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Some notes on technological diffusion

.(i) Introduction

What follows is a set of theoretical and methodological 
observations, meant as a framework for the IPEA research project 
on the diffusion of new mêcroeletronics technologies in the 
Brazilian industry.

It must be noticed that the "state-of the art" of economic 
theory is far from having achieved a thorough and satisfactory 
conceptualization of the mechanisms, determinants, and effects of 
the diffusion of new products and processes. In addition to the 
inherent difficulty of the issue, it may well be that this is also 
*the outcome of an inadequate "tool box" of the prevailing theore 
tical paradigm in economies, based as it is on the hypotheses that 
a) technology is a freely available good, b) all the agents are 
equal in their technological capabilities, c) institutional and 
social conditions are, general^speaking, irrelevant to technological 

development, d) all behaviours can be reduced to a unique maximizing 
precedure. What follows, on the contrary, is an exploration of 
some of the issues related to technological diffusion, whenever 
one makes a radical departure from all these assumptions.

The existing literature on diffusion may probably be 
distingnished into two broad sets —A first one pioneered by 
Mansfield and Griliches sees the diffusion process essentially 
as a mechanism$ of diffusion of Information, akin to the spread of, 
say, a desease in a population of potentially infectable members. 
In a sense, that tradition - which was developed and refined among 
others, by Davies (1979) - assumes that technology is potentially 
a free good, while at the same time introducing imperfect 
Information of the would-be adopters and/or different incentives 
and constraints facing the adopters themselves according to their 
structural characteristies (size, etc.) or the characteristics of 
the innovation (cost, minimum scale, expected differential 
profitability, etc.).

1) For ;a review of the literature see Stoneman (1984).
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The process of diffusion is therefore approximated either 
by a logistic curve, whereby the degree of "infection" is a function. 
of the amount of population already "infected", or by the family 
of curves which can be generated by a PROBIT model of stochastic 
adaption (cf. Davies (1979)).

A second stream of investigation, lead by David (1975), 
mantains a somewhat stricter "rationality assumption" of the agents, 
while stressing structural differences in the incentives and/or 
the economic contexts facing each individual agent, so that, for 
example, in David*s analysis, it is "rational" to adopt mechanized 
agricultural equipment, at first, only for big farmers, with high 
labour costs, etc. Only later with the improvement of the machinery, 
its falling relative cost, etc., the adoption becomes "rational" 
for the smaller farmer, etc.

Somewhat overlapping with these two streams of investi 
gation, some analysis has been undertaken on the International 
diffusion of innovation (seé, in particular, Nabseth and Ray (1974)), 
trying to assess the determinants of different observed patterns 
of technological diffusion, within and between countries, in 
relation, amongst other variables, with the investment costs, 
the location of the original innovation, firm sizes, etc.. It is 
remarkable that, until recent contributions (and with the exception 
of David (1975)) the fundamental inter-relation between supply 
and demand conditions in the diffusion process has been largely 
neglected in formalized models—^ One of the first models accounting 

for supply/demand inter-action is Metcalfe (1983), who analyses, 
among other things, the effect of further improvements in the 
innovation upon the size of the population of potential adopters 
and the impact of a changing supply-price upon the incentive to 

t diffusion in demand. Along somewhat similar lines, t^ models 
by David and Olsen (1984) and Ireland and Stoneman (1983) introducG"

1) In this respect, the more historical investigations of Freeman 
(1974) Rosenberg (1976) and (1982), Landes (1969) are certainly 
much deeper and richer.
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also the role of technological expectations, thus formalizing a 
seminal hypothesis by Rosenberg (1976) and (1982). Fruitful 
as they are in understanding under highly "stylized conditions" 
the impact of expectations about future developments upon present 
technological decisions, these models mantáin, however, the limiting 
assumptions that (i) the technological future can be forecasted 
with some rational procedure and (ii) technological decisions 
can be adeguately expressed through maximizing behaviours.

Outside the strict realm of formal diffusion theory, 
the patterns of International technological diffusion, as known, 
have been discussed - in some looser manners - by product-cycl^heorie 
of International trade, under the general hypothesis that the main 
determining factor is related to the conditions of demand in each 
national market. Conversely the literature on development, has 
often stressed the role of asymmetric institutional economic and 
power conditions as one of the fundamental obstacles to technological 
diffusion to developing countries of best-practise processes and 
products.

$
Finally, regional economics and economic geojpraphy have 

approached the issue of spatial diffusion of new technologies— 
in ways which often mirror the analytical framework of diffusion 
theory developed in industrial economics, mentioned above.

The discussion which follows, drawing from the foregoing 
streams research, tries to suggest some hypotheses on the determi 
nants of intra-sectoral and inter-national patterns of diffusion, 
whenever one introduces some rather general assumptions on the 
nature of technologyy the behaviour of the economic agents and 
the social/institutional context.

In order to highlight some of the theoretical issues of 
diffusion in a rather general way, the reader is invited to think 
of the relatively slow patterns of diffusion of innovations which 
one can emprically observe (both within and - even more so - 
between countries). Were diffusion only a problem of Information, 
one could hardly explain it, especially in an age of rapid

1) See, ancng others, Hagerstrand (1967), Hansen (1972), Brown (1981), 
Camagni, Cappelin and Garofoli (1984).
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circulation of every non-proprietor piece of knowledge, news, etc.

