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The introductory chapter has outlined the general structure of the book as
2 whole. But because of the size and complexity of the subject, we shall
introduce each section of the book with a brief preface, indicating the
scope of the subsequent chapters in that section and drawing out some of
the main points which are essential for the flow of ideas in the book as
a whole.

In this section Dosi and Orsenigo first introduce the general problem of
accounting for the relatively ordered patterns of growth which have been a
feature of industrialised capitalist economies for quite long periods—as in
the quarter century after the Second World War. They reject the orthodox
explanation of this ‘dynamic stability” for reasons which have been touched
on in the introduction and will be developed at greater length in Part 111
(‘How well does established theory work?’). They are concerned with the
inherent uncertainty associated with technical innovation and argue force-
fully against any theory which assumes ‘hyper-rationality’ on the part of
representative agents.

How then to account for dynamic stability? They suggest that the prob-
lem should be approached in two ways: on the one hand, by studying and
understanding the regularities and patterns in the process of technical
change itself; and, on the other hand, by recognising the role of institutions
(including markets but not only markets) in regulating and stabilising the
behaviour of the system. These two aspects of long-term dynamic stability
are taken up in the two following chapters by Freeman and Perez (Chapter
3) and Boyer (Chapter 4).

Dosi and Orsenigo point out that despite the great diversity in the
sources and consequences of technical change, it is not a purely random
process. There are regularities in the pattern of technical change which
have been analysed in empirical studies and which may account in part for
the relatively stable patterns of growth. In particular they point to the
existence of ‘technological trajectories’ and ‘technological paradigms’
which offer opportunities for profitable, innovative investment and growth
of new markets over relatively long periods along rather well-defined paths
of development and diffusion. s

The notion of ‘paradigms’ and ‘paradigm change’ is at the heart of
the chapter by Freeman and Perez on business cycles and investment
behaviour. They observe that Keynes himself and representative neo-
Keynesians, such as Samuelson, did not believe in the capacity of the self-
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adjusting market mechanism to equilibrate investment behaviour, and that
a ‘climate of confidence’, ‘animal spirits’ and state intervention had to be
invoked to achieve a sustained, full employment growth path. Then they
examine the influence of technical change in generating a ‘climate of
confidence” which might sustain expansionary waves of investment, when
business only ‘pretends to itself' that it believes in the ‘rational’ ex ante
calculations of future return on investment.

The Freeman—Perez chapter suggests that some new technologies, after
a prolonged period of incubation and crystallisation, offer such a wide
range of opportunities for new markets and profitable new investment
that, when social and institutional conditions are favourable, entre-
preneurs have sufficient confidence to embark on a prolonged wave of
expansionary investment. They point out that Keynes himself once
acknowledged the validity of this Schumpeterian explanation of major
investment booms,

Their analysis is based on the idea of a ‘techno-economic paradigm’ first
advanced by Carlota Perez. This differs from similar ideas advanced by
Kuhn, Dosi and others in two ways. Most importantly her concept is one of
a ‘meta-paradigm’—a dominant technological style whose ‘common sense’
and rules of thumb affect the entire economy. It thus corresponds most
closely to Nelson and Winter's concept of a ‘generalised natural trajectory’
or ‘technological regime’ which dominates engineering and management
decisions for several decades.

Secondly, its powerful influence throughout the system derives from a
combination of technical and economic advantages (hence the expression
‘techno-economic’ paradigm). This point is an important one since it
means that her concept recognises from the outset the influence of the
economic selection environment in shaping and crystallising the new
technology within the wide realm of the technically feasible. A ‘techno-
economic paradigm’ is a cluster of interrelated technical, organisational
and managerial innovations, whose advantages are to be found not only in
anew range of products and systems, but most of all in the dynamics of the
relative cost structure of all possible inputs to production. In each new
paradigm a particular input or set of inputs may be described as the ‘key
factor’ in that paradigm characterised by falling relative costs and universal
availability. The contemporary change of paradigm may be seen as a shift
from a technology based primarily on cheap inputs of energy to one
predominanily based on cheap inputs of information derived from
advances in microelectronic and telecommunication technology.

The Freeman-Perez conceptualisation has much in common with
Schumpeter’s theory of long cycles. It differs from that theory, however,
in several ways. In the first place the notion of change of techno-
cconomic paradigm is wider than Schumpeter’s key radical innovations
introduced at intervals of forty to sixty years. It recognises the pervasive
effects of a change of technological style not just in a few motive branches
of the economy but throughout the system. The process of structural
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original synthesis. The French regulation school, although acknow-
ledging the importance of technical change, have paid relatively little
attention to it, whilst Freeman—Perez have not developed so far their
analysis of institutional forms or of aggregated formal models of the
economy. Both chapters contain tables with suggestive tentative sketches
of the historic succession of modes of regulation or paradigm change. But
both point to the need for much historical research to flesh out these first
approximations.

As Boyer points out in his chapter, historians have too often been
reluctant to challenge the prevalent schools in economic theory, whether
neo-classical or Marxist, whilst economists have too often tried to impose
their theoretical preconceptions in all periods of history (as in the extreme
example of ‘Robinson Crusoe’ theorising). A historical perspective is
crucial for any research programme which seeks to understand technical
and institutional change, but it must be one which recognises the impor-
tance of qualitative change in the system.

This conclusion emerges with particular force from the final chapter in
Part II by Peter Allen (Chapter S). He puts the current debate about
economic theory in a far wider context, affecting epistemological problems
in all the natural and social sciences. This perspective is healthy for
economists, since one of the problems, increasingly recognised in the
profession, is the need for reintegrating economic theory with the other
social sciences, as was considered quite normal by the classical economists,
The chapters which have just been discussed and (from an entirely diffe-
rent direction) the work of the ‘New Institutional Economics’ school are
both indications of this need to reconstitute ‘Political Economy’ with a full
recognition of the role of institutions and institutional change. A bridge to
the physical sciences in the understanding of technical change is no less
important.

Allen points out that all branches of science have been limited in their
thinking and ambitions by the prolonged domination of a Newtonian
mechanistic perspective, which hinders the analysis of qualitative change
and evolutionary development. He points to new developments in physics,
chemistry and biology, as well as the social sciences which are stimulat-

ing the analysis and formal modelling of systems undergoing qualitative
change:

The real message of the new concepts in science is that change and disequilibria are
probably more natural than equilibrium and stasis. Those who can adapt and learn
will survive. And this will depend on their ‘creativity’.

The ideas advanced by Peter Allen in this chapter on ‘self-organising
evolutionary systems’ are of the greatest importance for the subsequent
parts of the book dealing with established theory (Part III), the behaviour

of firms (Part IV), national systems of innovation (Part V), and formal
modelling (Part VII),
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Introduction

One of the common themes of all contribut'ions to this boo}c is c}:acr:ng
change not only in the techniques of prodgcuon and t}!e char.licte;:j ltheir
the product but also in the behaviours leading to new dISC{)VCFlCS A
cconomic exploitation; in the general structure of economies i
performance —whether assessed in terms of employment, or l}"lCC; o ,meCh-
national competitiveness, productivity, etc.; _zmd, ﬁnall}', in S on
anisms and institutions through which economies and societies coc;lr e
the economic efforts of their agents, prorriuce c_hangc and gf)Vl:m t cn;s.‘ o
course, there are micro and macro dlmen.smns o the&:c pruc]-;:‘s:a B
change. Individuals and/or organisanons' deviate from the nolrrna. gnz[ o
doing things; adjust to ‘external’ (environmental) chang‘es?s. re:;poonﬂic-
‘creative’, new and sometimes unexpccted_ways to compe;lnltwe c}wmn o
tual challenges; or explore what they b(lel!evc to be (rig try F;nal b .fh);.
unexploited opportunities. In turn, 1nd1w.dua1 and orgz_afusal R
viours, to different degrees and through different processes, Ert' - 111;,
penalised or rewarded. They are selected ex ante on th‘.cf_as:;_s\fi(z1 -
cognitive structures, ‘visions of the world’ :cmd competencesF 1:.e 1:3 e e;
and of the prevailing norms of orgam.satlons. They are also i
post. In contemporary mixed economics, market cc_:mpetmon e
forms of more discretionary selection (such as choices by gove;n r ues.
financial institutions, etc.) sort out the behaviours, _products, 'teiitr::}onai
and organisational forms which—on some economic and/or ins

criteria—are ‘preferred’.

] i is work is tly based, by R. Nelson, S. Winter
PNty slated papers, on which this Iv-ork is par X . W
;rlct‘-lu:;':;“;::lgl;l::;t: of l}:u:PEfweﬁ and Maastricht meetings that led to this book, have been

helpful to the present draft.
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Finally, the processes of exploration, development, selection and diffu-
sion of new technologies, new ‘ways of doing things’, organisational struc-
tures and institutions, and market interactions, may well often be beyond
the control or even the imagination of individual actors.

Of course, processes of change are continuously intertwined with pro-
cesses of allocation of resources and coordination among agents, which in
contemporary mixed economies occur to a good extent via the markets. In
fact, the relationship between market signals and market organisation,
growth and technical change has long been recognised as one of the central
issues in economic analysis. This was one of the major analytical tasks of
classical economists, from A. Smith to Ricardo and Marx, who tried to
account for the determinants and regularities in the dynamics of industrial
cconomies (the ‘laws of transformation . ') and explain the patterns of
allocation and the related coordination of economic activities. The latter
appear to produce relatively ordered and efficient outcomes from the
multiplicity of decisions by individual agents. One must recognise that the
classical economists have not been entirely successful in this task, in that
they partly failed to establish a satisfactory link between the properties of
price-based allocative mechanisms (with the related competitive process)
and the dynamic patterns of growth of the economic system.

Facing the double function of decentralised markets as instruments of
allocation of resources and as instruments for the transmission of impulses
to change (Kaldor, 1984, 1972), classical economists often considered the
second one as by far the most important, without feeling any need to
analyse the functional relationship between the two. Fundamental dynamic
properties such as the relationship between expansion of markets, division
of labour, and productivity growth in Smith, or the ‘increasing organic
composition of capital’ in Marx, are examples of a class of propositions
argued on the grounds of the irreversible transformations originated by
processes of what we could call ‘dynamic competition’. Moreover, their
neglect of explicit microfoundations was justified on the grounds of what
we may term a ‘holistic’ or ‘macroinstitutional’ assumption about
behaviour: it seemed obvious to them that, for example, given an oppor-
tunity, capitalists were ready to seize it, or that their ‘institutional’ function
was to invest and accumulate the surplus.

Conversely, neo-classical economists focused on the problem of alloca-
tion of given resources within a context of fixed and freely available
technologies. In the neo-classical world the function of the market is only
the allocative one: change must be treated either parametrically or reduced
to an allocative decision. Correspondingly, the organising principle of the
system is the ‘economic rationality’ of individual agents, taken to be an
invariable procedure of maximisation of some known objective function,

The relationship between allocative processes, economic behaviours.
innovation and economic change was at the heart of Schumpeter’s analysis,
Schumpeter stressed the dichotomous role of markets and tried to recon-
cile them in an uneasy compromise between. first, statics and equilibrium
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wherein technological and institu.ticmal cha.nges are ‘disequi :1 ra5 . n;ge
factors producing non-stationarity in the en\u‘mnment, ’but,d at t i e
time, emerge in ways which are often rather patterned ‘and—exc 255 >
major discontinuities—do noldyielfd fundamental ‘cli;caks in the proc

inati ong a multitude of economic agents.

w?['rhcksnztlll;;eaﬂs n%eant to suggest a broad'interpr‘etation of: and a s:tkzi
conjectures about the linkages bct}\reen innovative behawgutr), l;: 5 :
processes and institutions. In some instances, the argument is alc e ﬂm}r,
references to specific comributionslin_ the economic literature. In o
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Insg\?;;!;ll,t i?t st?:; essay we lryplo highlight a broad rrcse:_lrch programme
and some research results on how economic coordmah_onl and_rclamie
dynamic order may go together, in contemporary economies continuously
characterised by technological and institutional change.

Order and change: some preliminary remarks on technology,
technical change and the theory of production

Technical change occurs all the time, often endogcnously produced wn::ir{]:
industry by profit-motivated agents who try to appropnatc the'cgono .
benefits of their innovative success. The: institutions that organise p!
duction and sales vary, too, both over time fmd across sector-:v., ran]gT%
from many small producers selling in competitive markets, to ohgopci is nld
firms which can behave strategically in relation to their environment a
their future. Technological and institutional change ar}d the va;l'ymg
innovative success of the different agents are part of a continuously chang-
lﬂ%}j:‘;;(:ﬁm;tit; are there some mechanisms and processes? which can
maintain the system on a self-sustained path, however defined? i
Let us first consider the characteristics of c_hfange_-—and in parna;
technical change —as they emerge from t'hc empirical htc_r’ature, Onez othl.:z
has surveyed them in other works (Dosi, 1986 and Dosi’s chaﬁ:-ter in i
book on the features of innovation). There we conclude t aF gen __
features of technical progress are (i) seclor—spcgﬁc d;grccs ,Df _‘_approp_r:!l
ability and levels of opportunity of tgfhnolqgma} advance; (1"3] pa;;lsc
tacitness of technological knowledge; (iii) variety in the knowledge-
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of and search procedures for innovation; (iv) uncertainty; (v) irreversi-
bility of technological advances (i.e. unequivocal dominance of new
processes and products over old ones, irrespective of relative prices);
(vi) endogeneity of market structures associated with the dynamics of
innovation; (vii) permanent existence of asymmetrics and variety between
firms (and countries) in their innovative capabilities, input efficiencies,
product technologies, and behavioural and strategic rules.

Under such circumstances, we suggest, a first element which accounts for
the emergence of relatively ordered patterns of change stems from the very
nature of the learning process underlying technological advances. As dis-
cussed at greater length elsewhere (Dosi, 1984 and Dosi’s chapter in this
book), technologies develop along relatively ordered paths shaped by the
technical properties, the problem-solving heuristics and the cumulative
expertise embodied in technological paradigms. Each ‘paradigm’ entails a
definition of the relevant problems that must be tackled, the tasks to be
fulfilled, a pattern of inquiry, the material technology to be used, and
the types of basic artifacts to be developed and improved. A rechnological
frajectory (Nelson and Winter, 1977; Sahal, 1981; Dosi, 1982a: Gordon
and Munson, 1981; Saviotti and Metcalfe, 1984) is then the activity of
technological progress along the economic and technological trade-offs
defined by a paradigm.

In this view, technology is not a free good, but involves specific, often
idiosyncratic, partly appropriable knowledge which is accumulated over
time through equally specific learning processes, whose directions partly
depend on firm-specific knowledge and on the technologies already in use.
This view also implies a theory of production whose main features are, in
the short term, diversity of (relatively fixed) coefficients between firms,
and, in the longer run, relatively ordered patterns of accumulation of
firm-specific competences (Winter, 1982) and of the development/diffusion
of unequivocally superior techniques and products. Relatedly, the local
and irreversible nature of technological advances is likely to induce the
emergence of strong non-convexities (see Arthur’s chapter and Atkinson
and Stiglitz, 1969; David, 1975, 1986; Arthur, 1985).

As Arthur (1985) and David (1986) show, cumulative localised and
irreversible forms of technical progress yield (i) non-predictability of
equilibria; (ii) inflexibility (random walks having absorbing barriers); (iii)
non-ergodicity (the past is not ‘forgotten’ and strong hysteresis effects
emerge); and (iv) potential inefficiency (a particular equilibrium or,
dynamically, a particular path might be inferior in terms of some welfare
measure but the system may still be ‘locked’ in to it).

Against this background. consider the relationship between market
signals and technical change. Technological paradigms and technological
trajectories bind to rather narrow limits any process in inter-factoral
substitution based on a given state-of-the-art of technology, induced by
changes in relative prices. However, they provide at the same time rela-
tively ordered ‘avenues’ of technical progress. With positive technological
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opportunities, the economic agents tend to react to For anncxpat::) ;I::nﬁ:z
in relative prices and demand conditioqs by searching for new tec ; gaCh
and new products within the bouna‘arlres defined by tlhe nature ;Soew

technological paradigm (Nelson and Winter, 1982; Dosi, Paw: :Int o 0;
1088). These new techniques and new proufiucts. in turn, are li ely to i
pecome superior to the old ones irrcspect}vc of relz_ltlvc prices {lénme A
ely. as in the case of several microclcctromcs-ba_scd innovations, Oflt.e an

D::;si, 1983, or after some learning time as in agricultural mac melry,
David, 1975). In other words, if they had cxlstefl bcfo?e. th.ey would ]E-: 50
have been adopted at the ‘old’ relative p!'ices‘ Using a biological metaphor,
technological paradigms provide a relatively cohere::u_ source of mutations,
while at the same time constraining tlje adaptability qf the :syslcm tto
optimal allocations for given technologies. Cgl?versely, in e“‘f'm’“l;“e“ ds
with relatively high technological opportunities and ‘para.dlgm—h oun

changes, markets tend to perform as rather powerful st1mu}1 to change,
even where they are relatively poorer optimal allocators of given amounts

of resources.

Innovation, uncertainty and economic behaviour

Due to the specific characteristics of the innovation process (discussed in
Freeman, 1982; Nelson and Winter, 1982; and_Dam, _1986, apd Dosi’s
chapter in this book) one should expect to ﬁn:d lpnovatwe ?nv‘]mmrlfcﬂg
showing both an information gap (i.e. information is nccegfan]y imper ec]
and a competence gap of every agent (in thal the caPablllty of efﬁmetlu y
processing the available information is heav?ly constrained b'y the co_mfp ex:
ity of the causal links characterising the environments to which the lfll.o:rmf
ation refers).! Limits on available in_formatlorll ant_i on the cap‘abl nfyt t1:1)
efficiently processing it obviously entail uncertainty in }h_e fo.rmauon‘ of the
expectations on which economic agents base thm‘r decisions: the exlsctlen;c
of a permanent gap between the ‘competence’ oI‘ the ‘agents ar? the
‘difficulty in selecting the most preferred alternatives’ (which is at the co;c
of the very existence of uncertainty) is such thatlthe restriction on the
number of allowed alternatives (i.e. the ‘routinisation’ of l_:vehawour} may
well increase ‘the chance of “correctly” selecting th? action at the ljghE
time relative to the chance of “mistakenly” selecting it at the wrong time
i 5 508):
(Hh?gf;c.:vlzfi,nfe is Iiize]y to find another—and even stronger — source of
uncertainty which rests on the impossibility of mapping prcfcranc_es, states-
of-the-world, actions and outcomes, even for a notional agent with mﬁfure
computing capability of all the information lhatllhc present can‘delwgr
about the future. The nature of this strong uncertainty is twofold. First, the
set of outcomes of different courses of action is often unknown (Ne':'son
and Winter, 1982) and might not even be CHumerahh‘: (which is th.? 1 eo;
retical condition of computability, let alone the practical computability o
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empirical agents: see Lewis, 1985, 1986.) Almost by definition, trying to do
a new thing involves the impossibility of knowing what the new thing will
look like, what its economic properties will be, what is the best way of
doing it and even what are the feasible ways of achieving the result, if any.
Second, the states-of-the-world are at least partly endogenous in that, for
example, the future technological advances and the related pay-offs
depend in complex and often unpredictable ways on present allocative
decisions of a relatively high number of non-collusive agents.

Both phenomena involve uninsurable and unmeasurable uncertainty (in
the sense of Knight. 1965, and Schackle, 1961). Markets may well work
efficiently, deliver all the information that they can, and even discount
contingencies for future states-of-the-world to which probabilities can
notionally be attached (although empirically these markets rarely exist).
What markets cannot do is to deliver information about or discount the
possibility of future states-of-the-world whose occurrence is. to different
degrees, the unintentional result of present decisions taken by herero-
genecous agenis characterised by different competences, beliefs and
expectations. Whenever these circumstances apply, one may reasonably
doubt whether economic agents apply maximisation procedures in their
decision-making (e.g. in their allocations to research activities, the direc-
tions of search, the choice of products to be developed, etc.), and even
whether it is efficient ro #ry to do so in environments characterised by
environmental complexity, uncertainty and potential surprise. A unique
‘rational’ behaviour may be hard to define, not only in terms of the
information set and computational capabilities of individual agents, but
even for a notional external observer who is not God (and thus cannot read
in the hearts and minds of the agents) but still knows all the information
that markets deliver and also knows that all agents have self-seeking goals:
what is ‘right’ or ‘wrong’ for any one agent may still depend on uncertain
behaviours of all other agents in ways that can hardly be represented in
simply game-theoretic frameworks (more on this point is in Winter, 1971
Nelson and Winter, 1982: and Dosi, Orsenigo and Silverberg, 1986).

This is not to say that the agents do not try to be forward-looking and
behave strategically in the knowledge that their actions influence the
world.? However, what acquires a major importance in the description of
decisions and behaviours is the actual priors they hold (that is, their actual
set of beliefs and Weltanschauungen), their problem-solving rules, their
specific knowledge, the ways they change them in non-stationary systems,
and the nature of the environmental selection amongst different classes of
agents who hold different beliefs (thus behaving differently even under
identical information and incentives from the environment). Putting it
another way, in order to discriminate among a very large set of conceivable
games, strategies and (possible) equilibria, which the analyst can devise to
describe innovative environments, one must introduce also the knowledge

of the actual rules and institutions governing decisions, learning and adjust-
ment processes.
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Uncertainty necessarily implies iqsrir'miom, l‘n. th b?:ﬁs,bcﬁjrj;

e requires behaviour-shaping instnfuuons (whlz.h_ md'y L oe e
g::dogcnous developments of organisations, rules, b;hefs Zmljl ﬁ;ﬁi i.r::;

1 isati aws, etc.). Second,

ol %lsc:ﬁz\:ii‘;i::tfcor:rﬁl('))fr%?t;f;}lctg:i fr;ftlrm(rrionz—requires institutions to
evefl lf the interactions and the coordination between agents who (a) at
orgdn];:'e an approximate knowledge of the possible statcs—of—the-wurld
2::1:11 of the possible outcomes of their own .actions, and (b) opi;'iz:}ssma:lz
environment where interactions necessarily produce externa

i i outcomes.

Un}!;taflz“:(ﬁgaiechnnlogical and institutional knowledge of how am{ wﬁ;g;
.ople learn, what are their beliefs and how they change occup:y.‘ in t
{}wlroach suggested here, a role theoretically analogous to ‘maximising
‘rlalijlrijmmlity in neo-classical models: _thcy are factors _of beha?’:ou;c:;; ﬁ.:::;r
which contribute to explain coordination and consistency in u :

complex and changing environments.

Institutions, firms and performance

Let us suggest two—complementary —definitions of institutions. ;:Lazcr::;
more conventional one comprises nup-_markct, non-!ar_oﬁt organisa e
(governments, public agencies, univcrsm‘cs, et_c,). Th;lr l-umtanccr:l] %
generation and diffusion of technoiogwu] mnovatlc::ns is .suliévegi i
Freeman (1982) and Dosi (1986) and discussed analytically in reunn;arcr
and Nelson’s chapters in this book. A second, broader dcﬁn{nop—‘ o
to what one finds in sociology —comprises all forrns oflorgamsanor:;, coﬂ
ventions and repeated and established behaviours which are not directly
i ough the market. )
miﬁ’ﬁ;iié:?uslg been said about behaviour in complex and nﬁn—gtatior\lga
environments implies that one might not be able to deduce t':»ckarjgul.;emd
any reasonable approximation, solely from knowledge of mar ch-' eli =
information and the self-seeking goal of the agents. Il:l lurn.. this 1[?[}0”.—
that the institutions which shape 'vis_;i_ons of the_ world ; bgh.I)VIOura cthe
ventions, perceptions of opportunlmes. and interactions elt\:lfec;yentg
agents are an important ingredient in the e:.;plz‘manon .Of What: : ekin&a o.f
actually do, e.g. how much they invest in innovation, :l:ta b
technical progress they expect in the future, what appmpn; 1{1)3 t[:m vai
isms they try to build, how much ih;y cooperate, and to w ? quam .
compete with each other. In this respect, compare, % c;)r (.-!0 mfm;
Schumpeter’s “heroic’ innovators of the ‘Th_eor_y of Economic [;wz ;.mc
with the ‘routinised’ innovations of Capitalism, Soqahsm, : emt)(t i(m:;i
These archetypes can be interpreted to represent dlfferrcm 1:nstll':u o
patterns which govern different innovative behaviours, even for the

latent opportunities of technical progress.
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Institutions, in the broader definition, matter because the ‘architecture’
of the system affects performance for the same set of underlying incentives,
This is so in simple cases of imperfect information (Stiglitz, 1985; Sah and
Stiglitz, 1985; Herriott, Levinthal and March. 1985) and institutions matter
even in the simplest ‘ratjonal expectations’ world (Frydman, 1982). A
fortiori, this applies to all innovative environments which present those
strong forms of uncertainty described earlier. Moreover, in general,
market processes themselves cannot be adequately understood without
reference to the institutions which shape behaviour and adjustment mech-
anisms (cf. Akerlof, 1984; Okun, 1981).

In fact, even the ‘economic agents’ which we generally represent as the
decision-makers are as such theoretical constructs. What one typically
observes are complex institutions—modern corporations —organised
around rules, hierarchies and various mechanisms of behaviour of selection
and performance assessment (for detailed and conceptually diverse discus-
sions, see Simon, 1957; Cyert and March, 1963: Nelson and Winter, 1982;
Marris and Mueller. 1980: Williamson, 1975, 1985: Kay, 1984; Teece,
1982b; and Kay's, Pelikan's, Teece’s and Freeman's chapters in this book).

