the international diffusion, because the international
diffusion have to overcome the barriers of language, institution and culture. .

The decisions firms have to make are investment, entry and exit. For the simplicity I
will assume the rule of thumb with respect to these decisions as specified in the following
model.

<formulation of the model>
' The model specification is as follows. Model is discrete time model. The demand
function is assumed to be linear and fixed over time.

DtAAd, A| d*PRICE, (1)

Dtis a demand at t, PRICE; is a price at t.

Let X; ¢ be the quantity thata firm i produces at time t. I assume the Leontief-type
production function and also assume that the amount of investment during one period is a
fixed fraction of existing capital. Therefore, a firm's output increase or decrease at a fixed
rate, which we denote as "gr". This "gr" is a parameter which indicates the speed of
investment. So firms can change its production level from X ¢ to (1+gr)X  or (1-gnX; ¢ in
next period.

! Educationis also human embodied, but here the effect educationis omitted because, as shown before, the
difference of educationlevel between East Asia and Latin America had been negligible till 1970.

2 Another way of obtaining human embodiedtechnology is ajoint venture with foreign companies. This channel
of technology diffusionis important in south East Asia countries such as Thailand andMalaysia. Butin Japanand -
Korea, the role of foreign directinvestment has not been large. In this paper I focus the channel of technology
diffusion without the foreign directinvestment.
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The technology level is measured by the downward shift of cost function. In the
following average cost function, the shift term, T; , represents the technology level of firm i
at time t. Larger T;  corresponds to lower average cost, thus to higher technology.

CXit, Tiy) =(Co-Tip-se*Xj; (2)

We assume that technology level increases by unity when technology diffusion occurs. The
slope of this cost function, se, corresponds to the degree of scale economy. Larger se
indicates larger economies of scale. Note that average cost is a function of the output level
Xi,t and technology level Tj .

Firm's investment is assumed to be decided by a rule of thumb. Let E; be a set of
number of existing firms at t. For instance, E,={6,7,10} indicates that there exist the
6th,7th, and 10th firms at 3rd period. Unless market is monopolized, investment and
displacement are decided by following rule.

Xie= (1480 X 1 if PAI% (>0, 1€E
(1- gr) Xi 1 if PAI% (<0, 1€E (3)
Xjt-1 otherwise .

where, PAI& (AAPRICE, Al C((1+g0)Xi ¢, Tit)

PAI¢; ; is an expected profit per output of firm i when the firm expands its capital in the next

period. I assume the adjusting expectation as for price, PRICE®;. Since price continues to
decline owing to technological progress, the change of the price is expected by adjusting

expectation formula. The equation (3) means that if existing firms(i € E.,) expect to get a

positive profit when it expand the output(, i.e. capital) by gr percent (PAI®¢; ( >0 ), then they
carry out the investment. If existing firms expect no positive profit after expanding the output
by gr percent, they decrease their capital by gr percent. Note that firms whose current profit
is negative invest if they expect positive profit after investing.

If market is monopolized, above investment rule is stupid because the firm can use its
monopoly power to reduce the output and increase the price. So if monopoly occurs, the
firm is assumed to reduce its output until before the new entry starts.

International technology diffusion is assumed to occur to all existing firms (i€ E; _;) at
the same probability p;.

Pr(Ti, AAT, 1 +1 | i€E) =p (4)
If not realized, then T; =T .} .

Because of the barrier of language, physical distance, and culture, the international diffusion
probability p; is assumed to be smaller than that of domestic diffusion, p;.

Domestic technology diffusion is assumed to occur step by step, thatis, technology
diffuses from the firms of technology level T+1 to the firms of technology level T. Leap, for
example from T-2 to T is not allowed. This is because human embodied technology is
something like a craft, so we need to climb up a ladder of various know how and technique
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step by step. I assume a firm with technology level T can introduce technology from all firms
with higher technology T+1, T+2, ..., independently at the probability p,. Therefore, the
probability of domestic diffusion for firmi is 1-(1-py)™""', where NX; \ is number of firms
which have technology level superior to firm i at period t.

Pr(Ti AAT; 1 +1 | i€E.)AA 1A QA |pyn¥iti 5
If not realized, then T; (= Ti't_l.A@

where NX; (=#of {j! j€E, T;,>T; ¢} A@le

Figure 1 shows briefly the way how technology diffuses in this paper. Note that the overall
probability of domestic diffusion depends positively on the number of firms. This effect is
called as the density effect. When the number of firms from which technology is to be
introduced increase, then the success probability of technology diffusion increases. In other
words, if you have more cases that you leam from, you can more easily get the information
of that technology. Also note that the most advanced firms in that period can not introduce
the new technology from other domestic firms because NX for them is zero. Hence the speed
of technological progress become lower after the firm reaches the most advanced technology
level.

 02¢ fim4
firm3 Foreign
02 Countries
firm 2 0.2
, .High
firm 1 firm 1 =

firm3 firm2 Technology level

firm 4
irm Low

Figure 1 Path of technology diffusion

The rule of exit and entry is as follows. A firm exits when the firm's capital is reduced
to threshold level, Xeqxit.

Ei = By -{i} if Xi -1 < Xexite (6)

To put this another way, firms reduce the firm size by displacement of capital when they can
not expect positive profit, and after reaching the threshold level Xxj;, they exit from the
market.

— 100 —
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Let ENT be a set of numbers of potential firms entering the market. For instance,
ENT={7,8,9} means that7th, 8th, and Sth firms are candidates for newly entering firms at
the one period. The number of entering firms in one period, that is # of ENT, is assumed to
be stochastic at the normal distribution with mean "en" and variance unity. That is

#of ENT ~ N(en, 1)

This "en" is a measurement of the entry frequency. As shown later, "en" is the most
important parameter.

Newly entering firms are assumed to have a technology which was available td
periods before. In other word, we assume that the technology of td-th periods before is
available for new entering firms because it has become common in the industry during td-th
periods. Let TM; be the most advance technology at time t: ‘

TM; AA Maximum Ti t. (7
1€ E;

Then newly entering firms at t have a technology of level TM;..¢. We also assume that newly

entering firm's output is a fixed fraction ("entsize") of total market size (Xt). Total market
size at t is a sum of individual firm's output:

Xy = ZiXi,t (8
1€ E

So newly entering firm's size is entsize*X.
By using EN, TM, and entsize*X, the rule of entry is written as follows.

Et = E.; + EN if PRICE®; - C(entsize*X, TMi ) >0 (9)
Ei otherwise

where Tjepn 1 = TMega-
Xj € pN, t = entsize* X

Entry occurs when newly entering firms expect positive profit after entering ( PRICES®,_, -
C(entsize* X, TMy ) > 0).
By equalizing X of (8) with Dy of (1), we have the equilibrium price at t.

PRICE;=dpy/d - X/d (10)

The most advanced technology, total output, and price at t are determined by the equation (7),
(8), and (10). Other variables at t are determined using the value at t-1 by the equation (3),
(4), (5), (6), and (9). Therefore, all variables are determined stochastically.

Figure 3 shows the structure of this model as an algorithm. The algorithm consists of
three components. Firstly firms calculate the expected profit in the next period when they

expand their output by investment (PAI®; ). If this expected profit is positive they conduct
investment. If expected profit is negative, firms reduce its capital. Secondly technology
diffusion occurs. While the success probability of international diffusion is fixed to p1, the
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overall probability of domestic diffusion depends on number of firms. Thirdly entry and exit
occur. If the firm's size has already reached threshold level, then it exits. If expected profit is
positive using available technology, then new firms enter. The number of entering firms
changes stochastically at normal distribution with mean "en" and variance unity.

<Condition for simulation>

The condition for simulation is as follows. Regarding demand, d in the equation (1)
is set to be 1, and d, is set to 320. At the initial period, the number of the firm is 10, whose
output sizes are uniformly distributed between 1 and 3. Initial firms' technology level T;  is
1. Total periods are 500. Xxi¢ is assumed to be 1.

We have five variable parameters. I set the parameters as follows and changed them to
see the effect of parameters. Owing to the limitation of the space, I will report a typical case
in this paper. Regarding the overall result of all simulations, see Tanaka(1995), though the
simulation setting is slightly different.

Standard case
en: mean of number of entering firms 3
(measure of entry frequency)
gr: growth rate of production 0.02
(measure of speed of investment)
se: the degree of scale economy 0.2
(measure of scale economy)
pi: the probability of international diffusion 0.05
p2: the probability of domestic diffusion 0.2

[3] Results of the simulation

<Typical result: Emergence of the dead-heat solution>

To begin with, I will show a typical result. Figure 2 shows the change of number of
firms for the standard case of parameters. Horizontal line indicates the periods from one to
300, and vertical line is the number of existing firms at each period. Note that run-I and run-
[T was calculated on the same parameter set. Only random variables are different.

As easily seen, after the initial turbulence, the number of firms increased to reach over
100 in run-I, while the number decreased to one or a few in run-II. To put this another way,
the run-I reached to competitive solution, and run-II reached to monopolistic solution. These
two types of solutions are separated clearly after the initial 150-200 periods. During the
beginning 150-200 periods, it is unclear which path will be chosen because the paths cross
each other. But once the path bifurcates, the path seems to be locked in each solution. In
other words, there is a path dependency in the sense that there exist two solutions for the

same parameters. Once the path reached to the either solution, it seemed locked in there.’