Moreover, it is easy to see the points of weakness of 
the prevailing conceptualization of diffusion patterns- analytically 
similar to the diffusion of, say infections. Take & the example 

r of jghe transmission by contact of, say, a venereal desease: the 
carriers can be assumed to be - to different degrees - cautions not 
to spread it or neutral, while certainly the potentially infectable 
population tries - if possible - not to catch it,* Conversely, 
in the case of innovations, and in particular those that are 
equipment embodied, their producers positively try to "diffuse 
the desease", while the "infectable population" is, at least 
potentially, willíng to catch it. If anything, it is puzzling 
to imagine that the two processes of diffusion (deseases and 
innovations), characterized by deeply different behavioural 
mechanisms may generally lead to a similar aggregate pattern.
In the medicai metaphor, this paper suggests some tentative 
hypotheses on the factors determining both the willingness, 
the capabilities to catch the "new technological deseases", jointly 
with the retardation factors, which - we shall argue - have to 
do more with the nature of technology and the way it is incorporated 
into the economic system rather than a simple problem of Information.

Since the present paper is meant also as an introduction 
to an empirical research on the patterns of diffusion of new tech 
nologies in the Brazilian industry, each of the following sections 
will be accompanied by some empirical questions, which may help 
the investigation.

Cii) Some hypotheses on the process of Technological diffusion. 
The diffusion in supply

By way of an introduction, it may be useful to distinguish 
between diffusion in supply and diffusion in demand. Clearly the 
two - in our view-are deeply inter-linked. However, the mechanisms 
of diffusion possess partly different natures which deserve 
separate investigations. Let us start from some fundamental 
features of technology and technological advances. First, technology, 
far from being a free good, possessed varying degrees of
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appropriability, tacitness, comulativeness

- Some important implications of this view are that:
- The patterns of both innovation and imitation by 

individual agents and their degree of innovative 
success depend in a crucial way, also, on the 
technological capabilities of the agents themselves, 
their field of expertise, the "heuristics" and the 
"tacit" knowledge each firm embodies;

- As a consequence, the economic agents, far from being 
equal, show varying degrees of technological asynnetries 
which contribute to determine individual and 
collective economic performance within each industry. 

Second, in such a world, the rate of diffusion of innovation, 
within any one national industry, or, as we shall see, on 
International levei, is an inverse function of these degrees of 
appropriability, tacitness and cumulativeness of technology 
itself, and, clearly, a direct function of imitability and 
transferability of the innovations.

Moreover, the general case appears to be that technological 
learning is, in a sense, a joint production with the proper 
manufacturing process. In other words, technological upgrading 
is often contextual to the actual production of commodities, the 
problem - solving activity is embodies, etc. Not very much can be 
simply learned from blueprints.

In order to illustrate these points let us imagine an 
u 

industry producing a set of products which can be /nivocally 
ranked by their performance characteristics. In figure 1, one 
assumes that this performance features of the product, 
with the costs of production, can be represented by the

werghted 
iz*iríex 6.

1) For a fascinating empirical investigation of these issues, see 
the research, presently underway, coordinated by R. Levin and 
S. Winter at Yale University. For an investigation of similar 
topics on the italian industry, see Onida (1984). For 
theoretical treatments, cf. Nelson and Winter (1982) and 
Dosi (1984).
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Thus, technical progress here is assumed to be entirely reppresented 
by the increase in that G - index. Conversely, the x-axis 
represent a proper indexing of the firms intbe industry, weighted^t^ 

then^hare in production. Suppose that at time t = 0 the broken 
line AA’ rappresents the distribution of firms according to their 
technological performance (measured by 6). Thus the degree of 
asymmetry, which is clearly an inverse measure of the diffusion 
in production of best-practice products, is related to the slope 
of the AA' line. Note that to make things simple, we assume that 
the index is cost-weighted and the products of different 
"technological vintages" are homogeneous, in a way that the structure 
of demand becomes irrelevant: simply the "backward" producers in 
order to sell will have to charge prices corresponding to lower 
profits. This extreme hypotheses are clearly unrealistic and 
we will relaj^them later on. For the time being, however, they 

will help our argument. In our stylized rappresentation, firms 
continue to innovate and/or imitate the "best-practise" products. 
The lines BB’ and CC’ rappresent two possible developments over 
time.

Notably, BB' shows a trend toward increasing asymmetry 
while, the CC'line highlights a convergence tendency. We must 
now wonder: what affects these possible alternative trends? 
Part of the answer stems from our foregoing remarks:

(i) The higher the cumulativeness of technical progress 
the higher is the probability of the best-practice 
firms to mantain/increase their lead. Similar 
considerations apply to the degrees of appropriability 
of innovations, etc.

(ii) Conversely, the easier it is to "watch and learn", 
do reverse engineering, etc., the higher, other 
things being equal, is the degree the diffusion 
(cf. for example, the CC’ line).