There is an important theoretical point here. If richer institutional know-
ledge is required in order to narrow down the wide set of possible dynamics
of any innovative environment consistent with some set of latent techno-
logical opportunities, market-delivered information and profit goals, then
economic theory faces the task of achieving robust ‘stylisations’ of different
types of firms, the ways they emerge and the influence that these different
organisational forms have on firms' behaviour and performance.
Relatedly, any theory of the firm must also be a theory of how compe-
tences are organised and decisions are taken, and how organisational
hierarchies relate to the knowledge base of technological advances (for
developments along these lines, see Teece’s and Kay's chapters and
Nelson, 1981, 1987; Teece, 1982a, 1986: Kay, 1979. 1984: Pavitt. 1984b),
In this perspective, the nature of business firms certainly relates to (i) the
procedures for coordination, control, and monitoring of the performance
of individual members; (i) an incentive structure: (iii) criteria and proced-
ures for resource allocation: (iv) a (related) information-processing net-
work; but also, at least equally important, to (v) procedures for problem-
solving, learning, and storing/reproducing  specific competences. The
internal organisation, boundaries and performances of firms always reveal,
Wwe suggest, various combinations and tensions between these basic func-
tions (the general issue is discussed in Dosi, Rumelt. Teece and Winter,
1988; see also Aoki, 1986)

Market processes, evolution and performance

We have been discussing so far some technological and institutional
properties of non-stationary environments which tend to provide coher-
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ence to patterns of change a:nd ‘order’ ]bct_ltz;\fig;re,sgc;ﬁ;?e :ii];,ci-ec%;f:; ?cf
uncertainty and problem-solving complexity- e
the nature of learning and of specific institutional sct-up;l,ic Feasibility i
with respect to market interactions. How_cver. thc_?oono : o
i nomic agents is often ultimately de r
Su.cce;sbof amnzrizf 1;23:;50;1' (;ft)efﬁat no agpn'on‘ consistcng‘ of p]ans‘ is
rr:::ante};d. Thus, one should also investigate thel (_:oordinatmg properties
if market mechanisms under non-stationar‘y condl'non?.. oo
The interaction between institutions Wthl:l govern ‘mnovatwetl ey
and market-based patterns of change remains a major liheortet l:Za e
lenge. An understanding of the pattern of (_:hz‘mge‘: ls.basu: t;c;g . l:lc i
standing of the nature of particular economic mstm.n.lon‘s ( Proiisicrd
ingly recognised also within the neo-classnc?] tradition: sv?;f]e ot et
Honkapohja, 1985, p. 22). The converse 1s also truc—d S
cconomic institutions contributes to shaping the rE}}Ies an direct m(;de]
change. Thus, how does one disentangle the‘ process’ Howl f}? St
change in economic environments wher; mnov;atlon—Wl
teristics outlined earlier —features prcdonun_antl?v. et
Whatever specific theoretical reprcscptauon is chosen, we sugg e
these environments present characteristics that are (a) evotz.'uﬂonl;zr): shides
sense that change proceeds alm. by means of slow or fast, unts i
instantaneous processes of selection amongst ht?terogel;cousl atgen] ko
actually compete, make mistakes and (unlike plologlca ev? utio hripe
over t-ime; (b) irreversible, so that‘ past history str.uc; utesthll .
available options and selection mechanisms; (c) :se{f-argams;ng in i
that the ‘order’ in the evolution of the system is the largely uninte e
outcome of the coupled dynamics bclw;en tcghpgloglf:al progrests {u:-?cin
tion, learning, etc.), strictly economic activities glr?»:cstglcn ,J\){cmi f
financing, competition for ;narket shares), and the institutions g g
nd expectations.- ,
dcgzll(:ttdiy, a ]r)najor theoretical challenge concerns the exlsti::;::n ::tds
properties of ‘equilibrium’, however dt?ﬁned. in evolutionary envi e
with the features briefly described earlier. How can wcvcharactcns_.e il
in this context? What are the equivalents in an evolutionary cnvlr_(l)_t;)rr}um
of the ‘existence and stability properties’ of more standard equilibri
=
mcf: ]Siﬁtroductor}' remarks, let us suggest two p_a1;1[y c}olmph‘al:%??:;{y
definitions. As a first behavioural or sub]ect!ve ?eﬁnmon of ‘equili which,,
take that notional state of the economy whlch_ generates messa]ijges e
do not cause agents to change the theories which they hold csrf tt he; p:i); S‘:C]_IS-
which they pursue' (Hahn, 1984, p. 59). Iri the framgv}for_k 0 1-1:@5 g
sion, this ‘subjective’ definition of an evloiutgunar)f cqu:}lbr|}1m f}? : h]c:tcm-
to a set of ‘structurally’ stable strategies, |.c..the strategies ah pevet
gencous agents continue to pur;ue mt m:n-%lz;glonary environments .
i se strategies”.
N :;l;;ezl:.lrﬁ ] ::E ?:ii:;gsss;;:e: and thegaction-spaces corresponding to
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these structurally stable strategies are rather different from those of a
Walrasian world of the Arrow-Debreu—Hahn kind in three senses. First,
the ‘theories’ are also about technological developments, market trends,
fundamental rules of interaction—in a word, they also embody funda-
mental and commonly shared Gestalten and beliefs about future techno-
logical and market contingencies for which there is no forward market and
which are indeed the partly endogenous outcome of expectations and
individual strategies. (Thus, particular sets of ‘theories’ and beliefs perform
in evolutionary equilibria a role vaguely similar to contingency markets in
the Walrasian world, in that they provide for the relative consistency of
expectations of individual agents over time.

Second, the message-space has a much higher dimensionality than in a
Walrasian world. However, theories and institutions simplify it, in the sense
that (a) only particular kinds of information trigger attention and beha-
vioural change (cf. also Heiner’s contribution to this project). Structurally
stable strategies are also likely to embody higher-level rules of selection in
the message-space. (Think for example of the computer industry and the
complexity of the messages it delivers. It is plausible that several,
especially small, firms have a ‘theory’ that says something like the follow-
ing: look primarily at IBM, wait six months to see if a new product
succeeds, then produce an IBM-clone at lower cost and do not bother with
the rest unless major technological or market revolutions occur). These
strategies embody problem-solving rules which are sufficiently general and
‘redundant’ to cope with computational complexity and environmental
non-stationarity (Dosi and Egidi, 1987).

Third, the ‘policies’ also involve (i) rules on "how much I should adjust
prices and quantities and how much I should innovate’, on ‘innovation
versus imitation’, on what direction to innovate in, etc.; (ii) beliefs on
the origins and effects of change; and (iii) relatively abstract and
general strategies on how to cope with and/or generate environmental non-
stationarity,

Fourth, there might be more than one strategy which is ‘stable’ over
time, without any unequivocal possibility of ranking this as ‘better’ or
‘warse’, as compared to others.

In some respects, the ‘subjective’ definition of a Walrasian equilibrium is
a special case of a ‘behavioural’ one whenever (a) the latter collapses to
one specific ‘theory’ (everyone believes that the world works more or less
in a Walrasian way), (b) the world and the theories about it are such as to
allow strict separability between some sort of ‘short term’ about which the
agents hold stationary and ‘Walrasian® beliefs and a ‘longer term’ where
different (possibly more ‘Schumpeterian’) beliefs apply.

A second definition of ‘evolutionary equilibrium’ relates to the selection
mechanisms at work in the system and the sequence of attractors that they
entail. Let us suggest the following definitions. A series of ‘evolutionary
equilibria’ is that path of evolution of the system whereby (a) technical
progress proceeds along any one technological trajectory (as defined
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carlier and discussed in Dosi's chapn:r);_(l?) t}lc duftrr:tnagigo?c-;:;t qz;rrnn%
according to their nrganizaliuna!] characeristics ‘md. tui i %nd e
metries (that is. their technological Ia?gs and Icfifls_) is h:‘:l ;-~;t:;5 Ao
distributions of the performance velrmblets {pn‘wh; P(r}? 3 Lgiv Aa A
tivities. etc.) of the firms in an industr_\-lm also Slclb!b. : ) mulh ‘]—[Uwcyg'r
state growth is a very special case of an evolulm._nd‘rylpdl u s h}‘-
‘g\-'o]ut‘i('melr\-' equilibria are also, for exam[mle. thn.g: h-lllldlltj!'lb *, glgr s !
Nels {19535) is which two groups of ‘innovative and ‘imitative . ‘.l
:::LI:;::: characterised by identical pm[i_tabihtnes and a slabl'clte:l:hncl'?gecl?
Jag between ‘imitators’ and ‘innovators’. More gcnemlljv. c‘\qunop]?t:_m >
organisation-type models are likely to generate uvulunc_m'dr__» eqmf wc;l;mr
the definition adopted here. for rclaln{e.ly slubhl: coz-nbinfu-on's o it
logical opportunity, appropriability of innovation and strategic ;
bcil-:“;'zz:conjccmrc that, for established technological Fli:t]'ii.digllﬂ;\ alnal .Im.
given institutions, there exist onc. or more SCC[LICI'_[L‘E‘:& l‘}I cu; Il;l‘:;:n;:;
Equiiihria (i.e. one or more m'olmn_:-nnr_\,: paths) Wh"?h. are f-:jd[h iy
sense that they correspond to the series of attractors which Ieu. : 1c Sy
tion of the system. Actual economic systems may wcl]_ni.:\‘u .1't|{_|1.[: 4
sequence of ‘evolutionary c:quihl‘n'iu"l. Howc\'cnl'.lgu@n bu{ﬁuinll_t stjz .11. I);:th
technological paradigms and institutional cnnldmunb. an Lm_ ulthndry }[c[h >
we conjecture, is likely to lead to a |'a:ial|vtl5_a' slahlt: evo L}U‘.‘m lrj n;:;
system. For example, it is plausible that any profit for an.mnn_\-.dFm‘g. irm ‘
excess of that level allowed by technological asymmetries vis-a-vis ![l‘l!lld—
tors will be eroded by mechanisms of both ‘stationary 1II(1]LISIH'IE‘I11 (1.t‘d
changes in prices and quantitics pmduccc_i by othf:r_ hrmfh‘lc'f-:.) ?111
‘Schumpeterian adjustments’ (more firms will try to join the “innovating
1 2] I : .
En/]\'llE',u‘ngzl.t:].rr)n»e-nt:ﬂ point. however, is that in general, the series of attractors
defined by an evolutionary path are behav:’rmr_—dvpwid:'ml and path-
dependent. That is to say, it is the very process of enppmmhmg :III\ n;c
‘attractor’ which may well change the value of the attractor itself: the
process of ‘getting there', and the ways one tries to get there, ]_I'lﬁLICl-IL‘i:.S l.]'f?
‘centre of gravity' itself. Putting it another way. any c:\'c-lutu*‘mar) cqlulr |l-
brium inmiic::s forces which keep the industry Itogclhcr and r?rcter‘ '\;hllic.]
keep it moving, However, the two cannot be 1'|goruulxl§' scpah.l_ttd.‘ ) a‘ c,
for example, that process by which the mdusg‘y adjusts t'o. h‘_'.'\' ulc_u,}m:
profits’ of some innovators. Most likely one wlll_s‘cc an e.\panm‘n\m lIJ\ It 1j.,
quantities produced by the other firms :lnd_. ceteris paribus, a pn-.:? I:-t.l‘L:L
tion (this is a ‘stationary adjustment’). This same process, hul'.vc'cm. also
implies a change in the average conditions of production of the m.d ustry., 1r}
average R & D propensity (both due to the change in the n{1.st‘r1but;|:n‘1 0f
output between innovative and imitative [:rrm).‘\-'ftr}-'mg SP]“_,LT\.LI. :
technical knowledge from ‘leading’ to ‘hm:ku'en'dIln‘mm. changes in t]L‘
average rate of change of production costs, and, ultimately, changes in the
‘evolutionary attractor’.




games by introducing hierarchies between the players and asymmetric con-
aints on their feasible strategies. Technological and organisational
ymmemes between firms are likely to be, to a first approximation,
edictors of short-term performance (in terms of prices, profit rates,
¢.).:They have a role analogous to those entry- and mobility-barriers
n which the more ‘structuralist’ tradition in industrial economics has
fo sed (see Bain, 1956; Steindl, 1976; Downie, 1958; Sylos Labini, 1967;
eover on mobility barriers, see Caves and Porter, 1977, 1978). In
economies of scale and product differentiation can be considered
sub-set of the asymmetries which tend to arise in innovative environ-
ts:as a result of learning curves, lead times, cumulativeness in inno-
tive. capabilities and internalisation of complementary technologies.
_erefore the proximate determinants of short-term performance are
ctors directly related to the nature of each technological paradigm
(such as the scope for economies of scale, the specific technological
opportunities, the degrees of cumulativeness of each technology, etc.)
d to the institutions which organise innovative activities (and thus the
regimes of appropriability, degrees of corporate internalisation of tech-
logical capabilities, established business practices of cooperation
versus competition, etc.).
In general, whatever the precise nature of the coordination process,
utxonary environments permanently show an intrinsic tension between
lective pressure toward a ‘better’ allocation of resources, on the one
hand, and the inevitable (indeed, necessary) generation of mistakes,
uccessful trials, *wasteful’ and partly duplicative processes of search, on
the other {Neison, 1981, and Nelson’s chapter in this book). Let us now
uss these properties.

In general, the stability of an evolutionary path, we suggest, is likely'to
rest upon those technological conditions of opportunity, appropriabilitj(
and cumulativeness characteristic of each technological paradigm and
on the permanence of the institutions governing behaviours and expecta@
tion formation.

Conversely, the transition between different evolutionary paths is drlven
by changes in technological paradigms, forms of organisation, market
structures, etc. —often antimpatecl by relatively small ‘deviant behaviours!
which, under certain micro and/or macro conditions, become autocatalytic;
progressively amplify and may end up being dominant.

An obvious, but extremety difficult, question comes immediately to'
mind, namely, what is the relationship between the ‘subjective’ and the

‘selective’ definitions of ‘evolutionary equilibria’? So far, we do not have:
any robust answer. It seems plausible that a set of evolutionary stable
behaviours entails a corresponding ‘selective equilibrium’ (otherwise
people, sooner or later, would change their ‘theories’ and their ‘policies’}.:
However, the converse is not necessarily true: a sequence of selective
equilibria could be stable, for example, even at the price of a high rate of
mortality of firms, and/or a very high volatility of market shares, produc:
tivity, profits (and thus, plausibly, changes in ‘visions’ and ‘policies’) of
individual firms.

Finally, note that in evolutionary environments, ‘theories’ and ‘policies
on the one hand, and selection mechanisms, on the other, are by no means:
independent: the selection environment for any one agent is determined by
what all others think and do. The endogeneity of selection processes ranges:
between ‘hyperselection’ (and thus self-fulfilling prophecy of one or a
group of agents) and total counter-intentionality (“if everyone else thinks
and behaves like me, my behaviour will be selected out’). The endogeneity
of selection rules is, of course, an essential characteristic of behaviour-
dependent and path-dependent evolutionary paths. {(More on this and on
why these processes cannot generally be reduced to simple game- -theoretic
concepts is in Silverberg’s chapter.) '

How does coordination occur and what are the performance charac '-
teristics of evolutionary environments? The analysis of these properties
fs still at a very early stage and here we shall simply suggest some con

jectures.

Take, for example, the short-term performance analysis of industries
and markets, which is one of the traditional concerns of industrial
economics. In another work (Dosi, 1984a) it has been argued that the
permanent existence of asymmetries between firms, in terms of production :
costs and product technologies, represents a sort of factor of order which”
(i} limits the set of feasible strategies regarding price/quantity adjustments
available in the short term to each firm; and (ii) tends to order them
h%erarchicaily (so that, for example, price leadership, under certain con-
ditions, stems from technological leadership). In other words, existence
of inter-firm asymmetries reduces the typical indeterminacy of oligopolistic

Change and dynamic stability: learning and selection

In standard models coordination among plans and actions of individual
rents—and thus the theoretical possibility of economic ‘order” —rests on
the interaction between a simple behavioural assumption {maximisation)
‘some sort of scarcity constraint.

onversely, the ‘core’ heuristics of the approach suggested here depends
the interaction between exploitable opportunities, present in non-
tationary environments, which are too complex and too volatile to be fully
astered or understood by individual agents, and institutions which, to
fferent degrees, simplify and govern behaviour and interactions. As a
onsequence, ‘order in change’ is generated by varying combinations of (a)
learning, (b) selection mechanisms, and (c) institutional structures.

‘Figure 2.1 presents an extremely simplified illustration of such an
volutionary engine’. In the evolutionary process, asymmetries and
diversity among agents are both a functional condition and a necessary
outcome of innovation (Eliasson, 1986; Gibbons and Metcalfe, 1986;
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Nelson and Winter, 1982; Twai, 1981; Dosi, Orsenigo and Silverberg,
1986). These Schumpeterian features of the system imply continuous
‘disequilibrium’ features and the dominance of dynamic processes Over
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sstatic” allocative mechanisms:® technical change is an asymmetry-creating
gss. Its precondition and outcome arc varying degrees of appropria-
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however, provides bath the incentive and the need for other firms to
imitate and/or undertake further innovation. While innovation and divers-
ity guarantec dynamism, imitation and market selection of the most
L cuccessful agents prevent the system from departing too much from ‘static’

allocative efficiency. The net outcome is a relatively ordered pattern of
change in the structure of the system (in terms of rates of innovation,

roductivity growth, market structures, profit margins, etc.).

The balance between learning and selection involved in each evolution-
ary process varies with technologies, countries, institutions and historical
periods. Moreover, learning is not only (not even primarily) a sort of
Bayesian process through which people try to estimate the ‘true’ coeffi-
cients of the world. More basically, people and organisations ‘learn’ by
cumulatively improving on their technological capabilities, by building
‘theories” and trying to develop robust rules on ‘how to live’ in environ-
ments where tomorrow never looks quite like yesterday. In other words
learning has less to do with computational capabilities and information
availability than with Piaget-type development of cognitive structures.
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Different combinations of learning modes, selection processes and insti-
tutions. of course, yield significantly different environments with different
performances and different evolutionary paths. Let us call each group of
similar combinations an evolutionary regime. Interestingly, these ‘regimes’,
we suggest, closely correspond to what in an important stream of French
literature, pioneered by Aglietta (1982), Boyer and Mistral (1983),

Inter- and intra-sectoral capi
successful firms, etc,

mobility, relative ax

Differential
profitability

Coriat (1983), and Lipietz (1984), have called regimes of ‘regulation’

Nature of
technalogical
paradigms
(epportanity,

(régulation in French, which Boyer and Mistral translate as ‘socio-
economic tuning’: see Boyer's chapters in this book). Each regime is
defined by reference to ‘the whole set of institutions, private behaviour and
actual functioning of the various markets which channel the long-term
dynamics and determine the cyclical properties of the economy during an
historical period for a given society’ (Boyer and Mistral, 1984, p. 9). We

appropriability
cumulativeness)

Structural conditions

suggest that each ‘regime of regulation’ represents the aggregate morph-
ology of particular evolutionary/self-organisation processes. Or, to say it
the other way round: particular self-organisation processes are the
microfoundation of particular forms of organisation of the major
markets (commodity, labour, financial markets), yielding, under certain
conditions, relatively regular patterns of macroeconomic growth and

Change and dynamic stability: a microeconomic illustration

Economic signals
Behavioural responses
Industrial performance

Figure 2.1

transformation.
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The evolving structure of the economy and the patterns of regulation
of the system

An important intermediate link — at
economic’ —between’ microeconomi
mic phenomena are
between sectors.

a level which some writers call ‘meso-
¢ behaviours and strictly macroecon-
industrail and technological interdependencies
The standard way of representing the commodity-related
aspect of these interdependencies is via input/output analysis. Input/output
relations organise the relationship between industrial performance vari-
ables, the level at which direct interaction between the agents essentially
takes place, and the aggregate patterns of investment, demand, employ-
ment, ete.® Theoretically distinguishable from, although strongly over-
lapping with input/output flows, one must also consider inter-sectoral
technologoical interdependencies, partly made of reciprocal stimuli,
bottlenecks, information flows, spillovers of tehnological knowledge, ete.”
Finally, industries are, to different degrees, behaviourally related via
processes of vertical and horizontal integration.®
The fundamental aspect of these patterns of interrelation is that they
are heterogeneous and hierarchical: the sources of technical change are
not equally distributed across sectors but depend essentially on technology-
specific opportunities.” The patterns of production and use of innovation
vary as well as sectoral characteristics;'” there are some sectors which are a
fundamental source of technological advances and others that are essen-
tially adopters. Groups of sectors also cluster around internal paterns of
interrelation which are stronger than with the rest of the system. Impulses
delivered to one particular point of the system may have an aggregate
impact, either in terms of overall productivity or demand-generation
effects, greater than those delivered at another point.'"" The French
tradition of industrial economics tried to capture this aspect of a relatively
ordered and hierarchical structure through the concept of fili¢re, that is. a
cluster of sectors which are connected by strong technological and
behavioural input/output interlinkages. The crucial point for the present
discussion is that vertically integrated sectors and filidres provide a dif-
ferentiated and relatively ordered structure of diffusion, ransmission and
amplification of microeconomic impulses and dynamic feedbacks, whose
intensity and direction depends on the overall structure of the system and the
position of each element in it.'* Of course. the in put/output structure of an
cconomy at any point in time (or, for that matter., any structural descrip-
tion) is a ‘picture’ of its functional features (e.g. in terms of aggregate
demand, inter-sectoral effects of technical change, etc.). It also shows the
kinds of consistency conditions—e.g. between rates of sectoral investment
and growth, between income distribution, propensity to invest and inter-
sectoral distribution of demand —which must be fulfilled in order to keep
the economy on a certain dynamic path. It does not show the causes and
the processes of evolution of the economy. To understand them one
must look at 'disequilibrium’ behaviours (see the chapters by Allen and
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ilverberg). Conversely, if one wants to lundt?ratand‘ the a(i?e n%ust
S-I acro’) order which appears in certain historical cucumr:,t;nces :_;n-ain -
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i i / by Freeman, Perez and Boyer.
interpretations put forward here by Fre :
undefﬁm- the ‘Keynesian machine’ linking investment, Ic—'ffe.cnve demanﬁ ar;g
income growth are micro (evolutionary) processes, which in r‘urn m:;? s_n::;m‘
and constrained by the specific characteristics of IEC]{ilOfoglfS ;zfn ‘t; Fa
tions. Thus multiplier/accelerator coeff%uc‘nts.s will be % ; chc varigui
the amount of ‘autonomous’ (‘Schumpeterian’) mv;;slm:.nll [“ ic o
i i iling ‘modes of regulation’,
technologies trigger. The prevai odes a y
sense usgecl above, will affect income distribution, the scnmlm!f ft;)f
lwag;cs' to unemployment rates and productivity growth, Ih? E:;ggsgfégy;c;;
i i jocial cons i atterns. The nature o
invest and social consumption patt . g8 8 . -
paradigms will influence the scope for static and dynamic economies o
scale, etc. ) g ‘ P
Historically, one observes that periods of ‘smooth u)pﬁguTah(_ms(.J :
ch'u‘:lctcriﬁed by efficient macroeconomic adjue;_lment_. ‘hlgh‘ I-ﬂtt;brw
ar:}wth ete., are followed by other periods of mismatching, instability,
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low growth, etc. The substantive hypotheses we want to suggest are (i)
there are critical thresholds for the variables and coefficients within which a
distinguishable configuration is viable and (ii) it is the very process of
growth within a configuration which may lead the system toward its critical
thresholds.

The second hypothesis is clearly the stronger one and also more difficult
to prove. It is somewhat akin to the Marxian-Schumpeterian view that *it
is success which contains the seeds of its own undoing’. Let us divide the
argument into three parts, focusing on the institutional, technological and
economic levels.

As regards the socio-institutional level, it may well be that there is a
long-term unsustainability of high growth and near-full-employment cum
social stability. The thesis of the long-term incompatibility of capitalism
with full employment has been argued in the Marxian tradition by Kalecki
(1943) and recently reappraised by Salvati (1983). It is impossible to
discuss it here at length. Suffice to say that it may well be that in societies
structurally characterised by conflict over income distribution and the
conditions of labour, near-full-employment conditions are likely to gener-
ate a progressive relaxation of the discipline exerted by market mechan-
isms upon individual behaviour and induce rising collective expectations
(about income and about power) at a rate higher than that at which the
system can ‘deliver the goods’.

With respect to technology, it is likely—as we argue at greater length in
Dosi (1983)—that: (i) the pattern of ‘normal’ technological progress along
the trajectories defined by the prevailing technological paradigm involve
non-linear trends in mechanisation/automation of production with a higher
rate in the phase of ‘maturity’ of each paradigm; (ii) the just-mentioned
tendency may be accelerated by that part of technical progress which is
endogenous to market-inducement mechanisms (cf. the preceding discus-
sion of the impact of growth and relative prices on technical change); (iii)
the rate of expansion of demand for new commodities is likely to slow
down above a certain level, due to the nature of the prevailing baskets of
consumption; (iv) for all the above reasons, the net balance in the dual
nature of technical change may progressively shift in favour of its input-
saving effect as compared to the demand-creating one.

Finally, as regards the ‘economic machine’, it should be clear from the
foregoing discussion that (i) it does not necessarily embody mechanisms of
self-adjustment; (i) these mechanisms, when they exist, are bounded and
limited in scope; (iii) even more important, rational-expectations models
notwithstanding, ‘the economic machine’ may be a myopic machine
characterised by high ‘holistic effects’, self-fulfilling expectations, irreversi-
bilities and positive feedbacks which can guarantee both self-sustained
‘vicious’ and ‘virtuous’ circles.

These considerations; taken together, highlight the plausibility of the
proposition about ‘success which contains the seeds of its own undoing’.
The microeconomic (evolutionary) counterpart of this proposition is that
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certain kinds of ‘fluctuations’ and ‘non-average’ bchaviou_r which emc.rgle
within a relatively stable structure (stable in terms of basic technologlleb,
institutions, rules of interaction and expectation formation, etlc.), slf}wl}, 0(;
suddenly, with or without exogenous shocks, become se,lf-_remfnrcmg _anl.
destabilise the structure itself (they produce ‘qualitative’, morphologica
5).

Ch?;f: rzlust stress that these fundamental properties of the system such as,
first, (limited) homeorhesis, and second, endogcnous_ly_ gc_neratf:d. dis-
continuities and critical thresholds, do not depend on rigidities, f rictions,
etc., in any meaningful sense. The argument so far, Fﬁr exarqple: implies
that the price system works well and delivers Fﬂ the mfarmafmn it can. If
anything, the system may well reach its ‘cnnf:al ttlresholds faster if the
microeconomic allocative mechanisms work, since it moves _fz?sltcr toward
the exploitation of the technological and_cor}siumption poss1b‘|1[t1cs‘

In a sense, the great historical discontinuities are also periods c?f search
for new consistency conditions and forms of rcgulatign defining new
‘smooth configurations’ between new technological paradigms, patterns of
accumulation, and forms of organisation of the majon: markets, basket:s. of
consumption, and labour relations. The process of dlscoveryfexpl'oratlnnf
development of new technological paradigms during one ‘epo'cly can Pbe
seen from the point of view of the whole society as a slack activity wh!ch
increases the number of possible worlds (i.e. possible confi guratlm_as:) which
could be notionally attained in the future. The process of transition and
search obviously has a microeconomic dimension, which —as regards tech-
nical change in a narrow sense —also involves the emergence and growth of
new industries, the slow (or traumatic) adaptation of existing ones, often
the emergence and growth of new firms embodying somewhat different
‘rationalities’, the adoption of new productive techniques, and experiment-
ation with new labour processes.