! This lock-in effectis often seen in the model with some kind of scale economy. For example Arthur stressedthis
lock-in effect with respect to the technology using the dynamic stochastic dynamic equation which includes the
scale effect (Arthur[1989]). Krugman pointed out that comparative advantage was created by industrial policy

under the oligopoly having the scaleeconomy (Krugman[1984]). Inadaet.al. madea dynamicgrowth model with
scale economy which hada two stable solutions (Inada,Sekiguch andToyoda[1972]). Thesemodels are different
in the approaches (Arthurused a stochastic dynamic equation, Krugmanused a static oligopoly model, and Inada
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Figure 2 Number of firms

Why are there two solutions? To answer to this question, we need to consider the
two cases. First case is that the firms' distribution is scattered in the broad range with respect
to firm size and technology level. Figure 3(a) illustrates this. The number near the point is
the number of the firms whose size and technology correspond to that point.

Since larger firms and technologically more advanced firms have lower cost than other
firms, they will expand the size by the investment. On the contrary, other firms with higher
cost will shrink their size and eventually exit. In figure 3(a), for instances, the firms at point
A and B earn positive profit, whereas other firms' profit is negative. Firms at A and B will
expand the size and other firms will be forced to reduce size. This process will continue till

monopoly is realized.! Hence, if the distribution of firms is scattered, the monopolistic
solution is likely to occur. Once the monopoly takes place, it is difficult for a new firm to
enter the market because there exits scale economy. If new firms enter the market, the
monopolistic firm can expands its output to reduce price and drive away newly entering firms
using scale merits. Consequently the monopoly is likely to be maintained.

used the classical dynamic model), but the conclusion tend to be similar. Firstly, these models claimed that
equilibrium was multiple and solution was path-dependent. In other words, there was a kind of lock-in effect.
Secondly they tended to evaluate more or less the contribution of industrial policy.

! In reality, however, as the number of firms decreases, firm will begin to guess other firms' reaction. This mutual
guess will turn the market structure into so-calledoligopoly. Hence after the number of firms decreasesenough,
oligopoly solution will probably appear. In this paper, for the simplicity, this oligopoly solution is neglected
(or assumed to be includedin the monopolistic solution)
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Figure 3 Why are there two solutions?

The second case is more important. It is the case that firms distribute in the very
narrow range. In contrast with the scattered case, monopolistic solution is not inevitable. The
reason is as follows.

In figure 3(b), the existing firms (=50) are assumed to be located at point E. Letus
assume that, for some reason, a firm has expanded its capital and moved to the point F.
Also assume that price is as shown in the graph, which makes the firm at F profitable, and
the firms at point E unprofitable. Will the firm at F expand its capital and put away other
firms like the former case? In this case, however, the expansion of this firm at F is very
likely to be discouraged by other firms, because not a few firms at point E will introduce
technology successfully to move to point E', where the cost is lower than firm at F. Owing
to the fact that there are many firms at point E, this counter attack to the firm at F will take
place at very high probability. For example, if the probability of international diffusion, p1,
is 0.05, then the probability that at least one firm moves to point E' is 0.923 (=1 - 0.95%).
So, the monotonous expansion of the larger {irm is likely to be blocked by the technological
advantage of the other firms.

Next we need to check the possibility that a technologically advanced firm which has
moved to point E' may put away other firms and realize the monopoly. This possibility is,
however, also unlikely to take place because of this paper's assumption about the technology
diffusion.

Firstly the probability of international technology diffusion was assumed to be lower
than that of domestic diffusion. This assumption reduces the speed of technological progress
of the most advanced firm compared to the firm with the second or less technologies. So the
most advanced firm becomes more likely to be caught up by other firms. In figure 6(b), the
possibility of further advance of the firm at point E' is lower than the possibility that other
firms advance to point E', because the firm at E' have to introduce from abroad, whereas
other firms at E can, adding from abroad, also introduce from firms at E.

Secondly I assumed the density effect with respect to the domestic diffusion. That is,
the probability of domestic diffusion was an increasing function of the number of existing
firms from which technologies was supposed to be introduced. This density effect means
that a firm which lags behind by one step from the concentrated group can easily introduce
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the technology and catch up. In other words, once the distribution of firms' technology
levels are concentrated, it is not likely to happen that a firm lags behind from them.

These two effects are, of course, tendencies, not deterministic propositions. But
owing to these two effects, we can say that once the distribution of firms' size and
technology level are concentrated, then it will tend to be maintained for fairly long period.

I will call this competitive solution as the "dead-heat" solution from now on. The
reason I don't call it competitive solution is to stress that this solution is not a static concept,
but a dynamic concept. This solution is maintained dynamically and could be broken into
other solution, namely monopoly, by the shock from the outside. Adding to this, this
solution requires the firm size to be similar with each other, whereas, in the standard model
of perfect competition, the distribution of firm size is not a critical factor for the equilibrium.
Moreover, this solution continuously gives a pressure on the firms to compete with each
other with respect to technology diffusion and expansion of capital. To put this another way,
this solution generate the incentives for the firms to introduce technology and expand their
size.

<Effect to technology diffusion>

Note that both dead-heat solution and monopolistic solution are the consequences for
the same value of parameters. Both of these two solutions are the paths of the evolution of
the market. But their effects in terms of the speed of technology diffusion are very different.

Figure 4 shows the change of technology level T; , with respect to the same two runs
with figure 2. As easily seen, while the technology level increased rapidly in the case of dead
heat solution, the technology level increases slowly in the monopolistic solution. The speed
of technology diffusion is higher in the case of the dead-heat solution than in the case of the
monopolistic solution.
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Figure 4 Technology level
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The reason is clear. The direct determinant of total speed of technological progress is
the speed of international diffusion. Intemnational diffusion was assumed to take place at the
fixed probability p; to all existing firms. So if more firms exit, then the success probability
as a whole will naturally becomes higher. Thus, under the dead-heat solution, success
probability becomes higher owing to the fact that there are many firms.

To put this another way, when there are many firms, the probability that at least one
firm succeeds in technology diffusion becomes larger under the assumption of fixed success
probability for individual firms. Moreover, once technology is introduced to some domestic
firms, it will spread rapidly by the density effect if the number of firms is large. So, under the
dead-heat solution, technology diffuses more rapidly than under monopolistic solutions.

From the view of the strategy of economic development, hence, a dead-heat solution
is desirable for promoting technology diffusion. But what is a critical factor to lead to the
dead-heat solution? To answer to this question, I changed the parameters in 3125 ways in the
former paper(Tanaka, 1995), and found that entry frequency, "en", is a strong promoting
factor for dead heat solution. In this paper's model, also, entry frequency is a powerful
factor to determine the monopolistic solution and dead heat solution.

<Implication>

Let us go back the aim stated at the beginning of this paper, and examine the
implication of this model and

The aim of this study was to propose a hypothesis to explain the difference of
development performances between East Asia and Latin America. If I derive the hypothesis
according to this model, it is that East Asian countries have taken the dead-heat solution
whereas Latin American countries have taken the monopolistic solution. In otherwords,
in East Asia, since large number of small and medium sized firms have remained in the
market, foreign technology has diffused to the domestic firms more quickly and spread
among them rapidly. On the other hand, in Latin America, since a few monopolistic firms
have dominated the market of Latin America, foreign technology has diffused slowly to
domestic firms. This is a hypothesis to explain the difference of development performances
between these two areas by the difference of their industrial organization.

Then what is the cause of the different solutions between these two area? We have
five parameters to influence the solutions. Of these five parameters, the probability of
interational diffusion (p;) is too natural to adopt as an explanation for the difference of
diffusion speed. The scale economy effect (se) is significant, but this parameter is mainly
determined by the technical condition of the industry. So this parameter mainly depends on
industries, not on countries.

Consequently, the candidates are entry frequency (en), speed of investment (gr), and
probability of domestic diffusion(p;). Entry frequency could be differentamong countries
owing to the difference of income distribution, regulation of government, infrastructure,
minimum level education, and so on. The speed of investment may also be different from
country to country because of the difference of capital market, banking system, industrial
policy etc. Probability of domestic diffusion may differ by countries if firm's behavioral
pattern is historically determined.

[4] Empirical Evidence

Let us examine empirical evidence. If this simulation model is valid to reality, what
kind of industrial organization should be observed in the developing stage?
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Firstly firm size of better performance countries in East Asia should be smaller than
that of stagnating countries in Latin Americaif the difference of performance between these
tow regions is explained by this model.

Secondly, at least one parameter should be different between East Asia and Latin
Americaif most industries of these regions took different solutions. As I said before,
candidates for different parameters are entry frequency (en), speed of investment (gr), and
probability of domestic diffusion (p;). Of these three, I will examine here entry frequency. If
this model is valid, East Asia's entry frequency should be higher than Latin America's.

Thirdly, if this simulation is valid, there should be negative correlation between firm
size and growth rate of the market, because total output grows faster in dead heat solution,
and slower in monopolistic solution owing to the difference of speed of technological
progress. On top of this, since there is a fock in effect cither to dead heat solution or
monopolistic solution, the negative correlation would be L shaped curve in figure 5.