(iii) .It is important to notice that the issue of 
cumulativeness relates to that of capabilities: to 
repeat, the present technological position of each 
agent is one of the determining factors of its 
future technological performance.
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Moreover:

(iv) One can easily notice that the diffusion of any one 
vintage of innovation may well never reach 100%, 
being superceded by "better vintages".

(v) More generally, one of the determinants of the degree 
of asymmetry (which, to recall, is ah inverse measure 
of the degree of diffusion) is the rate of technical 
progress. The higher the technological opportunity, 
other things being equal, the higher the degree of 
asymmetry.

(iv) Apart from strict technological cumulativeness, other 
factors which are asymmetry-inducing (and, thus, 
diffusion-obstacles) are economies of scale in 
production/research/marketing, etc.; various forms 
of "externalities" (for example, special user-producer 
relationship enjoyed by virtue of location, etc.); 
^vailability/absence of particular skills, Services, 
etc.

(vii) It can be seen that the degree of asymmetry is 
directly linked with entry-and mobility - barriers 
within each industry, quiteapart from (and in 
addition to) the possibility of collusive behaviours 
of the technological and/or market leaders.
In other words, inter-firm differences in lato sensu 
T technological capabilities (among the existing 
producers and between producers and potential 
entrants) perform as structural barriers to 
intra- and inter-industrial mobility. An implication, 
as we Show at greater length in another work—is 
that, other things being equal, the leveis of profit 
margins (for the leaders and for the industry) and 
the variance in the margins themselves are a 
positive function of the degree of asymmetry of 
the industry;

1) Dosi (1984)
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(viii) It is important to notice that, from a behavioural 
point of view, the existence of technological 
asymmetries plays at the same time as an entry 
barrier and as an incentive to innovate - in virtue 
of the differential profits and market-shares that 
technological upgrading generally yields. Which one 
of the two effects will prevail again depends on th€ 
nature of the technology (cumulativeness, appropria 
bility, opportunity, etc.} compared with the 
technological capabilities of "back ward" producers 
and potential entrants.

If these considerations are correct, then both the 
patterns of diffusion in production and the long-term rates of 
technological change are a function of the interaction between the 

1/ intrinsic features of each technological paradigm— and the 
endogenously-generated set of stimuli/constraints which the moving 
thread of leads/lags poses to each firm.

These remarks already suggest a set of important 
questions for the empirical investigation. For example:

- What is the broad nature of the technologies to be 
investigated? (i.e. what is the nature of the "techno 
logical paradigm"? What are the most important 
technical and economic dimensions of the "trajectories" 
of progress?)

- What a^te their degrees of appropriability/cumulativeness/ 
"tacitness", etc.?

- What is the "world" rate of technical change? -e
- Are there static and dynamic economias of scale?
- What are the technological capabilities of domestic 

producers?
- How big is the lag vis-ã-vis "frontier" producers?

1) For a discussion of this concept, see Ibid.
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.(iii) The process of technological diffusion. Diffusion in demand

It is now time to relax some of the simplifying assumptions 
introduced above and explicitly discuss the interaction between 
supply and demand factors. Suppose that the foregoing discussion 
relates to an intermediate component or a capital good, which 
is then bought and adopted by a user-industry.

As implications of the discussion above, let us suggest 
the following propositions:

(a) all technical progress (and especially product- 
innovations) in the innovation-producing sector 
expand the population of potential adopters of the 
innovation.

(b) the rate of technical progress, ceteris paribus, 
positively influences the actual rate of diffusion 
in demand, both via improving performance in the 
goods and falling performance-weighted relative 
prices vis-ã-vis the final output;

(c) In the other causai direction, the size and rate of 
change of demand is likely to exert a positive 
influence on the rate of technical change in the 
supplying sector (we would call it the "^chmookler 
effect’

(d) An effect of a similar nature upon the technological 
leveis of the supplying industry is generally induced 
by the technological leveis and reguirements of the 
demanding industry (its degree of sophistication, the 
complexity of its products, etc.)

(e) Quite often the existence of technological bottle- 
necks, unsolved technical and organizazional "puzzles” 
in the using-industry represent - as Rosenberg puts 

2/ it— a powerful "focusing mechanism" which influence 
3/ the technological trajectory— of progress in the

1) cf. Schmookler (1966)
2) Rosenberg (1976)
3) For a discussion of this concept, see Nelson and Winter (1977), Dosi (1982), 

Sahal (1981).
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innovation-producing industry—^

(f) In the opposite direction, the nature of the patterns 
of technological progress in the innovation-producing 
sector generally exert a powerful influence on the 
trends in technical progress for the users and even 
on the nature of their products.

All these considerations taken together allow us a first 
overview of the mechanisms affecting technological diffusion in 
the user-sector.

