1
Introduction

Once upon a time, so international trade theorists like to tell each
other, ! there was paradise, where everybody lived efficiently, producing
and trading whatever was demanded in the most efficient combination.
Then an angel came and stamped a different colour on each one’s fore-
head, you could say a national flag, allowing him or her to produce and
trade only with capital and land having the same colour. The diaspora
which followed led to large differences in efficiency across the world,
with a huge world welfare loss. Since that unhappy moment, trade
theorists — by definition economists with a world rather than national
welfare vision — have been trying to show how to return to this paradi-
siac situation.

The first main direction of analysis, returning to classical economics,
attempted to show how despite a country’s poor efficiency, there could
nevertheless be gains in welfare by specialising in those products/indus-
tries in which the country was, relatively, most efficient. Such gains were
by and large based on the principles of division of labour applied to an
international world. The neo-classical extension of this line of analysis
introduced ‘factor endowments’ to explain a country’s comparative
advantage and establish a number of crucial links with factor-price
equalisation, income distribution and growth. In terms of our parable,
it could be said that trade theory illustrated how paradise could be
re-established through free trade all over the world, despite national
differences in ‘factor endowments’.

Whatever one’s views on the success of the ‘traditional trade theory’
explanations of trade flows and gains from trade, it is difficult not to be
surprised by the large amount of trade flows which do not fit such trade
explanations, and by the relatively limited nature of the estimated gains
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from opening up to free trade (such as in the case of the European
Common Market or the Canada—United States free trade agreement)
compared to the significant structural trade gains obvious to anyone.

A second ‘new’ line of analysis, developed over the last ten years,
started from a fundamentally different assumption, namely that most
economic activities are characterised by increasing, rather than
decreasing, returns. In other words, gains from trade are, in the first
instance, the result of the scale economies that each national economy
can achieve through free trade, whether applied to a small country such
as Luxembourg or to a large one such as the United States. These gains
are far more significant than traditional trade theory would lead one to
believe. Many empirical studies within the ‘new’ trade theory tradition
have pointed towards the significance of such gains (Smith and
Venables, 1988; Harris, 1984; Cox and Harris, 1986). Just as in large
nations, where particular activities have been concentrated in particular
locations — Krugman’s favourite example being mushroom production
in Pennsylvania — paradise for the world as a whole can be achieved by
bringing resources together, whether it be motor car manufacturing in
Japan or ceramic tiles in Italy. The advantages accruing to the region or
country from the ‘agglomeration’ of a particular set of activities, are of
little importance as compared to the advantages accruing to every world
consumer of the efficient exploitation of world economies of scale.

In this book, we concentrate on a different, i.e. third, stream of
analysis. Compared to the ‘new’ trade theories discussed above, we
place greater emphasis on the dynamics of increasing returns, partic-
ularly those associated with production technology and innovation. In
terms of our parable, to the extent that technological development and
growth are irreversible processes, there is no possible return to paradise:
like virginity, once lost it is lost for ever. As emphasised in many loca-
tional theories, the main reasons concern the way in which industrialisa-
tion locations are ‘selected’ early on and how, by appropriating the
available agglomeration economies, they exercise some ‘competitive
exclusion” — to use Arthur’s (1988, 1989) term — on other locations. In
other words, from a dynamic technology perspective it does matter
whether a region or country is specialised in mushroom production or
in silicon chips. By focussing on these dynamic ‘learning’ features, our
analysis falls within the ‘evolutionary’ framework (as broadly set out in
Freeman et al. (1982) and in an earlier book edited by Dosi, 1988),
which also takes as one of its starting points the substantial evidence
and insights brought together within a relatively large body of
literature on the nature and process of technological change and
innovation.