Firm size
4 o Monopolistic
Solution
@
[ ]
Dead heat
® ® solution
® o ) o o °
@
&
Growth of the Market

Figure 5 L-shape pattern

I examined these three points using several countries in East Asia and Latin America.
I chose Japan, Korea, Thailand, Brazil, and Mexico. Japan and Korea are a representative of
successful case and Brazil and Mexico are stagnating case. Thailand is supposed to be
intermediate case.

<Data>

Data source is industrial census of each country. Regarding to Japan and Korea, the
census is available for every year, but as for the rest countries, census is available for each 5
years or less. So | sampled census with 2 or 3 years interval with respect to Japan and

Korea, and I used all available census for other countries. !

! Data source is as follows. J apan:Census of Manufacturers (Ministry of International Trade and Industry),
1953, 55,58,60,63,65,68,70,73,75,78,80,83. Korea:Report on Mining and Manufacturing Survey (The
Korean Statistical Association), 1960,63,66,68,70,73,75,78,80, 83,85,88,90. Thailand:Report of
Industrial Survey, Whole Kingdom (National Statistical Office, Office of the Prime Minister)
1963,68,70,74,77,79,82,84, 86,89. Mexico:Censo Industrial (Instituto Nacional de Estadistica, Geografia
¢ Informatica) 1960,65,70,75,80, 90. Brazil:CensoIndustrial (Fundacao Instituto Brasileiro de Geografiae
Estatistica), 1960,70,75,80,85. In some years the datais not available because of the classification is not
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The time coverage is approximately from 1960s to the mid of 1980s. An exception is
the case of textile industry of Japan. The reason is that the textile industry of Japan became a
declining industry after 1970 because its caiching-up siage was over and it lost comparative
advantage completely. Note that this study's interest is the catching-up stage of developing
countries, not the mature stage of industry in advanced countries. Therefore the coverage of
the textile industry of Japan is from mid-1950s to 1970.

<Firm size>

First of all, let's compare the firm size by employee base. Table 1 shows the average
number of employees per establishment. Friedman test shows that the ordering of countries
are not random at the significance level of 5%. Kendall's coefficient of concordance which
corresponds to R square is 0.8.

Table 1
A@ Average Number of Employees per Establishment (persons/establishment)

Japan Korea Thailand Mexico Brazil
Electric machines 60 98 170 125 86

(10) @7 113) 49 (20)
68 248 84 95

Textiles 26
3.5 @) 113 (7.0) @D
Automobiles 65 20 119 160 73

(54) (36 (57 33 0

Friedman test statistics 9.6, Kendall's concordance 0.8
Probability on assuming Chi square distribution 0.048
Note: Figures in parenthesis are standard deviations

The impressive factin this Table 1 is that Japan's firm size is the smallest in these five
countries. For example, in electric machine industry, 60 persons was engaged per
establishment in Japan, while 98 persons was engaged in Korea, 170 persons in Thailand,
125 persons in Mexico, and 86 persons in Brazil. Also average persons engaging in an
establishment are 26 in textile industry and 65 in automobile industry , which are smallest of
five countries. Moreover, Korea's firm sizes (98, 68, 90) are smaller than Mexico's (125,
84, 160) and nearly equal to Brazil's (86, 95, 73).

But, the employee per establishment may be a misleading measure, because the
employee can be substituted by capital when wage rate is high. Japan’s smallest firms size
in terms of employee may be only a consequences of labor-capital substitution owing to high
wage rate of Japan. To check this point, I conducted similar comparison using real capital
stock per establishment, and obtained the similar result as table 1. Japan is smallest, Korea is
the second, and Thailand and Mexico are the third (Brazil's data is not available).

So we can say that countries with better developing performances tend to have smaller
firms. This result is supportive to our evolutionary model of technology diffusion.

Some of the readers might be surprised to see that Japan and Korea's firm size is
smaller that other countries, because Japan is believed to be capital rich country and Korea is
sometimes referred as a country in which large business groups take great role in the

sufficient, especially as for fixed asset.
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economy. This paper's result, however, shows that the firm size of Japan and Korea is
smaller in terms of both employment and capital. This is because there exist relatively large
number of firms in Japan and Korea. This suggests that the new entry of firms is relatively
vibrant in these two countries. I will examine this possibility in next section.

<Entry frequency>

Dataof entry itself is difficult to obtain. I used the increase of the number of
establishment as a proxy of entry. Exacily speaking, increase of establishment is the
difference between entry and exit. One of the grounds of using this proxy is that the ratio of
average entry to average exit is not so different among countries.

Entry frequency can be measured in several ways. Here I used two measures. One is
the marginal increment of establishment to market size. Market size is measured by total
employee and total capital stock. The other measure is the increment of establishment to a
certain profit ratio. This measure indicates how many firms enter when profit ratio is the
certain level.

Simple regression was applied to the number of establishment versus total employee.
Table 2 shows obtained regression coefficients. These coefficients indicate how many
establishments enter when the employee increases by 1000. For example, upper left value,
19.3, means thatin Japan 19.3 firms enter when employees increase by 1000.

Table 2
How Many Firms Enter when Employees Increase by 1000.
(unit=number of establishment)
Japan Korea Thailand Mexico Brazil
Electric machines 193 11.4 4.4 3.8 7.0
13) (14 ©7 (@13 19
756 120 26 7.2 197
(151)  (3.1)  (06) @42) (24.5)
Automobiles 13.2 10.8 3.6 4.6 6.0
©03) (06 (04 (08) (24

Textiles

Friedman test statistics 10.93, Kendall's concordance 0.911
Probability on assuming Chi square distribution 0.027
Note: Figures in parenthesis are standard errors of the coefficient.

As easily seen, Japan's entry frequency was the highest of these five countries. Korea
was the second in electric machine and automobile industries and the third in textile industry.
Brazil was the third in the electric machines and automobiles and second in the textile.
Thailand and Mexico's entry frequencies were the fourth or fifth. To check the substitution
effect between labor and capital, I conducted similar regression using total capital stock as a
measure of market size, and obtained similar result. That is, Japan and Korea's entry
frequency was also higher even when entry frequency was measured by how many firm
entered the market when industry's total real capital stock increased 10 million US dollar. In
other word, no matter whether the market size is measured by employee or capital, new firms
enter the market more frequently in Japan and Korea responding to market expansion. This
is supportive to our evolutionary model of technology diffusion.
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The second measure of entry frequency is the responsiveness to profit ratio. This
measure shows how many firms enter the market when the profit ratio is a certain level.
Profit ratio was calculated as follows.

Profit ratio = ( Shipment - Total Wage - Material and Energy Cost) / Shipment

This profit ratio is the ratio of revenue of capital over the total sale. Entry was measured by
increment of the establishment as before. I estimated simple regression of the increment of the
establishment on the profit ratio and compared the estimated increase of establishment
corresponding to 30% profit ratio .

Table 3 is the result. This table shows how many firms enter the market when the
profit ratio is 30%. As easily seen, Japan's entry frequency was the highest, Korca's entry
frequency was the second of all industries. Again countries with better development
performances have a hi gher frequency of entry. For example , in the electric machine
industry, 751 firms entered in Japan when the profit ratio was 30% whereas 351 firms
entered in Korea at the same profit ratio. Korea's entry frequency, 351, was higher than
Mexico(168), Thailand(6), and Brazil(-17).

Table3 How many firms enter responding to the profit ratio?

(a) when the profit ratio is 30%.
(number of establishment)
Japan Korea Thailand Mexico Brazil
Electric machines 751 351 6 168 -17

@25 (170 (54 (5% (13D
26 -34 9

Textiles 1981 487 -
2982) (134 (22) (159 (3D
Automobiles 539 67 -2 57 73

(39 @y @22 @3 49

Friedman test statistics 8.3 Kendall's concordance 0.689
* Probability on assuming Chi square distribution 0.082

Therefore, both measures of entry frequency (responding to market size or profit
ratio) indicated that new firms enter more frequently in Japan and Korea than in Thailand,
Mexico, and Brazil. This result support our evolutionary model of technology diffusion.

<L_-shape pattern>

As the third evidence, I checked the negative or L-shaped correlation between firm
size and growth of the market for Japan and Korea. Figure 6 is Japan's case. Horizontal axis
is a growth rate of each industry from 1966 to 1976, and vertical axis is firms size by
employee base.
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Figure 6 Growth and Firm size (Lt/Nt)

1966-1976, Japan

This graph shows weak negative or L-shape relations if we delete point A as an exception.
Point A corresponds to semiconductor industry. Since semiconductor industry is R&D
intensive and out of this study's focus, it is allowed to neglectit. Figure 7 shows the case of
Korea. Clearly we can see L-shape pattern. In case of Korea this pattern persists till 1990.
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In summary, comparison of firms size, entry frequency, and L-shape pattern supported our
evolutionary model of technology diffusion.

[5] Conclusion

Summary is as follows. This paper presented an evolutionary model of technology
diffusion with the scale economy. This model is evolutionary in the sense that firms go
through natural selection processes as the entry and exit. The model had two solutions. One
was the monopolistic solution in which the largest firm put out other firms and realized a
monopoly. The other was the dead-heat solution in which many firms distributed in the
narrow range in terms of their size and technology levels and continued to compete with each
other. Which solution was realized depended on chance, but once either solution was
realized, the solution tended to be maintained after that. In this sense, there was a path
dependency to this model. The speed of technology diffusion was higher in the case of the
dead-heat solution. This was because, when many firms existed, the probability that at least
one {irm succeeded in technology diffusion became high. Thus, if East Asia took the dead
heat solution and Latin America took monopolistic solution, we can explain the different
development performance between two regions.