First of all, one property has to be clear: the process 
of diffusion of an innovation (say, a new machine tool) in the 
user-sector is, in a essential sense, a process of innovation 
and technological change for the user itself. In other words, far 
from being simply a decision of buy-and-use, it generally involves 
a process of learning, modification of the existing organization 
of production and, often, even a modification of products. Thus, 
a crucial consequences is that, also the process of adoption of 
innovations is affected by the technological capabilities, 
production strategies, forms of productive organization of the users. 
One can see here a first reason why empirical evidence shows 
relatively slow diffusion patterns over time: quite apart from 
any kind of "non-optimizing behaviour” or "Information failure" 
- as often suggested by the prevailing literature -, the "pecking- 
order" in the adoption process i^i influenced by the technological 
asymmetries in the user sector. Other things being equal, we 
would therefore expect a rate of diffusion of any one innovation 
or cluster of new technologies which is higher the higher the 

2/ pre-existing technological leveis of the users.—

More generally, one may distinguish between three broad 
set of factors which affect the patterns of diffusion of new 
technologies (say, new kinds of production machinery) in any

1) Please note that, here, for sake of simplicity, we are making a rather 
extreme distinction between users and produçers of innovation. For a more 
complete discussion, see below.

2) For an argument conceptually similar on the diffusion of microelectronics 
in ''downstream" sectors, cf. Pavitt (1984a)
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one user sector, namely, (1) strictly technological factors; (ii) 
factors related to the nature of economic signals and (iii) factors 
related to corporate organization, work processes, patterns of 
industrial conflict, ii^Éitutional contexts.

Let us examine them in turn.

Technological factors.

MA
We have already discussed the^ at some leghth. To recall:

(1) All technical progress in,say, "machine-building", 
is likely to induce an expansion of the population 
of potential adopters. In figure 2, the asymptotic 
line A moves upward as a function of time and of € 
(the same "technical progress index" as in figure 
1, expressing the "performance" of the machinery). 
A first implication is that the empirical pattern- 
of diffusion, say the line OP (figure 2)-as suggested 
also by Metcalfe (1983) - is the joint outcome of a 
movement along diffusion curves and a movement of 
the curves themselves (say from 11' to dd', gg', etc.)

(ii) In addition, a technology-related factor, affecting 
the slope of each of the notional curves 11', dd' , Oic. 
(and thus also the slope of the actual OP curve of 
diffusion) is represented - as mentioned - by the 
technological capabilities of the population of 
the adopters. Even if we assume that the new 
technology would be ideally profitable for all of 
them, the patterns of asymmetry in their technological 
capabilities influences their pace of adoption. In 
other words, it may well be that the adoption of 

o 
any one innovation is n^tionally economical for a 
certain population of potential adopters and that 
all of them know about its existence and its main 
features. However, most of these potential adopters 
may as well not utilize it for the simple reason 
that they do not have the technological organizational
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{and, sometimes, financial) capabilites of doing 
So
Ü. To put it roughly, they do not adopt beçause 
they do not know how to. In turn the patterns of 
diffusion shape the performance of each firm in the 
user-sector. Figure 3 illustrates such a case. 
Imagine that the new technologies of production 
are superior to the old ones irrespectively of 
relative prices^and that the adoption of these 

technologies is univocally reflected in the cost of 
productrfil. (please not that this is only a 
simplifying device, for clarity of exposition: any 
complemetary effect on the quality, reliability, 
etc. of the final products would only re-enforce our 
argument). Under these circumstances the patterns 
of adoption of the new technologies determines the 
patterns of asymmetry in the user-industries (as 
expressed, here, by production cost differentials). 
Through time, the rate of best-practice technical 
change (as expressed by the movement down from 
A' to B', C', etc. in figure 3) jointly with 
patterns of diffusion of new technologies (expressed 
by the inclination of lines AA', BB', CC' etc.) 
determines the moving thread of asymmetries in 
performance of user-firms.

The reader will have notices the similarity between this 
discussion and the foregoing one on the asymmetries in the innovation- 
producing sector. Again, this highlights the fact that processa 

« of innovation/learning/adjp^tion< «it
VoTt " Mktet-*; “ ''pi* wVtG JtTlk-HÜwc, TL* pelRluí of aXvo.wta.oeí /jLfo.4

It is remarkable that inter-firm (and, by extension, 
inter-national) asymmetries play a double role. First, to repeat, 
asymmetries in capabilities contribute to explain a differentiated 
pattern of diffusion (as shown in figure 2). Correspondingly, 
asymmetries in the degrees of diffusion determine differentiated 
performance (as shown by the slope of the AA', BB', CC* lines, 
in figure 3). Extending this latter analysis to would-be

1) For a discussion, see below.
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entrants too, it is easy to see how the pattern of asymmetry in 
adoption of new technologies provides the structural foundation 
for both entry and mobility-barriers, and, so, also the structural 
ground for the differential profitability of the "leaders" 
(compare, for example in figures 3 the gross profit margin of the 
"leader", at t = 0, equal to the segment EqA', with that of the 
infra-marginal firm, equal to the segment P^C^)• A remarkable 
corollary is that, once given any pricing rule, the "profitability 
gap" between leaders and followers will be higher, the higher the 
asymmetry in diffusion (i.e. the higher the slope of the lines 
A" AA', B" BB', etc.) Conversely, the "competitive conditions" 
could be approached whenever technical progress would tend to 
stop and diffusion reach its asymptotic limit—Another interesting 
corollary is that there are two fundamental mechanisms of 
technological diffusion. The first, which has been discussed so far, 
is the increase in the number of the actual adopters within the 
population of potential ones. A second mechanism, equally important, 
is the increase in relative site (and, thus, market shares) of 
the quicker adopters, due to the competitive ^rdge gained through 
the innovative process. It is straight forward that the relative 
balance between the two processes on national and International 
levei will shape the trends in industrial concentration.