Is there no ‘normative’ world paradise to be attained in our vision
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of the world? To some extent the answer to that question is ‘no’. T_he
normative counterpart of our analysis brings to the foref.ron't th‘e crucial
role of history, of ‘man-made’ interventions, of 1r‘1st1tupon_s, of
particular international investment decisiops,‘ .of multmanon.al

corporations, etc., of the whole spectrum of m.dlvxdual. and col]ectnfe
decisions made in a complex system such as the international economic

ironment.

emill“rl?e analysis presented in this book, which is reflected ir} the titl.e, thus
starts from differences of technological capabilities and mpovatweness
between countries and then focuses on the effects of sucl? dlffcrenc?s., on
international patterns of trade and growth. By technological capabilities
we mean the skills and knowledge necessary Lo develop, p.rod.uce and sell
products; by innovativeness we mean the actual realisation of that
capacity to generate and commercialise new and }Jetter p.roducjls.gnd
production processes. Innovations are produced by innovative activities,
in which technology is both an input and an output.

Both historians and practitioners in industry and government are yell
aware of the significant influence of technology and innovative activities
on international competitiveness, and on the relative efficiency and
income of firms, regions and countries. From the most recent OECD,
EC or UN document to the various individual countries’ international
think-tank recommendations, the importance of technical change as a
‘chronic disturber of existing patterns of comparative advantage’
(Johnson, 1975), as well as an essential factor in the achievement of .the
necessary adjustment to structural change resulting from technical
change itself, is well recognised.2 In a similar way, the most recent
Economic Report of the President recognises the increased ‘in_ter-
national scope of science and technology” over the 1980s and subscribes
to the view already expressed ten years earlier in the Report on us
Competitiveness, directly linking the erosion of the international com-
petitiveness of the United States over the 1960s and 1970s to deﬁc1ept
investment in innovative activity in the United States as compared to its
major industrial competitors.>

Despite what one may think on reading many traditional trade con-
tributions, many economists over the past thirty years have bect?me
increasingly aware of the importance of technology and inr'lovatlon,
often partly as a result of empirical studies on the determinants of
economic growth and trade performance. While some significant pro-
gress has been made in empirical studies in this area over recent years,
analysis has remained constrained by two major difficulties: inadequate
data measuring innovative activities, and problems with the br_o.ad
theoretical framework representing the characteristics of such activities
and their impact on the economy.
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With regard to the latter, as Vernon noted in his introduction to the
influential readings on The Technology Factor in International Trade:
‘Researchers have an extraordinary capacity to screen out the evidence
that does not fit well with their preconceptions; to relegate uncomfort-
able observations to the dustbins of the unconscious; or, better still, to
reshape the observations so that they may be perceived in a way that
eliminates the discomfiture.’* Twenty years after Vernon’s remarks, a
good deal of analysis on technology, growth and international trade has
a ‘reductionist’ flavour, attempting more often than not to squeeze
genuine dynamic problems of innovation, learning, uncertainty and
change into the more familiar cloth of endowments, relative scarcities
and optimisation under budget constraints.

Notwithstanding the impression of naivety conveyed in our opening
parable, there is in our mind no doubt that one of the great achieve-
ments of economic analysis has been the formulation of rigorous and
coherent theories of international trade and investment. In essence, these
are theories of general market equilibrium extended to explain trade in
goods and exchanges of productive agents between countries. The
critical insight they contain is that the direction of trade in different
commodities, or the movement of productive agents, is to be explained
by the existence of differences in autarky price structures, differences
which free trade eliminates. In turn, different autarky price structures
are to be explained by appropriate combinations of intercountry differ-
ences in consumer preferences (including the willingness to save), in
process technology, and in stocks of productive agents, labour, capital
goods, etc.

Certainly, the two sets of traditional trade theory (classical and neo-
classical) differ in their emphasis as to the origin of price differences.
The Ricardian theory stresses international differences in technology in
conjunction with international differences in real wage levels, while the
Heckscher—Ohlin theory assumes the international identity of tastes and
technology, tracing the origins of trade to given differences in endow-
ments of productive agencies. Non-trivial propositions may be derived
concerning the determinants of the terms of trade, the distribution of the
gains from trade, and the costs and benefits of policies to restrict trade.
Moreover, the effect of hypothetical changes in tastes, technology and
resources on these dimensions of a trading world is readily deduced.
However, a critical deficiency of these theories is their treatment of tech-
nological data as exogenous to the economic system and, consequently,
their failure to offer any understanding of the fact that changes in
technology are properly to be viewed in terms of an economic process.