There is, however, a ‘system dimension’ of this search process which is
crucial as well: the fact that the environmental requirements and processes
of selections of microeconomic ‘mutations’ in one part of the system are
likely to depend upon the state and evolution of other unrelated parts of it.
By way of an illustration, think, for example, of the slow development of
the ‘consistency condition’ involved in the relationship between the
mechanisation of American agriculture, the development of the ‘techno-
logical trajectories’ in agricultural machinery, the structure of American
land-ownership, and the trends in the relative prices of machines to labour
(cf. David, 1975). Or, more recently, think of the socio-institutional
requirements notionally demanded by an electronics-related period of high
growth, e.g. in terms of work and leisure patterns (‘the electronics home’,
ete.), organisation of the labour process, required infrastructure, etc.
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Conclusions -

In this highly exploratory discussion, we have tried to investigate the role
that both technological change and various kinds of institutions play in the
stability and transformation of modern economic systems.

Clearly, the explicit consideration of the properties of technology and
technical change introduces irreversible dynamic features, complex inter-
dependencies and uncertainty which have consequences somewhat similar
to, but far more pervasive than those entailed by indivisibilities, increasing
returns and imperfect information in general equilibrium models. In these
conditions, it comes certainly as no surprise that the mechanisms conven-
tionally thought of as ensuring stability of the system—simple market
processes of the Walrasian type—cannot guarantee the emergence of
stable and ordered patterns of change. Conversely, we suggested that the
‘principles of order’ are to be looked for precisely in those mechanisms and
dynamic feedbacks which in stationary neo-classical worlds would most
likely vyield disequilibrium  and instability. Non-stationarity, non-
convexities, the absence of a unique principle of rationality defining the
behaviour of each agent, behaviour-guiding institutions and unintentional
interrelations all contribute to generate paths of dynamic evolution of the
economic system. Clearly, the nature of ‘order’ is in this context radically
different from the conventional notion of equilibrium,

At the micro level it refers to the characteristics of learning processes
and the properties of a sort of ‘Evolutionary Hand’. Like the competitive
‘Invisible Hand’, it entails a competitive process which relates prices to
costs of production and moves resources from low-return to high-return
employments. However, the classic ‘Invisible Hand’, under the conditions
of rather fgst technical change, increasing returns, environmental complex-
ity, etc., is quite crippled and too weak to keep the system in some sort of
order while it grows and changes. Conversely, the ‘Evolutionary Hand’
also selects and orders the diversity always generated by technological and
institutional change. Moreover, it is more powerful because it is not
entirely invisible, but is forged within visible (indeed often dominant)
technologies and institutions: it not only selects ex post, it also teaches
and guides ex ante.

The emergence of ‘order’ is contingent on the formation of specific forms
of institutional organisation governing the relationship between economic
agents, of which markets are an important—but by no means unique —
element. The dynamic coherence (homeorhesis) of economic systems in
conditions of technical change, we conjecture, is the outcome of particular
‘architectures’ or forms of ‘regulation’ which define the functioning and the
scope of markets in relation to the specific properties of technological
paradigms, the prevailing forms of behaviour and expectation formation of
agents, the structure of the interdependencies of the system, and, finally,

to nature and interests of the institutions which plan an active role in the
economy,
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Notes

i sce Heiner, 1983,
1. Inaddition to the classic contributions by SI:‘]OIL 1955, 1957, see Heiner,
' iner’ ibuti is book. _
5, and Heiner's contribution to this - o
2 ll%;ac: as argued in Dosi and Egidi (1987), powerful problem SCtJ_i\:ﬂcEi ;:;;;l v
. nh'u{ i‘; ‘abstract’ and robust decision rules which apply to en ;r . whid;
Uft;n Iil,!-slructured, problems) are the general pro_ch’iurcs throug D
f\?mcili;.;cm' agents deal with environmental ('substantnlrc ) unlcatrtamt; ;)lex.“y
: ai ing from problem-solving co i
d) ‘procedural’ uncertainty stemming _ : I
(reli;“ ft:afurcs of evolutionary environments are discussed an‘d for:,nahbfgg?
% T:h"l'%m and Winter, 1982; Iwai, 1981; Eliasson, 1984, 1986; Arthur, B5;
gTvzlrbcrg 1987; Dosi, Orsenigo and Silverberg, 1986; Glbb;(;ns ag% ﬁ-‘[etrc;; rg.
: i ; ¢ Metcalfe and Silve %
1 in thi he chapters by Allen, Arthur, :
= el ies’, whi ail ific sets of problem-solving
‘stable strategies’, which entail specific set: :
i i ay not correspond to ‘evolutionary
tines of different generality, may or may resy ) :
:?;):: strategies’ in the sense currently understood in ‘evolutionary games
~¢ also Silverberg’s chapter. .
5 ?:: izrin::Iication is that “a system—any system, econumlcb or c-tléer—tthat ataip;z
: in ti ilizes i he best advantage may
i i fully utilizes its possibilities to t ‘ ge may
e hat does so at no given point in time,
i run be inferior to a system that do¢ 50 .
:e.;:;??rfc latter’s failure to do so may be a condition for the l_u.rcl or sp;:;g;;f
tong-r‘un performance’ (Schumpeter, 1943, p. Elil’(v.lgéj;md also in Elster, j
int is di 2 h in Dosi "
he point is discussed at greater length in ( d ] )
6 ’11;1 th[i)s respect, Pasinetti’s concept of vertically mt;*grztc;ll sccltnrs lsfa:; ér}?npi:;[
. retica i i the dual natur
theoretical device capable of tracing fiown dual t
tu.‘EIl::nge (in terms of demand creation and input efficiencies) to all direct and
indi 5 ces inetti (1981). .
wdirect consequences. CI. Pasinetti (
7 Iliurl z:n historigal analysis, ¢f. Rosenberg (19?.6) and (1982). Forll* an a(nlx;lg;;s of
' the inter-sectoral flows of innovation, cf. Pavitt (1984a) and Scherer ;
sece (1982). _ ) -
3‘ gt.[arT: Lt;;ufnumg of the patterns of production, use and sector of origin of
innovation, sce Pavitt (1984a).
10, ibid. B -
11. On the case of the differentiated productivity effects, cf. Slrassma_n S:ég[.{ain.
12, See Toledano (1978), Perroux (1973), Montfort (1983), Jacquemin
clli (1984), Gazon (1979), Lesage (1984).
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Introduction

This chapter discusses the revival of interest in lon g-term fluctuations in the
growth of the world economy and particularl y in the Schumpeterian theory
of business cycles. After reviewing the common ground in relation to
investment behaviour and business cycles, it goes on to discuss the failure
of Keynesian economics to come to terms with the influence of technical
change. The central theme of the chapter is that certain types of technical
change—defined as changes in ‘techno-economic paradigm’—have such
widespread consequences for all sectors of the economy that their diffusion
is accompanied by a major structural crisis of adjustment, in which social
and institutional changes are necessary to bring about a better ‘match’
between the new technology and the system of social management of the
economy —or ‘regime of regulation’. Once, however. such a good match is
achieved a relatively stable pattern of long-term investment behaviour can
emerge for two or three decades. This point is illustrated with respect to
the rise of information technology. It is argued that this pervasive techno-
logy is likely to heighten still further the instability of the system before a
new, more stable pattern of growth is attained.

The resurgence of interest in Schumpeter's ideas (e.g. Elliou, 1985) is
associated with the slow-down in the growth of the world economy in the
last decade. Whereas during the prolonged post-war boom of the 1950k and
the 1960s there was some tendency 1o assume that the general adoption of
Keynesian policies would prevent the recurrence of any depression com-
parable to that of the 1930s and would smooth out smaller fluctuations, this
confidence was somewhat undermined by the deeper recessions of the
1970s and 1980s and the return of much higher levels of unemployment.
Not surprisingly, this has led to renewed interest in long-cycle or long-wave
theories, which make analogies between the 1930s and the 1980s. This
chapter concentrates on the explanation of these deeper structural crises of

adjustment, without making any assumptions about fixed periodicity or
statistical regularity.
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by looking at the common ground in the analysis of business
i
its.m::: s:aﬂmquutgc extensively from Samuelson fq_ur‘ s_mvcrallc :E,ﬁzf.i
of all, he is probably the most authoritative neo- Er -
A iist, and one who commands respect throughout the professi al
emnﬂrﬂl business cycles have always been one of his central pmf!:ssmn
?‘.acuﬂ -t:.‘l'h.irdly. as the author of the most widely n:e_u;l economics ftc;:;
mm:t'n the Western World, he provides in the successive editions of t
bmk: convenient synthesis of the changing state ufltll:lf art [Sau;uc%c:a
::fl Nordhaus in the most recent and thorough revisions, i.e. the

edition).

Areas of agreement in business cycle theory

course many different explanations of business cycles and
:,::;:c::fla;iﬁnns for thcixceptinnnj severity of the 1930s d:pregm:::& :;nui;
of the recessions of the 1970s and I?Bﬂs But, as Smnuchﬁn ha; pcguaﬂ .
and maost textbooks on the bus;r:r;s cy::l?;l;-lﬁc;m. there y

nt on some o cen -
mmci;;gr::flﬁ: there is virtually universal agreement ti'u?t Dnr.tt:_sf !h&f
main sources of cyclical fluctuations in ll:u: economy is the uf::lanlni t:r
investment. All empirical studies of t!umncss _c:yclcs show m:]d tgsmas 3
Auctuations in the capital goods industries tzhan in consumer p;l u:} N,P &:"
the extreme example of the Great Depression of the 1930s, w en prbis
by 30 per cent in the United States but output of producers
equipment fell by 75 per cent.
Samuelson (1980) comments:

i : ther than the cause of the
Ordinarily. consumption movements seem the _:.'jf.f'ecl' ral
huf.innu.:ilc};-tle. In mi:ltmsl, there is reason to believe that the nﬂww-:menu of durable
goods represent key causes in 4 more fundamental sense. [p. 242]

The wording is slightly changed in the 1985 edition but the ern;_:-hat.;ls on
investment remains and indeed virtually all s.ch{:_-ols of ePunuu:fcﬂ -.:t?;:.-r
would accept the empirical evidence on the relative amplitude lmu: g
tions in different sectors of the economy. Moreover, they wm.ud a ﬁll' -
that there are certain aspects of investment in plant ap_d Fqulpm:nt “L cd
make some fluctuations almost inevitable: ‘pc_rstpunablilty on ﬂ“:. one :::“
and competitive pressures to expand capacity on ther other; t i:f ::fiuus
development in the relative growth rate and capital intensity o oo
sectors of the economy; indivisibilities in many large investments ( um pi“
ness’) and the ‘accelerator’ principle tending to amplify 1r:.:;:tcm;m“nr
upswings and diminish it in duv:rns:wlnags“;jolrg uc:::ﬁg :cgi:mbles oo
i i to inventories - Th
Fssds:)i?:;:iﬁa:rnpris}rare in themselves sufficient to account for Auctuations
B It-]lltf:::izﬂﬁamueison (1980) points out in his ‘synthesis’ that *external
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factors also play an important part:

Most economists today believe in a combination of external and internal thearies,
To explnin major cycles, they place crucial emphasis on Auctuations in invesomeny
or capital goods. Primary causes of these capricious and volatile investment Auctug.
tions are found in such external factors as (1) technological innovation, (2) dynamie
growth of population and of territory, and even in some economists’ view, (3)
fluctuations in business confidence and *animal spirits’,

With these external factors we must combine the internal factors that cause any
initial change in investment to be amplified in a cumulative multiplied fashion—ag
people who are given work in the capital goods industries respend part of their new
income on consumption goods, and as an air of optimism begins to pervade the

business community, causing firms to go to the banks and the securities market for
new credit accommodation.

Also, it is necessary to point out that the general business situation definitely
reacts in turn on investment, If high consumption sales make business owners
optimistic, they are more likely to embark upon venturesome investment pro-
grammes. Inventions or scientific discoveries may oecur independently of the
business cycle, but their appreciable economic introduction Wil most certainly
depend on business conditions,

Therefore especially in the short run, investment is in part an effect as well as a
cause of income movements. [p. 246]

As Samuelson points out, essentially similar logic applies, of course, in the
reverse direction leading to the danger of a cumulative downward spiral.
Temporary over-capacity as a result of bunching of investment, perceived
lack of sufficient new markets, the saturation of some existing markets,
major instabilities in the international economy, over-restrictive monetary
policies, uncertainties about technology, protectionism and general lack of
susiness confidence are among the many influences which may trigger or
iccelerate a vicious circle of declining investment and national income,
All of them have been identified as important influences in the severe
lepression of the 1930s.

Thus far, then, is an area of general agreement about the causes of
Jusiness cycles and the problems of ‘virtuous’ and ‘vicious’ spirals in
tconomic activity. However, a gulf still remains between those economists
vho, despite what has been said above. still look to the self-regulating
rivate market mechanism, the rate of interest, capital-labour substitution,
ind monetary policy as the main stabilising forces governing investment
rehaviour and consequently the fluctuations in the system as a whole, and
hose who, like Keynes and Samuelson, lack faith in this mechanism to
ustain long-term stable growth. The central issue is the possibility of
ational optimising behaviour at the micro level of the firm. It will be
rgued in Part IV of this book that this model of entrepreneurial behaviour
s fundamentally flawed. This means that periods of stable growth depend
nore on a general climate of confidence, including widespread belief in the
uture potential benefits from technical change, than on an unbelievable
et of assumptions about perfect information and accurate calculations on
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B ith uncertain
the future rate of return of a wide variety of investments Wi
gutcomes.

Eeynes

i i was deeply rooted in the nm-classical‘ Lrﬂdlt_lun
2 U"ir:::iﬂcfa[:jtt;;:y;c;a doubt tprzc, Nevertheless, even in his earliest
e it is possible to trace his awareness of these limitations of the sei‘t'-
wnﬂ;ﬁ‘i&;g market mechanism. Moggridge (1976) puin!‘.s out that allrcady in
Egll; in his book on Indian Currency and Finance he insisted on © . . t lhel
essential fragility of the economic order which o!hm ook to b;tna ura
and automatic and emphasized the need for conscious manag;!m: fam 4

This already foreshadowed his more general onslaught on laissez-

the 1920s:

i ed from above that private and social interest always
‘nl":;dfhit]?sr::f z ﬁ:ar:ﬂ! here below that in practice r.hc?' coincide. It is notf a
mﬁm ;Iicduﬂicn from the Principles of economics that enlightencd self-mtcmﬁ;,t
mmmlly is enlightened; more often individuals seeking separately to promote their
Efxds are too ignorant or too weak to attain even these,

In 1934 in one of his broadcasts on the BBC, he was even more explicit
(quoted in Eatwell, 1982):

On the one side are those who believe that theynisting economic syst:: mr;':zx
long run, a self-adjusting mechanism, though with creaks :_md Eroans am ge o
interrupted by the time lags, outside interference nnd_ n!;stalms e g
side of the gulf are those who reject the id:'.rlthatl 1ht;tenstmh e tﬁ:ﬁflnfu:;ﬁ:};s sch;m[
ignific se, self-adjusting . . . The stren -ad :
:2;;::3??:::;::@ behir{ds::nglmmt the whu!e lbody nf‘ organised uwnng::r
thinking and doctrine of the last hundred years. This is a formidable power . . 1 &
it lies behind the education and the habitual modes of thought, not on Dyf s
economists, but of bankers and businessmen and civil servants and p-uuti;ﬁ{gh b
parties . . . thus if the heretics on the other side of the gulf are to _d:‘ ik
forces of 19th century orthodoxy . . . they must attack them in their citadel. No
successful attack has yet been made . . . I range myself with the heretics.

i reshadowed the publication of his Gerft'ﬂlf Theory of
Eﬁ!ﬂﬁf::ﬁ .:nf:resr and Money, which at lcast}emp?ranly was indeed ;-,:
fairly successful attack (Keynes, 1936) on the ‘citadel ‘,ﬂnd which argu .
that *. . . the duty of ordering the current volume ut‘_:n}reslfmcnl ?a""'::
safely be left in private hands’ and advocated the 'sm:fahsauon_ {I? m\r%su;
ment’. By this he meant, of course, not public ownership or socialism, :
public responsibility for the overall level of investment and emp]uymené
He insisted that if private decisions to invest were inadequate to uverm::n
a depression, then it was the responsibility of government to mpgenslf .
for this deficiency. Interest rate policy probably would not be in itse
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An inadequate level of private investment might arise from many causes;
in a famous and often-quoted passage Keynes stressed the impossibility of
purely rational calculations about the future rate of return from new
investment and compared it with an expedition to the South Pole. He
stressed the crucial importance of a climate of confidence and the role of
“animal spirits’. He pointed to the problem of excess capacity even in some
industries which had grown rapidly in the previous boom and the problem
of temporary saturation of particular markets. He stressed ironically the
good fortune of Ancient Egypt in having pyramids and large-scale invest-
ment which did not ‘stale with abundance’ and of the Middle Ages in
having cathedrals: “Two pyramids, two Masses for the dead are twice as
good as one, but not so two railways from London to York.®

From the time of the publication of the General Theory, orthodox

economics mounted a counter-attack mainly on the issues of monetary
policy, fiscal policy, and wage flexibility. However, there has been no
comparable counter-attack on his theory of private investment behaviour,
Indeed, Siegenthaler (1986). quoting Shackle’s (1967) essay on ‘Keynes'
Ultimate Meaning’, argues that this is Keynes™ most lasting and funda-
mental contribution to economic theory.

According to Shackle:

Keynes' whole theory of unemployment is ultimately the simple statement that,
rational expectation being unattainable, we substitute for it first one and then
another kind of irrational expectation: and the shift from one arbitrary basis to
another gives us from time to time a moment of truth. when our artificial confi-
dence is for the time being dissolved, and we. as business men, are afraid to invest
and so fail to provide enough demand to match our society’s desire to produce,

Siegenthaler comments on this passage:

This interpretation of Keynes calls for interpretation itself, but at least three things
are made very clear by Shackle. First, confidence enters the scene in a context in
which rational expectations cannot be formed on the basis of adequate knowledge,
s0 that confidence must be “artificial’: subjective certainty which encourages an
actor to invest is grounded not in a true model of economic reality, but in an
arbitrary one for which sufficient evidence fails to be available; in very particular
situations confidence gets dissolved and actors become aware of objective uncer-
tainty, of their inability to know the future and it is only in those ‘moments of truth’
that subjective uncertainty governs the behaviour of the actor ... Actors get
confident not on the basis of adequate knowledge. not as a result of procedures
leading to objectively superior forecasting methods, not as an outcome of indivi.
dual optimising strategies of selecting and handling information . . . But they do

get confident despite uncertainty . . . Confidence, albeit an artificial one, prevails
except on rare occasions.

Solow (Klamer, 1984) has scornfully dismissed the attempt of the new
school of ‘rational expectations’ to argue that actors, whether consumers.
wage carners or entreprencurs, can indeed form rational, long-term
cxpectations about such future events as the impact of electronic tech-
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. s,
Jogy on the economy. And indeed few would attempt to dc_ny th»?hf:il{;e]
ﬂ? S(;lyow's argument or that of Keynes, with respect to major tec
o)
mn\?e‘\d:r:{:l];lt,% because of the crucial imporlanccdofblecl;lmca;] On:::lznief
s iour, which is acknowledged by all schools
. lnv?zlmza;hlt).c :ltai: essential to examine in more depth the qucst:on.of
eCDI'I.m;“ence of technical change. on the state of confidence and vice
iy .ﬂl\lt certain times technical change appears to undermine cmﬁdencq
. bility, while at others it has the opposite effect. Al‘ I‘hc Ievelhut
ang iigividzéﬂ innovative investment, the findings of cmp1r1cal studiels
“}e'nlvcslment and evaluation in R & D are clear-cut and‘ virtually Llndn‘.I—
£ s: they strongly support the view of Shackle and Schumpeter that
ﬁﬂ:;{mcn[ in new _pruducts and processes has an clelmen; of trr;f uF;:;;
tainty: by definition the outcome cannot be known (Freeman, ;
Chl?lgi.\i\?gﬂ the analysis cannot be restricted to lh?: Ie_vcl Ul. the l.nfj“:;d::?f
innovation or to counting inm:waltions; the quahtal:‘vc a's[‘)c\:::l:. (“{jm}et;
systems interrelatedness of innovations r.nusl be taken m.m df.u‘ludnr]; i
favourable conditions, the Schumpeterian handwagonsﬁmll and ush.cil.
confidence improves, leading to an a[r.nolsphcrc of homrlll i .“;mlen;
although there are still risks and uncertainties attached to al u_wa._s =
decisions. animal spirits rise. Such favourable condl‘tm?s inc uo_
complementarities between innovations and the emergerice u az _apgzu-
priate infrastructure as well as some degree ulf pn!lhcal stability zfn ins !1 .
tions which do not hinder too much the diffusion of new tcchnologuis‘
In these favourable circumstances the growth of new markets and 1:1t;,r
profitability of new investments appear to offer a fairly stable prospect o
e g . despite the uncertainties.
f”‘;:: ﬁ:::zllérc a]fu circumstances when technical change cou.]d_ have tl;%e
opposite effect and could destabilise investment by uern::_m.nnmgl con :
dence in the future prospects for the growth of some firms, indus 1:155 0
economies. Moreover, as technologies and indusl‘n‘cs mature over dr ]c_rng
period, diminishing returns and declinir_lglproﬁlahlh_ty may set in, Ied(t:lrllzg,
to sluggish investment behaviour, If this is at all wudesprcac_i it tr}rn.a; td ;
major social and political changes to restore coni-j}dence m the fu u;n
growth of the system on the basis of new }cchnolog{cs. In 'the-sicc;;mn b
‘Diffusion of new techno-economic paradlgms and institutional chang
we shall discuss the circumstances in which this can occur. s
Here we wish only to make the point that in the early slagest radica
technical innovation uncertainty prevails, so that Schumpetcrl.ﬂ? emre_-
prencurship and Keynesian animal spirits are necessary folr the ﬁmtf stetfs.
Once diffusion is under way, even though diffusion itself involves further
innovation, the excitement generated by rapid grow't}Il of markets fimifqg
exceptional profits of innovations ‘may generate rising conﬁdimﬁdz;lle
waves of imitation, provided the social and institutional framework a
infrastructure favour these developments.
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Keynes himself once acknowledged the dominant influence of technical
change on investment behaviour in his Trearise on Money (1930):

In the case of fixed capital, it is easy to understand why fluctuations should occur in
the rate of investment. Entrepreneurs are induced to embark on the production of
fixed capital or deterred from doing so by their expectations of the profit to be
made. Apart from the many minor reasons why these should fluctuate in a changing

world, Professor Schumpeter’s explanation of the major movements may be un-
reservedly accepted . | |

It is only necessary to add to this that the pace at which the innovating entre-
preneurs will be able to carry their prajects into execution at a cost in interest which
is not deterrent to them will depend on the degree of complaisance of those
responsible for the banking system. Thus while the stimulus to a credit inflation
comes from outside the banking system, it remains a monetary phenomenon in the

sense that it only occurs if the monetary machine is allowed to respond to the
stimulus. [Vol. 2, p. 86].

This passage is remarkable not only for its unequivocal acceptance of
Schumpeter’s explanation of the major surges of investment in capitalist
societies but also its emphasis on the enabling role of monetary policy. It is
all the more surprising that neither Keynes nor the Keynesians followed up
this recognition of the crucial role of technical innovation. In fact, in the
General Theory Keynes regressed to a position of neglect of technology
when he introduced the largely artificial concept of a secular decline in the
marginal efficiency of capital unrelated to the actual changes in techniques
or in the capital stock. Schumpeter was therefore justified in one of the
main points of his critique of the General Theory:

it limits applicability of this analysis to a few years at most — perhaps the duration
of the *40 months cycle’—and in terms of phenomena, to the factors that would
govern the greater or the smaller utilisation of an industrial apparatus if the latter
remains unchanged. All the phenomena incident to the creation and change in this
apparatus, that is to say the phenomena that dominate the capitalist process, are
thus excluded from consideration, [1952, p. 282]

For the Keynesians it became a matter of relative indifference which were
the new technologies and the fast-growing industries. We shall argue that it
does matter very much which are the important new technological systems,
because they are unique and their effects on private and public R & D and
investment strategies, and the government policies, and institutional
changes, which are required to advance them, may be very different. We
shall argue that Keynesian analysis and policies were and are deficient with
respect to long-term changes in technology, their effects on business
confidence and structural change in the economy and the specifics of
infrastructural investment. Almost all neo-Keynesian (and much other)
macroeconomic analysis and modelling is restricted to purely guantitative
aspects of investment and employment, whereas Schumpeter rightly
insisted on the crucial importance of qualitative aspects,
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Clearly, this criticism of Keynesian theory rests on a partlc;.llar \;e\; c]u:
the relationship between technical change and business cycles ;v ich ;
usually associated with Schumpeter’s long-wave theory. It sees t 1% ;1};1]0‘;
booms, such as those of the 1950s and 1960s or the 1850s and 1 }s:

ed on the diffusion of major new ‘techno-economic p.'arad;gms into the
. |d economy and the deeper depressions as periods of f.tructural
:;}Lstmeﬁt, when the social and institutional framework is adapting to the
is ajor new technologies. 15
mfn?é;::stjing]y enough, evﬁn though Samuelgoﬂ (1981) has dlsmlrs?.ed tfhe
likelihood of another major depression, hg did stress the probability of a
prolonged downturn in the rate of economic growth:

i s 3 i s 20th century will fall far short
s my considered guess that the final quarter of tl_u.
f)tfl:he }:hird quarter in its achieved rate of economic progress. The dark horoscope
of my old teacher Joseph Schumpeter may have particular relevance here.