Three empirical evidence supported this model. First, Japan and Korea's firm size
was smaller than that of Brazil and Mexico. Second, entry frequency is higher in Japan and
Korea than in Brazil and Mexico. These two fact suggests that Japan and Korea took dead
heat solution and Brazil and Mexico took monopolistic solution. Third, L-shape
pattern ,which should be emerge if this evolutionary model is valid, was observed in Japan
and Korea.
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Evolutionary Model of Technological Innovation:
A Combinatorial model of Technology Development
Taiji Hagiwara

Kobe University
1. INTRODUCTION

Although economic importance of technological change is widely accepted,
model analysis has not succeed in incorporating it. In this paper, we propose a

combinatorial model of technological development.

C.Freeman (1982) stressed the fundamental uncertainty of innovation, which
no one can expect the probability to success. This is because individual research
projects are different from each other. In spite of the fundamental uncertainty,
several common features on technological development process are pointed out
through accumulation of case studies. They are classified into two groups. One is
the factor of innovation and another is relation between innovations, They are

intertwined each other.

Firstly, the success of innovation depends on technological opportunity and

firm’s ability to innovate.

Technological opportunity varies among technology field depending on its

stage of development. In the early phase of development of new technology, there are

technology turns out to be a source of prosperity, many inventors rush into the area.
After much research effort by many firms, almost every possibility in the field will be

examined and few technological opprtunities are left.

Firm's ability is also a decisive factor for innovation Both its quantity and
quality are important. In eighteenth and early nineteenth centuries, new
technologies were invented mainly by individual inventors In twentieth cenntury,
in-house R&D activity is the main source of innovation This is because technological
development is build upon scientific knowledge and requires larger scale research
activity,.  While the scientific knowledge comes mainly from academic area,

cumulative research effort within individual firm is a discriminative factor to win
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technological competition.

At an individual firm level, there are too many possibilities to conduct a
comprehensive research compared with its ability. Any firm have to choose specific
direction, which is determined by technological and social factors. Rosenberg [1976]
called the social determinant as focusing device. The focusing device includes price
(induced innovation Binswanger=Ruttan[19**}), aim of weakining bargaining power of

labour, pelitical pressure and so on.

Secondly, Innovations are sequential activities and not isolated each other.
Following T.Kuhn's scientific paradigm Dosi[1982] proposed the concept of
technological paradigm in which technology develops with common proto types and
common thinking. In one paradigm, technological performances grow within limited
band, technological trajectory. Technological trajectory is determined by
technological and social factors (focusing device). Sahal [1981] disccussed it in similar
but more technology deterministic way. and called them as “technological guidpost”
and “technological avenue” Abernathy=Utterback[1975] and Gort=Klepper[1982]
analyzed how new product emerges and is elaborated and maturate. They are also

related to the concept of technological trajectory.

As for imitation. critical point is appropriability of technology. One
oversimplified view that technology is the same as information comes from Arrow
f1962]. In his argument, technology is a set of blue print. Once it is known to public,
any one can imitate it if patent system is not an obstacle. Many models including
neoclassical production function belong to this idea. Another view is that imitation of
technology is not free. Various kinds of cost and effort are required Tacitness of

technollogy, which is not codified and difficult to transfer. makes imitation difficult.

Concepts described above are important but are not incorporated well in
model  analysis. Nelson-Winter (1982), Silverberg-Dosi-Orsenigo  (1988),
Chiaromonte-Dosi (1993) are example to do so  But there is lack of technological
development.

2. A Model of Technological Development: Technology Map

History of technology tells us that technologies develop on the basis of
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preceding technologies! For example, invention of steam engine by J Watt was not
possible without its predecessor Newcomen engine. The citation analysis on patent
or research paper for example Narin(****) analyze how technology depends upon

preceding ones

In the capitalist economy, technology is mainly developed by firms which are
motivated by profit. Appropriating its own technology is very important. Sometimes,
patent will protect spill over. Sometimes nature of technology, like tacit skill which
cannot be transferred by language or code, prevents from imitation. As development
of technology in whole society is built upon preceding technologies, development of
technelogy within firm i alse built upon preceding technologies, some of which are not
public to the competitors. In the study on antibiotics, Achilladris (1993) shows how
intra-firm accumulation of technology, “Corporate technology tradition” in his term,
was important in developing new antibiotice, Main concern in this paper is to

formalize such a way of technological development

Any technology is built upon preceding technologies. Without these
technologies, the new technology could not have found. we call these technologies

necessary for the new technology as its “base technology set”.

As the relationship between new technology and its predecessor, several cases

can be pointed out as in figure 1.

The case la shows a liner development of technology. A rough sketch of
history of semiconductor technology may tell us that integrated circuit developed from
transistor. This is often very partial view The case 1b stresses pervasive character
of technology 1. Generic technology, like information technology, affects various field
of technology, communication technology machine tool technology video game

technology and so on

If we see the source of new technology more detail, there are plural
technologies without which new technology was not found The case 2a is more

realistic case than case 1a  The case 2a viewed in broader technology classification is

1 - Vega-Redondo (1994), Santarelli (1995) and Weitzman (1996)are the few literature
focusing relationship between technology and its predecessor.
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called as “technology fusion”. Numerical control machine tool is a joint product of
traditional machine tool technology and information technology. The case 2b and 2c
are mixes of cage 1b and case 2a. In the case 2b, two new technologies share the same
base technology set, technology 1 and 2. On the other hand, case 2c shows different
base technology set.

The case 3 shows the possibility that the new technology (technology 3) may
be gained from different sources. This case may provide late comers profit. The
innovator of technology 3 find it on the basis of technology 1 The late comers may
find technology 3 on the different basis (technology 2), which was not available when
the innovator found first. If the R&D cost of latecomer is lower than that of innovator,

competition is favor for the late comer

[Case la] T(1) = T(2)

[Case 1b] =T
T() —

I

[Case 2a] T(1) ‘! — 13)
T(2) —

[Case 2b] T(1) _ | = T(3)
T@) = T4

(Case 2c] T(1) —

B = T(4)
T(2) _
= T(5)
T(3) —
[Case 3 ] T(1) ——— =
: R G))
) ——

Figure 1 Possible Cases

Vega-Redondo (1994) and Santarelli (1995) are limited to the single

predecessor case (case 1 and case 3).

In the evolutionary model of innovation, Nelson-Winter (1982) discussed



“local search”.

Local Search. There is a given constant set of technological
possibilities, and each technique ig characterized by coefficients arand ax
Technical progress occurs as this set gradually is explored and discovered.
For any firm engaging in such exploration, search is “local”’ in the sense that
the probability distribution of what is found is concentrated on techniques
close to the current one. (Nelson-Winter (1982), p.211)

Their discussion is similar to the case 1b.

For simplicity of analysis, we neglect the third case in this paper Our

discussion will be concentrated on single base technology set case.

The relationship between technology and its base technology set can be
formalized in a large matrix R={ry}, in which (ij) factor, rj;, shows whether that j-th
technology is necessary to obtain i-th technology or not. That is, ry is one if j-th

technology belongs to the base technology set of i-th technology, otherwise vy is zero.

Since the base technology set is the precondition of obtaining the technology,
the relation matrix R can be rearranged so as to lower triangular matrix with zero

diagonal factor (ri=0 for j=1).

Total relation matrix R is very large since it includes from ancient
technologies, like use of fire, to potential technologies or future technologies From
practical reason, we should limit scope within certain range. Although the partial set
of technology should cover relevant technologies as wide as possible, there must be
some technologies with no base technology set and others with incomplete one within
the partial set of technology. We can divide the partial set of technology into subsets
of technology.

Go ={i | which has no base technology set within the partial set}
Gi1 ={i | which has base technology set in Go}

Gz ={i | which has base technology set in Go. G1}

Gk ={i | which has base technology set in Go. Gi, ... Gk-1}
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The subset Gk is called as k-th generationZ Then the relation matrix, R, can be

divided to sub matrices as

Oy 0 . 0]
Ry 0, . 0
pe| o O

Ry Rey o 0y

where Nk is number of factors of k-th generation (Gx), 0n is a n-dimensional square

zero matrix. Submatrices, Ry, of which size is Ni by Nj, may contain non zero factors.

Generation 1 Genral Generation 3

Figure 2

There may be some technologies which has no influence to later generations at
all. Such cases are often found in history of technology. On the other hand, some
technologies are base technology set of many technologies. We may expect that it will

increase generation by generation in average like Figure 1.