New trade theory (Krugman, 1986; Helpman and Krugman, 1985,
1989) has added an important qualification to these, by now well-
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established, theories, namely, that for the most simple of thf:c'yrems tg
hold, some of the basic assumptions of perfect' competition an
decreasing returns were essential. The many cases of 1mperfe‘ct co’mpeal—
tion and increasing returns analysed under the_ umbrella of ‘new t.ra e
theory have led to a plethora of ‘new’, sometimes Ireversed,'sm'nenm%
similar, results with respect to gains from trade, income Fh}trlbutmn,
etc. One of the most damaging normativz_e results for traditional trade
theory has undoubtedly been the illustration by Brander and Spc?nccr,
1983, 1985) that free trade might no longer be the on]'y wor.ld maximum
welfare gain policy, but that a ‘strategic’ tr.ade _pohcy ml'ght.m some
cases be justified and actually needed. As Dixit p01'nted out in his contri-
bution to Krugman’s book on strategic trade policy:

Recent research contains support for almost all the vocal and.popular
views on trade policy that only a few years ago struggled against ‘tpe
economists’ conventional wisdom of free trade. Now the mercapuhst
arguments for restricting imports and promoting exports are being
justified on grounds of ‘profit sharing’. The fears tha.t other goverfxr.nems
could capture permanent advantage in industry after industry by giving
each a small initial impetus down the learning curve now emerges as
results of impeccable formal models. The claim that one’s own govern-
ment should be aggressive in the pursuit of such policies becau§e othe:: .
governments do the same is no longer dismissed as a non sequitur. (Dixit,
1986a)

Such strategic trade theories have undoubtedly brought to the fore_front
many features which appear, at least at first sight, to be of particular
relevance to analyses of technical change and international tra_de. The
importance of monopoly rents, of profit sharing and strategic tr‘ade
manipulation indeed seem of particular relevance to many high-
technology industries. Furthermore, the actual emergence of th?se new
theories on the US academic scene occurred at a time of increasing fear
in the United States of the Japanese challenge in trade and technology
(Mowery and Rosenberg, 1989). )
As we illustrated in the opening parable of this book, there is
undoubtedly more affinity between a more realistic trade theory, sucl-1 as
‘new’ trade theory, and the view presented here. At the same time, it is
difficult not to remain rather critical about the way the technology factor
has been introduced in such theories (see a.0. Aghion and Howitt (1989),
Helpman, 1990a and b). The interpretation given to technology in the
new trade vision remains in our view relatively far from the com_plex1§y
of the process of technological change and innovation as de_scnbed in
Chapter 4. The simplicity of the way technological changfa is redu.ced
either to ‘learning curves’ or to the generation of new mt‘ermechate
inputs under monopolistic competition in ‘new’ trade theory is to some
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extent reflected in the simplicity of some of the policy recommendations.

For us, technology plays a major role in two fundamental topics
pertaining to economic analysis: (i) the problem of coordination and
interdependence between agents and, by implication, between countries;
and (ii) the patterns of change and transformation of each economy.
Classical economists saw both questions as essential ones. One of their
major analytical tasks was to explain the determinants of, and the pos-
sible regularities in, the dynamics of modern economies and, using the
same theoretical framework, also to explain the pattern of allocation
and the related coordination of economic activities that would produce
relatively ordered and efficient outcomes from a multiplicity of decisions
of individual agents. They were clearly only partly successful in making
the link between such explanations of dynamic patterns and the analysis
of (static) allocative mechanisms. None of them really produced a
rigorous model of interaction between agents which yielded those
macroeconomic ‘laws of change and transformation’ in which they were
so interested. Moreover, their investigation was essentially developed in
terms of a closed-economy model.