Samuelson’s reference to Schumpeter clearly implies that thf: majpr lon:g-
term fluctuations in economic development cannot be explained simply in
terms of conventional short- and medium.-term_bl:lsmcss-cyclc t'heory but
require an additional dimension of ana]ysnfs. T‘mslmvolv;s the rise of ne'.\;
technologies, the rise and decline of entire mdu:f,mes, major infrastructura
investments, changes in the international location of industry and te‘chno-
logical leadership and other related structural changes, for example, in thf.;
skills and composition of the labour force and the management structure o
enterprises.

A taxonomy of innovations

It has been argued that a weakness of most neo—c!assical and K_eynesmn
theories of technical change and economic growth is tha_t thl:}f fail to take
account of the specifics of changing technology in each hlstovncal perlf)d‘
One reason that economists do not attempt this daunting task is, of
course, the sheer complexity of technical change. How can the thousands
of inventions and innovations which are introduced every montl_x an_d every
year be reduced to some kind of pattern amenable to g‘encrallgatlon and
analysis? In this section we shall suggest a taxonomy uf innovation, b.as_ed
on empirical work at the Science Policy Researcl'} Ur.m. We.sha!l distin-
guish between (1) Incremental innovation; (2) Radlc.al mno\{atlon; (3) New
technology systems; (4) Changes of techno-cconc:mlc p.ara.dlgms. (See also
the introductory discussion on paradigms and trajectories in Chapter 2).

() Incremental innovations: These types of innovation occur more or lf:ss
continuously in any industry or service activity although at differing
rates in different industries and different countries, depending upon a
combination of demand pressures, socio-cultural factors, technological
opportunities and trajectories. They may often occur, not so much as
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the result of any deliberate research and development activity, but ag
the outcome of inventions and improvements suggested by engineers
and other directly engaged in the production process, or as a result of
initiatives and proposals by users ('learning by doing and ‘learning by
using’). Many empirical studies have confirmed their great importance
in improving the efficiency in use of all factors of production, for
example, Hollander’s (1965) study of productivity gains in Du Pont
rayon plants or Townsend's (1976) study of the Anderton shearer-
loader in the British coal-mining industry. They are frequently asso-
ciated with the scaling-up of plant and equipment and quality
improvements to products and services for a variety of specific appli-
cations. Although their combined effect is extremely important in the
growth of productivity, no single incremental innovation has dramatic
effects, and they may sometimes pass unnoticed and unrecorded.
However, their effects are apparent in the steady growth of produc-

tivity, which is reflected in input-output tables over time by changes

in the coefficients for the existing array of products and services.

(ii) Radical innovations: These are discontinuous events and in recent
times are usually the result of a deliberate research and development
activity in enterprises and/or in university and government laboratories.
There is no way in which nylon could have emerged from improving
the production process in rayon plants or the woollen industry. Nor
could nuclear power have emerged from incremental improvements to
coal or oil-fired power stations. Radical innovations are unevenly
distributed over sectors and over time, but our research did not support
the view of Mensch (1975) that their appearance is concentrated
particularly in periods of deep recessions in response to the collapse or
decline of established markets (Freeman, Clark and Soete, 1982). But
we would agree with Mensch that, whenever they may occur, they are
important as the potential springboard for the growth of new markets,
and for the surges of new investment associated with booms. They may
often involve a combined product, process and organisational innova-
tion. Over a period of decades radical innovations, such as nylon or
‘the pill’, may have fairly dramatic effects, i.e., they do bring about
structural change but in terms of their aggregate economic impact they
are relatively small and localised, unless a whole cluster of radical
innovations are linked together in the rise of new industries and
services, such as the synthetic materials industry or the semiconductor
industry.

(iii) Changes of ‘technology system’: These are far-reaching changes in
technology, affecting several branches of the economy, as well as
giving rise to entirely new sectors. They are based on a combination of
radical and incremental innovations, together with organisational and
managerial innovations affecting more than one or a few firms. Keir-
stead (1948), in his exposition of a Schumpeterian theory of economic
development, introduced the concept of ‘constellations’ of innova-
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ions. which were technically and economically i.nlerr.elalcd._ Ap
obvious example is the cluster of synthetic matf:nals innovations,
etro-chemical innovations, machinery innova_non_s in ln_}ar:c.uonl
moulding and extrusion, and innumerable application mn(w(m.on(:
introduced in the 1920s, 1930s, 1940s and 1950s (Freeman, Clark an
82). o
(iv) iz‘c;’ifll:éné]fin)'techrro-cconomic paradigm’ ‘technot'og‘icnf‘ revo!_zmm?s ¥
Some changes in technology systems are so far—Feachlng in the‘1r effects
that they have a major influence on the behaviour of the entire econ-
omy. A change of this kind carries with it many clusters of radical and
incremental innovations, and may eventually cmbod‘y a number of new
technology systems. A vital characteristic of‘ this fourth type of
technical change is that it has pervasive effects Ithmughnut the
economy, i.e. it not only leads to the emergence of a new range of
pmducté. services, systems and industries in its own right; it also
affects directly or indirectly almost every other branch of the cconom.y:
i.e. it is a ‘meta-paradigm’. We use the exprcssion_ ‘techno—cgonamlc
(Perez, 1983) rather than ‘technological paradigm’ {l_:)ost. ‘1982)
because the changes involved go beyond engineering trajectories for
specific product or process technologies a_ndlafff:-ct the input cost
structure and conditions of production and distribution throughqut th.e
system. This fourth category corresponds to Nelson ar_id Winter’s
c:.mccpt of ‘general natural trajectories’ and, once established as the
dominant influence on engineers, designers and managers, taccomes a
‘technological regime’ for several decades. From this it is evident Fhaf
we view Schumpeter’s long cycles and ‘creative gales of dcstrucztlon
as a succession of ‘techno-economic paradigms’ associated with a
characteristic institutional framework, which, however, only emerges
after a painful process of structural change.

We now turn to an elaboration of the main characteristics of ‘techno-
economic’ paradigms and their patterns of diffusion Fhrough long waves of
economic development. As the following sections will attempt to Show_. a
new techno-economic paradigm develops initially within the old, sho'.\:fmg
its decisive advantages during the ‘downswing’ phase of Ithf: previous
Kondratiev cycle. However, it becomes establishfl:d as a dmlmnam_ techno-
logical regime only after a crisis of structural adjustment, involving c’lc'ep
social and institutional changes. as well as the replasement of the motive
branches of the economy (Table 3.1).

*Key factor’ inputs and change of techno-economic paradigm
As the last section has made clear, our conception of ‘techno-economic

paradigm’ is much wider than ‘clusters’ of innovations or even of ‘techno-
logy systems’. We are referring to a combination of interrelated product
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and process, technical, organisational and managerial innovations,
embodying a quantum jump in potential productivity for all or most of the

economy and opening up an unusually wide range of investment and profit

opportunities. Such a paradigm change implies a unique new combination
of decisive technical and economic advantages.

Clearly one major characteristic of the diffusion pattern of a new techno-
cconomic paradigm is its spread from the initial industries or areas of
application to a much wider range of industries and services and the

economy as a whole (Table 3.1). By ‘paradigm’ change we mean precisely

a radical transformation of the prevailing engineering and managerial
common sense for best productivity and most profitable practice, which is
applicable in almost any industry (i.e. we are talking about a ‘meta-
paradigm’).

The organising principle of each successive paradigm and the justifica-
tion for the expression ‘techno-economic paradigm’ is to be found not only
in a new range of products and systems, but most of all in the dynamics of
the relative cost structure of all possible inputs to production. In each new
techno-economic paradigm, a particular input or set of inputs, which may
be described as the ‘key factor’ of that paradigm, fulfils the following
conditions:

(i) Clearly perceived low and rapidly falling relative cost. As Rosenberg
(1975) and other economists have pointed out, small changes in the

relative input cost structure have little or no effect on the behaviour :

of engineers, designers and researchers. Only major and persistent
changes have the power to transform the decision rules and ‘common
sense’ procedures for engineers and managers (Perez, 1985: Freeman
and Soete, 1987).

(ii) Apparently almost unlimited availability of supply over long periods.
Temporary shortages may of course occur in a period of rapid buildup
in demand for the new key factor, but the prospect must be clear that
there are no major barriers to an enormous long-term increase in
supply. This is an essential condition for the confidence to take major
investment decisions which depend on this long-term availability.

(iii) Clear potential for the use or incorporation of the new key factor
or factors in many products and processes throughout the economic
system; either directly or (more commonly) through a set of related
innovations, which both reduce the cost and change the quality of
capital equipment, labour inputs, and other inputs to the system.

We would maintain that this combination of characteristics holds today
for microelectronics and we discuss this further in the section below on
the ‘information technology paradigm’. It held until recently for oil, which
underlay the post-war boom (the ‘fourth Kondratiey' upswing). Before
that, and more tentatively, we would suggest that the role of key factor was
played by low-cost steel in the third Kondratiev wave, by low-cost and
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_powered transport in the ‘Victorian’ boom of the nineteenth century
e P3 1, column 5—‘Key factor industries. . .").
Tablff rll' .cvery one of these inputs identified as ‘key factors’ existed (and

le:d uys::] long before the new paradigm developed. Hc::wever, its full
was m"i < onl recogniSCd and made capable of fulfilling the above

plees ~Lwheny the previous key factor and its related constellation of
wndm?miés give strong signals of diminishing returns and of approaching
2 c%]tnotggthcir potential for further increasing productivity or for new
mmﬁ:able investment. (In quite different types of society and differe‘nl
ﬁ;.:[orical circumstances, archaeologists have also ref:ognis_ed the crut_:lal
importance of *key factors’ in ec?nomlc dcvelop]‘nent in their classification
of the ‘Stone Age’, ‘Bronze Age anld ‘Iron Age’.) : ;

From a purely technical point of view, the exp]c_)swe surge of interrelated
innovations involved in a technological revolution could probably have
occurred earlier and in a more gradual manner. But, there are strong
economic and social factors at play that serve as prolong(?c! containment
first and as unleashing forces later. The massive CXtC[’nalltl&St created to
favour the diffusion and generalisation of the prevailing paradigm act as a
powerful deterrent to change for a prolonged period (see ‘Chapyer 26 by
Brian Arthur). It is only when productivity along the.old trajectories shows
persistent limits to growth and future profits are sern::usly threatened that
the high risks and costs of trying the new technologies appear as c!early
justified. And it is only after many of these trials have !Dccn_ obviously
successful that further applications become easier and less risky investment
choices.

The new key factor does not appear as an isolated input, but rather.at
the core of a rapidly growing system of technical, social and m_anagcrlal
innovations, some related to the production of the key factor itself and
others to its utilisation. At first these innovations may appear (and may be
in fact pursued) as a means for overcoming the specific t?ottlcnecks of t.hc
old technologies, but the new key factor soon acquir.es its own dynanycs
and successive innovations take place through an intensive interactive
process, spurred by the limits to growth which arclin.creésingly apparent
under the old paradigm (Table 3.1, column 7—‘Limitations of previous
techno-economic paradigm . . ."). In this way thel most successful new
technology systems gradually crystallise as a new ‘ideal’ type of produc-
tion organisation which becomes the common sense of management and
design, embodying new ‘rules of thumb’ and restoring confidence to
investment decision-makers after a long period of hesitation.

Clearly, this approach differs radically from the dorlninam conceptual-
isation of changing factor costs in neo-classical economic theory, although
it has points of contact, such as the persistent search for !eas!—‘cosl com-
binations of factor inputs to sustain or increase profitability. MPst
formulations of neo-classical theory put the main emphasis on varying
combinations of labour and capital and on substitution between them, agd
implicitly or explicitly assume responsiveness even to small changes in
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Table 3.1 A tentative sketch of some of the main characteristics of successive long waves (modes of growth)

1 2 3 4 5 6 7 8

Number Approx. Description Main ‘carrier Key factor Other sectors Limitations of previous Organisation of firms and
periodisation branches’ and industries growing rapidly techno-economic paradigm  forms of cooperation and
Upswing induced growth  offering from small base and ways in which new competition

: sectors abundant paradigm offers some
Downswing infra-structure  supply at solutions
descending
price

First 1770s & 1780s  Early Textiles Cotton Steam engines Limitations of scale, Individual
to 1830s & mechan- Textile Machinery process control and entrepreneurs and
1840s isation chemicals mechanisation in small firms (< 100
1 . Kondratieff — Textile Pig iron domestic ‘putting out’ employees)

ndustrial : AT 2o

S muchmer)': system. Limitations of  competition.
Iron-working hand-operated tools Partnership structure

‘Hard and iron and processes. facilitates co-operation

times’ castings Solutions offering of technical innovators
Water power prospects of greater and financial managers.
Potteries productivity and Local capital and

profitability through individual wealth.

Trunk canals mechanisation and
Turnpike factory organisation in
roads leading industries.

Second  1830s & 1840s Steam Steam Coal Steel Limitations of water High noon of small-firm
to 1880s & powerand  engines Electricity power in terms of competition, but larger
1890s railway Steamships Gas inflexibility of location,  firms now employing
Victorian Kondratieff ~Machine tools Synthetic scale of preduction, thousands, rather than

; Iron Transport  dyestuffs reliability and range of  hundreds. As firms and
pRispecly Railwa
Y
equipment

0s

ZH¥Hd VLOTHVD ANV NVINTS¥Nd HIHJOLSIMHD

— . - -

Third

‘Great
depression’

1880s & 1890s
to 1930s &
19405

‘Belle epogue’

‘Great
depression’

Electrical
and heavy
engineering
Kondratieff

Railways
World
Shipping

Electrical Steel
engineering
Electrical
machinery
Cable and
wire

Heavy
engineering
Heavy
armaments
Steel ships
Heavy
chemicals
Synthetic
dyestuffs
Electricity

supply and
distribution

Heavy
engineering

Automobiles
Aircraft

Telecommuni-

cations
Radio
Aluminium
Consumer
durables
Qil

Plastics

applications, restricting
further development of
mechanisation and
factory production to
the economy as a
whole. Largely
overcome by steam
engine and new
transport system.

Limitations of iron as an
engineering material in
terms of strength,
durability, precision,
etc., partly overcome by
universal availability of
cheap steel and of
alloys. Limitations of
inflexible belts, pulleys,
etc., driven by one large
steam engine overcome
by unit and group drive
for electrical machinery,
overhead cranes, power
tools permitting vastly
improved layout and
capital saving.
Standardisation
facilitating world-

wide operations

markets grow, limited
liability and joint stock
company permit new
pattern of investment,
risk-taking and
ownership.

Emergence of giant
firms, cartels, trusts and
mergers. Monopoly and
oligopoly became
typical. ‘Regulation’ or
state ownership of
‘natural’ monopolies
and ‘public utilities’.
Concentration of
banking and ‘finance-
capital’. Emergence of
specialised ‘middle
management’ in large
firms.

AINIWLSNCAY 40 SHESTED TVHENLONYLS
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Table 3.1—cont.

1 2 3 4 5 [} 7 8
Number A PpIOx. Description Main "carrier Key factor Other sectors Limitations of previous Organisation of firms and
periodisation Pmn:hes' and industries growing rapidly techno-economic paradigm  forms of cooperation and
Upswing induced growth  offering from small base and ways in which new competition
i sectors abundant radigm offers
Downswing infra-structure supply at f;lutil;f: P
descending
- price
Fourth 19305 & 19405 Fordist Automobiles  Energy Computers Limitations of scale of Oligopolistic
to 1980s & mass Trucks (gspe:ial!y Radar batch preduction competition.
1990s pmduchlon Tractors oil) NC machine overcome by flow Multinational
Golden age of Kondratieff  Tanks tools processes and corporations based on
growth and Armamerlsts Drugs assembly-line direct foreign
Keynesian for motorised Nuclear weapons  production techniques,  investment and multi-
full w_arfare and power full standardisation of plant locations.
employment Aircraft Missiles components and Competitive
i Consumer Micro- materials and abundant subcontracting on “arms
Crisis of durables electronics cheap energy. New length’ basis or vertical
structural P lant i i i i i i
e Software patterns of industrial integration. Increasing
adjustment Synthetic location and urban concentration,
materials development through divisionalisaton and
Petro? speed and flexibility of  hierarchical control,
chemicals automebile and air ‘Techno-structure’ in
) transport. Further large corporations.
Hfgh ways cheapening of mass i
ﬁ:ﬁg:: consumption products
Fifth* 1980s & 1990s  Information ~Computers "Chips’ “Third Diseconomies of scale ~ ‘Networks’ of large and
to? and Electronic (micro- generation’ and inflexibility of small firms based
communica- capital goods  elec- biotechnology dedicated assembly-line increasingly on
tion Software tronics) products and and process plant partly computer networks and
Kondratieff  Tele- processes overcome by flexible FHSED-OpEtiATn I
communi- Space activities manufacturing systems, technology, quality
cations Fine chemicals ‘networking’ and control, training,
equipment SDIL ‘economies of scope’. investment planning
Optical fibres Limitations of energy and production
Robotics intensity and materials  planning (‘just-in-time’)
FMS intensity partly etc. 'Keiretsu” and
Ceramics overcome by electronic  similar structures
Data banks control systems and oﬁering internal capital
Information components. markets.
services Limitations of
hierarchical
Digital tele- departmentalisation
communications overcome by
network ‘systemation’,
Satellites ‘networking’ and

integration of design,
production and
marketing.

s

Z3¥3d VLOTHVD ANV NYINETHA HAHAOLSTHHD
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*All columns dealing with the “fifth Kondratieff” are necessarily speculative
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Table 3.1—conr.

9

10

11

12

13 14 15 16 17
Number Technao- Other Some features of  Aspects of the  Main features of { i
:zf;::s Lr:‘iu:::::lll :n;thonal rfegunes international system of innovat?:nmmr‘a[ ?:r?:r;re:er:tr;: o EEPWS‘!_HH*‘W pﬂlih'ﬂil
. wly of regulation regulatory develo t teen i
,.n.dusmaj. s pmen en!r.epreneu.rs and
g engineers philosophers
countries
First Britain German Breakdown and Emer
; ' gence of  Encouragement of science Rapid i i i
: 5t iti
[_ran‘m h:;;hﬁe 3 ?;ssdotluhon of British . through National Academies, relfil a:::lps:hs;?ens:; ;;:I‘:: & e
Belgium i udfa and supremacy in  Royal Society, etc. Engineer  trade in new urban ~ Wed . s
me: le\'-l]. Frade and and inventor-entrepreneurs centres. Very small  Ow s L
I'I'I('-mOPQ]IQ'S, international  and partnerships. Local state a| - r:.l -
gullk.is. tolls, finance with scientific and engineering Murd-u:P:ra 5 g
pnt‘llleges and the defeat of  societies. Part-time training of ca 'rnl EANE NN
i'EStTLtIIIOJ'IS on MNapoleon. and on-the-job training. iz
trade, 1ndu;llfy Refarm and strengthening of
;nd competition. national patent systems,
u:g:::slon of Transfer of technology by
e ml'g:ranon c_-f skilled workers,
: British Institution of Civil
esta!?]mhed as Engineers. Learning by
:::::;:I doing, using and interacting
Second Britain Ttaly High noon of Pax
aly Establi ituti i
Fraiive Nether- Iai_ssez—[aire. Britannica’, of :{T::;::i:lt g:té::::::::d :“P'd Wth' . 5*=?hm-‘-¢n i
Belgium Ianlds ‘Nightwatchman  British naval, development of UK °me'5|_1C ke m s
Germmany i:ll‘::-tmd st;luz.-‘ with financial and Mechanics” Institutes. More ;‘::E:;lliﬂ!;iass “ iru - M
USA o minimal trade rapid development of occupation wm_tslmng
gary regulatory dominance. professional education and Comf:ued Irapid Si:g“etey

Third

Germany
USA

Britain
France
Belgium
Switzer-
land
MNether-
lands

ltaly
Austria—
Hungary
Canada

Sweden
Denmark
Japan
Russia

functions except
protection ol
property and
legal framework
for production
and trade.
Acceptance of
craft unions,
Early social
legislation and
pollution control.

Nationalist and
imperialist state
regulation or state
ownership of
basic
infrastructure
(public utilities).
Arms race. Much
social legislation.
Rapid growth of
state
bureaucracy.

International
free trade.
GCold
standard.

Impenalism
and
colonisation.
‘Pax
Britannica’
comes to an
end with First
Waorld War.
Destabilisa-
tion of
international
financial and
trade system
leading to
world crisis
and Second
World War.

training of engineers and
skilled workers elsewhere in
Europe. Growing
specialisation.
Internationalisation of patent
system. Learning by

doing, using and

interacting

‘In-house’ R and D
departments established in
German and US chemical and
electrical engineering
industries. Recruitment of
university scientists and
engineers and graduates of
the new Technische
Hochschulen and equivalent
Institutes of Technology.
National Standard
Institutions and national
laboratories. Universal
elementary education,

Learning by doing.

using and

interacting

growth of transport
and distribution.
Universal

postal and
communication
services.

Growth of
financial

services

Peak of domestic
service industry.
Rapid growth of
state and local
bureaucracies.
Department stores
and chain stores.
Education. tounsm
and entertainment
expanding rapidly.
Corresponding
take-off of white-
collar employment
pyramid. London
as centre for major
world commodity
markets.

Siemens
Carnegie
Nobel
Edison
Krupp
Bosch

Marshall
Pareto
Lenin
Veblen

12
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Table 3.1—con.

Fifth* Japan
USA
Germany
Sweden

Other EEC

EFTA

USSR and
other Eastern
European

Taiwan
Korea
Canada

Australia

Brazil
Mexico
Argentina
Venezuela
China
India
Indonesia
Turkey
Egypt
Pakistan
Nigeria
Algeria
Tunisia
Other Latin
American

and privatisation
during crisis of
adjustment

‘Regulation’ of
strategic ICT
infrastructure. ‘Big
Brother' or ‘Big
Sister’ state.
Deregulation and
reregulation of
national financial
institutions and
capital markets.
Possible
emergence of new-
style participatory
decentralised
welfare state based
on ICT and red—
green alliance.

‘Multi-
polarity’.
Regional blocs.
Problems of
developing
appropriate
international
institutions
capable of
regulating
global finance,
capital, ICT
and
transnational
companies.

Horizontal integration of R
and D, design, production
and process engineering and
marketing. Integration of
process design with multi-skill
training. Computer
networking and collaborative
research. State support for
generic technologies and
university —industry
collaboration. New types of
proprietary regime for
software and biotechnology.
‘Factory as laboratory”.

9 10 11 12 13 14 15 16 17
Number T“.hm' Other Some features of  Aspects of the  Main features of the national  Some features of Representati Politi
logical industrial national regimes  international  system of innovation tertiary sector in?nv i) \'Q hcal'
leaders flnd newly of regulation regulatory development entre a1-|e‘|"|:1.|rs et:m?lhlﬂh
3nldustna]- régime eng:i.nliers arI']Lil
ling philosophers
countries
Fourth Usa Other ‘Welfare state’ and  “Pax Spread of specialised Sharp decline of Sh
Germany Eastern ‘warfare state’. Americana’ US R and D departments to most  domestic service, M::::maza ;(:If::
Other EEC :E:uropean AttemEled state economicand  industries. Large-scale state  Self-service fast food Ford Kaleckipﬂ“
Tapan Bore_? lregulanon of 1'ml|t.ar5-I involvement in military R and  and growth of Agnelli
RN i\;ar..: investment, dominance, D through contracts and super-markets and  Nordhoff
Switzer-land Vexuco growth and Decolonisa- national laboratories. hypermarkets, Matsushita
USSR A‘enenz:el.a employ_rnent by tion. Arms Increasing state involvement  petrol service
Other EFTA c‘;?:a na tl(e:;n?sun i race AI'II.d. cold  in civil science and stations. Continued
Carida i echniques. High  war with technology. Rapid expansion  growth of state
Atk ndia levels of state USSR. US- of secondary and higher bureaucracy, armed
Taiwan Iexpenditure and  dominated education and of industrial forces and social
Jl.nvqlvement. international  training. Transfer of services. Rapid
Social 5 financialand  technology through extensive growth of research
palrtntrshlp‘ with  trade regime  licensing and know-how and professions and
unions after (GATT. IMF,  agreements and investment financial services,
co]]a:pse of World Bank) by multinational corporations. packaged touns:r,l
iamsm. Destabilisation  Learning by doing and air travel on
Roll-back” of of Bretton using and very large scale
welfare state Woods regime  interacting, ’
deregulation in 1970s

Schumacher
Aoki
Bertalanffy

Kobayashi
Uenohara
Barron
Benneton
Noyce

Rapid growth of
new information
services, data banks
and software
industries.
Integration of
services and
manufacturing in
such industries as
printing and
publishing. Rapid
growth of
professional
consultancy. New
forms of craft
production linked to
distribution.

*All columns dealing with the “fifth Kondratieff” are necessarily speculative

Source: based on Freeman (1987)
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these relative factor prices in either direction, i.c. ‘reversibility’. Qyy
approach stresses the system’s response to major changes in the price of
new inputs, and new technologies which exploit their potential to reduca
costs of both labour and capital, as a result of new total factor inpy
combinations and organisational-managerial innovations. Such majog
changes are the result of an active and prolonged search in response
perceived limits, not on the basis of perfect information but on the basis of
trial and error, i.e. the historical learning process stressed by Hahn (seg
Chapter 1). Once the new technology is widely adopted, the change
generally irreversible (i.e. the principal actors became ‘locked in® by the
pervasive economic and technical advantages and complementarities: (see
Chapter 26). '

We have stressed the role of a key factor or factors
investment opportunities and creating the potential
productivity and profits. We turn now
blems involved in the transition from
another.

in creating widening
for big increases i
to consider the wider societal pro-
one ‘techno-economic paradigm’

Diffusion of new techno-economic paradigms and institutional change
It is a clear implication of our mode of conceptualising successive ‘techno-
economic paradigms’ that a new paradigm emerges in a world still domin-
ated by an old paradigm and begins to demonstrate its comparative
advantages at first only in one or a few sectors. The fastest-growing new
sectors are thus not those which are the motive branches of an established,
technological regime (Table 3.1, columns 5—‘Main “carrier branches”
and 6—*‘Other sectors growing rapidly’). There is no possibility of a new
paradigm displacing an old one until it has first clearly demonstrated such
advantages and until the supply of the new key factor or factors already
satisfies the three conditions described above: falling costs, rapidly increas-
ing supply, and pervasive applications. Thus a period of rapid growth in the
supply of the key factor(s) occurs already hefore the new paradigm is
established as the dominant one. and continues when it is the prevailing
regime.