From our definition there is possibility to have completely different group of

2 The intuitive reasen to name “generation” is that theve is no parent-child relationship
within same subset and any technology and any technology has its parents (base technology set)
in earlier subset. Since Technologies of the same generation have no relation each other. some

technologies can appear after technologies helonging several generations later.
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technology coexist In this case, submatrices Rij is divided into several smaller

submatrices with off-diagonal submatrices are zero. That is,

Ri' _ {Qu -0 :l
! 0 Q22

where sizes of Qi1 and Q2 are Nic by Nj, (Ni-Nix) by (N;-Nj)). From analytical point of
view, it is not useful to include the case with separable group throughout the

development,

Cases of interest are diversion and fusion. Technological diversion is the
case where several groups of technologies share the same base technology set at initial
phase and they become separated each other  Such diversion is common phenomenon.
On the other hand. technological fusion occurs when base technology set consists from
two separate groups of technology. One example is evolution of numerical control

machin tool technology

It is important to identify how a technology is necessary to other technology of
later generation, or which technologies of earlier generation it comes from. The
relation matrix, R, shows the direct necessity of j-th technology to i-th technology. By
multiplying R twice, we get the necessity of j-th technology to i-th technology via one
technology since R*(i,j)= Zk 7ty - R? shows the relationship with technology at
least two generation before, Multiplication of R three times gives us the necessity via
two technologies. Since the relation matrix, R. is a lower triangular, K times
multiplication of R is zero matrix,. By adding up these multiplication of R
(S=R+R2+R3+,,, +RK1) we get the matrix, S, of which (i,j) factor shows total necessity
of j-th technology on i-th technology. If (i,j) factor of matrix S is positive, j-th
technology is necessary to obtain i-th technology via some route®. The i-th column of
matrix S gives list of technologies necessary to obtain i-th technology directly and
indirectly. The j-th row of matrix S gives list of technologies which need j-th
technology directly and indirectly.

3 Since 15 is O or 1, it is meaningless to discuss how much the value of matrix Sis.  Only
zero or positive matters. If possible, value of matrix R can be a weight ( Z jr3=1, rj =0) by
evaluating the importance among base technology set  In doing so, value of S gives us relative
importance among j.
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Next, we will show the algorithm of making technology map in which

(1) performace of technology is characterized in two dimentional space.

(2) every technology has two technologies as base technology set,

(3) base technology set belongs to previous Npg generations and

(4) base technology sets can be divided into several groups
Notations used here are: i: index of technology, j: index of peroformance (j=1,2), k:
index of base technology set (k=1,2), ig- index of generation, X(i,j): j-th performance of
technology i R(i,k): k-th factor of base technology set of technology i, Igr(i)- the number
of group which technology i belong to, Nmax(ig): maximum index of technology which
belong to generation ig, No: number of technologies existing in one generation at initial
stage, Npg: number of previous generation which base technology set consist from,

Nuiv: eriterion of diversion

STEP 1 <initialization>
Initialize No*Npg technologies by X(ij)=random (for j=1,2), R(i,k)=0 (for k=1,2),
Igr(=1 Set index of generation: ig=Npg+1  Set index of technology: i=No*Npg

STEP 2 <diversion>

Sort technologies which belong to previous Npg generations. If number of
technologies which belong to the same group (value of Igr(i) is common) exceeds Nai,
then divide into two groups and redifine number of group (Igr(i)=Igr(i)*2-1 for one new
group. Igr(i)=Igr(i)*2 for another new group). If not Igr(i)=Igr(i)*2-1 for all within the

group.

STEP 3 <combination>

For all possible combination of base technology set of generation ig and group, generate
random value between (0.1). If random value is smaller than #, the combination
produce new technology  Set index of technology as i=i+1 and R(ik) as that

combination.

STEP 4 <setting performance> ‘
X(1,)),j=1.2 is randomly choosen from below area related performances of its base
technology sets (X(R(,k),j)), k=1,2,j=1,2

(1) better than convex hull of X(R(i,1),j) and X(R(1,2),j)

(2) not better than convex hull of a*X(R(i.1),j) and a*X(R(,2).j)

(3) better than B times of worst performance.
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STEP 5 <next step>
1=itl
if i<=Nmax(ig) then goto STEP 3
else ig=ig+1 and goto STEP 2

Figure 3 Technology Map: Technology and its Base Technology Set

One of the outcome of algorithm is shown in Figs 3 and 4. Fig 3 shows
relationship between technology and its base technolgy set. Diversion occurs
generation by generation  Some technology has no child technology (fourth
generation third from below) Figure 3 shows mean and variance of performance
(average of X(i,1) and X(3,2)). Mean and variance is larger as generation procede.

Difference among groups also become larger.
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Figure 4 Mean and Variance of Technological Performance by Generation & Group

3. Search Process at Firm Level: Innovation and Imitation

In capitalist economies, search for new technology is mainly conducted by
profit seeking firms, which compete each other. Firm has to make decision of R&D
with very limited knowledge on technelogical possibility in the sense that
(1) its technological ability (technology set) is small in comparison with current ability
as a whole and
(2) it does not know true technological potentiality. what it can develop next. Each
firm has its own technological ability and history of search.

The firm makes various stages of decision on research and development.

First, it sets budget for R&D. We assume R&D budget is determined by amount of
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sales in previous period (R& D =7, +rSales).

Second decision is to allocate R&D budget to invention activity and imitation activity*.
From the reason discussed later, imitation activity is preferred to invention activity.
If the firm has chance to imitate it imitate them all then spent rest of R&D budget on
invention activity. Third stage of decision is on individual research project. Before it,

we describe the assumptions of research project.

Unit of research project consists from a combination of technologies and
certain input of R&D resources such as researcher For simplicity, the input of R&D
resource is homogenous to any research project and one period experiment is necessary
to get result regardless to success or failure. The only difference among projects is
the combination of technologies. Therefore, R&D budget means number of research

projects which firm conduct simultaneously in one period.

Invention activity start as a choice of technology. Number of possible
combination is Nt(Nt-1)/2, where Nt is number of technologies which the firm owns.
As Nt increases, possible combination increases in second order (at speed of Nt2).
Because of large number of possible combination. random choice of combination over
whole combination is inefficient. Selection of combination needs to be focused,
focusing device,. as N.Rosenberg (1969) stresses. We adopt cost minimization as
principle of focusing device Firm ranks own technologies by cost. First ranked
technology is the minimum cost technology and lower ranked technology costs more.
Preferred combinations are (21), (3,1), (3,2), 4,1). (42), (4,3), (6,1). (6.2), (6,3), ...,
where number is ranking of technologies. Just as breeding animals, firm choose
randomly from top Nc¢ combinations avoiding combinations which already tried (the

list of tested combination).

The research project tests whether the selected combination of technologies
generate a technology new to the firm. If the combination matches to technology map,
a new technology is found, invention. The new one does not always have better

performance than existing technologies It, however, adds firm’s technology set and

4 The firm can get technologies from outside as well.  The new scientific knowledge and
new capital goods in other sector are accessible to all firms in the sector. We concentrate our
attention to imitation from competitors.
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opens new possibility of combination. The firm files it (including failure) in the list of
tested combination, which is used as a negative list of combination in future decision of
research project. Continuing failure reduces the number of possible combinations and
increases the possibility to find new technology, if the firm's technology set contains
any opportunity. In both case success and failure, the firm accumulates its

experience in search for new technology.

The new technology become open to public some period later Its trigger
depends on nature of technology. In science based technology. like electronics or
chemistry technology become open through scientific paper or expiration of patent
right, that is, some period after invention. On the other hand, technological
development may proceed within firm and its outcome does not appear until new

technology is carried out in production process, that is, innovation.

It is stressed that imitation is not free information and needs effort. Within
our context, what becomes public is information of path reach it® (sequence of
successful combination) not the technology itself. Therefore, even after technology
becomes public, only qualified firms who have adequate technologies as basic
technology set to obtain the public technology. If the firm has basic¢ technology set, it
will get the public technology after one period If the firm does not have base

technology set of the public technology itself, several step is required.

For example. Fig5 shows technology map. Let (32) as newly public
technology. Bold lines show which technologies are necessary to obtain technology
(32). (32)needs (22) and (23) (22)needs (11) and (13), and s0 on.  Once technology
become public. every firm knows the paths (bold lines). If the firm has technologies
(22) and (23). imitation costs only one unit of research project and it is acquired one
period after. If the firm has (11), (13) and (23), acquisition of (22) is required before.
Then. two units of research projects and two periods are necessary to get technology
(32). If the firm has (1),(2),(3),(4) and (5). cost of imitation is six unit of research
projects and three period (acquire (11),(13),(14) at first period, (22) and (23) at second
period, then (32) at third period). As by-products. the firm obtains technologies (11),
(13). (14), (22), (23). On the other hand, the firm who lacks some of required

b Although information to reach new technology itself is not. free in real world,. we

assume it costless.
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technologies can not imitate.

L@

~32) @)
(05 e ey )
©),_— 18— (25

@, _an

Figure 5 Technology Map: example

4. Evolutionary model of technological change

In this section, the model of competition is described We consider price
competition with homogeneous commodity. Firms produce homogeneous commodity,
of which demand curve ig
Ya=A4p~*

Production requires capital stock (A) and variable input. Before facing
market at period t, each firm f determines capital stock (A(@¢) and production
technology. Capital stock is determined at the end of previous period and limits
maximum production level at period t (y(£t) = K(£t). Capital-output ratio ( ) is
equal among all technologies. To avoid vintage problem, depreciation rate of capital
stock is assumed to be unity and capital stock (K(%t)) disappears after next period of

installation.