The main classical economist to undertake explicitly the task of analy-
sing the open-economy case in a rigorous manner was Ricardo. His main
concern was, however, the short-term mechanism and efficiency prop-
erties of the international allocation of productive activities, whenever
one would allow foreign trade to take place. In his famous example of
England and Portugal trading cloth and wine, he illustrated that even
when a country is characterised by absolute advantages (i.e. higher pro-
duction efficiency) in both commodities, the mechanism of comparative
advantages would yield patterns of trade beneficial to both partners.
Clearly, major international technological differences appeared in the
background of the analysis, in the form of country-specific advantages/
disadvantages in their input coefficients. However, neither Ricardo nor,
for that matter, the other classical contributors tried to answer the more
fundamental dyramic questions such as: Where do absolute advantages
come from? What are the effects of these absolute advantages/disadvan-
tages upon the levels and rates of growth of income? What is the
relationship between the allocation of resources stemming from a given
pattern of absolute advantages and the long-term evolution of the latter?

Within neo-classical theory, on the other hand, the analytical atten-
tion focussed upon the issue of coordination/interdependence between
the agents, elegantly formalised under highly simplified hypotheses on
the nature of the technology and the behaviour of the agents. The theory
of international trade became one of the sub-headings of the general
model — General Equilibrium Analysis — confined to the original
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Ricardian guestion, namely: what is tpe. [?attem of compar?.tlve Zd;;z;
tage in the allocation of productive activities between cour:itnes a::lass_lca]
are its efficiency properties? Not only that: thfe standa}r neo- il g
answer to the question ruled out ex-hypothesi the ex1§ten1c:e 0 i
national technological differences. Trade patterns were simp y ex';;ies 2
by the relationship between factor endowments and factor mtensll ';,en
the standard model, ‘technology’ appears only as the exogeno}tls 3; giy 4
form of the production function. Moreover, even when tec Eo}og;cne
differences between countries were allowc.:d into the mot_e ] e
hypothesis had to be retained, namely the existence by assurlnp ion o o
generalised market-clearing process, necessary to. the expl gnatlon
equilibrium prices and quantities in terms of rela}twe scarcities. a
Within such a framework it is hardly possible to accommod
dynamic, evolutionary questions related to cl}ange and transf(')rmatlo'n,
other than by means of a reduction to exercises of .comparatlve S‘tatl.CS
between different equilibrium positions. As {nentloned .above,‘ 1nb1ts
essence the Heckscher—Ohlin model of international trade is nqthmg ?}tl
a particular illustration of an open-economy.general Equﬂlbrl;ln;; wi 1
all its usual assumptions, restrictions and beliefs. As Lerner (1953) pu

1t:

The constructions ... apply to any kind of trade, between indiv.iduals,
towns, regions, countries and continents as well as be‘Eern soaa'l cla‘sses
or between people at different points in time; and ... it is only historical
accident of the development of the Economics Theory that all these
problems are called ‘International Trade’.’

Prevailing contemporary economic theory, facing _the_two ‘cla.ssxcal
problems’, concerning (i) the mechanisms of coordination and .mter;
dependence between the agents, and (ii) the pattern of tra‘msff)rmatlon o
the economy, addresses mainly the former and _tackles. it with elega;lce
and rigour, formulating its underlying assumptﬁlons' w1thqut any refer-
ence to technological and behavioural evidence.® This applies even more
so in relation to the international context. There are grobably few pieces
of prevailing economic thought that are in more filrecF contrast \\clth
available empirical evidence than the hypothesis of identical production
functions across countries. :

urgrtlleor;an also easily see the intrinsic difficulty of acc:t_ox.nmodatmg a
reasonable account of technological progress iqto prevailing ec':onomlc
theory: How can we maintain a notion of ‘scarcity’ w}{en technical Pfo'
gress concerns, precisely, a continuous improvement in th_e produ.ct.we
efficiency of the inputs? Does the model make any sense in explammgf
trade between countries that are often characterised by excess supply o
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labour or labour and capital? How can one account for the fact that
differences in innovativeness are often much more important than
primary endowments as determinants of trade flows?