A new techno-economic paradigm emerges only gradually as a new
‘ideal type’ of productive organisation, to take full advantage of the key
factor(s) which are becoming more and more visible in the relative cost
structure. The new paradigm discloses the potential for a quantum jump in
total factor productivity and opens up an unprecedented range of new
investment opportunities. It is for these reasons that it brings about a
radical shift in engineering and managerial ‘common sense’ and that it

tends to diffuse as rapidly as conditions allow. replacing the investment
pattern of the old paradigm.

The full constellation —once ¢r
factor(s) and beyond technical ch
of the whole productive system,

ystallised—goes far beyond the key
ange itself. It brings with it a restructuring
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) g , x -economic para-
Among other things as it crystallises, the new techno
1

digm involves:

isation i and at the plant
ice’ fi f organisation in the firm ¢
w ‘best-practice’ form o
(a) @ ne
level:

- skill profile in the labour force. affecting both quality and
(b) a new

i i istribution:
antity of labour and corresponding patterns of m;or;.: c\l:_htiCh LA
5 ix in the sense that those produ mi
. w product mix mn t shgge 2t e ikl
2 n?ﬁivz use of the low-cost key factor will be t.hc. prcfcrrsi; it
I'mc simem and will represent therefore a growing proport il S,Ub:
e i incre tal innovation geare
S adical and incremen g .
w trends in both rad i1l in : i did
& n;:t iting more intensive use of the new key factor(s) for ¢
stituting
i i is; _
ly high-cost elements; . M
mlr:j» pahmcrn in the location of investment both .ndn-::n*:llymmfmms
% dfniunallv as the change in the relative cost structu s
na ¥
mparative advantages; T — _—
e aI:Iicular wave of infra-structural investment dLSlgl]-t-,l(:] lt01 ]::hc o
@ : proprhtc externalities throughout the system and facilitate
OI?E:IIC new products and processes cverywhcrc.l N e
) a tendency for new innovator-entrepreneur-type sm [i b
a e ¥ 3 1 - ‘
® enter the new rapidly expanding branches of lhxle economy an
.' 2 . A n‘.
cases o initiate entirely new sectors of prodw..n?hmher b i
(h) a tendency for large firms to concentrate, w e
diversification, in those branches of the cconomy w 1crc_ A ]
is produced and most intensively used, wluch. ra;u tls I::)wth it
distinctly different branches acting as the engines of g
2 A el
successive Kondratiev upswing; . Eop s M
(i) a new pattern of consumption of goods and services an yp
distribution and consumer behaviour.

» . sy 7 il and
From this it is evident that the period of "ansjléon__t::ziﬁ?;ﬂ;::fge in
depression of the long wave —is characterised h}_ CCF;' 5’ <itl trmnformation
the economy and such changes require an ""'}L_m“y Pl_(f Uu[ rulm; ed reces-
of the institutional and social framc_wﬂfk- The ok .0 -Ech hc%wccu the
sionary trends indicates the inc:e:;-,g:]éi(;lii:::.i:lit;ll':.ll::g:ii’-] e g
t -ee ic sub-system and : e et ;
sif)h:']: L;t.osff:l for a full-scale reaccommodation of SI%OCfId| :;:’-;?td;‘}‘]‘i’}'; ‘;;:i
institutions to suit the requirements and the ?otfznnn ‘oel- - i oy
already taken place to a considerable extent in .wmc d.r»._..li i
economic sphere. This reaccommodation ucc‘url.a as irtbwhcn S aan
political search, experimentation and adaptation, chei ihe ratiGRAL e
achieved. by a variety of social and pnhuca! cha,t!g‘u t.ill ,: :wing ohie
international level, the resulting good fmateh racmldwhf[ ‘ch ?ﬁ\'c%meﬂl is
of the long wave. A climate of conhdenlce if)r a surge 01‘1 i mcL‘h&ﬂiSﬂW
created through an appropriate combination of vagy “:(ng the schieves
which foster the full deployment of .1hc gy pamdlg‘mlr\]d roceeds very
ment of a ‘good match’ is a conflict-ridden process and p y
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unevenly in differing national political and cultural contexts. this may exert
a considerable influence on the changing pattern of international techno-
logical leadership and international patterns of diffusion (Table 3.1 and
Chapter 23).

Schumpeter’s (1939) theory of depression was rather narrowly “econ-
omic’ and strangely, for someone who was so much aware of social and
organisational aspects of technical innovation, tended to ignore the insti-
tutional aspects of recovery policies. This was one of the main reasons for
the relative neglect of his ideas compared with those of Keynes.

The information technology paradigm

The technological regime, which predominated in the post-war boom,
was one based on low-cost oil and energy-intensive materials (especially
petrochemicals and synthetics), and was led by giant oil, chemical, auto-
mobile and other mass durable goods producers. Tts ‘ideal’ type of
productive organisation at the plant level was the continuous-flow
assembly-line turning out massive quantities of identical units. The ‘ideal”
type of firm was the ‘corporation’ with a separate and complex hierarchical
managerial and administrative structure, including in-house R & D and
operating in oligopolistic markets in which advertising and marketing
activities played a major role. It required large numbers of middle-range
skills in both the blue- and white-collar areas, leading to a characteristic
pattern of occupations and income distribution. The massive expansion of
the market for consumer durables was facilitated by this pattern, as well as
by social changes and adaptation of the financial system, which permitted
the growth of ‘hire purchase’ and other types of consumer credit. The
paradigm required a vast infrastructural network of motorways, service
stations, airports, oil and petrol distribution systems. which was promoted
by public investment on a large scale already in the 1930s, but more
massively in the post-war period. At various times in different countries
both civil and military expenditures of governments plaved a very impor-
tant part in stimulating aggregate demand, and a specific pattern of
demand for automobiles, weapons, consumer durables. synthetic materials
and petroleum products,

Today, with cheap microelectronics widely available, with prices
expected to fall still further and with related new developments in com-
puters and telecommunications, it is no longer ‘common sense’ to continue
along the (now expensive) path of energy and materials-intensive inflexible
mass production,

The “ideal’ information-intensive productive organisation now increas-
ingly links design, management, production and marketing into one
integrated system—a process which may be described as “systemation” and

which goes far beyond the earlier concepts of mechanisation and automa-

tion. Firms organised on this new basis, whether in the computer industry
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< IBM, or in the clothing industry such as Benneton, (gnoﬂ-;d?:ﬁdi
such & d rapidly changing mix of products and services. Gr o
! anw to be led by the electronics and information sectors, t’a ‘ng
e ‘of the growing externalities provided by an all-E{lCOrl;PdSSI lg
gt nications infrastructure, which will ultimately bring oévn =
tdec?,l-.zl;::ulow levels the costs of access to the system for both produc
extremely 2 ; :
o users‘ﬁf]r;g)gf;a;;cs,g;:iated with the new techno-economic paradigm
i hFT nee from the concentration on midd!e-ra_ngc c_raft and super-
Ll [‘c;lc ;:) ?ncreasingly high- and low-range quallﬁ_cmlons'.. and frflm
2 S'a]isation to broader, multi-purpose basic skills for information
narr;’l\‘:rlzpe[gliversity and flexibility at all levels substitute for homogeneity
handling. :
anﬁjﬂ?; ilrlzgligriﬁsaﬁ(ﬂs ;)f the profile of capital equipmer;l is r:io 16;-:55 r:;ilsia;.
i i iated with all types of productive -
Computiljrs é::é n;l:cﬁ:eg !tyoz::?:;:gotics, and pr?ccss colntro] in;.tr_umcpts
i E:S " ith l-he design process through CAD, and with admmisqallwe
?{::cfi]o;: t:;ougll data processing systems, all linked Ey dzta tre}:\;n:;;sd;:;n
i ing to some estimates computer-based capital -
ig};léfrﬁi:;d? :E::)orﬂ::f flor nearly half of all new fixed investment in plant
i i ited States. d
an%t?::‘ l:lf::l;ci]ttl'::::lturlil}ul;:lct:ilems involved in this change of p‘:}rachgm ?}rlz
now evident in all parts of the wc;rldh. A}To];]it:? ?&B;fc::::g[;ie?;ewnh
acute and persistent shortage © ‘t e high-l : e
, paradigm, even in countries with Ihlgb levels o g?n .
::E;::mr,} and Ef'he persistent surplus capacity in the f;lld;ri C;{:okestack s
energy-intensive industries such as steel, oil and p?etrocde 1'tic;,;| e
As a result there is a growing search for new 50{:13_1 and poli . ‘
i ; i orking ti ;horter working hours, re-education
in such areas as fiexible working time, sh ” SR "
and retraining systems, regional policies based on creating e
conditions for information technology (rather than Ea).c H'lcl fives
capital-intensive mass production industries), new hn:mctad ;éc.css %
possible decentralisation of management and government, an i
data banks and networks at all levels and new telecoq‘nmumcgtmn i i e;
But so far. these seem still to be partial and relatively minor changes.
; i ation of social
If the Keynesian revolution and the profound transforma :
nstitutions i its aftermath were required to
institutions in the Second World Wark and its aftermath i
unleash the fourth Kondratiev upswing, then social _1_nnovi§ 1. e alls
equally significant scale are likely to be needed now. This app :ia p
to the international dimension of world economic development.

The structural crisis of the 1980s

From this brief summary of some of the Chilll‘ﬂCtCr'lStiCS- Df'[hc‘pfn;:
Paradigm it will have become apparent that the widespread diffusion ¢
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mnew technology throughout the economic system is not just a matter of
incremental improvements, nor just a question of the extension of existin
capacity in a few new industries. It involves a major upheaval in all sectors
of the economy and changes in the skill profile and capital stock through-
out the system. It is for this reason that periods like the 1930s and the 1980s
cannot be treated in the same way as the minor recessions of the 1950s and
1960s.

The structural crisis involved in the transition from one technological
regime to another increases the instability of investment behaviour for a
number of reasons. The leading-edge industries of the new paradigm are
growing so rapidly that they constantly tend to outstrip the supply of skilled
labour. However, the headlong rush to increase capacity as bandwagons
get rolling also leads to periodic crises of over-capacity, as there is no
way in which the supply can precisely anticipate and match smoothly the

growth of market demand (in Hahn's terminology, the ‘true’ demand

function cannot be known). Moreover the technology is still changing so
rapidly that successive generations of equipment and products rapidly
become obsolete. The tempestuous growth of the chip industry and the
computer industry in the 1970s and 1980s has also been marked by
periodic, though short-lived, crises of over-supply (Ernst, 1983, 1987).
There were similar problems with the leading-edge industries of the 1920s
and the 1930s—automobiles, consumer durables and organic chemicals.

The problems in the other sectors of the economy are even more severe.
Some industries which have previously been at the heart of the (now
superseded) paradigms now experience much slower rates of growth or
absolute decline. They may also have problems of over-capacity and
rationalisation which are prolonged, as has been the case in some of the
energy-intensive industries in the 1970s and 1980s, such as steel, petro-
chemicals and synthetic fibres. Similar problems were encountered by the
railways and railway equipment industries as well as by coal and textiles in
previous structural crises.

There are also severe problems in those manufacturing and service
sectors which still have ample growth potential but are confronted with
the need to change their production processes, their product mix, their
management systems, their skill profiles and their marketing to accomplish
the shift to an entirely new technological paradigm. This is a painful and
difficult process of adjustment, involving, as we have seen, a kind of
cultural revolution as well as the need for major re-equipment. These
problems can be seen very clearly today in such industries as printing,
vehicles and machine tools, as well as in services such as insurance, distri-
bution and transport. They were equally apparent in many industrial
sectors adapting in the 1920s and 1930s to the new energy-intensive mass
and flow production systems which at that time represented the leading
edge of the new techno-economic paradigm.

The depression of the 1930s was certainly one of extraordinary severity,
especially in the leading industrialised countries—the United States and
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Germany. Between 1929 and 1933 GNP fell by 30 per ccr:l 1rtl ?fedi:;:flg
gtates, industrial production by nearly 50 per c_cnt, ou %li i
roducers’ equipment by 75 per cent ‘and new cnqbtrucpor]] y Sap[»n s
is hardly surprising that Keynesian economists, such as . :
]Ltlglgn) discount the likelihood of the recurrence of such a catastrophe:

Although nothing is impossible in an inexact sci_cm:e like Ieccmomics,_ the E;robal:l]lahli

-at depression—a prolonged cumulative chronic slump like that o ;
i -grlbﬁz;[]q or 1870s—has been reduced to a negligible figure. No one should pay
i ia;ble insurance premium to be protected against the risk f"'f a total
2 apgrccn in our banking system and of massive unemployment in which 25 per
iy fo \\:orkcrs are jobless? The reason for the virtual disappearance of great
ccmrc:sions is the new attitude of the electorate . . . The eleculsratc in a mixed
(%epnomv insists that any political party which is in pnwclr—bc it chubhcan or
‘]})Cc?mocr-aﬂc the Tory or Labour Party—take the expansionary actions that can
prevent lasting depressions. [p. 251]

This may be an over-optimistic view. Whilst not dissenlting from Sang;
son’s description of economics as an inexact science, th_ls chapt(;:r sugg "
that it is quite possible for the world economy to experience a _epresls';ob(;
which, even if not so severe in all respects as that of the 1930s, cou

more severe than the earlier recessions of the 1870s and the 18_905. i

This somewhat pessimistic view is based on the observation thali%oc
main sources of instability which gave rise to thel depression cff '(}l:e . IE
are also present today, albeit in a somcwhat. d]ﬂerent fO]Tﬂ‘ the inte
national debt situation, extreme imbalances: in international payments,
weakness in agricultural prices, instability in exchange rates, Eregptm%
protectionism, the absence of an adequate system of regulating the in cir
national economy and in particular the absence of an adequa}e mtu;
national lender of last resort, disarray in the economics profcsswnh‘ gnl
lack of long-term vision in policy-making. The present wave of t;ct mlc;:3
change sweeping through the world economy is likely to exacer df =
problems of instability in investment, and of 5tr|:tclural f:hang; at th
national and international level and the associated disequilibria in
the i ional economy. )

h‘titl?st ‘:Sf;bcl,e that Samus::lson‘s argument that severe depressions can be
averted rests not on any faith in the self-regulating powers of the marl-alctE
but unequivocally on the belief that political factors, principally the ]gvcao
unemployment, will put pressure on governments to adopt expansion :I};
policies, which are assumed to be available and applicable. er shan? wi .
him and other Keynesians their sccpticism that the rate of 1nteFT§; an
monetary policy are in themselves sufficient to achieve an equilibrium
J

‘L’r(i’::tthfgf ttl:u; argument to carry conviction it would be necessary not Dvnjé
for governments to adopt national policies to counteract tcndcf'n.nc? to{wd ;
depression, but also at least for the leading countries [p acl in ‘d ‘::o‘t
ordinated manner at the international level. Recent experience must cas
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some doubt on both these assumptions. It is no doubt true that
ience of recession and Stagnation does induce a search for ex
policies at the political level. But, as in the 1930s

be hindered by the extreme divergence of views from th
profession on such questions as the feasibility and desirability
fixed exchange rates.

The uneven and varied response of governments, firms and industries
the threats and Opportunities posed by information technology tends to
accentuate the uneven process of development. Typically in the past,
major changes in techno-economic paradigm have been associated with
shifts in the international division of labour and international technological
leadership. Newcomers are sometimes more able to make the necessary
social and institutional innovations than the more arthritic social structures.
of established leaders. Erstwhile leading countries such as the United
Kingdom or the United States may become the victims of their own earlier
success. On the other hand, countries lacking the necessary minimal
educational, managerial, R & D and design capability may be even more
seriously disadvantaged in international competition.

€ economigg
of a return

tion of IT outside the leading-edge industries, and the introduction of
many institutional innovations facilitating this process (Chapter 23). The
US economy leads in military applications of IT but lags in other areas.
There is thus a major ‘structural’ tomponent in the international trade
imbalances, as there was in the ‘technological gap’ which the United States
opened up between the 1920s and the 1950s (Freeman, 1987).

The same is even more true of the problems of Third World countries, A
report of the Inter-American Development Bank has highlighted these
critical problems confronting the world economy and has warned that the

long-term solutions. Albert Fishlow (1985) points out that Latin America
faces a burden of debt service repayments greater than the
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u bl g ¢ ] ages to them,
ies oilk: > ne major advantag
put the new technologies do actually offer sor J

i ; policies, as
‘ded they modify their trade, industrial and technology p
Vi ) s .
'fc{;ic‘“ed S el L dn;jf&:m:f Third World countries also
o se ‘catching up’ efforts F
i i ucturs »ms confrontin
quci;me resolution of the basic structural prl.Jhﬂlex[‘wi“mc Ihi
reqlllrr.‘t'r-c world economy. This implies new men_huniargn (()f e
- Lr} i nal transfer of technology as wel‘1 as a resolu |’ kg
inicl'ﬂdtlﬂ_r‘hus the greatest problem of institutional adaptatio 3 .ccoum
i nal financi ic instituti ake a
Prubl“'m)f international financial and economic 1nsll1lu110krlls, :0 .-t:10 acsaunt
e long-term structural adaptation difficulties. T E :;:\.ussgd Pl
ol i imes ¢ ion’ is disc
5 m?ﬂional and international ‘regimes of regulation’ is
new ne

following chapter by Boyer.
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‘echnical change and the theory of ‘Régulation’

Robert Boyer
1ra National de la Recherche Scientifique et Feole des Hautes Etudes en Sciences Saciales—
‘tudes Prospectives d’Economic Mathématique Appliquées & la Planification, Paris

fixing technology with economices: a difficult task

nornist has many problems in dealing with technical change, for at
cast three interrelated reasons.
echnolog:cal systems are supposed to evolve smoothly and contin-
_ ly in response to mainly external factors (such as advances in pure and
plied science), their only effect would be to shift the long-run equili-
‘path of the economy. This results in the usual method of injecting
ndloglcal trends into a given macroeconomic model, and neglects any
back from the economic side to the technological one. The really b1g
oblem is to combine economics with technology in the very long run. in
rshallian sense, i.e. with industrial structures and labour both adapt-
) technological paradigms.
'second difficulty lies in the temptation to relapse into technological
minism according to which economic growth as well as most social
tutions derive from purely technical matters, If this kind of statement
not ‘made by Schumpeter himself, it turned out to be a salient feature
._present recovery of neo-Schumpeterian ideas. This is not so much
rprising, since standard theory usually does not deal with social forms of
g ization, either supposmg them to be given by history, or totally
iznoring them. Hence a major challenge is to see if one can distinguish
rly between two dynamics—one concerning institutional forms, and
the other the technological system—and then to investigate their ex post
compatibility.
- the problem is made still more complex by another puzzling finding:
sither innovations nor growth exhibit steady trends in the long run, since,
¢'contrary, the so-called Kondratiev waves—i.e. the succession of a
v-lasting boom and then stagnation over a perlod of half a century —are
once again considered as a true problem for economic historians. Theoreti-
s .are'mainly interested in equilibrium path growth models, and only a
few of ‘them have tried to formalize Kondratiev-style cycles. To my
knowledge, very few successful examples are available on this last topic.
Similarly, economists have a lot of problems in analysing why the same
chnological trajectory might have positive effects upon employment and
: ablllty during some periods, but negative ones during others (see Chapter
- The traditional theories point to an invariant impact--usually positive
o-classical models, negative in the pure Keynesian closed-economy
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framework—whereas the issue at stake is

to understand changing patte
through time,

Clearly, many economists are now trying to cope with these problemg
since numerous national or international projects have been launcheg
especially during the last decade. This chapter intends to suggest a tentg,
tive theoretical approach, the aims of which are precisely the same, eve
though initially at least the question of technological change was not at the
forefront. This approach, called ‘régulation’ in French, is not easily trangs
lated into English, since the English word ‘regulation’ is usually associateg
with the much narrower problem of regulation of the behaviour of publj
utilities, whilst the expression ‘socio-economic tuning’ brings a connotatio
of a conscious and sophisticated adjustment mechanism. Actually th

process of fitting produetion and social demand in a given set of structures
and institutions is always an uneven, unbalanced and usually contradicto y
consequence of very partial rationalities and strategies, however integrated
modern corporate economies may seem. For this reason we simply use the
word ‘régulation’ in the French sense of the word. This approach is far
from being a fully-fledged theory, but its interest is precisely its implica-
tions for these three puzzles.

Contrary to the usual approach in economics, the focus is not on short
or medium-term issues but on the long run and structural change in
advanced capitalist countries, For example, the US and French economies
have been studied over nearly two centuries. Over such a period techno
logy, industrial structures, labour force composition and institutions
cannot be assumed given or constant. '

Similarly, technology cannot be dealt with in isolation from the rest of
the economic and social system. The major question is, then. the coherence
and compatibility of a given technical system with a pattern of accumula-
tion, itself defined by a complex set of economic regularities and mechan-
isms affecting competition, demand, the labour market, credit and state
intervention, The major finding is the following: there are several different
modes of development and ‘régulation” observed in history
single universal mode.

Within each mode of development the very factors which account for a
successful, long-lasting boom also explain the reversal of economic
dynamics from growth to crisis. Once totally mature, a socio-technical
system gives rise to new economic imbalances and social conflics, Hence
possible obstacles arise during the process of accumulation itself, leading
to a major, i.e. a structural, crisis. characterized by quasi-stagnation and

large instabilities. Therefore the same ongoing technical change —crudely
measured by average productivity growth—might have negative effects
upon employment, in complete Opposition to the situation during periods
of high and stable growth,

This chapter first presents the major concepts of the ‘régulation’
approach. Then a summary is given of the main findings on the rel
between technology and long-run economic dynamics.

—there is no

ationship
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the prediction of the theory and observed historical events, Just to
example, some Marxists in the 1960s contended that since the First
War productive forces have been continuously declining, :
the unprecedented growth observed from 1945 to 1973 was the strongest
evidence of the deepening of the structural crisis of the inter-war years!
From a methodological point of view such severe shortcomings derive
largely from insufficient links between theory and empirical analysis on the.
one hand, and from purely deductive or inductive methods on the other,
Would it not be surprising, for example, for physicists to wait until the
basic concepts of mechanics (the notion of forces, wei P
had been completely elaborated before attacking the evoluti :
lar complex systems? In fact, the successful method has been to build a
series of intermediate models which use the general la
order to analyse the exact composition of forces, and t e
expectations derived from the model fit the facts. Mutatis mutandis, the
economist faces the same problem and should adopt a similar strategy: try
to work out intermediate notions and models in order finally to organize an
appropriate and careful comparison with observed facts,
In this respect, the ‘régulation’ approach is an attempt to elaborate a
continuum of concepts from the more abstract ones (for example, that of .
production modes) to the observed regularities in the behaviour of
economic agents (as part of the ‘régulation’ mechanisms). Some of these ;
intermediate notions are accumulation regime, structural or institutional
form, wage-labour nexus, and so on. They benefit from the conclusions of
long-run historical studies and point in the direction of a new theoretical
framework which would combine a critique of Marxian orthodoxy, and an
extension of Kaleckian and Keynesian macroeconomic ideas. in order to

rejuvenate a variant of earlier institutional or historical theory. Let us now
present these different topics.

give ap

The notion of accumulation regime

The ‘régulation’ approach, progressively elaborated in France since the
early 1970s, is basically built upon a critique of mechanical and catastro-
phic interpretations of Marx. The logic of accumulation is certainly central
to capitalist economies. Of course, the spreading of the market relationship
introduces into the system the possibility of crises, while all the conflicts
based upon exploitation of workers and competition among capitalists
make these crises more and more likely, at least during particular periods.
But actual historical records suggest that the inherent contradictions of the
system can be contained at least partially and for a time. Then minor crises
are sufficient to promgte a recovery within a cumulative growth pattern,
Such episodes need not be characterized as pure accident but as possible
stable configurations of the econom y. This is the basic idea and the reason
why the concept of regime of accumulation is so important,
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lf::rbmalion. i.e. which dampen and spread over time the 1mbalancc;:)}::;
ermanenil}f arise from the process itself. The ﬁw:‘featurc:(s1 pra nmem};
Eeﬁncd are sufficient to build either a macro medLTl with t:lvc): ot:pan i
e e
i ively consumption and production goo :
(producing respectively co o s
5] s sake (final section, res )
ated model, for simplicity’s sa ‘ . ;
gGi.\.rcn the evolution of the technical coefficients, income (sjh::;e;s,ﬁ;gp;:s
i 1 : ther social groups, an
tion of demand, transfers to o ( : i
involved, it is possible to close the dynamic model (Boyer, 1975; Bertra
1983; Fagerberg, 1984). )
Of c;ﬁrse the method is not brand new and has a long ‘hlStD}ll':;Z:}
tradition. Nevertheless, this approach tries to 9"“‘:0“"3 ?or[:z :gz;?;t?cal_
ings ious : 3. First, the game is not purely :
comings of previous attempts. s the ¢ L e
é ding to statistical and e
the key parameters are chosen accor ( :
sludiesyagdetailed as possible. Second, the tc_chnologlcal detem}marclrtls ;1(:;
combined with economic and social mechanisms, thus;I pr.f:\-’:an.un%1 (;E:agi
i tion of reproduction In : si-
from being reduced merely to a ques . Lt
i : kers are not a special productive
technical sense: for example, wor : ‘ B padusie
i e social relationships defining their place .
modity but part of the social re ¢ :
Third, the regime of accumulation is by no means ;.he clnd :l:nrf1 ;l;;awnz(ljys; ;
ince | abstract concept, largely .
since it seems to be a very abstrac cor ‘
economic units. But then, why do capitalists, workc_r:», a?nd other social
groups behave in such a way as to substantiate this regime?

The importance of institutional forms

i i s the basi s0C1 ities

This notion of institutional forms 1llummatcs,_thc[] basis of bc;cla]lrcgruilg;itu_
i i tion. Basically, a structural o :

which channel economic reproduc : : o ! e
tional form denotes a codification of a main social relationship. Here agai
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the idea is that the same invariant and a‘pstract relationship might hay,
very different realizations either for a given country over t_lme or fg
different countries during the same period. In some sense, the ‘régula
approach tries to extend to organizational forms what technologieg
theorists have done for technological systems ar paradigms. Ts it not cleg
that the characteristics of the first industrial revolution are not those of t}
present one? Similarly, all forms of labour organization, state interventiop
monetary creation and so on are not at all cquivalent as far as economiy
dynamics is concerned.