Economic factors

Clearly, the variables related to technological 
capabilities, etc. are only a part of the explanation of the 
patterns of diffusion, although a very important one. Obviously, 
economic factors, related to the set of incentives, constraints, 
etc. posed by the nature of the markets, relative prices etc. 
play a crucial role too. Let us start from the impact of relative 

2/prices. In another work — , we argue that the general case of 
modern technological development is characterized by the unequivocal 
superiority of new techniques vis-ã-vis old ones. One can see

1) We discuss these issues at length in Dosi (1984)

2) Dosi, Pavitt and Soete (1985)
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here the radical difference between this view and the prevailing 
(neo-classical) one,which focuses on processes of static inter- 
factoral substitution. This is not to say that technical process 
does not substitutes, for example, labour with capital. It 
obviously does. The fundamental point, however, is that at the 
same time it increases also the physical productivity of capital 
in terms of output so that the general pattern of technological 
change does not depart too much from Harrod-neutrality.—^Elsewhere 

we discuss some technological and behavioural reasons why this is 
27likely to be so.— Figure 4 illustrate one of such cases of 

univocal superiority of the new technique, defined by the wage- 
profit frontier W^R , as compared with the "old” one, defined 
by W^R^. Clearly, in such cases, the retardation factors in the 
transition from technique 1 to 2 will have a crucial link 
with those variables related to capability, learning, knowledge, 
discussed above. In other words, even if the new technique is 
economically superior it may well be that firms (countries) do 
not know how to master it, exploit it efficiently, do not 
have the necessary skills to run it and/or provide mantainance, 
etc. In our view, this is a rough but still adequate representation 
of the general technology gaps in production-processes among 
OECD countries and, even more so, among industrializing 

3 /countries—. Obviously, one cannot a priori rule out cases such 
as those depicted by technique W^R^ (figure 4), whereby the new 
technique is "superior" only for high wages but not for low 

4/wages—. Let us suggest here the hypotheis that, if this occurs,

1) That is constancy in the capital/output ratio, at current prices
2) See Dosi, Pavitt and Soete (1985)
3) For the empirical evidence, see Ibid.
4) A necessary warning regarding this case so familiar to neoclassical 

(but also to somemarxian theorizations) is that no general 
statement can be rigorously made on the relationship between 
income distribution and choice of techniques, due to the phenomenon 
of "re-switching", highlighted by the famous "Cambridge controversy" 
on capital theory. It may well be, for example, that W R_ 
intersects W R twice, so that the new technique is proiitable 
for very hign §nd very low wages. cf. Pasinetti (1974).
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it is likely to be so at the beginning of the adoption of a new 
technological paradigm (say at the initial transition from 
electromechanical to electronic capital equipment)t while over time 
the path of transition between different "vintages" of technologies 
is likely to approach the transition from W,R to W„R , characte 10 2o — y/
rized by univocal superiority and, more or less, Harrod-neutrality—, 
Conversely, it is interesting to notice that in a study on 
microelectronics - related industries in the UK, Soete and Dosi 
(1983) found that, if anything, the process of technical progress 
is akin the transition from W,R too W.R.: in other words, in 1 o 4 4 
addition to being labour-saving the new technology is also 
strongly capital-saving. The implications of these alternative 
patterns of technical change in terms of patterns of growth are 
far-reaching. For example, if the nature of technological 
trajectories is similar to the/.transition from W.R to W-R (and, 
even more so to W^R^), then^it * can be shownany lag in the 
adoption of the "new" technologies necessarely yields - in an 
International comparison - an increasing income-gap and wage-gap, 
irrespectively of the relative price of labour to machines.

Which one is the case in any particular industry/country/ 
time is clearly an empirical matter (and an extremely important 
one to be investigated). A priori, however, one consideration 
may already be suggested. Even if technical progress is of the 
Harrod-neutral type (i.e. from W^R to W^Rq, etc.)^ £t may well be 
that the behavioural incentive to diffusion of "better" techniques 
will be nonetheless higher in high-wage f^rms/countries. Suppose 

WJ that the wage of the "advanced" country is W and that of the "back 
ward" one is je*. Clearly the "gain" in terms of profit rate in 
the former, due to the new technique, (r^ - r^) is higher (both 
in absolute and percentage terms) than that in the laggard 
country (r* - r*). If one put these consideration together 
with possible additional "learning costs’T, negative externalities, 

MUetc.j Jíhich the "backward" country is likely to face, one can see

1) Note, incidentplly, that this condition would suggest from a 
normative point of view some argument similar in spirit to 
the "infant industry" one.

(Z) cP. SoâTe (^gy}.
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the possible perverse (or, in other countries, virtuous) link 
between capabilities and economic signals in shaping ;the rate 
of diffusion of new technologies. This property, taken from an 
inter-country perspective, suggests, loosely speaking, the 
differential technological dynamism stemming - in the form of 
a differential behavioural incentive - from the very fact of 
being "rich" and "advanced".