Production technology is minimum cost technology among technologies which
firm f possess at the end of previous period Each technology i is characterized by pair
of input coefficients (a:(7), az(1)) with which two variable inputs
x(D=a(i)y, x()=a/(l)y
are required to produce output (y). Cost is evaluated at factor price (ws, w1, w2 which
is exogenous and constant over time Unit cost of technology i at full capacity
operation is
Cost(i)=w,o + wa,(i) + wya,(i)

Since minimum cost technology depends upon technology set which the firm f
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possesses at the end of period t-1 and factor price cost is indexed by C(£2).

Firm f operates its capital stock according to profitability. If price (p(t)) is
higher than unit variable cost (VO(Et)=wiai+wzaz=C(f t)- 2), firm f operates at full
capacity. If p(¢)is lower than ve(©t), it does not operate at all. If p(t)=vet), that is,

in case of marginal firm, operation level is determined so as to clear market.

(oK (Fot=1) i VC(F.0> plt)
V(S0 =3(0,0K(f,1=D) [ VC(f.0)=p(1)
0 FYCf.0<p)

Through price adjustment, market reaches equilibrium

Every firm will invest more if the rate of profit is higher We employ the

following investment function

K 1 [K PRGN <1, B850
(fnf+ )"maxj (fpi)[aC(f:t)J 9Kmin T> as aﬁ>

The term P(t)/C(i t) represents the proxy of the rate of profit if it is fully operated.
Since the firm will not operate its equipment if this term is less than unity, it is not the
actual rate of profit. The Condition @ =1 means that the firm keep its size when the
rate of profit is at certain non negative value. 1/a is target mark-up ratio, since
capital accumulation stops when price equals to C(£t)/a. To keep the possibility of

reentry, each firm is assumed to have minimum size of production capacity.

- The movement of capital shave ( S(£t)=K(£t)/ 2 K(k,t)) with constant cost is

determined by the investment function.

K(f,t+1) K(f,oa P/ c(r,0Y
St K0 P00 .
2 Kkt+) S Kk,oda Py Clk,0)
= d(f,’t)K(f’t) , whered(f.)=C(f,0)"
2, AU K (k1)
_ A0S/,
> Ak, DS (k)
Then we get B
[\ ar A \ £ 43 Al \=C I'{\ _ v
SULE+ D=5/, _ w\f,_/ /( ) whered([)zZ»d(k,t)S(k,t)
SCS50) d(1) ’

This equation shows that the firm's share (S£) will increase if its competitiveness

s

(d€t)=C(£t) ) is higher than the average competitiveness (c (7)) weighted by capital

share. This equation shows that the share of most competitive firm approach to unity
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and other firms' share will be zero The average competitiveness ( d (1)) will increase

as this process goes on.

If all capital is operated at any price, the movement of price would be
Pi+1)= {Zf oK(f,t+1)/ 4}F = '“Zf cak(f,1)P()d(f, i) A}

=[aP(){}, GK(kJ)/A}{sz(f,t)d(f,f)}]‘g

=[aP(){P(1)"}d ()] =[aP(1) " d (O]

= P(0)"*[ad (O]
If the average competitiveness ( d (1) ) were constant, equilibrium price would be

1/ od(t) (= 1/{&21(5(1(,!‘)/ C(k,t)}), multiplication of target mark-up ratio and a

kind of average cost.

However, working of this model is not so simple, since (1) the average
competitiveness ( d(f) ) is endogenous variable, (2) unprofitable capital stops
operation and (3) costs of firm change at different speed among firm and by time

through technological development as discussed earlier.
5. A Tentative Result of Numerical Simulation

Figs. 6-8 show one of simulation results. From Fig6, the tendency to
monopoly is observed. Starting from same size firm 8 grows and dominates market.
There are big changes of market share twice, period 3-10 and period 30-40.
Corresponding change in cost is observed in Fig.7 Both changes are caused by
innovation by firm 8 We set parameter of imitation lag as 10 period. Therefore,

rapid growth of firm 8 stops about 10 period later.

Fig 8 shows moving average of probability to success in invention (10 period
moving average starting indicated period). Probability of technological leader (firm 8)
is in bold line. Its probability shows peak three times. Such fluctuation of
probability seems to be the result of change in technological opportunity. At the time
of innovation of 30th period probability is declining. Although accumulation of
inventions should be the source of innovation, invention and innovation is not so
nbentlons 'shouia be the $burce ol ifinovation, imvention and 1Nnovaron 18 not So

related in this result Further analysis should be done.
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1. Growth of the Japanese Machine Tool Industry

The Japanese machine tool industry has the largest share in world production and
exports, and it has retained this position for the past for fourteen years. It reached the
highest level of production during the period of the bubble economy, but current
production is approximately half that amount, and it has yet to restore its peak level. As
for exports, a sharp increase was observed after the oil crises of the 1970s, which was due
to the success of numerically-controlled (NC) machine tools. During this period,
exports exceeded imports. This shows that the quality (in terms of price) of Japanese
machine tools had become compatible with that of Western countries.

The Japanese machine tool industry was not endowed with its high quality level
from its beginnings. It established its current position through the concerted efforts
exerted by all those who worked with their crafismanship with the sole aim of catching up
with Western technology and winning the race for innovation. The Japanese
manufacturing industry more or less began using an imitative process involving making a
“dead-copy,” in the process of industrialization after the Meiji Restoration and gradually
absorbed advanced technology. Next, Western and indigenous technologies which

included accumulated skills and crafismanship were assimilated into “Japanese
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technology”.  The machine tool industry is a representative example. In this paper, we
attempt to trace the locus of the machine tool industry from the point of view of evolution

of technology, and focus on the Japanese way of innovation.

2. Technology Transfer in the Japanese Machine Tool Industry

In this section, we will review how advanced Western technology was introduced
to the Japanese machine tool industry after the Second World War, and how Western
technology was absorbed.

2.1, Introduction of Western technology

The production of Japanese machine tools after the Second World War began in
1952. During the war, the importation of foreign machine tools was not possible, and
later, the transfer of equipment owned by machine tool builders as compensation for
wartime damages was put under consideration. Thus, for nearly ten years, Japanese
machine tool builders did not have access to Western technology, and this made Vit ‘
necessary for them to catch up in terms of gaining advanced technology, the most
immediate way which was its introduction. In the 1950s, eight technological
cooperation agreements were concluded, and by 1960, thirty-seven were established with
France (14), the U.S. (12), West Germany (4), Switzerland (4), and other countries.
The machine tools introduced were lathe, milling, and grinding machines, and they were
of the conventional type. At this time, Japanese automobiles and household electric
appliances also started production, thus the contribution of imported machine tools was
great in this respect.

From the 1960s, nearly half of the advanced technology introduced to Japan was
from the U.S. The reason for this was that, during this period, NC machine tools were
introduced into the market, and the U.S. had the most advanced technology in this field.
Japanese machine tool builders also targeted the development of NC machine tools as
tools of the future generation.

In the late 1970s, the number of technology cooperation agreements declined

sharply,‘ and this may imply that the Japanese machine tool industry had finally caught up
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with that of the West. At this time, Japanese machine tool builders acquired only a
portion of the patent, and cross-licensing became popular. Then, towards to the 1980s,
technology related to computerized numerically-controlled (CNC) machine tools and
industrial robots was being provided to Western firms. This indicates that Western
companies began to rely on Japanese technology.
2.2. Form of technology transfer

The introduction of foreign technology to Japan, that is, in the form of technology
cooperation agreements, was characterized by the acquisition of patents, gaining know-
how as well as the purchasing of machine tools. Other methods such as joint ventures
were yet common and only seven cases of joint ventures have been reported since 1963.

Thus, the Japanese way of foreign technology acquisition is in marked contrast
with that of East Asia in recent years, which is characterized by foreign direct investment
(FDI) -- advanced technology being acquired through FDI. This main reason for this
difference is the fact that Japanese machine tool builders had already achieved a certain
level of technology accumulated before and during the Second World War, so they were
able to absorb advanced technology more easily. A typical way of acquiring technology
and know-how was by assembling machine tools with their own parts and other
equipment such as electrical devices according to a blueprint. With their accumulated
skill and experience, it is said that some Japanese machine tools were of a quality equal to
the Western originals. More than ten years of isolation from Western technology in the
post-War period did not result in much technological difference, and the margin was
much narrower as compared to the technological gap that exists these days between the
advanced technological level of the West and Japan and that of the developing
economies.

In addition, Western machine tool builders were rather small in size, so they did not
have the capacity to expand their production abroad. They also tended to ask for rather

expensive licensing fees or royalties, and their Japanese counterparts willingly paid them.

3. Development of NC Machine Tools: Competition for Innovation
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In this section, we will analyze how technology management of the individual firms
determined their future in the age of technological transformation, which was brought
about by the emergence of new technology. Early commercialization of new technology
is the key for success in business competition.

3.1. How the Japanese machine tool industry won the international competition for
innovation

NC machine tools were first experimentally invented by MIT in 1952. In 1955,
Giddings & Lewis produced the first commercial NC machine tools. In Japan, Makino
Milling produced a NC milling machine in 1958, three years after the U.S. It was from
the mid-1960s that NC machine tools generally began to be manufactured and shipped to
the market. Though Japanese firms were latecomers in possession of a rather low level
of technology, they eventﬁally won the race for NC machine tools.