But it is at the empirical level in particular that the difficulties of the
traditional trade view appear, as already indicated above, most serious.
After Leontief’s well-known findings that the total capital intensity
(direct plus indirect capital content, via input/output flows) of US
exports was lower than US imports,” a good deal of research effort went
into the attempt to explain away what was curiously termed a ‘paradox’
instead of the, probably more accurate, description of a ‘falsifying test’
of the endowment theory.® In a sense, ‘neo-factor proportion’ theories,
which added some technology-related variables to the list of primary
endowments, became the conventional analytical answer to ‘facts’ which
did not conform to the ‘endowment theory’ in its original and cleanest
form.,

Until the late 1970s, nearly all empirical tests of ‘neo-factor’ and ‘neo-
technology’ trade theories for industrially advanced countries were
based on country-specific, cross-sectoral trade data, together with
measures of technology intensity derived from sectoral patterns of
research and development (R&D) expenditures in the United States. This
form of analysis was dictated largely by the inadequacy of R&D
statistics, and of other measures of innovative activities, across country,
sector and time. Unfortunately, it meant that theories that explained
sector-specific differences between countries were tested with data that
measured country-specific differences between sectors. It also meant that
the sectoral patterns of R&D intensity in the United States were
generally assumed to hold in all countries, and to reflect technology
intensity in all sectors accurately.

Since the late 1970s, systematic data on innovative activities have
improved considerably, as a result of three interrelated factors: first, the
painstaking activities of the OECD in developing internationally com-
parable time-series on R&D activities; second, the ‘science indicators’
movement, which was instigated in the United States through the
National Science Board, with the purpose of exploring and improving
a wide range of statistical indicators of scientific and technological
activities; and third, the pioneering activities of academic and commer-
cial organisations in developing systematic counts of scientific papers,
citations, innovations, etc.

As a result of this progress, the inadequacies of previous data and
analysis not only became clearer; the opportunities for more complete,
satisfactory and novel analysis also became greater. In particular, it
became possible to test the sensitivity of the results of empirical analyses
to the use of different measures of technological activity, and to under-
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take more ambitious statisticall] anlalyse_s gfas:tc:) r(;n the rich and detailed
i nology indic :
il or?' Otggf)l;(s:f]em:lz}?engett:led usiyof this evidence within the frarp.e-
Inktolfsa theoretical analysis of innovation, trade‘ 'fmd growth, which
w'or in some important respects from most traditional analyses._
dlfft?rstl we share Nelson’s (1981a) concern, in particul_ar t.hat the widely
Flrste’d representation of ‘technical progress’ as a.shlft in t.hc produc-
a.ccep tion resulting from disembodied or embodied techmcal.change
Flon funzftztely represents the more complex and interesting reality that
madeql; from a variety of industry and firm-based stud'ies, as w«?ll as
emergtehe more systematic international evidence now a.vallable. It‘ is, as
g:: n}llave already indicated above, a popular economic 'asz.;mp%?n 1:;
resent technology as exogenously generated and applicable either
:;cl;f,ormation or embodied in producers’ gopds. In most sectc?rs, l;obgeveri
technology is generated endogenously? it is often ﬁrr.n.-spemﬁc, 1; tiir:?n
tiated and tacit in nature; and is practically, by definition, cumu
de‘éi:‘:)ir:il?[:é reject the assumption tha}t the generation of t\?cl_m(;logy lls
independent of investment and production. In most sectors, it is strongly
m.
degiril;i;’ﬂ tthczenats};‘:lrnption that firms’ technical choices ar?‘exogenouslz
determined and optimal is rejected in favour of th‘e propgsmon tha_at sucs_
choices are generally discretionary and‘ no‘n—optlmal, given t&e 1;\n1;)lc1)re
sibility of foreseeing the nature and likelihood of all possible fu
ical and market developments. g
tec’?}?: li(r)xil:l:?clations of these and other discrepanci?s betwee;ll trfictlltlli(;:;}
‘economic theory’ assumptions and what .we view as t ]: ng;l i
empirical reality have already been the subject of _the b(?oh ec nf o
Change and Economic Theory (Dosi et al‘., 1?88) in w'hlc tl\(avo I?d o
participated. Building on some of the contributions in this boo ,ha %
Nelson and Winter’s celebrated evolutionary theogy of firm behaviou
and economic change (Nelson and Winter, 1982),” as well as on‘ slc;me.
of our own earlier work (Dosi, 1982; Pavitt, ]984113 Soete, ]981a., §§1
and Soete, 1983, 1988; Pavitt and Soete, 1982),'" we attempt %nht is
.book to develop a model of trade, the fundament'fil feature? of \chlC a}r]e
international technology gaps, reflecting superior and mfenor Itetc r:
niques and what we will call cost-based ac-ljust-ment mechamsn";s. nte "
national differences in innovative capabilitlf:s, in tl.'le sources and uses ;)1
innovations, in corporate strategies and institutional conc_htlons co f
tribute to determine these gaps. In turn, the lat‘te:r are, we will argue,to
fundamental importance in explaining the p'art1c1pa.t10n of eagh coun ri
in international trade flows, and international differences in incom