Monetary and credit relationships are essential in defining the mode gf
interaction between separate economic units. This abstract form can t
several configurations according to the direction of causality betweep
money and credit on the one hand and the degree of sophistication of
national and international financial systems on the other. At first sight thig
form might seem quite removed from the question of technological change
But after all, Schumpeter in his Theory of Economic Developmeny
attributed credit to a major role in shifting resources from old industries

and products to new ones. Furthermore, many contemporary analysts ses
some links between technological change (i.e. the mix between product
and process innovations) and the tendency towards inflation or defiation,
whether associated with a Kondratiev style of reasoning or not (Freema
1978, Mensch, 1978). i

Historical studies do confirm significant changes in the forms of th
monetary constraint. In the nineteenth century, under the so-called gold
standard, inflows or outflows of currencies continually controlled the
evolution of domestic credit. Hence a very typical business cycle resulted,
associating bankrupicies with declining prices and production. In contrast,
after the Second World War the volume of credit given by banks to firms
and households became the key determinant of the money supply.
External capital flows exerted only transitory constraints, usually
overcome by a once-for-all devaluation in the late Bretton-Woods system.
Therefore a cumulative expansion of credit money with permanent infla-
tion became possible, at least until the 1970s. Consequently, one observes.
a very specific pattern of investment in industrial structures and of research
and development,

The wage-labour nexus defines a second and a crucial institutional form,
since it characterizes the relationship between capital and labour,
management and employees. Broadly speaking, it involves all problems
relating to work organization and the standard of living of wage-earners.
A form of the wage-labour nexus is defined by a coherent system en-
compassing the following five components: the type of means of produc-

tion and control over workers; the technical and social division of labour
and its implications for ski!lingfdeskilling: the degree of stability of the
employment relation, measured, for example, by the speed of employment
or work duration adjustments; the determinants of direct and social wages

in relation to the functioning of labour market and state welfare services;
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r

ndard o.f Ii\':]ngl c;L\::f;-:arners in terms of the volume and origin of
‘lmilncjctst‘i:gyations have revealed very diffn_erenl forms ::lll'();lg:
across countries at a given pen_oq of time. To be. rief, a
| —labour nexus used to prevail in the last century: most of
competifive M'If; of the workers came from non-capitalist modes ntlpro-
.- .;onsum[;mfew collective organizations existed to oppose business
. d market forces. Hence there was a high responsiveness of
o |nﬂtmcnt fluctuations and no indexing. In contrast, since the
g em\pvﬂ} collective bargaining and the emergence of the wclfarlc
i World_ md. ced a new wage-labour nexus, called Fordist. In this
. - u not only a cost but also a key determinant of consump-
B ive demand Implicitly, or by explicit agreement,
e cffcctl‘-’C_ D ‘d-l consumer pri;:cs and to expected
nominal wages become indexed to ; i iy
ivi ins, and thus have a very low sensitivity to unemploy
B e i he analysis, since the concept
is point is of interest for technological change ysi : o
L pgism closely relates mass production to mass consumption, there ‘O.“'
gi};?irng a new stage of capitalist development (see p. 84 for mme‘detml;),
The type of competition is a tpird component ]mr()duc]?l]e]mif;r:li
analysis. The concept of accumulation regime assumes c_oTnp 3:: e
i : i separate private units compete to ge
geneous capital. whereas in fact many sep ; P ) it
higher profits via production cost reductions at} or Pro_ i1
tion. This competition expresses fi;self thruugl};] gzrllr?:; (?;IZT, Reie s oi
i r have quite opposite effects upon on and
‘t‘?::ll:::orlr;?ical chaqngc, ltpi[:); necessary to make a clear distinction b?ilt\:iﬁg
purely static approaches (marks&t power as a source U; extrzli] e;:;(;r T
oligopolistic pricing) and dynan(ljlc ana]yslt?s (Ih‘?ea;?zlrlle) 15 then w
ncentration spurs product and process mno ). y
wln this rcspcsl, hiztorical analysis yields interesting results b[yhc;r:::i:yt
ing at least two different types of competition. In the nineteen i thé
even if financial concentration was not negligible, price vani:itlon ‘:l e
only way to adjust for discrepancie_s between dcmandlan p}r{c}:ﬂu i
capacity. The logic was very myopic and ogerated only ex ;] a s
closure of plants, bankruptcies and redundanuieslwere tlh.e uf}ua ‘w xom_
providing a new equilibrium in the system. This is a‘mdmo..ria g;ftce ct A
Petition. From 1945 to the 1970s, the ‘régulation’ has been quqe dlferenk. :
much higher centralization of financial assets and concenlratmn)o rrlllar e ;3[
led to oligopolistic competition. In this system, ﬁrrrjs comgut‘e t m;glc
advertising, and more generally through product diffcrent@_n-f:n, WhII‘
Prices are derived from a mark-up applied to average COSts. Basically t fs 1(5;
associated with a form of internal planning, in which firms try toixpan
Capacity in step with expected demand. To lh.e extent that real wage
income increases with productivity (the Fnrdmt_ wage-labour nexus),
Cumulative growth is then possible, with ex post ad]ustmer_ns only Ilactt\[:feerf
Minor discrepancies in growth rates rather than prodl:lctmn levels TI‘{]H
selves, This is the distinguishing feature of the Fordist development i

history ©
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contrast to that of the last century. Fj
by examining two other components.

The mode of adhesion to the international regime plays a pre-emingy
role when one passes from a purely abstract analysis to the study of a giyay
national economy. This concept is defined by the set of rules and convep
tions which organize the exchange of commodities, the location of Produg
tion units (via direct foreign investment) and the financing of exterpgy
disequilibria. This conception is quite at odds with traditional discussiop,
which contrast open to closed economy, free trade to protectionism, fixe
to flexible exchange rate systems, etc. In fact, the ‘régulation’ approach j
developing a series of intermediate concepts which relate the international
growth regime (i.e. the division of economic space and their linkages) tg
the existence of strategic areas and, ultimately, to the opportunities
constraints imposed or offered to each nation by the world system (Mistral

nally, the canvas has to be comple o

The issue is quite important as far as technical change is concerned. The
advances in abstract knowledge as well as in applied technology are mainly
defined at the international level, not separately in each country. Never:
theless, countries are not equally able to take advantage of these general
opportunities and translate them into profitable production to be sold af
home and abroad. Hence various countries occupy different places in the
international regime of growth, due both to their mastering of new
technology and to their access to world finance. This explains, for example
why the rate of growth in Japan is not equal to that of the United States,
and why German and UK macroeconomic achievements differ. Similarly,
the international regime may change in the long run, due to a combination
of technological domination, financial intermediation and political hege-
mony. Historical evidence suggests that contrasted periods do alternate
during the domination of the same country, be it the United Kingdo
during the last century or the United States after the Second World War,
Relative stability and cumulative growth take place when all the factors of
domination are simultaneously mastered by the leading country, but large
instabilities and slow growth or even stagnation occur when technological
and economic hegemony, but not necessarily financial intermediation, are
declining.

The forms of state intervention are the last institutional configuration. In
some respects, this is related to the previous configuration, since it has
always been an attribute of the state to organize the relations with the
world economy. Basically, the state operates in a different way from pure
market relationships: coercion by law replaces mutually profitable
exchanges, whereby the power to tax is clearly at odds with the free
exchange of commodities. Hence, contrary to an old Marxist view. the
state does not necessarily originate in purely capitalist relations. Rather, it
seems 10 express a nexus of linkages between social classes and groups,
qualitatively through laws and regulation, quantitatively through public

spending (André and Delorme. 1983).
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tion of this concept is to allow very different patterns of state
i For a long period of time a bounded state prevailed, the role

: as mainly to enforce private contracts apd laws about PrUPCIﬁY
of which W tee internal and external security. Nevertheless, the
L gualr m;f this limited state was not nil, since it helped a great deal
economic 1'0; cxist-ing social order. After the First World War (and still
to preserve t ﬁnd} all advanced capitalist countries have evnlvcd'tgwards
more the Se,w 5 ;nd large state. lis 1ole is now crucial in organizing t.he
an ;‘nter?’emm;l ublic services, financing infrastructure and productive
roduction O gmanaging the social wage within the so-called welfare
investment, anﬁ one should add the intervention in science and technology
O 50“;3 eéucation the tax system, defence programmes, genc:ral
i obout technical norms, etc. Both qualitatively and quanGLa-
I?B“Iatiigsz two types of state are not at all equivalent as far as economic
:;E?r;iics and social reproduction are concerned.

The

‘mtcr\’e“li"fls'

Modes of regulation and crisis types

It is now necessary to pass from these lin‘filed and pamail rcgu-l-a;lit]lifs
involving numerous economic agents and their he‘hawour tot e]?mbénem};
of a consistent dynamic system. Standard economic theory uses tf ?t gt e
concept of equilibrium and assumes that for a broad categgry of “taton i
ment’ processes, the model converges towards a staple and unique et:[uo

brium. Of course, in more sophisticated mayhcmatical economic tle ;}[
many equilibria can exist, but such a rcsult‘ is rarc_ly fcilatcd tu] ar;y ;;:cs

world economic problems. In contrast, the régule'mon d.pproa(c1 1 s r(cl_l i

the possibility of several modes of adjusung pT(‘Jdl{C'lIOn to dcn'.‘a‘r} ;{ie lach

money, income distribution to demand tormatmn_, _Morc basica 1'3, e o

wage-labour nexus, firm organization and ct_)mpetltlon type, put'f ic ins

tution and monetary rule may—or may not—induce a coherent ad}uslmf.-m
process for the ccun:umy as a whole. This institutional and struf:tural setting
is not set against market mechanisms but rather may enable 1trto fum_:tl(:rcl
efficiently. In this framework inslituliansl and marl.ccts, state and priva
units, jointly determine economic and social dynamt‘cs. ;
The analysis is hence converging towards the notion of mode of rrégu tc:r—

tion, a partial and modest alternative to the c-\.rer'whi::lm1ng_tyrann],r 0. sta 1\;

equilibrium. Consequently, we use this expression to designate any set 0

Tules and individual and collective behaviours which have the three follow-

ing properties:

— they make possible conflicting decenrmiized' de:cfsr'lmw ccmpatlblj:
without the necessity for individuals or even institutions to compre-
hend the logic of the whole system; _ _

— they control and regulate the prevailing acciumulation mode,f oy

— they reproduce basic social relationships through a system of histor
ally determined institutional forms.
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The trick is now to show that this notion is not an empty box, but can b,
filled with several different examples of systems of regulation, that §
precisely the aim of the next section (p. 77). Note, too, that technology a4
present in many places in this scheme, but integrated into indust is
organization, the wage-labour relations, standard of consumption, etg
However, a final definition and typology first has to be presented.

The concept of ‘régulation’ has to be complemented by its twin, that g
crisis. In common language, as well as in most economic theory,
notion has either a specific narrow meaning (the oil, debt, welfare state
Keynesian economic policy crisis) or none at all (except perhaps a lasting
under-employment equilibrium or a breakdown in growth trends). Oug
approach attributes a very central place to it and proposes a clear disting
tion between two broad categories of crisis. ]

According to the first definition, cyclical crises are the usual feature of
any stabilized mode of ‘régulation’. Since the accumulation of capital
drives economic dynamics, disequilibria frequently occur within the system
as a result of the necessary lags between the demand and capacity effects of
investment or the discrepancy between stocks and flows in financial deci.
sions. Therefore, after a period of boom, the cconomy adjusts to the
previous imbalances by a downwards movement of inventories, produg
tion, investment, employment, etc. This type of erisis is part of the system’s
self-equilibration, and does not destroy it. Thus it might be misleading te
speak of a crisis, since this expression lends an image of catastrophe and
drama to what is the usual business cycle. '

Nevertheless, two qualifications have to be made. First, from cycle to
cycle the various institutional forms and industrial structures change
slowly, so that some drift in the ‘régulation’ mode occurs. Qualitativel
however, it remains the same, and the question of new institutions does not
arise. Second, economic policy rules do not have to be changed to promote
the recovery: without discretionary intervention by the state, growth can
resume as soon as the previous disequilibria have been eliminated by the
‘régulation” process. |

A second and quite opposite definition deals with structural crises. We
shall use this designation for any episode during which the very functioning
of regulation comes into contradiction with existing institutional forms ]
which are then abandoned, destroyed or bypassed. In other words, the
limits to the ‘régulation” mode and regime of accumulation —the combina-
tion of which defines a mode of development—become obvious in every
sphere of social and economic life. One is now well justified to speak about
the existence of a crisis, since the system can no longer reproduce itself i
the long run, at least on the same institutional and technological basis.

At least three criteria allow us to distinguish a cyclical crisis from a
structural one. First, the social and economic conflicts are such that, within
the given mode of ‘régulation’, no self-correcting mechanism for profits
exist. Second, most—if not all—of the institutional forms are questioned
by the spreading of the crisis from its local and seemingly accidental origin

» elg
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whole system. Third, the way out of the troup}e is not attamecll by
4 t.h e he economic mechanisms play out their role, since they are pf&f:lseh'
lemnng with each other. Thus strategic choices made by leading firms,
= 4 5 nd governments are necessary to promote a new mode of develop-
,mmnslc:‘ other words, the system is no longer totally deterministic; rathf:r,
melli.]tti;:al and social choices have to play a role in shaping and restructuring

0

2 ecEn;) :l‘lizl'inction is not purely semantic. If the mild recessions of the
}9251: bclonéed to the first category, the period which opened in Fhe early
1970s is clearly of a different nature, more or I_ess of the secon!:l Fategg;y.
The consequences as regards economic policy are far-reaqjhmg: - is
central conclusion of the ‘régulation’ approach will now be elaborated in

detail.

The place of technology in long-run dynamics: the main results of
the ‘régulation’ approach

Three ‘régulation’ modes: old, competitive, monopolist

A historical analysis of the French economy since the end of the cighteelmh
century gives many hints about such changes. In or_der to substantla_te
them, the method tries to combine various tools which are ‘usu.ally. dis-
connected. This begins with a precise characterization of the institutional
setting (using available syntheses and monographs by historla.ns). The r'u?xt
step is to formulate a hypothesis about the logic of economic regulam‘les
associated with each institutional form. The third stage consists of statist-
ical and econometric tests of the derived hypotheses in each area (price and
wage formation, credit and money, etc.). Fourth, the components are
synthesised in order to check the coherence and viability of the whc_;le
Tégulation’ system. Finally, when possible, models are constructed in
order to assess the exact properties of each mode of ‘régulation’. .

A very brief synthesis of such a study is given in Table 4.1 to give some
idea of the method, which has been kept at a high level of generality in the
Preceding presentation. One significant piece of evidence is that, over t.wo
centuries, the cyclical pattern of the French economy has been changing
rather drastically:

In the old “regulation’ (‘régulation a I'ancienne”), the agricultural sector
Plays a dominant role, since modern capitalist industry is only emerging.
This produces a unique cyclical pattern: every bad harvest leads to soaring
Prices of corn and more generally agricultural prices; hence peasants
€4nnot buy industrial goods and the industrial sector is hit by the second
round of the crisis; then workers are fired and the nominal wage is lowered,
Cven if the general price level is climbing. The ‘régulation’ is by nature
Stagflationnigy . since it associates unemployment with inflation (Figure 4.1).
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I. THE OLD REGULATION 2. EARLY COMPETITIVE REGULATION

XVIITth century XIXth century
Annual Arnual
rafues rates

LEGEND :
Nominal wage
Cost of Tliving
Production

3. MATURE COMPETITIVE REGULATION
tIntervar period)

4. MONOPOLIST REGULATION

(Contemporary period)

Anpual )
Fates et

Figure 4.1 Changing regulation modes over two centuries: some stylized diagrams
about the French experience

Source: Boyer (1978).

to their business and do not strive to improve them continuously. Similarly,
the time horizon of firms is generally rather short, whereas the wage-
earners in industry are mainly producers of commodities, and not so much
consumers of them. Thus from 1895 to 1920, average productivity is quasi-
stagnating, as are real wages, while growth is only obtained by a lengthen-
ing of working hours or by the hiring of more workers (Table 4.2). This
quasi-stagnation may be related to numerous factors: lack of technological
opportunities, limitations of the home and world markets, consequences of
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Table 4.2 A brief statistical survey of development modes in France, 1856-1985
After the Second World War production norms and wage-carners consumption

forms run parallel.

A. Real wage and productivity in the long run
{average annual rates in per cent)

‘-_.P_IEE-;E-; Industrial| Weekly Total |Producti-| Real Accunulat ion
1 vity per
PERIODS Employment| Hours Hours |Employee Wage Regime
Tg‘"sﬁ'jﬁn_ - 1,0 -08 [~-1,8 2,4 1,4 |Intensive
1870-1895 0,8 - 1,0 - 0,2 2,3 2,0 I?%g?gwe and its
1g95-1913 0,8 - 0,3 0,5 0,3 + Extensive
jo13-1920] 0.3 1.2 1,6 | -1,8 | -3.0 |Extensive

- - 2,8 il ’ 2,2 |lIntensi ithout
1920-1930 1.2 2 6 5.8 mgsgngnzgurm ay
1930-1937| - 3,1 - 2.8 - 6,0 2,8 1,5 ....and its crisis
1937-1949 1,0 0.9 1,9 -0,3 - 0,5 |Extensive
1949-1959 i1 0,2 |53 4,9 3,9 |Intensive
1959-1973 0.8 - 0.4 0.4 4,8 4,1 ...with mass con-

sumption..

1973-1985| - 2,0 - 0,9 -2,9 3,5 1,5 |...and its crisis

Sources: CEPPREMAP-CORDES (1977): Insee vol Il pp. 59-90 (1986).
Wage-labour is the dominant form of activity

B. The place of wage earners in the whole economy

[(Figures in percent)

1913 | 1929 | 1938 | 1949 | 1959 | 1969 | 1979 | 1985
SHARES OF

W 5§
tolal Jabour force | 57,9 | 60,4 | 56,6 | 61,8 | 69,4 | 78,4 | 83,8 | 84,4

Direct i
?oﬂgghuﬁ'ﬁgﬁisgnsam 8,3 | 43,2 | 431 | 81,4 | 46,7 | 47,3 | 471 | 245
ncome

D1

oc i) 0209 4y | 39,4 | 45,7 | 48,0 | 57,3 | 67,2 | 72,3 | 78,3 | e6.0

gggghn d disposable
e

. Food in total
consumpt fon 47,7 | 47,7 | 44,7 | 47,9 | 39,7 | 28,4 | 20,4 | 19,3

» Industri d:
in Yotal®nonoods_ | 27,4 | 20,9 | 29.4 | 28,1 | 29.1 | 20,9 | 34,3 | 33.6

1on
Computed on the basis of the following data: L.A. Vincent (1972) pp. 322-325;
A. Sauvy (1967) p, 496; INSEE (1986) vol. 3
rom competitive to Fordist regulation of wages
C. Estimates for the relation W = ep + Oy N + #; with W: nominal wage;
P: consumer price; N: employment (annual wage rates); ( ): t of student.

€ o, 9y R* o

1523 Q.47 1.49 ).l 0.41 1,82
B | e | c2le

lagy_y | 0.59 0.81 4,65 0.66 1.64
98 fe.4) [2.56) (6.1}

19851917 95 0.39 IRT] 0.4l 1.68
[g.01 (1.17) {4.49)

Economie et Prévision 1982.
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competitive regulation upon the boldness of investment in brand ne ;
industries, ruinous impact of the war.

Intensive accumulation without mass consumption is a second ideal type,
After the Second World War, industrial organization undergoes drastie
transformations under the pressure of Scientific Management, and not only
because the wrecked economies have to be rebuilt. Many new productiop
processes are available, while some products cross the barrier of masg
consumption. Along with authors like Braverman and Coriat, the ‘régula-
tion’ approach insists upon the so-called Taylorian revolution. During the
1920s, productivity speeds up, more than usual after such an episode. Bug
this period is relatively short and most of the positive effects are reve
after 1930 (Table 4.2). Basically, mass production is technically possib
but cannot be sustained since the prevailing ‘régulation’ strongly moderates
real wage increases, at the same time as wage-earners become a dominant
fraction of the total labour force. It turns out that such intensive accumula-
tion is highly contradictory (the profit rate is too high to permit an ade-
quate effective demand) and unstable (look at inter-war production

statistics). Therefore this is not a viable mode of development in the
long run.

Intensive accumulation with mass consumption has been observed since the
1950s and defines a third configuration. Not only does scientific manage-
ment continue to advance (diffusion of the assembly line as the key
configuration of industrial organization) and new products are launched
(radio and TV sets, electrical appliances for the home). but a new social
compromise between capital and labour ensures that workers will benefit
from economic and technological progress. Workers are now both pro-
ducers and consumers of capitalist new goods. Similarly, wages are a cost
but also a key determinant of consumption and hence aggregate demand
(via an investment accelerator effect). The shift away from a purely
competitive mechanism towards an administered ‘régulation’ of Fordist-
Keynesian flavour facilitates such a move towards a new mode of develop-
ment. In this respect, the period 1945-73 is without any historical
precedent: stable and high growth, propelled by a simultaneous evolution
of productivity and real wages (Table 4.2).

One sees clearly that this interpretation differs from the traditional long-
wave interpretation ‘a4 la Kondratiev’. Of course, each of the three
accumulation regimes witness a long boom and then a period of decline,
stagnation and crisis. But beneath these rough macroeconomic regulari-
ties, the underlying mechanisms and the factors explaining the downswing
are quite different: exhaustion of the reserve army of wage-earners in
extensive accumulation, lack of demand linked to the capacity dynamics in

intensive accumulation, and adverse evolution of profit rates in intensive
accumulation with mass consumption.
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T chno!agir:a! change but no new wage-labour nexus: the inter-war crisis
¢

recapitulate the previous discussion, there is no doubt that tcchnolog_y
Tod industrial organization play very important roles in long-run economic
o . But the ‘régulation’ approach does not adopt a purely dc_tr.:-rfmmslnc
d.}a:gof technological factors: everything depends on the compatlblht_y with
vlile basic institutional forms and the ability of the mode of ‘régulation’ to
:3 i,[ with the kind of disequilibria or conflicts that accompany accumula-
[ifm One can give no better evidence of this general proposition than the
inter-war period.

Technological change but no new wage-labour nexus: the inter-war crisis

Many empirical studies converge towards the general conclusion that the
technical system underwent a drastic change after the Sepund Wolrld War:
dissemination of electrical power and new mechanical devices (for
example, the assembly line), emerging newlgqods such as cars, home
appliances, not to mention dwellings and buildings. Thfe war had made
mass production possible, first of weapons and produt,tts for the army but,
later on, of civilian goods. Thus the same organizational system, called
either Scientific Management or Taylorism, is extended to new branches
when the economy has to be rebuilt after the war.

It is no accident that this period has been called the ‘Roaring Twenties™:
lagged consumption has to be met while investment is rising to keep pace
with modernization and demand. But the long-term viability of such an
accumulation regime is not evident: one observes either over-accumulation
and the appearance of adverse trends in profit rates, or a discrepancy
between production capacity and demand. For some period of time, selling
to small and medium bourgeoisie, peasants and foreign countries softens
this imbalance. But as wage-earners now constitute the most significant
part of the total labour force (remember the euthanasia of the rentiers due
to inflation or debt repudiation), their consumption plays a key role in
determining effective demand.

But after a while the system becomes increasingly troubled. In spite of
some new features of collective bargaining (for example, regarding wage
indexation), the regulation of the labour market remains basically com-
petitive. The nominal wage is fairly sensitive to ups and downs in employ-
ment, whereas Taylorism generates very important productivity increases
(see Table 4.2). Hence a very slow growth of the real unit wage results in
spite of the boom of the 1920s. Then comes the 1929 crisis, resulting from
the diverging trends between real wages and productivity, consumer
demand and investment. The paradox can be summarized in one sentence:
When wage formation is mainly competitive, a new industrial revolution
leads to such a high profit rate that it cannot be sustained in the long run
because of a lack of appropriate total demand (Figure 4.2).

Therefore a still more general conclusion can be proposed: the effects
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Figure 4.2 The vicious spiral of intensive accumulation without mass consumption

of any new technological system cannot be assessed independently of the
existing or emerging mode of ‘régulation’. '

Compatibility between the technical system and the capitalflabour com-
promise: the post Second-World War Fordist regime .

More or less the same technological basis is extended to new sectors after
1945. As a first approximation, the 1920s and the 1960s can be said to
belong to the same technological paradigm. But, then, how do we explain !
why growth replaced stagnation as a long-run tendency. and that, contrary
to contemporary fears, the collapse of 1929 did not repeat itself in the
1950s? The answer of the ‘régulation’ approach is simple enough: due to
drastic social and political transformations, a new ‘régulation’ replaced the
old one and made rapid technological change, quasi-full employment and
sustained growth compatible.

The more drastic shift is in the wage-labour nexus. On the one hand,
workers and unions accept capitalist modernization and do not oppose
Scientific Management and Taylorist methods. On the other, managers
agree to share productivity gains with wage-earners, so that the wage norm
now permits employees to benefit from economic progress, regardless of
sector, size of firm, location and skills. Thus, this new form of collective
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bargaining diffuses through the whole system and generates a permanent
improvement in consumption norms. Since simultaneously investments are
creating new modern capacity, the process now becomes self-sustaining.
More demand for consumption goods induces investment opportunities in
related sectors; hence outlets for equipment goods producers, who earn
high profit. Thus a virtuous circle emerges in which the monopolist ‘régula-
tion’ mode both stabilizes growth and promotes it (Figure 4.3).

According to this view, the major difference from the inter-war period
lies in the ‘régulation mode’ and not that much in the technological system.
Of course, other institutional changes help in passing from one mode to
another, or in some cases are made possible by the shift towards Fordist
wage-labour relationships. Qligopolistic competition thus moderates
possible struggles between firms by eliminating price cuts as the usual tool
for obtaining market shares, Early US hegemony guarantees an inter-
national regime in which the various OECD countries can jointly grow
Without strong competitive pressure: when the state of business is good in
the United States, everybody benefits from it. Finally, Keynesian counter-
Cyclical policies give the final touch to the Fordist regime: money and
public spending are conceived as means for preventing departures from full
Employment or for reducing inflationary pressures.