Heading in the opposite direction, another property 
of technological diffusion places, so to speak, a "premium" 
on being "new" and "late". This property relates to capital- 
embodied technical progress and stems from the fact that, in 
this case, technological choices are associated with increases '•* 

capacity or scrapping decisions. As regards the latter, they 
are generally based on the well known condition that the total 
unit cost on the "new" vintage of equipment must be greater than 
the running costs on old vintages.

Formally, at time t a machine of the vintage (t-s) 
will be scrapped only if:

b(t) + a (t) . w(t) < a(t-s).w(t)
F"

with b(t) = P. . . K /¥ .P■kt t t y

a(t) = Nt/Yt

where t = time index, denoting also the vintages of the various 
machines

w = wage
N = labour inputs 
K = capital input
P, = price of k
p = price of 
yy ~ output

the "machine" 
final output

L* = expected economic life of the new equipment 
discount factor).

(weighted with a
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The point is that an "old" producer (say someone who 
adopted best-practice equipment two "periods" ago) is stuck with 
a machine which is still economically viable even if it is not 
the best available. In his case, all .acquisitions of new best- 
practice machines will be related only to a possible increase 
in productive capacity. Conversely, this is not the case of a 
new producer who will be able to utilize an entire stock of best 
practise equipment, provided that he has the capability of 
adopting and running it (and this is a crucial condition, as we 

A saw in the discussion above). Th^s, in this case, "being new" 
provides, in a sense, a counter-mechanism to the cumulative 
processes which, taken alone, are a source of asymmetries and 
entry-barriers.—

The way we wrote inequality 1., above, allows us to 
consider at greater detail some other variables which affect the 
rate of diffusion of the new technologies. In order to do that, 
let us simply re-arrange it, and define a diffusion function 
(R) which we take to be growing in the difference between the 
running cost of the oldest equipment in use (t-s) and the total 
cost on the best one. Moreover let us assume exponential rates 
of change (so that for example a(t) = a^ eA , whereX is the rate 
of change in the inverse of labour productivity, etc.).
Then

R = f {w (t).ao (eÀ(t-s) - e^) - b (t) } 

Lt

First, the higher the rate of labour-saving technical 
progress, ceteris paribus, the higher will be the rate of scrapping 
and thus the rate of diffusion of best-practice equipment (that 
can be seen from the two exponential expression in brackets: their 
difference will increase with the increase in the absolute value of X) 
Second, the higher the fali of the relative price of machines to

1) The reader may think, for example, of the case of Steel 
where new producers (Japan, etc.) overturned the traditional 
pattern of advantage vis-ã-vis traditional producers (e.g. 
Germany, USA, etc.).



22.

output and the increase in the ph/sical productivity of machines 
(expressed by b (t)) the higher tHe rate of diffusion.

Third, the rate of growthj of wages, too, has a positive 
influence on the rate of diffusion7~since, in a sense it "amplifies" 

r the gains from the higher productivity on the latest vin^age 
of equipment—.

These properties are thebretically rather straightforward, 
although empirically important and worth a careful investigation. 
Another property is more counter-intuitive and relates to the 

2/ role of technological expectations— as expressed by the L* 
coefficient. That variable simply expresses the expectations on 
the economic life of the machine, jointly with the discount factor 
implicit in the actualization of future revenues. Let us neglect 
the second for the time being. As regards the former, so to 
speak, the "first order" expectations are essentially a function 
of the expected rate of technical progress in the near future as 
compared to the near past. The crucial feature is that any 
expected acceleration acts in the same way as an increase in the 
capital/output ratio, thus retarding the rate of diffusion. The 
opposite applies to an expected slow-down. If we take this 
point jointly with the first one, above, we come to the remarkable 
property that an expected acceleration of technological progress, 
especially when starting from a low rate embodies its own ■ 
retardation factor. Conversely, the maximum rate of diffusion 
is likely to apply when the rate of technical progress is very 
high and begins to slow-down.

1) The second and third points, taken together are clearly 
consistent with Sylos Labini's hypothesis that the relative 
price of machine to labour has an important effect upon the 
trends in average labour productivity. Cf. Sylos Labini (1984).

2) The property which follows was clarified by a discussion with 
José Cassiolato, whose contribution I want to gratefully 
acknowledge.
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This mechanism has far-reaching implications in the 
sense that, in a broad historical perspective, it can help to 
explain one ôf the endogenous factors accounting for an initially 
slow diffusion of new technological paradigms (cf. electricity 
at the end of the last century, microelectronics in the post-war 
period, etc.) and a "snow-ball" momentum when the technology 
approachees its mature development.

Moreover, note that any increase of the rate at which 
the future is discounted (say, the expected real interest rate) 
induces a "myopic effect". which, ceteris paribus, slows down 
the rate of diffusion óf the "new machines", and vice versa for 
a fali in that discount rate.

Another set of variables influencing technological diffusion relate 
to:

a) the industrial structures
b) the competitive patterns
c) the nature of the product-markets.

We consider them in turn.