levels.
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From a microeconomic perspective, we believe, a satisfactory theory
will need to be based on assumptions, on behaviours and on the charac-
teristics of technology, innovation and competitive processes that can
account for the prevailing observed behaviour at the level of the firm,
and the observed characteristics of the pattern of international trade. In
our view, the key features of such a theory must be as follows:

® Technological decisions in firms are not generally about adjustment
along a given and widely accessible production function, but, rather,
about movements to techniques that are superior under almost any
income distribution and relative prices, and to products characterised
by superior performances.

® Movements by firms to these superior techniques are not automatic,
given that techniques are generally firm-specific in nature, and are
both cumulative and uncertain in their development.

® Patterns of strategic interactions on international markets are gen-
erally influenced by an asymmetric distribution between firms and
between countries of technological, organisational and financial
capabilities.

e Static and dynamic efficiency are not necessarily simultaneously
compatible with certain behavioural patterns and economic signals.

In many ways, the emphasis of our analysis is opposite to the conven-
tional one. As argued in greater detail in the next chapter, the century
of economic discussion which has focussed primarily on allocative opti-
mality for given techniques has obscured the importance of differences
in techniques and product characteristics between countries, and has
neglected the analysis of their origin. It is quite evident, for example,
that the wide international differences in per capita income stem
primarily from the joint effect of differences in the degrees of capital
accumulation and differences in technology rather than from differences
in relative prices only (or ‘distortions’ in the price mechanism).

However, the investigation of these phenomena developed separately
from trade theory, which until recently did not take technology gaps as
one of the fundamental facts from which to begin theorising. This, as
we indicated above, applies in different ways to both ‘classical’ and neo-
classical theories. For the validity of the most general theorems such as
international factor-price equalisation to hold, the latter excludes from
the core of the model the implications of straightforward inferiority/
superiority of techniques between countries. The former allows the exist-
ence of such international technological differences, but — as in the ‘neo-
Ricardian’ reformulations'! — takes a rather general and agnostic view,
describing the equilibrium specialisations, irrespective of the nature of
the techniques available in each country,
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In this book we will discuss some hypotheses on the deterrr;lmangdczf
trade flows in those cases, which evidence sugg.ests arebrat er \?a .
spread, where techniques and product-te.chr%olo.gles can Ie l.mlvoicesy
ranked, irrespective of domestic income distribution and re ative pr S.