Interestingly enough, this conclusion approaches the thinking of most
of the specialists of technical progress: the success of Keynesian policy
Was based on a coherent and dynamic technical system. If the latter
CNters into crisis, so does the former. To risk a metaphor: Keynesian
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policies were the accelerator and the brake, not necessarily the engine g
growth. Now a fourth result will be discussed. X

The limits of Fordism as a social, economic and technical regime: the
present crisis

Needless to say, this regime was very attractive for almost everybo
profit rates were kept at a high level, workers benefited from rising livi
standards and almost no risk of unemployment, and the state could exte ,'li.'
public and welfare expenditures without any vocal dissent. The speeding
up of growth could pay for such uses of income. But then how does thj
Eldorado come to an end? The answer is straightforward: the ver
development of the Fordist regime leads to new conflicts and imbalan
which, up to some threshold, induce tendencies towards stagnation and/o
stability. Three of these limits are now considered (Figure 4.4),

Fordism becomes counter-productive

From a technical point of view, the search for increasing returns to scale
leads to larger and larger manufacturing plants, which produce a signifi
part of total output. It then becomes increasingly more difficult to balang
the output of the assembly line with demand, both qualitatively (changes |
models) and quantitatively (adaptation to short-run shocks). According
another arguement, Fordism is fairly efficient as regards labour and capitz
productivity when it replaces older systems, but it becomes harder and
harder to get the same results when the issue is to deepen—and no long
to extend —the same organizational methods. Hence a possible decline i
productivity growth rates sets in (in the United States during the mid
1960s) and/or in capital efficiency (in almost all OECD countries during the
same period). But a third factor can also play a role: blue-collar workers
revolt against Taylorist and Fordist methods through turnover, absenteeism,
and a slacking of work intensity. In many cases they convert their prot
into wage demands (recall May 1968 or autumn 1969). This leads to a possible
profit squeeze to the extent that firms cannot pass on their cost increases
because of strong external competition. Let us now examine two other limits.

From national complementarities to the struggle for external comperitiveness

Fordism is just as much a socio-economic principle of organization as 8
technological one. Since the larger plants are usually more efficient, once
national monopolies are set up, they tend to compete with one another
at the world level. Thus, oligopolistic pricing, which has stabilised at
home, turns into competitive pressures for external markets such that the
previous price formation mechanism weakens or even breaks down. In @
sense, if competition had led to monopoly, now monopoly turns back into’
competition! This change is far-reaching, since it destabilizes mark-up
pricing and consequently the previous mechanisms governing wage forma-
tion. National economies are no longer the boundaries within which:
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production and consumption norms jointly evolve. For exam
firm or country benefits from high wages elsewhere but is h
increases which are faster than those of foreign competitors. k

Simultancously, the erosion of US hegemony introduces many destabilj
ing factors: unstable expectations about the value of the dollar when the
fixed exchange rate system is replaced by a flexible one; lesser multiplig;
effects of US growth compared to other OECD countries; competitive
struggles between Japan and the United States, and eventually Europe, over
new products and technologies. In the 1980s. the emergence of a lasting ang
huge US external deficit on one side and of German and Japanese surplus
on the other triggers protectionist measures in spite of the free tra
statements of most governments. Roughly speaking, the growth of g
country is seen to take place at the expense of another; thus the search for com-
petitiveness spreads all over the system and fuels stagnationist tendencies,

Let us emphasize that this very complex evolution is closely related
both technological (the mastering of new techniques and products) and
socio-economic factors (the possibility of adjustment within the existing
wage-labour nexus), not to mention financial and monetary determinants

(position within financial intermediation and degree of autonomy of each
national monetary policy).

ple, a give |
urt by wage

The contradictory effects of Fordist wage formation: positive on demand,
possibly negative on profits

Since the end of the 1960s and up to the early 1980s, advanced capitalist
countries suffered from evils quite different from those of the inter-war
period. A quasi-perfect indexation of nominal wages to consumer prices,
jointly with oligopolistic pricing, generated a wage-price—profit spiral,
which culminated after the two oil shocks in two-digit inflation. Hence
Pressures to reverse previously accommodating monetary policies increased
in inverse proportion to the strength of each nation’s productive system.
Fordist collective bargaining sustained demand via a form of real wage
rigidity, as previously described. This explains why the recessions initiated
in 1973 or 1979 were not a repetition of the collapse observed between 1920
and 1932. Moreover, the speed of adjustment of employment was lower, in
such a way that firms hoarded labour as a quasi-fixed factor; at least they
did at the beginning of the present crisis!
But this process has an evident drawback: if the shock is mainly about a
deterioration in the terms of trade, and if the national economy is a price-
taker at the world level, then the profit rate is squeezed. Furthermore, the
existing monopolistic ‘régulation’ is unable to recover its previous level,
since that kind of perturbation never occurred in the past. Thus investment
slackens, which leads to less capacity and lower productivity growth, since
aslower embodiment of technical progress and diffusion of new |
processes take place. So in contrast to the inter-
now too low

roduction
war crisis, the profii rate is
compared to the growth in demand. The major structural
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1. Confronting the basic hypotheses with the findings of science and
technology research

As technology is not the only point of entry in the régula‘.tz)c:.lno ?Fh;;rc:}a:f:é
more detailed analysis is needed to'subst_annate the Success}th e
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these two lines of analysis. The convergences are already very sig
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in a sense the mismatch between technology and institutions (Perez, 1983
is closely related to what has been said about structural erisis (“The place r
technology in long-run dynamics’ in this chapter).

2. Formalizing various accumulation regimes besides the Fordist one

stable or runs into a major crisis, Prototypes of such models have alres .jj'
been proposed and even submitted to various econometric tests. Foy

(Boyer and Petit, 1981b) and the breakdown of this model since th J
early or mid-1970s (Boyer and Ralle, 1986b). Similarly, the significance of
the Fordist model for the US economy has been investigated by Caussat
(1981). '

Nevertheless, many points remain rather obscure and call for new
analysis. First, a minimal and very simplified model of Fordism has to be.
agreed upon by the ‘régulationists’ themselves. The interested reader will
find such an attempt in a recent paper (Boyer and Coriat, 1987), which ina_
sense synthethizes some previous work (Aglietta, 1974; Billaudot, 1976;
Bertrand, 1978, 1983). Second. a more general approach has to address the
extreme variablility across countries and historical periods of accumulation
regimes and ‘régulation’ modes. Hence a vast research programme is called |
for, which ideally would combine different productivity regimes—lin ked,
amongst other things, to the precise technological System—and various
demand regimes associated with given mechanisms for income distribution .
and demand generation (see my Chapter 27 in this volume). More

generally, theoreticians should work on macroeconomics of technological
change. g

3. Searching for the roois of the present crisis: what role does
technology play?

The analysis, however, should not be restricted to the study of equilibrium
growth paths, i.e. to self-stabilizing processes, as most macroeconomic
theory does. We need to understand the causes of crises considered as
periods of stagnation and/or large instabilities. As mentioned carlier, the
very success of a ‘régulation’ mode might lead to a slow shift in structural
parameters, such that the system becomes globally unstable, This might
offer a possible explanation of this aspect of long waves and 3 way to
analyse their underlying social and economic determinants. In this respect
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Introduction

Technical change and innovation .
forum of most _ ‘ 0 are the subject of this
e chan(;fe ti};e. liislfcussmn will be that of economic the(l)r())rol];u?rrlg ltlhe
tion. The parallo] hajs allrOn:i:: aspect of the more general questi(;n of eVEl ly’
argued convincingly for f}? ybeen recognized by several authors wh ho u-
the. basis of the ‘e)"[OIUt. ¢ idea that economies should be understooodalve
wraditional assumptions 1;)nar)f 'pa'radlgm’, rather than that of the on
But this scems to be on? ?}(}uglbnum,.or of deterministic mechanics r{l‘(‘)‘re
our lack of understandin y fe Iststep in the recognition of the fact tha;t iti
itself which is the core ofgt}? e L, Processes, adaptation and evolut n
evolving complex system ¢ problem. What we are really faced withl% on
or suppression of ‘innOVa,t flnd the creathn, acceptance, rejection difful $an
_interms of ‘economics’ se;l)(;?esltircljdfrtgzl E};al Chan%es’ cannot be c:)nsid;gg
ecological system ’ 1story, culture, social
4 symptom yof oural I;)(i:to Ss&ﬂ;&z:htzu}d have ever attemptse:fiugl:if’s:)hi:
L ra ] .
D ol e o 1 e
in which ‘closed’ sol $ of study can be hived off into se ;
ﬁi‘gﬁnizationalec(i) nsvzililgss can be const.ructed seems to beplizr;sl:i (:)onr?ams
human system. Cultor c;e 8 not on reality. Economics is only one as eytm;
yehological and biol a abits and rituals, music, technology lf)eljc fO
isions must be based iglllcfﬁ.ne?ds are (')thers. Ultimately all ‘eéononeiis:
ese broader areas. H Is wider reality and will both reflect and af :
i - tiuman values underlie ‘prices’, and either as iflldfi‘ifcit

netary must meet i
n and interact. A i i
o st ract. Any action will have eff.
oo chal:i)n éi,r eand these n turn will influence others ez:fdon i
e nough ts}llaonses which defy simply, intuitive eval’uatio ome
s G ga}i »;g pshoul(li try 'to understand economics i111l "evolu
by e apparently this alone is consid ,
ne ered d
nomists), but rather that economics should ?Jlég:éguﬂy
n as
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just one aspect of evolving, complex systems. And if this is the case, then g
proper understanding of innovation and technical change can only cor
from improved knowledge about the general problem.
What therefore is the science of evolution?
What basis does it offer for discussing the discovery and diffusion g
improvement and adaptation and what ‘laws’ can possibly apply?

Newtonian clocks and Darwinian watches

Until recently, the only answer to such a question would have been thag
offered by theories of evolution based on the ideas of Charles Darwin,®
But these ideas, although certainly correct as far as they go in biology,
present evolution simply as the fruit of ‘selective’ forces acting on
randomly occurring mutations. The theory is not really predictive, but
instead is a plausible explanation of whatever is observed. If some animals
are observed to behave in a certain way, then it must be because a mutant
arose who did so, and whose innovation was advantageous. Because of

assumed that they applied to different, and separate, domains. ]

In Newtonian science, understanding of a system was to be obtained by
identifying its ‘parts’ together with the causal connections between them.
The resulting assemblage of mechanisms then constituted a ‘model’ of the
system, and provided a tool for understanding observations
predictions. ]

This idea reflected and confirmed the notion of the universe as a kind of
giant ‘clockwork’ mechanism, conceived of and set in motion by God, and
running according to immutable laws. Science was about discovering these
‘laws of nature’, and hence revealing the intricacy and power of the
creator’s work. And science succeeded in this quite brilliantly. Two basic
situations were found. In the absence of friction (planetary motion, for
example), the movement was unchecked, going on for ever. There was no
‘net effect’ from such movements, and there would be no way of telling
whether a film of such events was being shown forwards or backwards. The
movement was ‘reversible’,

But with dissipative processes such as friction, any initial concerted
motion would eventually be damped until the system reached thermo-
dynamic equilibrium and all its initially high-grade energy had been dissi-
pated into random, thermal motion. This was an irreversible, deterministic
progression to equilibrium, and this final state could be predicted as the
maximum of the appropriate thermodynamic potential. The image here is

of a universe gradually ‘winding down® as it uses its initial potential
for creativity.

and making
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ion in bi iences, and more specific-
e 6\’(11“11911 . ?I?Lc;g%ﬁ'il:h:nhduﬁﬁ?uifn of innovations in the
ally the undcrs!andbmﬁt{::reativc forces. It does not concern so much‘the
g worl_d, e l:)f the existing system, although this is imercs%mlg.
e _C]' oncerned with how the system became what it is,
e 0 Iprlmalﬂ i the future. In other words, if the world is viewed
ey ' vel? * made u.p of component parts which influence
e o }Tac s]:leconnections, then instead of simply asking_how !t
fanoer lhIU‘Ug C?uh is concerned with how it got to be as it is. It is
R fiie i itative change in things, and how
about the origins of qualitative ¢ ange
e into being, and are maintained.
fhe *pa?ls‘ 050?1;:?;3:3%1;][::5 :ol gf;bc:-ut this. It was about mechanical
L e i ' ing down. At best, existing struc-
e mh?rt]ztli?'ltcrdun:v";lqlgé 3;11}:17; l.illntlz}s]:;gercuded during the approach to
s main ; ! e i .
Ll:lfil:‘lg?‘ium, as cntrc;py itncreasecl‘ Any representation of ‘creative pro
B e TI?Urcl]){'i?)uiezl{ortcoming, the extraordinary success of New-
L:Z;pnlfy:il‘lss ?md of thermodynamics, vindicated every .day in calclfla-l
:E:lns cgncerning indusl;ial prtljccsscst‘ n:’ac:;:e é; u:e t((:?atﬁ:;n%n tg:lc(;ge:f:h
framework to apply to all complex systems. S5 i
ics, biology, ecology, anthropology, etc., theon_e_s, appea
:fsh?;;ngg:i;tanding;’was based on assunllpl.ionsl of ‘equlhbcr;lihme ::éilua}
search for the ‘appropriate’ p[{)jlemial f;.lﬁnclt]o::lyw;fh governe
ion of these systems—utility, fitness, efficiency, etc. _ &)
hogl?l the rcalydiffercnce in approa-:i-h b;twe;ri ﬁglswl:i\;itrc:;iﬁ?;‘zfll;ﬁgﬁ:zr;
view and the new perspective today lies in whether 4 =
ing over, or as still continuing. The key issue is centred on the passag
tt:zltl\.lvgegneclretiiled microscopic complexity of the rc'c.zl wur.ld. which d;:crzlsy
can evolve, and any aggregate, Macroscopic ‘model O.E tlus'. In}ccino 1_mg.
the passage from micro to MACTOECONOMICS is ‘.achlevecl Iby Slm])hi 8 a[:-tpi(c)i s
that the system is always at economic equilibrium. In this way the p: A
actions of individuals and entrepreneurs are assumed_to be ;uc i
equilibrium relationships always hold between macro varlab'les‘ 1:1(:]};-, sl
scales are supposed. A very short one, for the_approac‘h to price _eql -
where all markets clear, and a longer one which 'des‘cnbcs the dl‘spc.-;::emc i
over time of this equilibrium as a result _of chapgmg Parame{tﬂerﬁ : c:g%the
then always exogenous to the model, belpg driven by impose : c an;;-,‘d"es'::ri -
relevant parameters. In other words, this conesponds: merely to at‘ mpa
tion” of change (and not an accurate one), _mechamcally impac nl]gd .
system of fixed structure, imposed changes in parameter valuesr, n e]:ue;
calibrating any such model becomes simply a task of ﬁndlqg char}g!nﬁ .:;:5 e
of parameters such that it reproduces the obscr}rcd time vanla .
Variables, And this amounts to a ‘curve fitting’ exercise with no rea cc’)n‘ten :
It explains only the economists’ obsession fa.'ith s1multancc:u.s cqua;z:;lr:lsé
regressions and static curves, and denies the importance of history, o
delay, of anticipation, and indeed of consciousness.
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The real sources of economic change are in the system. They are due g
the creative actions of entrepreneurs and consumers. These are rooted ip
the perception of changes in technology, the distribution of available
consumers, and changing tastes. To a physicist (or even an ex-physicis)
causality relates the change that occurs at a particular moment to the state
of the system as specified by the values of variables, for given parameters,
So, for example, after a period of over-supply of some good, the quantity
of the stock can only be ‘explained’ in historical terms, as the result ofa
previous period of over-zealous production. What cannot be done is to
‘explain’ the size of this stock in terms of the existing situation as given by
the values of the other factors. This would only be possible at equilibrium
when the over-supply had been ‘corrected’, and the perfect information of
actors had been used to adjust prices, and through them supply and
demand, so that all markets cleared. In reality, though, the actual
behaviour of the system will in fact be described by the series of actions and.
changes which correspond to the state of previous over-supply. What will
happen is described by differential equations relating to change to state,
and not by simultaneous equations relating between themselves the values
of different variables.

However, the equilibrium hypothesis is tenacious, mainly because it
avoids all the real difficulties of life, and can lead to elegant theorems and
lemmas, which are the very stuff of Ph.D.s, professorial appointments and
honorary degrees. Despite the fact that it flies in the face of everyday
experience, it has therefore been the foundation on which the whole edifice
of economic theory has been built.”

Although in retrospect the acceptance and adoption of such an assump-
tion may seem a little extraordinary, the underlying reason for its adoption |
was simple—there was no alternative. Microeconomics might discuss
individuals’ and firms’ behaviour, Schumpeter® might base his thinking on
entrepreneurs, and Simon” might show the importance of limited informa-
tion and computation time, but somehow the illusion was still clung to that,
whatever these details were, their ‘sum’ was necessarily controlled by the
competitive forces underlying economic equilibrium, and even that this
latter expressed some kind of ‘optimal’ use of resources, some ‘maximum
economic activity’, ]

The image that this presents is one of evolution as a ‘blind watchmaker’,!?
where the intricate machinery of the world is comparable to that of a watch,
whose cogs and bearings are the fruit of the selection, in the past, of
unspecified trials. Behind this is the idea of evolution as an optimizing
‘force’, which hasled to the retention of the individuals and organizations we
see because of their functional superiority. In this way, the classical theories
of economics, of evolutionary biology and of anthropological interpretation
have been permeated by the materialist ideas of the mechanical paradigm of
classical physics. Carried deep within this is the idea of ‘progress’, of the

rightful ‘survival of the fittest’, and of a natural ‘justice’ which must charac-
terize the long-term evolution of a complex system.
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wever, equilibrium models based on these i_df:as have prche::l 111;
e to be quite unsatisfactory as a basis for dCleOn-m’a:klng. espi |
i s investment in research into economic, ecological and socia
normﬂ:':lsc concepts have failed to provide satisfactory mode}s, and our
d mta;ding of the evolution that we observe fer':_ﬂ.ains esscmlall_y basec}
B e nce’. The fundamental reason for this is that ic basic para
e whole way of thinking about such things—is wrong. The
digm,ou;'ch we see around us are neither at nor on their way, necessar-
: ;emshw r:aodynamic equilibrium. The sunlight which is incident upon _r.he
i i{res sure that this is not the case. All living things have evolvedina
e.arth.ma of non-equilibrium! And for such systems evolution can lead to
i;::?tlﬁilrgcncc of structure and form, and to qualitative change even in

relatively simple physical systems.

an €
5 stems,

Self-organizing systems: the new evolutionary synthesis

The central question which arises is that ir} ordcr‘ even to think fal:g:ctl
reality, to invent words and concepts wnh. which to dxsc_:u§s it, \a;c arf:I o o
to reduce its complexity. We cannot think of the trillions of mo ;C.u e_at,;
living cells, organisms, individuals and events that surrournd us, E-.BC g]. n«iic
own place and with its own history. Wc‘must ﬁrst‘make a _ta:;t:n i
classification, and we must also make a spatial aggregation. This is s owfn hm
Figure 5.1. On the left we represent the clouj:iy. copfuscd comp]em_t);l of the
real world. Each part is special, each point umql.,lc‘ On the rigl t}ls a
‘model’ of that reality, in terms of ‘typical elements _of the system, where
classifications and spatial aggregation have been carried out. But the point
is that however good the choice of variables, parameters and mteractton
mechanisms may be, these only concern average behaviour. If we c;m(;p;rei
reality with the predictions of our model, then we shall necessarily fin :ha[
variables and parameters ‘fluctuate’ around average values, Iand also'E : };a
there is much greater microscopic diversity than that considered at the
level of the macroscopic model. ‘ ' el
By making the right taxonomic and spatial aggregations we (;:an m e
present reality by such a system of boxes and arrows. But t_he csc?p .
that results is necessarily probabilistic in character, reflecting the loss o
precise information concerning all the details of the system. However, at
this first level of reduction it does take into account therefore all possible
sequences of events into the future, from the most to the least propable. '
A solution of a very simple problem at such a level of description 1;
discussed in the chapter by Brian Arthur, and other more co:Plp;cate_
systems have been studies and solved in the physmal_smcncc& But in
general most realistic systems would be somewhat too difficult Po dlscus; ?t
such a complex level of description, and this is one reason why such models
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REDUCED DESCRIPTION
Interacting average types

Spatlal and
Teaxonomle
Aggragation

N\ | P

Differences between the ‘model’ and reality:
a) Fluctuations of the variables

b) Fluctuations of parameters

c) Microscopic diversity of all the
ditferent individuals In each typical
population

Figure 5.1 Modelling

» and even thinking about a complex system, necessitates a
simplification into cate

gories, which constitute the system. We make a ‘mechanical’

replica of present reality. But evolution concerns change in this structure —new
boxes and arrows

are not frequently discussed. The other reason i
people. They would immediately 2o on to ask, ‘y
tion is probabilistic and contains all possible ev
improbable paths, but all I want to know
what will most probably happen, what

asking this question, we then can proceed to ignore all the non-average
behaviour of the system, and find (or create) a satistying (but misleading)
single trajectory for the average behaviour of the system.

So if, in addition to our basic taxonomic and spatial
assume that only average elements make up each catego
the most probable events actually occur, then our mo

‘machine’ which represents the system in terms of a s
equations governing its variables.

s satisfactory for most
es, I see that the evolu-
olutions, including very
for the moment, in this case, is
would happen on average!” By

aggregations, we
ry, and that only
del reduces to a
et of differential
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But such a ‘machine’ is only capable of ‘functioning’, no}t.l _?f cvgllivlmi.! ri;tl
ot restructure itself or insert new cogs and wheels, while reh_ 3(; 'dé

g his is because of the differences between the left- and nght- and si
g 5.1, which must mean that the key to understanding evolution
LB \;vh‘al has been taken out from complex reality in order to reduce
g model on the right. Our programme of research must therefore be
Lo Lhc:;x loring how to put back these non-average effects that we have
Lo ad ml:d examining the evolutionary effects that these may have.
remover], therefore, evolution is due to two things: first, to the effects

Clgﬁ-a};r::ragc values—fluctuations — of varia]?les_ and_ pararpeters, ar!d,
g lrlnd to changes introduced by the microscopic diversity which ynderlles
:Ezo‘tax,onomic‘ classification of the model. Let us consider these in turn.

Dissipative structures: the origins of complexity

The work of many authors on self-organization and synergetlilc p.rlenumel'[a
has demonstrated the fact that for systems far frolm eqml:brwr;}, ba:;
physical non-linearities can in fact -am.pllfy _ﬂuctuatlons of variables Eon
lead to symmetry-breaking instabilities in .Whl.f.’h stl;ulc_:}:;re and organiza

appear or, if already present, evolve qualitatively.™ e

Let us briefly describe a simple example of convection in a ﬂu:‘ which is
heated from below. Initially, for only weak temperature gradients h_eat
passes through the fluid from the bottom to the top by the'm_1al conduction
alone. However, as the temperature at the lower surface is increased, at a
critical value, something quite remarkable happens. .

Suddenly, the fluid itself starts to move. Thermql energy is now trans-
ported ‘bodily” by the fuid itself in a convecn?n process. BuF the
movement is not just some general, random drift which is uniform
throughout the system. Instead a remarkable pattern pf regular, hcxagongl
convection cells appear spontaneously in the fluid, which moves upwards in
the centre of each cell, and downwards at the edges. This is shown in
Figure 5.2. .

In fact, as the temperature is further increased a whole series of succes—l
sive patterns appear in the system until, finally, for very strong therma
gradients complete turbulence occurs and structure can no longer be
observed.,

The pattern which we observe, and which involves the coherent beha-
viour of trillions of molecules, is stable but does not necessarily express any
Particular ‘optimality’. Does it give ‘maximum’ heat transter bere?n the
upper and lower surfaces, for example? Is it the ‘most efficient’ flow
Pattern possible, minimizing dissipation as ic thermal energy moves
through the system? Or, on the contrary, is it the patterp O.f maximum
dissipation’, taking most ‘out of” the heat source? The.pomt is that, even
for such a simple system, we cannot answer these questions.

And this is a fundamental point to which we shall return. In systems
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Figure 5.2 Beyond a well-defined critical temperature gradient, the Benard
convection cells appear spontaneously

which evolved to thermodynamic equilibrium there was a potential fun
tion which governed the evolution of the system. Either the entropy or the
free energy imposed a deterministic relaxation process towards a pre-
determined equilibrium state. And this was where physics got its powers
of prediction from. But non-equilibrium systems achieve some kind of
autonomy and freedom which means that they become ‘creative’, generat-
ing structure and complexity. The price which we pay for this, however, is
a loss of “predictability’. Many other examples of such behaviour now exist,
and a chemical example is shown in Figure 5.3. |

In reality, we find that the equations which describe the average evolu-
tion of the variables really only specify a tree of potential behaviours. This
branching tree of potential structures is typical of non-linear dynamical
systems, and is called a bifurcation tree (Figure 5.4). Different branches of
solution differ from each other qualitatively. That is, they have distinctive
characteristic symmetries, which means essentially that they have different
forms. In such a vision, therefore, sudden large jumps and discontinuities
can occur, even for systems subjected to slowly changing conditions, and
the jump to a new branch may be accompanied by a structural reorganiza-
tion of the system. In this way new mechanisms can appear spontaneously,
and in a human system this may bring into focus new issues and problems,
as well as new satisfactions and goals.

Here, at last, is the mathematics of creative processes, where traits and
characteristics are not conserved, and where structural instability and
evolution can find their legitimate expression.

And yet all of them may be generated by the same simple, unchanging
scheme of average kinetics, providing that it is non-linear. Which pattern is
actually observed in a particular experiment cannot be controlled from the
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pative structure is given by the reacticn:
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The aggregate {lows observed, F1, F2, F3 acd F4 will vary depeading on

the underlying spatio-temporal structure of the system, which is
governed by the interplay of non-linearities and fluctuations. So too

for economic systens.