The first set of variables is probably the most familiar 
in industrial economics, which has often tried to test what is 
ill-defined as the "Schumpeterian hypothesis", namely the idea 
that innovative activities are positively correlated with firm 
size.—/ In so far as diffusion represents an innovative process 

for the adopting firms, then this area of investigation is 
directly relevant for our discussion here. Briefly, the most 
recent analyses suggest that (i) there generally are non-decreasing 
returns to scale in the innovative activity and sometimes 
increasing ones (cf. Soete (1979); (ii) there is a high sector- 
specificity of the relationship between innovativeness.and size 
(cf. Townsend (19B1)), so that, for example the contribution of 
big firms to innovation is overwhelming in process industries

1) On this issue see for two opposing view, scherer (1980) and 
Soete (1979).
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(Chemicals, etc.) and consumer durables, while small firms play 
an important role in electrical and electronic Instruments, 
machine tools, etc.; (iii) as regards the proper diffusion patterns, 
by and large, it appears that the rate of diffusion is positively 
related to firm size (cf. Mansfield (1968) and (1977), Davies 
(1979)) .

The reader, however, must be warned against interpreting 
this evidence in a causai sense, for example drawing the conclusion 
that a simple increase in average firm size will increase the 
speed of diffusion, etc. It may, but it also may not. The reason 
is rather straightforward. What most tests show is some kind of 
structural picture (say, in a cross-firm intra-sectoral analysis, 
or, more often, in a cross-sectoral one)and some structural 
regularities. However, firm sizes 4and byJimplication the degrees 
of industrial concentration) are themselves a result of historical 
processes of innovation, technology - based rivalry, etc.: it 
may well be, for example, that a firm is big because it has 
systematically been a quick innovator/adopter and not vice versa. 

a»a
In other words, size t&Q concentration have to be properly 
treated as endogenous variables.—/ Moreover, it is worth stressing 
that any p^éible relationship between size and innovativeness 

depends in crucial ways upon the degrees and forms of appropriability 
of technological advances (and, therefore, to repeat, is highly 
sector-specific and technology-specific). Empirical investigations 
attempting to formally disentangle the effect of lato sensu 
innovativeness upon size and concentration from the effect of the 
latter on the former have still to come. Incidentally, one must 
notice in this respect that the analysis based on micro-evidence, 
questionnaires, non-parametric variables, can be, for the time 
being, a precious help in identifying the "true" impact of size 
upon innovation/diffusion (e.g. in terms of differential 
technological capabilities, better "Information", greater 
financial possibilities, easier availability of skills, possibility 
of diversifying risks, etc.) Clearly, these are all variables 
whose relative importance deserve a careful empirical investigation. 
--------------- „
1) For arguments on tn"se lines, cf. Nelson and Winter (1982), 

Dosi (1984), Momigliano and Dosi (1983).
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A second important set of variables certainly affecting 
the pace and possible also the direction of technological innovation 
and diffusion relates to the prevalent competitive patterns in 
each industry and product-market. Here it is important to intro 
duce, first, some ^heoretical remarks. As known, the traditional 
theory operates some kind of reduction of the behaviours of firms 
in terms of a supposedly unigue principie of maximization. This 
is true also for "mainstream" diffusion models, whereby the 
retardation factors in the observed diffusion patterns are 
behavioural based on maximization either in conditions of imperfect 
Information and or within inter-temporal Cournot-Nash eguilibria. 
Throughout this paper we have suggested, on the contrary, that 
a powerful set of retardation factors relates to differential 
capabilities of and differential incentives for each agent. 
In addition, we believe that even the assumption of úniformity 
of the "rationality principie" of all agents (in terms of 
maximization) is analytically wisleading. As thoroughly argued 
by Nelson and Winter (1982), under the conditions of uncertainty, 
irreversibility, multi-level strategic inter-actions, which 
characterize the economic system the most adequate representation r 9
of behaviours is in ^Terms of routines and meta-rules (i.e. bounded 
and, possibly, multiple forms of rationality) which, we claim, 
depend also on the features of the context (in terms of nature 
of the prevailing technologies, patterns of interactions between 
the agents, macroeconomic and "macrosocial" conditions, etc)—

For our discussion here, there are two important 
consequences. First, the rate and direction of innovation/diffusion 
depends, other things being equal, upon the prevailing forms 
of rationality of any one industry/country at any one time. 
Anecdotically, the reader is invited to think the differences 

d 
in the pace of innovation/^iffusion between, say, England and 
Japan. Certainly part of the explanation rests in structural 
factors (capabilities, incentives, etc.). However, part of it

1) We argue this point at greater depth in Dosi and Orsenigo (1984). 
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rests also in the dominant forms of "rationality" of the agents, 
their "metal-rules" concerning innovation, change, growth, etc.—

Second, the forms of "rationality" jointly with 
structural conditions, (such as the nature of the product-markets, 
the relationship with the suppliêíG the patterns of vertical and 
horizontal integration, the modes of appropriation of technological 
advances, the scope for economies of scale, the elasticity of 
demand, etc.) determine the dominant forms of inter-action between 
the agents, the forms and intensity of oligopolistic rivalry, 
and, through that^ the intensity of the "stick-and-carrot" incentives 
that competition provides for innovation/diffusion.