Technology gaps, we will argue, are of para.mo'unt 1m1?0rtainf[:e :in
determining the participation of each country in u}tematlm;la ra le1
flows and, through that, the maximum ln?vels of income t .at egc
country can attain, compatible with the ff}relgn. balance constramt: : 1:(1;
empirical results, admittedly based on highly imperfect data, pomh'
the dominance of a set of absolute advantag.es_ over the factors pus 1(;1g
towards comparative advantages and specialisation. 'In ott.ler‘ wor sr;
the international composition of trade by countries within eﬁf:]
sector appears to be essentially explained by technology gaps, while
comparative advantage mechanisms appear to be of lesser 1mporta.m:ei

In so far as technology gaps and their change_s are a fundamentg
force in shaping international competitiven_ess, th_enr impact on dOmeSt.lC
income, by inducing and/or allowing relatively high rates of gr‘o\fvth via
the foreign trade multiplier, will be significant. How‘fe.ver, the virtuous
circle’ between technological levels, foreign competitiveness and dom;
estic growth is not entirely automatic and endogenous to the process o
economic development. As we will argue at len_gth, count.ry-specmc and
sector-specific innovative or imitative capabi]itles_ can be 1solale‘d’as one
of the single most important factors which originate the_:se v1rt.uous
circles’ and contribute to explaining the patterns of mternatlor?al
convergence or divergence in terms of trade performance, per capita
i ates of growth.
mclgrrgfxf :l:fhra perspegctive, it is the relationship be?ween technology,
trade and growth which is at the centre of the analysis, ra_ther than t;e

question about the short-term gains from traclle §temmmg from_ t ei
open-economy allocation of resources, so crucial in the. conventlona.
view. The latter are indeed once-and-for-all gains, by their very r:atm:e;
their dynamic relevance, if any, concerns the link between the ‘static
pattern of allocation and the long-term perforn.lance of the _econor?yl.

Here again, a close link between the analysis pr.esented in the fol-
lowing chapters and ‘new’ trade theory can be envisaged. Ipdeed, the
characteristics of technology and innovation that we describe below,
generally imply forms of industrial organisatic_)n that d}ﬂ‘e}r _from perfect
competition and, hence, also ‘strategic’ behav1ox}rs by individual agents.
However, contrary to ‘new’ trade theories, which often assume _equl-
librium’ interactions amongst symmetric agents, our argument will be
consistent with more ‘evolutionary’ microfoundatiops, ‘whereby firms
with different technologies and organisational traits interact under
conditions of persistent disequilibrium.
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The empirical findings presented in Chapter 3 are broadly consistent
with the theoretical model. The most important conclusions can be
summarised as follows:

1. A variety of science and technology measures — R&D, patenting and
innovation counts — gives a consistent picture of the aggregate
international distribution of innovative activities among countries.
Innovative activities are concentrated in relatively few countries.
Although there have been significant changes since the beginning of
this century in the relative importance of these countries, there has
been only one major newcomer to the group — Japan.

2. International differences in innovative activities are reflected in
differences in shares of world exports in most sectors, and in
manufacturing as a whole.

3. Export performance is positively associated with differences in per
capita innovative activities and differences in labour productivity.

4. Changes in trade performance are more strongly associated with
changes in innovative activities than changes in relative labour costs.

5. Since the beginning of the century, international differences in per
capita income have been closely related to international differences
in per capita innovative activity. International differences in the rate
of growth of per capita income have been associated with similar
differences in the rate of investment and in the rate of growth of
innovative activities.

We are only too well aware of the imperfections and gaps in our
analysis. Both the theoretical model and its empirical test can be
extended and improved. More attention needs to be devoted to the
characteristics and mechanisms of the international diffusion and adap-
tation of innovation, and to identifying the determinants of inter-
national differences in technology and, in particular, in the level and
pattern of innovative activities. On a theoretical level, a major effort is
still required to develop a complete theory of the relationship between
the international pattern of economic change, and its microeconomic,
‘microtechnological’ and institutional foundations.