Figure 5,3 An example of chemical self-organization

outside. While the external parameters can'be ﬁxc!:l at t:hv.: b:n::(i;g%

and may limit the actual choice, the fact remains lijlat it is the stys e

that ‘decides’ which of the possible patterns it will in fact adop [._'{}ns o
For any particular system, thicf ‘;l_mice’ E mjc:i et)g:j ;t;z ([:1;._[1;::111 ; M

are present in the system. And this conhirms th _

thatlzhe key to evolutionary change lays in the dlffej:encc.; ber';wavlz?;srtzz::ti}s'

and its average representation. Because of fluctuations the
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X i)

el 1

parameter of distance from
thermodynamic equilibrium

Figure 5.4 The stationary states which are

possible for a dissipative structure
given by a ‘bifurcation tree’

always in fact probing the stability of the particular situation and, depen
ing on which fluctuation occurs at a critical moment, the system will mo

to one or another of the stable behaviours which are possible. The rea

world is therefore much more ‘lively’ than its mechanical representation ir

terms only of average events occurring for average types. Symmetry
breaking transitions can occur spontancously and so truly ‘new’ structure
can be created. In this fact lies the real source of innovation in the physi
world.

However, in physics and chemistry the elements of the system are atoms
or molecules, which are essentially identical and incapable of internal
reorganization beyond that fixed by the chemical transformations. But in
the living world, we must examine the possibility that the internal structure
of the individuals or elemental objects themselves could evolve in time.
Indeed, these elements could themselves be dissipative structures in

competition for the energy and matter that they need to maintain and
transcend themselves.
In this connection, then, it is the existence

of microscopic diversity and
modes of individual liberty that must be discu

ssed.
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ing i ion
drive: the role of noise and error-making in evoluti
Ewm“onary If nization of
i issipative s d the self-orga
-erning dissipative structures an 5 . 5
s COI‘IL']:rr elgy concentrated on the aspects dIE:CUSSEl}d in the pre;ced l-g-
A g o athgc possible effects of microscopic diversity have bcu,nhrcwan
= w]hllte d. In some very recent work,!® however, it has been sho
ected.
B jor importance.
e 8 r?x?sct)irc:n I}Ju:rc is that of attempting to undcrsla‘nd the
e ? utting back’ the existence of real microscopic diversity
2 i de up only of average
g del which has assumed populations ma % i
e is as i ade in order to obtain nice, T
. dividuals. This assumption was m: i S
g i erning the changing popu
: istic differential equations gov a Ing Wi
s But the price paid was that evolutionary proc :
e Sysmnt]. nd non-average performance were eliminated. If we w]lih
i ive acts' a - : ; ’
mnovj::lr‘;tand evolution, therefore, or to frame our strategies so ;:‘E ;?0[2 e
Futunaccount evolutionary processes, then we must tr}lfl tc;] put t:ataca t:d o
. i i di tion which create -
tation and innova
1 the mechanisms of mu on ai _ o
f;?ndfhe real pattern of microscopic diversity. But can we put back
en out? ‘ . )
be'i';;ﬁlswcr is no. Once we have ‘averaged over’ the Ide?aﬂ. then there cl);
o way that it can be recreated with certalpty.’Thm is dlhc sourll‘ga: -
- ntention and confusion as to whether ‘mutations’ are ran Dmf {t)}rle va;_ -
(t:l(:e absence of any information concerning 1he! p;emtsle:matur:s;)umption &
ili y it may well be that an
ty that may be present, then i :
::lci]rgplete ranglomness‘ is the most reasonable one that n:{}-uld'b-v.:i E;i?e
Darwin himself adopts this point of vie\.\l;. Butdm fa;_tc;h:::g;s e
i i uld be made, whi
variety of possible hypotheses zhat. could be m I o
comp]};:telyprandom to a view in which the ‘environment complc:lely]dcical
mines which mutations occur. In problems of human andnt;:]c no {:r%ews
evolution one may favour an intermediate solution in \:vh]c or:zl i
innovations as being ‘channelled’ somew}lat by exts;t:;g t];; : rean};
However, the real issue is simply tha‘; ha“;g'itdhgor:; haniiic ey
i il which is i in order to bui
important detail which is involved, in i : A
a system, then we can only try to guess the precise wa;; 111 w}ﬁgwever
average events may occur in the system. The first importan hs ep, oneys i,f
is to study models which at least do include non-average behaviour,
i i i i rtain.
1Is exact nature in a particular case 15 unce '
i icn dels of competition we have examined the effects
In simple ecological models o pe o e
d aking’ i duction, which we have suppose
of ‘error-making’ in reprodu h we Lo iosiee thdm o
h ‘random mutations’, or variabhlity.
the occurrence of some DR
d that random changes such as these ‘
however, we have assume il fficient ones. In this
more often to less efficient individuals than to more effic e
Way, the net effect is to introduce on average a negative r;] s
performance parameters of a population, which is couptf}:’:ci:sq szegmre
' i i ial elimination o s
tive drift caused by the differential eli i
individuals. What our model shows explicitly, as we summarize in Figur

studie
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Figure 5.6 Evolution selects for the population with variability, even though at
each instant it would be more efficient not to make ‘errors’

5.5 and 5.6, is that in competition between a population with perfect
reproduction and one with mutations and variability, evolution retains the
latter rather than the former.

In an evolutionary landscape of hills and valleys representing levels of
functional efficiency of different possible organisms, it is the error-maker
who can move up a hill, eventually out-competing a perfectly reproducing
rival. And this despite the fact that at each and every instant it would be
better not to make errors, since the majority of these are loss-making.

This work shows that evolution does not lead to optimal behaviour,
because evolution concerns not only ‘efficient performance’ but also the
constant need for new discoveries. What is found is that variability at the
microscopic level, individual diversity, is part of the evolutionary strategy
of survivors, and this is precisely what mechanical ‘systems’ representa-
tions do not include. In other words, in the shifting landscape of a world in
continuous evolution, the ability to climb is perhaps what counts, and what
we see as a result of evolution are not species or firms with ‘optimal
behaviour” at each instant, but rather actors that can learn!

Because of this, at any moment, behaviour in the system itself will not be
Optimal, because of the existence of apparently random or highly eccentric
behaviour, which at that time is meaningless and on average loss-making.
However, in order to maintain adaptivity to the environment some
stochastic, risk-taking behaviour is retained by evolution. In short, then,
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evolution is both driven by, and leads to, microscopic diversity and ingjy
dual variability. Selection viewed at the ‘macroscopic level’ of averag
cannot destroy the microscopic diversity. Indeed, it is just this dive
which drives evolution! _

The fluctuations, mutations and apparently random movements w o
are naturally present in real complex systems constitute a sort of ‘ima,
tive’ and creative force which will explore around whatever exists
present. Selection or, rather, the dynamic mechanisms of the Syste)
Operate on these attempts which will either regress or, on the contrary,
sweep the system off to some new state of organization.

We can liken this ecological problem to the situation of many small firp
competing for a particular market. In some of these the present state ¢
technological know-how is translated into a very clear plan of productig
which is put into operation with little or no crror. In others, however, thy
plan is less clear, and variations in production technique lead somewhs
randomly to a product of variable aspect and costs. This process could als
be carried out in the imagination of an innovator, and perhaps many ideg
would be rejected without being realized materially. In this way, pre
existing ideas and concepts may well channel ‘invention’, and could ever
block a real breakthrough. Of course, most such initiatives will give
rise 1o less satisfactory products, but a few of them will be improvements
The ‘information’ created by this random probing can be used by th
discoverers to change their product. This would correspond to ‘learning by
doing’ and obviously if production plans are too rigid, then no such d
coveries will be made. What is really required is the right compromis
between local ‘experimentation’ (resulting either from error, ignorance ol
research) and efficient production techniques.

Of course, it may be true that the exact ‘pattern’ of the innovative
variability is not truly ‘random’, because there may be technological
channelling of ideas and initiatives. This was information that was available
perhaps in the more complete probabilistic description which took into
account all possible sequences of events—with their appropriate proba-
bilities. However, once the discussion is reduced to the average behavio
of a particular set of variables, corresponding to a given level of dis-
aggregation, then we have eliminated precisely the information which, as
regards evolutionary change, is the most vital.

Here we can see the paradox which surrounds the very notion of stabil-
ity—it can only be defined in terms of an ability to return to a pre-existing
State or trajectory when subject to a particular fluctuation. But if the
fluctuations are simply the result of the ‘non-average’ behaviour of the
system, then what we see is that the choice of variables and the level of
disaggregation partly determine what is ‘state’ and what is ‘Auctuation’.
It therefore becomes very important to study the differences between
observed and predicted values of the variables of the system. This may
even be the real use of such models, since they may ‘take out’ what is the
result of *‘normal’ or “average’ behaviour for a system and allow us to focus
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Figure 5.7 In human systems, behaviour is no lunge‘r shaped pred:‘:mnza};li)t-m?;c
tu::! s'elerctinn Instead it is affected by the perception of ‘success’ and i
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turning to our example, we see the sein ¢ i
cuﬁz;itiof with others, technological amli organlzaﬁlonﬁlhczgr:)gl:‘?i ::IIJ l:acﬁ
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i fore, is a continuing S8, i :
tl?a:(:)];lrlggn\jiﬁzzralz and firms which maintain the ability to adapt and learn
new things. _
e;; tﬁngiulogy of simple beings, genetic rcproquctlon cnm:jres ttt;ate ::12
‘information” about a successful strategy resulting ffumda :’gnB lgl,[ s
genetic variability can only be passed on to the descci? Fm ;‘;a[ion’ca]‘[
course, an entirely new phase of evolution is reached on\clc‘al |1n O{_he S e
be ‘perceived’ and imitative modes of behaviour are possible. 5 e
of evolution passes from ‘genetics’ to ‘pgrcepllon-_judg\;:_?_le?:nd gt
(Figure 5.7). For higher animals, the diverse personalities ko
stances of individuals lead to experimentations wh_lch, when succ éasu;e -
be imitated by others. For this, however a gra:‘.he!}t_of .scu‘ne m ol
‘success’ must be defined in the ‘mind’ of each individual concern l ;
i i i stems of value, leading to cultura
here selection will act upon dwersc‘sys g Nl
evolution. Once again, if conformity is too strong, then the ¢
system will decline. ) '
: Such a mechanism represents a much faster mofle of ‘evglu[ni(:]n tt}t:‘l\n ;:;t
Which required the physical elimination of the unﬁ;. :1Strategi.es 2
more rapid evolutionary mechanism the discovery of bette
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the concealment or diffusion of this information become the key elemengs
and evolution moves to a new focus. Given the complex complementarig
(divisions of labour, family roles, complex loyalties) and competitivities of
the human situation, as well as the existence of processes with long time.
scales, we see that a very important element of evolution concerns what
individuals decide to consider as being ‘advantageous’. In a complex socia]
system, any single ‘cultural consensus’ as to what goals are, if strictly
adhered to, would greatly reduce the diversity of the system and make it
more fragile and less capable of adaptation. Clearly, the corollary ip.
human systems of the ‘genetic diversity’ underlying biological evolution js
the existence of many different views and values. This will lead to diversa
behaviours and explorations. Information creation and channelling will be
key factors in obtaining the right compromise between a rigid ‘mono-
culture’ of clear values and duties, and the chaos of totally disparate
individuals with no consensus at all, unable to act together.

The concepts of innovation and the diffusion of technical change are.
profoundly rooted in these basic evolutionary issues, and in the ne it
section we shall briefly discuss some practical applications of these ideas, in
order to point the way that these new paths can be explored. i

Generic studies

Science is about finding generic statements and widely applicable principles
which can be used to understand particular systems, and this should be
distinguished from simply making descriptive models in case studies. The
models described below are based on mechanisms and processes which
underlie appearances. They discuss global behaviour which results from
microscopic processes, and recognize the ‘cognitive’ dimension that must
be taken into account when considering human behaviour.

The first example which we shall briefly describe concerns the develop-
ment of mathematical models of fisheries. This may seem to be a subject
rather far removed from that of ‘hi-tech’ and ‘Silicon Valley’, but we shall
see that it is an example which makes the basic issues and problems very
clear. It is an ‘archetypal’ complex system, with many aspects: the physical
behaviour of the ocean or coastal waters; the complexity of the marine
ecosystem with its many levels and species in constant evolution; the
behaviour (and technology) of fishermen deciding what and where to fish;
the needs and directives of the processing industry which buys much of
what is landed; the need for employment both in the fishing and processing
industries; the demand from both local and foreign consumers and the
competition with other foodstuffs in the international and domestic !
marketplace.

In several recent papers'®, 7 these applications have been described, |
Here we shall just briefly outline some of the main features.
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Figure 5.8 The dynamical system of our fishing model

The first and simplest consists of a dynamic model of a fishery cor-
responding to the scheme shown in Figure 5.8. Contrary to the customary
management models, we have included the complexity of the ﬁshcrman_’s
behaviour over time, and that of the market. Also, our model is dynamic
and is based on the effects of mechanisms of growth and decline in fish
Populations, fishing fleets, fish prices and fish markets, whereas the models
which are used at present assume that these are in equilibrium.

The first important result concerns the qualitative nature of the beha-
viour observed. If we run our ‘mechanical model’ of Figure 5.8 purely
dctcrministically from some initial condition, it will tend to a steady equili-
brium state. It may take some thirty years to get there, but there is an
equilibrium. Previous management strategies are based on the relation
between this equilibriumn state and the fishing effort applied by the fleets.

Owever, if we insert the reality of environmental fluctuations, which
affect the yearly production of young fish, then the result is dramatic. The
System amplifies these short-term, random events into large, long-tqm

Seventeen years) cycles of ‘boom’ and ‘bust’. This, in fact, agrees with
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Figure 5.9 (a) A deterministic run leading to equilibrium after about thirty years;

(b) the effects of yearly fuctuations is to introduce ‘boom’ and

*bust’ cycles with a
period of roughly seventeen years

bears out the points made by Figure 5.9, where an understanding of ;::.
qualitative state of the system cannot be obtained from the mechanical

model. The effects of fluctuations must be considered. ]
Furthermore, if we add in the effects of microscopic diversity of beha-
viour on the part of fishermen, and the economic success that accrues to

those with faster responses, and better technology, we see that in fact we .
ong-term evolution of most fisheries, as they move

can understand the |

from the stable exploitation of a large stock to the unstabl
tion of a much reduced one (Figure 5.10).

Also, our model shows that there can exist two possible regimes of
functioning of the fishery. The first is the relatively normal one of ‘boom”
and ‘bust’ cycles referred to above. The second occurs a

asystem ‘crash’. If the elasticity of demand is sufficiently low, the price of

e, over-exploita-

tsome time during
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Figure 5.10 The long-term evolution of our model fishery sh-:)\_.vs how an initia"y
under-exploited stock (a) becomes progressively less stable, until at some point, for
large demand and greater fishing effort, it ceases to be a source of food

the rare fish caught rises dramatically, pcrmitting ﬁshcrm'cn to earn a living
from the tiny stock. This means that they continue their efforts, ':md tht—f
stock remains small and prices high. The fish have become a ‘luxury
product and the industry may well survive, but as a source of food the
resources has largely disappeared. All of these results give a far greater
understanding of the effects of different policies, and also of the different
regimes possible (Figure 5.11).

In another, more detailed fishing model, however, we generate the
spatial behaviour of the fishing fleets and the fish stocks and show how
extraordinarily complex behaviour emerges. This model focustlzs_ on fisher-
men’s behaviour, including the manner in which they make decisions about
where, and what, to fish. . .

Our model has two sets of equations, one for the fish in each spatial
Zone, and the other for the boats. We shall focus briefly here on the lattf:r.
Interested readers should consult the original publications for more details.

is set of equations describes how the numbers of boats of a given fleet,
Situated at a point, changes over time due to two terms: an economic
Selection’, where revenue must exceed costs; and a term governing the
Movement of the boats to zones of high expected profit. .

Now, for us, the important point is that these ‘expected returns’ can oply
be formulated in the light of information about the catches that are being
Made in the different zones. Therefore it requires both the presence of
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Figure 5.11  Two possible regimes of operation of a fishery. In one we have
‘normal’ cycles of ‘bust’ and *boom’, based on fish stock variability, and in the othe
the fish are a rare luxury of very high unit value

boats making catches in that zone, and the flow of information betwee)
those boats, and the boat that is considering where to fish. This gives rise g
a positive feedback mechanism which will shape the spatial pattern of
fishing effort. This pattern over time will in fact be ‘explained’ not accord:
ing to an ‘optimal’ rationality, but instead according to history, acciden
and communication,.

However, apart from this fairly obvious ‘rational’ term, there is
dependence of attractivity, and decision, on the personality and beliefs o
the skippers. How carefully do they weigh the evidence? We can identify
two extremes. At one limit, we have *Stochasts’. They pay absolutely n
attention to economic rationality and simply diffuse at random. At the
other extreme, we have ‘Cartesians’. These weigh absolutely precisely the
information available, and move with probability 1 to the point with the
greatest attractivity, even if this is only marginally better than elsewhere.

Obviously, fishermen fall somewhere between these two extremes, but
nevertheless, the idea of “stochasts’ and ‘cartesians’ seems to capture @
basic truth about people. In the Canadian fleets, as elsewhere, we find
‘risk-takers’, who make the discoveries of new fish aggregates, and the
others, who are content to rely on the information generated by risks

What our model allows us to do is to explore the evolution of such a
system, and we find that a population of ‘cartesians’ alone survives poorly
on a small part of the system’s potential, never exploring beyond this.
However, although ‘stochasts’ can beat ‘cartesians’, they remain too dis-
persed to exploit their discoveries efficiently. A most efficient strategy for
the fishing fleets as a whole is 1o have ‘cartesians’ who ‘spy’ on ‘stochasts’.

115
EVOLUTION, INNOVATION AND ECONOMICS

-

how that providing, say, 1/10 of the information about c?atch’ gets
T them, they succeed in creaming off the good fishing areas
through lgb thcj ‘stochasts’, and in making a good living. Of course, all
I500VErS ylexitics such as spying, lying, communicating in code, code-
kinds -Of l:()I]Iilip;ru:es etc., can emerge, and this has been reported‘on el‘se-
breakﬂlg- at these ;'esult,s are of fundamental importance in our discussion
e b i and of economic innovation and enterprise. ]
eseC " ‘oint about these models is that they attempt to consider the
The'keyrp the processes taking place in a given region, and also the
mba-h?y ? as ec{; of the decision-making behaviour. They are rca!ly
foomnicr f ap Regional Science’, where the ecosystem and the economic,
exa_m Ptesdo Itural realities and values are brought together in a unified
et = kmi\ similar initiative with a different emphasis underlies our
framc‘\-vol" ! i lutionary models of ‘urban’ systems.
S0 dcve opin e i describing urban and regional

In this work dynamic spatial models describing g s
evolution of socio-economic structure have bccn.dt.:_\-'s 1{?}5615:. <
different spatial scales were modt?l]cd, from gljwt o[;} utg{ ike Br : ;hese
that of the entire continental United States,™ anldlsm'zlg € VErsions o
models have also been applied to some Frepch CItIES.. ——

The models consist of sets of imerzlictmg e'.!uat‘mns. e_alch 0 wt_lc.
represents the change occurring at a particular point in the different activi-

i lations located there. .
ne]s;{illiiiﬁzpll}llc model over a long period generates the CVOI}.IUOI;] of ealch
employment sector and population in each spatial zone. 1{1 doing this lt;l S;o
generates the changing flows of commuters, raw matertal;. intermediate
components, finished products, and ser\:'ices belf’ueen the different secmr(si.
of the economy and different places. This evolution can then be cor_npari
with the actually observed, and the parameters which _charac.tenze the
different activities adjusted until they produce an evolution which agrees
et i i —there will in

In each aggregate category —manufacturing, services, etc. - C\rFI t
fact be parts which are growing and others dv.?cllnmg. Evolution resu tsf) no
from the ‘average’ behaviour shown in the input-output table, but rclml
the relative growth and decline of small mnb—sgctors which n_mke up thg rea
‘microscopic’ diversity of the system. The important point, 'then, lF:j 1o
identify the parts (sub-sectors, particular zones) which are growing, Ian }::a
Specify more accurately their particular ‘input-output matrices. In this
Way, we can focus on the ‘growth system’ in the economy, and facilitate the
Processes of technical change and innovation.

We can also examine the extent to which evelutionary processes are cap-
tured by a model such as ours. There are four basic kinds ufevplutlon which
can influence an urban or regional system: (a) the spatial diffusion of popula-
tion and activities according to perceived opportunities; (b) changt?s result-
ing from technological progress, changing in'pm and output requlrelme'lntsi
4nd costs; (c) entirely new activities resultm:g from some lec.hno :igalca
breakthmugh; (d) changes in people’s expectations and desired lifestyle.



PETER M. ALLEN

rent actors. These may be due to earlier changes, to technological advaps
demography, or to changing terms of trade. Our model makes the inpy
output table dynamic, but underlines the fact that what really matters {
evolution is what is happening at the ‘leading edge’ of all this. It js in
growth of some sub-sectors, and the inductive loops of these that the fy
lies. The model therefore serves as a framework within which to iden
and study these important, diffusing disequilibria. i
The third and fourth types of evolution are not really in this model ang
is difficult to see how they could be included in any precise way. En :
new products cannot be anticipated easily, or they would not be ne
Neither is it easy to say when and in what way people may modify thy
values and adopt new goals. What could be done. however, would be
explore the consequence of some possible change. If this were done, son
estimate could be made of the ‘advantages’ for individuals making such
‘move’, and from that it would be possible perhaps to estimate whethg
such a change was really very likely or not.

Conclusions

The fundamental point raised in this chapter is that discovery and innova
tion can only be achieved by going ‘beyond’ the present system. W
require ‘stochasts” who, for whatever reason, do not respond simply ¢
the information which exists about the present returns on effort.
‘cartesians’, on the other hand, are the backbone of the system.
represent ‘normality’, and also will be the ones who push any partic
activity to its ultimate in excellence. The success of the overall system wil
be determined by the balanced existence of the two types, and the manne
in which new information is channelled into the system. While the adaptiv
capacity of a system lies in its ‘stochasts’, the stability, and efficient per
formance resides with the ‘cartesians’, A harmonious system must alllow
‘discoveries’ to recuperate their search costs, or risk losing them, and
will depend critically on the time of ‘monopoly’ allowed to them, 1
A period of expansion will follow a discovery, as the spread of inform
tion leads to increased demand, economies of scale and ‘learning by doing’
However, after some time either the market begins to saturate, or the
resource required starts to become rare. Fither way, competition intensi
fies, and a period of ‘rationalization’ follows when investment is directed to
making production more efficient. usually decreasing employment in the
sector. Competition increases, and only the discovery of new activities and
products, made perhaps by the displaced ‘stochasts’, can save the situation
Usually, ‘cartesians’ will not listen to news of discoveries while things if
the established areas are not in crisis. Hence, venture capital may well be
lacking during a period of prosperity. When a crisis approaches, howevers
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action is for ‘cartesians’ to try to do what they aln.aady do, better!
the first ™ hey do this, the greater the crisis will be when it comes. When

gmore ! ﬁj:la[]y does occur, then information concerning discoveries

tastmphc on, by all those still in a position to act. New structure will
will be gl ]:l[l:b cfeﬁnitions and new specialities will come into being, and
emerge. “':;Yiie as they “hill climb’ up to apparently greater rationality fmd
start {0 e And,so our model suggests the existence of a ‘long wave’ or
gl cycle, and offers a real possibility of its analysis.
Konc!ratleV leine; the aim of this approach. It is not to predict the future.

Ay m‘ld?rlc offer an integrating framework into which existing know-
Lk t. With this, the future can be explored and better
e vorld is really much richer than any model,
imagined. However, the real world is really much ri y
i fore will always manage to evolve in ways that have not been
fmd g‘:gei: the model. This is not a reason to abandon modelling, but
mc:::r the opposite! Without the model, we would not be ab}e to ‘_ordcri
$L system to an extent sufficient to realize that something ‘ufv::)(p.‘lu:ab':"r
was occurring. With it, we can be aware of the emergence o some ]:: .
mechanism or factor, and we can then search for the best manner in whic
to include it. That is to say that the model we have of a partlculall'dm_tfn_ittlglr;
will probably always require modification because the real world is its
3"’%‘;’:‘ Ef;al message of the new concepts in science are t_hat change at_‘ld
disequilibria are probably more ‘natural’ than equrh_bnum and stasis.
Those who can adapt and learn will survive. And this will depend on their
‘creativity’. For example, when we suppose that changf: is a response to
perceived opportunities, then it is saying that the potential fpr gr‘owt_h anc;
diversity of any region or city depends to an extent on the imagination o
the people who live there. What openings for w}?at .actmnes do they
perceive? This will depend on the finer details of their hls_tory,‘ culture .’:End
social interactions. Generally speaking, microscopic dlvc?sny resulting
from the mixing of cultures, conflicting doctrines and individual freed.()m
will be an important ingredient in this response. In other words, !c'_:hm_cal
¢hange and economic evolution are related to factors such as originality,
Tisk-taking and creativity in a population. . _

In human systems, the ‘pay-off’ of any particular blehavmur will depend
on what other individuals do. For example, an ‘intelligent’ move may only
be deemed to be so if others keep behaving ‘unintelligent]}f‘. Aqd it may
Well be true that the real “intelligence’ of the system is precisely in having
Several different behaviours present. Once again, what we have stressed
above is that evolution will select for variability, and this may well ‘bc
Nterpreteqd by an observer (particularly a Newtonian) as corresponding
_Tlccesmr“}.- to individuals with different systems of values, or dag,rt—:cs_ of
"Melligence! In reality, though, there may be an evolutionary explanation

the specirum of behaviour, but not of each specific spectral line.

. “Urthermore, if we consider the whole system, with its many levels of
lnteracling populations and interdependent mechanisms, then the progress
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made in one sector will set the standard for others, and once again the
evolution of a population and its artefacts cannot be considered in isola-
tion. Each living cell is part of an organism and cannot be understood
alone. Similarly, each individual and artefact is part of a culture, and its
behaviour can only be viewed correctly within the larger unit. Ultimately,
each population is part of the ecosystem, and evolution acts on the globa]
entity, Traditionally, science has accepted as ‘explanation’ of behaviour a |
description of the internal functioning of an object considered in isolation,
Here, however, we see innovation and change as part of an evolving
whole, and the explanation of history reflects the inherent unity of the
living world,

Hopefully, the ideas discussed here can help to lay the foundations of a
new synthesis in the human sciences. Creativity and change find a place
together with structure and function in this new scientific paradigm.
Although the reassuring feeling lent by ‘determinism’ has had to be sacri-
ficed, in return we now have a unified view of the world which bridges the
gap between the physical and the human sciences. And it is not true that
this represents a final ‘reduction’ of human and social phenomena to the
‘mechanical’ dictates of physics! Instead, the latter has been ‘elevated’, and
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