The reason why Japanese machine tool builders were able to take the greatest share
in production worldwide is that they successfully combined computers with machine tools.
As mentioned earlier, the size of Japanese machine tool builders was relatively smaller
than those of the U.S. and Europe.  This means that they could not afford to direct much
funding towards R&D activities to invent NC machine tools. They chose instead to
cooperate with other computer companies rather than invent the machine tools
themselves, The latter took part in activities to develop software, and the former
specialized in its application to machine tools. On the other hand, U.S. machine tool
builders chose to develop both aspects on their own. Thus, much time was consumed
for their development.”

Another approach taken by Japanese manufacturers was specializing in NC
machine tools with simple functions, such as milling, drilling, and cutting. In addition,
they also targeted a class of customers consisting of small- and medium-sized companies
by means of producing general purpose machine tools. ~ On the other hand, U.S. machine
tool builders specialized in production for big companies such as those related to military
aerospace and, as a result, they produced much more sophisticated, but expensive

machines.
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Another interesting fact about NC machine tools was that they were just what
manufacturing firms desired and had been waiting for. They were introduced at the
same penetration rate as color television sets and VCRs. The fact that Japan had taken
the right strategy was proven by the need for machine tools by the market after the oil

crises to promote productivity through the introduction of automation in the production
process, in order to cut down on labor and energy consumption. Much demand actually
came from small- and medium-sized firms.

Thus, the Japanese machine tool industry could respond to the demands of the
market, and expanded their pfoduction as well as exports. It was in 1972 that Japanese
exports of machine tools exceeded its imports. Thus, the Japanese economy achieved
its long-held dream of becoming independent of foreign machine tools.

The difference in philosophy of innovation determines the success or failure in
R&D competition.

3.2. From the Big 5 to the Big 3: domestic competition for innovation

In the previous section, the international R&D competition for NC machine tools
was presented. In this section, we will discuss the domestic competition and its
aftermath, namely, how the success or failure of the development of NC machine tools
affected the rank order of individual firms in terms of the amount of production. The
structural transformation which took place in the market for machine tools will also be
examined. Prior to 1977, companies with a long tradition in manufacturing machine
tools which included Ikegai, Okuma, Toshiba Machine Tools, Hitachi Seiki, and Toyoda
Machine Works, were called the “Big 5,” and had occupied the largest market share in the
machine tool industry. They had a long tradition in producing machine tools, especially
Ikegai which was one of the oldest companies in this industry.

There was another category of firms, namely, that of Okuma, Yamazaki, and Mori
Precision Machinery. The size of this group was not very big at its origins.  After 1977,
the rank order of the firms in this industry changed entirely. The aforementioned firms
increased their market share tremendously, and Yamazaki, Okuma, and Mori are
presently still the biggest companies. Due to this, these firms are referred to as the “Big
3” in the following section. The most well-known firm in this industry, Ikegai, suffered

a drastic loss in its market share.
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3.3. Two categories of technology innovation

The drastic change in rank order of market share, as stated above, stems from the
success or failure to develop new technology, i.e., NC machine tools, CNC machine tools
more precisely. Here, from the point of view of innovative technology management, we
make a comparison of the Big 5 and the Big 3 in terms of philosophy towards
development of new technology such as NC or CNC machine tools.

The Big 5 had a long reputation of producing special purpose machines, since most
of them belong to the “zaibatsu group,” which established machine tool firms in order to
supply machine tools to their affiliates. Hitachi, for instance, specialized in turret lathes,
and was the biggest manufacturer of milling machines, which were later replaced by
machining centers. Hitachi, Toshiba, and Toyoda Machine Works produced special
purpose machines for big manufacturers. Toyoda Machine Works was established as an
affiliate of Toyota Motor Corporation, and produced mainly for its parent company.
The size of the market for those specialized machine tools are limited, therefore its
production cannot create economies of mass-production.  Also, since they were big and
prominent firms, and possessed much management resources such as researchers engaged
in R&D activities, when faced with the new technology, they took the strategy of
developing CNC machine tools on their own. However, this caused them to devote too
much time to this project, and they were subsequently left behind in the race for the
development of CNC machine tools.”

On the other hand, the Big 3 took a different R&D strategy. Let us first examine
the cases of Yamazaki and Mori. They were quite small-sized firms when the race for
developing CNC machine tools started, and were too small to develop new technology by
themselves. Instead, they decided to work in alliance with computer makers such as
Fanuc, Yasukawa, and Mitsubishi, who were engaged in developing electronic devices or
computers at the time, which were also applicable to machine tools.  They preferred the
so-called strategic alliance with firms of other industries, rather than carrying out
technology development by their own. Firms in the electronics industry specialized in
the development of computers and had many R&D sections engaged in the development
of computer hardware as well as software. Joint efforts in R&D by machine tool

builders and electronics companies made it possible to win the development competition.
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The strategy chosen by Okuma was similar to other prominent firms, that is, their
own development.  As stated earlier, the Big 5 had an accumulated level of technology
and long tradition of R&D activities as machine tool builders, and also were rich in human
resources. The difference between Okuma and other prominent firms is their target of
R&D. The latter aimed for the development of rather large and specialized machine
tools for specialized firms and specialized jobs; on the other hand, the former targeted
general machine tools for simple tasks. Okuma thus expected to have a large demand
for CNC machine tools from small- and medium-sized manufacturers, who preferred
machine tools sold at reasonable prices for simple tasks such as drilling and milling. One
of Okuma’s key inventions in its development of CNC machine tools was the introduction
of the servo motor, rather than using the pulse motor as did Fanuc and other electronics
companies. CNC machine tools with servo motors can automatically adjust their
position to programmed ones; on the other hand, pulse motors were operated with
electric signals (pulse) and did not have the function of automatic adjustability. Okuma’s
success thus lies in their technological tradition and craftsmanship as a machine tool
builder.

Since it is necessary for even new products embodied with new technology to be in
demand by the users in the market, marketing strategy is another important factor of
R&D. This was correctly understood by the Big 3. The success of Yamazaki and
Mori depended upon their strategy of specializing in the sales of CNC lathe turning
machines and machining centers to small- and medium-sized manufacturers. Mori,
especially, put an extra effort in selling its CNC machine tools in the domestic market.
Its marketing strategy involved establishing sales networks all over Japan, and providing
after care to small businesses such as quick repair in case of mechanical trouble. For
small businesses, the stoppage of production lines due to mechanical trouble leads to
great losses. Yamazaki also took the same strategy, and it was one of the first firms to
establish a direct sales network system in this industry, which had traditionally adopted
the agent system. Yamazaki made a special effort to export machine tools abroad,
especfally to the U.S. and Europe, and took the same marketing strategy it used in the
domestic market, that is, supplying CNC machine tools with reasonable prices and

attentive after service. Its success was thus similar to that of Honda’s, which stressed
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exports more than sales in domestic market, and its reputation established abroad
promoted the domestic demand.

In sum, the strategy taken by Yamazaki and Mori is referred to as a strategic alliance,
which made use of outside resources, and specialized their core competence in the
manufacturing and marketing of their products. Though an outsourcing strategy is now
popular in the network age, it was already being put into practice more than twenty years

ago (see Tsuji and Nishiwaki [1996]).

4. Concluding Remarks: Evolution of Technology in the Japanese Machine Tool Industry

Japanese technological innovation has been referred to as process innovation
instead of product innovafion‘ The former implies that Japanese technology specializes
mainly in the application of basic technology invented by Western companies for the
production process. Automobiles, household electric appliances, and semiconductors, |
categories in which Japanese companies have technological superiority, are typical
examples. The same argument can be applied to the Japanese machine tool industry, as
seen in the previous section, where the basic concept of NC and CNC machine tools
originated in Western companies.

Innovation is, however, separate from invention. The latter is purely a
technological matter; on the other hand, the former is an economic and business matter.
The Japanese machine tool industry successfully achieved machine tool production which
met the demand of other manufacturers in terms of price, quality, and marketing such as
maintenance services and sales network. Western machine tool builders succeeded in
inventing sophisticated machine tools for specialized use such as for the military, but not
for general purposes. As for CNC machine tools, Japanese technology was no longer
imitative, in other words, the new machine tools were invented keeping pace with the
evolution of the computer. This was made possible through the strategic alliance with
computer makers.

Once the amount of production of NC and CNC machine tools increased, the

process of learning-by-doing brought further reduction of costs and increase in efficiency.
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This also led to more investment in R&D, and innovation of new technology. - The
evolution of technology takes the following processes: R&D, commercialization, and
diffusion. ~ In the Japanese machine tool industry, the success of one technology became
the basis of the next technology, that is, the success of NC machine tools created that of
CNC machine tools. This cumulative process propelled the Japanese machine tool
industry to becoming number one in world production and it has maintained this position
for more than fourteen years.

Another interesting comparison can be made of recent economic development of
East Asian manufacturing industries. Recent economic growth in Asian countries has
been driven by the FDI of Western firms, particularly the assembling and processing
industry, as they set up assembling plants in the developing countries. For those
countries, by taking advantage of this situation, they were able to promote growth and
acquire new technology. This type of industrial development is called “leapfrogging,”
which indicates that those countries bypassed the acquisition of basic technology or R&D
(see Soete [1985], Barro and Sala-I-Martin [1995], and Hobday [1996]). By this theory,
the recent development of the household electronic appliances and electronics industries
in Southeast Asian economies can be explained. They bypassed the above process, and
with the advantage of their labor cost, have been successfully competing with advanced
economies.