After half a century of unchallenged rule of neo-classical trade
theory, the 1980s has led to a revolution in thinking about the determ-
inants of international trade flows and the gains from trade in a world
dominated by imperfect competition and increasing returns. This revol-
ution is far from over. It has led to the laying out of an alternative, more
realistic, but still primarily static framework, within which international
trade flows should be studied. The first dynamic models in this area are
now being developed (see, e.g. Grossman and Helpman, 1990a and b;
Markusen, 1990). Coming from a completely different analytical per-
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spective, the economics of technological change, we hope. to_ptx:;‘:g?
here some first building blocks for a more complete dynamic pic
the interactions between technology, trade.and growt;l. R
For our part we hope that the 1990s {mght see a fur SAnee
ays of thinking of the dynamics of 1nternat.10nal' compe 5 11
¥ § ology and growth. The issue of the internationalisation _of tec no
o E s to some extent only come to maturity in the 1980s. It is now high
o olicy agenda,'? with frequently challenging questions put to
ont}?riﬁepeconomic theoretician and the empirical researcher. By concen-
?r(;ting on some of the empirical measu.rement issue§ and o'rt1hthf.=_r;‘l 1ri1r;)C\;
view, essential consistency of theoretical assumptions wi i p 5
obse;vation, we also hope to provide some first responses to these ne

policy challenges.

Notes

1. The parable is from Paul Krugman, who quotes Paul Samuelson.
2: In the OECD Report’s words:

j ibilities of achieving it are
Both the need for adjustment and_ the possi s of ;
st(r)ongly influenced by the underlying pacc}f and dlretc.nm: :g‘o:]e;rl;?goil:‘:glby
i iffusi ithin di t nation f
, by its rates of diffusion within differen
tcll::rcl:ie \:ith which the technology is transferr;d from onte cosu;':r: :)orld
i D have become partner:
another... . The countries of the OEC ¢ : R wad
ic i dence based upon continued innov
system of dynamic interdepen ase ? ! Wiy g
i thin and across frontiers.
the unimpeded flow of technology wi <l
j i the ability of governme
, successful adjustment will depend on i N
:i[;irlrilse the inventive, entrepreneurial lalents_ of their peop}e9 7t;y cre:;n)ng an
appropriate climate for technological innovation. (OECD, o

3. According to the Report of the President on US Competitiveness:

Many indicators of U.S. trade competitiveness such as’e'xport rr}ark?rls;lares
i f U.S. competitiveness in w
suggest that there has been an erosion o S. ¢ 7
magrgkets. The increased international competition fe}cmg LS r]laroi:lucicz;sl
mainly the result of changing world resource sqpp}les and tet:c ;1‘:1) :fpanded
iliti i tes of growth in investment a ;
capabilities. Because of higher ra v S
ivity i the United States has exp

research activity in other countries, e

i ine in i r the past two decades e

tive decline in its trade performan_ce ove \ e :
:;loau h the level of U.S. exports has increased substantially in recem‘ yea;:ss
(US gDepa\rtment of Labour, Report of the President on US Competitive X

1980, pp. 1.1, 1.2)

4. Vernon (1970), p. 2. i
i hi (1976).
5. Lerner (1953), also quoted in De Marc : ) ;
6. A(;mimp(ortarzt exception is the so-called ‘new’ growth theory; see also
Romer, 1986, 1987, 1990 and Lucas, 1988.
T Leontief (1956). .
8 iieargel?;ld, arr(long others, by Leamer (1984)'and Deardorff (192;411), Ll:s:;Shterrlf
' that Leontief’s analysis is incomplete as a rigorous test of the‘TheCLeon[ief
Ohlin—Samuelson model. However, it is equally certain that e
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test, though not perfectly controlled, is probably about as clear an example
of a “crucial experiment” as one is likely to encounter in economics’ (De
Marchi, 1976, p. 113).

Nelson and Winter (1982)

Dosi (1984), Soete (1981a).

cf. Steedman (1979) and (1980).

See for example Ostry (1990) and Mowery and Rosenberg (1989).