This has not, however, been the case for the machine tool industry.  The reason is
as follows: Firstly, machine tools are part of an assembling and processing industry, and
the production process is separate for the pieces, parts, and equipment. The total
quality of a machine tool is not equivalent to the total sum of the quality of all the parts
and equipment.  Secondly, machine tools do not consist of only one, but numerous parts
and equipment, and their quality reflects the overall level of technology in the economy,
from simple to sophisticated. Industries which supply parts and equipment must
develop a balanced level of technology.

The development of Japanese machine tools in this context can be hypothesized as
the “flying-geese” model, which is a theory of the product cycle inspired by the
endogenous process of development in the domestic economy. As we discussed

previously, the introduction of Western advanced technology did not lead to leapfrogging,
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but rather a catching up, since all technology introduced were conventional and could be
absorbed by the level of technology at that time, and Japanese machine tool builders had

immediately joined the race for innovation.

NOTES

1) There is another reason why the U.S. machine tool industry lagged behind
Japanese firms. M&A has been popular in the U.S. The machine tool industry was a
good target for M&A for other firms outside this industry.  This hindered the long-term
strategy for machine tool builders to develop NC machine tools.

2) In 1973, there were seven machine tool builders still engaged in producing NC devices
by themselves such as Hitachi Seiki, Okuma, Toyoda Machine Works, and Washino
Machine. Now, in 1996, only Okuma produces its own NC devices. All other
companies retreated from this market and have been making their purchases from
electronics firms such as Fanuc.
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g Ray Canterbery, The Making of Economics,
Wadsworth Publishing Co, 1980, ERE — B RT &K
5o A'Hiﬂ‘t-,%‘\ﬁ,ﬂHﬁ%@é“{ﬁ%ﬁf‘sﬁ&\«l983Eo
20PhilisDeane,TheStateandThreEconomicSystem,
Oxford U.P., 1989, p.60.

% Adam Smith, The Theory of Moral Sentiments,

Cralendon Press, , Oxfrd,1976.p.185
2 ﬂéﬁk?é?%%ﬂ\Tﬁla°7<iﬂﬁiﬁﬁ'f%?§a§ﬁ(?)jl97o N
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government, and the wheels of the political
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by means of them. Ada‘m Smith, The Theory of
Moral Sentiments, Cralendon Press,
Oxfrd,1976.p.185

B¢ ijs of government as of machines, the more
they are simple, the more they are solid and
lasting; the more they are artfully composed, the

more they become useful; but the more apt

— 188 —



watches, which are continually going wrong,;
sometimes the spring 1is found too weak, at the
other times too strong for the machine: and when
thewheelsarenotmadeaccordingtoadetermined
proportion, by the able hands of a Graham, ofr
a Julien le Roy, they do not tally well with one
another; then the machine stops, and if it be
forced, some part gives away,;, and the workman's
hand becomes necessary t.o set it right. James
Steuart, An Inquiry 1nto the Principles of
Political Oeconomy, London, 1777 .pp.249-50.
% A mathematical demonstration vis .certainty;
identical propositions and geometrical axioms
are certainty. Whatever does not come up to thesece
standards, is something less than certainty. The
term doubt is not the opposite to belief: it 1is
a middle term between belief and disbelief.

Observations on Dr. Beatie’s Essay on the Nature

and Immutability of Truth, p.13.
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Essay on the Nature and Immutability of Truth,
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B A yiew of Sir Isaac Newton’s Philosophy, p.23.
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Hayek's Legacy in Evolutionary Economics in the Light of his “Transformation”

Hiroyuki Okon
Faculty of Economics, Wakayama University

It is high time that we take our ignorance more seriously.
Friedrich A. Hayek

L Introduction
While, in The New Palgarve: A Dictionary of Economic’, we can find such entry words “development

”»

economics,” “energy economic,” “environmental economics,” “institutional economic,” and so on, we
cannot discover an entry “evolutionary economic.” In this sense, it might be able to say that it has not yet
so called “citizenship’ in Economics. This situation, I believe, should be welcomed rather than lamented,

since creation of a new thing is, if so difficult, more interesting than learning of the old thing.

The purpose of this essay is té consider what Hayek’s legacy in evolutionary economics is. Hayek and his
later works are referred to in relation to evolutionary analysis of society, especially evolution of rules of
conducts. Although I do not deny that Hayek’s later works is so important to evolutionary economics, I
would like to insist that we should see Hayek’s intellectual history as a whole if we expect to learn some
lessons from Hayek to develop evolutionary economics. By doing so, I will conclude that there are two
crucial problems for developing new economics: philosophical sophistication of a relevant theory of

ontology; the coordination problem as reproduction of existing spontaneous order.

This essay is constituted as follows. In the following section, we will examine some trends of thinking
behind recent explosion of evolutionary economics. In section IIL, in parallel to section II, we will find out
similar trends of thinking in the treatments of Hayek within evolutionary economics. These two sections
constitute background of the following argument. In section IV, the nature of Hayek’s intellectual career
will be reviewed. I will insist there that we can and should interpret Hayek’s intellectual history as his
unconscious struggle of escape from the notion of equilibrium. Being based on this interpretation, in the
following two sections (section V and VI), two crucial problems will be presented as central to
evolutionary economics. In the final section (section VII), some further suggestions for research agenda

will be made.

! Published in 1987.
? Instead, we can discover ‘natural selection and evolution’ contributed by Sidney G. Winter. Vol.3, K to P, pp. 614-
617.,
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II. Why Evolutionary Economics?
In the world, why should we need ‘evolutionary economics (to be denoted as EE hereafter)’? And what is
EE on earth? In this section, as preparation for subsequent arguments, some answers to these fundamental

questions will be examined and classified or categorized.

Even though, as we saw, the entry ‘evolutionary economics’ cannot been discovered in The New Palgarve,
we have already had a great number of those books which can be categorized as EE>. We have had even
Journal of Evolutionary Economics since ]9914. If we try to count the number of papers and articles whose
key words include ‘evolution’ or ‘evolutionary economics’, it would be really enormous. It is far beyond my
ability to review all of these works and classify them under some headings. Even though the great diversity
should be considered as evidence of EE’s healthiness, however, it may be worthwhile to examine some

trend of thinking and its implication in EE.

In order to clarify the trend of thinking in EE, we can use a few books or papers which is comprehensive,

not specific, in nature.

The following tables can be used to know what EE is, and to, in one way and another, generalize the trend
of thinking in EE. It seems very difficult to see the general trend of thinking of EE in these tables. Indeed,
for example, Hodgson says that “it is unlikely there is a single, underlying and coherent message.”
According to him, the use of the phrase ‘evolutionary economics’ seems be only a matter of fashion.
However, it could be possible and necessary to draw out the trend of thinking of EE to understand the

reason why EE is needed.

The seven themes in evolutionary economics (Witt ed., 1993; Witt, 1994)

Shumpeterian Themes

Economic Natural Selection and Firm and Industry Behavior
Broader Biological Analysis ‘
Path-Dependency and Bifurcations: Aspects of Non-Linear Dynamics
Knowledge, Innovation and Competition

Cultural Evolution and Spontaneous Order

Economic Growth and Development in the Long Run

M

3 For example, Hanusch (1988), Hanusch ed. (1988), Tool (1988), Tool ed. (1988), Hamilton (1991), Witt ed. (1992),
Hodgson (1993), Witt (1993), Witt ed. (1993), Day and Chen eds. (1993), Anderson (1994), England ed. (1994),
Hanappi (1994), Magnusson (1994), Tool ed. (1994), Hodgson, Samuels, and Tool eds. (1994), Leydesdorff, Van Den
Besselaar, and Allen eds. (1994), Gowdy; (1994), Shionoya and Perlman eds. (1994), Delorme and Dopfer eds. (1995),
Vromen (1995), Andersen (1996), Kwasnicki (1996), Helmstadte and Perlman eds. (1996), Mothe and Paquet eds.
(1996) Saviotti and Saviotti (1996)

4 Published by the Institutional Joseph Schumpeter Association.

® Hodgson (1996), p. 2.
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IL. Why Evolutionary Economics?
In the world, why should we need ‘evolutionary economics (to be denoted as EE hereafter)’? And what is
EE on earth? In this section, as preparation for subsequent arguments, some answers to these fundamental

questions will be examined and classified or categorized.

Even though; as we saw, the éntry ‘evolutionary econorhics’ cannot been discovered in The New Palgarve,
we have already had a great number of those books which can be categorized as EE®. We have had even
Journal of Evolutionary Economics since 1991*. If we try to count the number of papers and articles whose
key words include ‘evolution’ or ‘evolutionary economics’, it would be really enormous. It is far beyond my
ability to review all of these works and classify them under some headings. Even though the great diversity
should be considered as evidence of EE’s healthiness, however, it may be worthwhile to examine some

trend of thinking and its implication in EE.

In order to clarify the trend of thinking in EE, we can use a few books or papers which is comprehensive,

not specific, in nature.

The following tables can be used to know what EE is, and to, in one way and another, generalize the trend
of thinking in EE. It seems very difficult to see the general trend of thinking of EE in these tables. Indeed,
for example, Hodgson says that “it is unlikely there is a single, underlying and coherent message.”
According to him, the use of the phrase ‘evolutionary economics