Both points are very important and might deserve some 
further illustrations- For example, industrial economies - in 
the broader sense - should be able to answer to questions like: 
what is the intensity of oligopolistic rivalry? When collusion 
is likely to emerge? Will collusion apply only to price/quantity 
adjustments or also to the rate and direction of technological 
advances? Is the intensity of competition positively associated 
with the rate of technological advances?, etc.

Differences in the struetures go some way in explaining 
these differences in conducts . However, when multi-level 
strategic inter-actions are present (such as in all oligopolistic 
markets), conducts cannot be univocally dedueted from struetures. 

r If anything, the degrees of behavioural freedom^ phe agents 
can enjoy - given any one configuration of structural conditions- 
are filled by institutional regularities, in the forms of 
prevailing "rationalities" and dominant forms of interaction. On 
the ground of this argument, we suggest the following hypothesis: 
given any one set of structural (Jfechnological, etc.) conditions, 
r ^he rate of innovation/diffusion is also a function of the

1) Traditionally, one reduces ex post these differences to 
differences in the inter-temporal rates of discount, distributions 
of subjective probabilities in relatdon to risk, etc., on the 
ground of a common maximizing behaviour. This procedure, however, 

w as we argue in Dosi and Orsenigo (1984)^, seems to us scientifically 
very weak.
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dominant forms of rationality of the agents and their patterns of 
interaction. In many ways, these forms of rationality and inter- 

F 1/actions are part of what the /rench call "regulation"—, meant here 
to include also the fundamental rules of behaviour of the main 
socio-economic agents and the institutional forms of coordination 
between them. In this sense the prevailing forms of "regulation" 
(in the French sense) shape/hinder/favour#1 The patterns of 

2/ diffusion, according to the "matching" or "mis-matching"— 
between them, the nature of the prevailing technological paradigms 
and the general macroeconomic and macrosocial conditions. So, far 
example, will "more competitionf" induce faster rates of 
diffusion? As an empirical statement one may reasonably suggest 
that it often does. However, whether it occurs or not dependr, 
for example^on the prevailing "adjustment rules" of the agents: 
it could well be, for example, that simply "more competition", 
leaving the overall conditions ;of "regulation" unchanged, may 
mean more "shortsighted" and more risk-adverse behaviours, and, 
thus, a lower long-term rate of innovation/diffusion.

As third set of.variables effecting the patterns of 
diffusion relate to the nature of product/markets and more 
generally the links uspr-producer^. Clearly, the evolution over 
time of final demand and of input-output relationships between 
sectors is a source of stimuli to /echnological change in general, 
including, of course, technological diffusion. A part of the 
discussion above concerned the effectf^ãownstream" of technological 
advances occuring, so to speak, "on the supply side". Conversely, 
one must consider here also the "inducement effects" upon any 
one pattern of technological diffusion going "upstream" from 
demand to the supplying sectors. In general terms* this set of 
demand-related stimuli is complementary to the other one, related 
to relative prices and income distribuíam - discussed above: jointly 
they form those "market ^íg^als" which contribute to explain the 

"endogenous" and "induced" part of technological progress.

TI cf. the contribution of B. Coriat to this same IPEA project. 
Some discussion can also be found in Dosi and Orsenigo (1984). 
A bibliography is in Lipietz (1984).

2) For this concept see also Perez (1984).
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Let us suggest the following propositions:

(i) Other things being equal, the rates of "normal" 
technical progress and of diffusion of any one 
innovation (or cluster of innovations) is positively 
affected by the rate of growth of demand. We referred 
to it above as the "^chmookler effect". As such, 

it operates in two ways. First, sectors/technologies/ 
Products characterized by relatively high rates of 
demand growth also sã/gnal relatively high profitabi- 
lities and perspectives of expansion for the . 
successful innovators, thus stimulating innovation/ 
diffusion. Second, high rates of growth of demand, 
in absolute terms, are associated with high 
investments and, thus, high possibilities of 
adoption of best-practice equipment.

(ii) The nature and in particular the technological 
sophistication of demand (either final or, even more 
so intermediate demand) is positively correlated 
with both the technological leveis and dynamism of 
the supplying sectors. We could call^this as a 
"filière effect", in the sense that^/This relationship, 
which runs both ways, tends to organize the economic 
system around clusters of technologies and sectors 
linked by strong input/output and/or technological/ 
informational flows and complementarities.

(iii) Each pattern of demand, with its rate of growth, 
the variance in that rate and the degree of uncertainty 
about both the expected growth and the "preferences" 
of the customers, jointly define specific trade-offs 
between manufactuging flexibility and economies of 
scale and between decisional flexibility in the 
future and irreversibility of present technological 
decisions.
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The implications of the first two propositions are 
rather straightforward: the rate of innovation/diffusion in any 
one sector, ceteris paribus, will be positively affected by (a) 
the relative rate of growth of demand (as compared to other 
sectors), (b) its absolute rate of growth, (c) the intensity, 
completenéss and technological sophistication of inter-sectoral 
linkages, (d) the performance reguirements (in terms of 
quality, reliability, etc.) of final demand. The conseguences 
of the third propositton are worth some further comment. Let us 
first consider the trade-off between manufaturing flexibility 
and economies of scale. The nature of this ^rade-off is 
generally defined by the nature of the fundamental technology 
in use (i.e the "technological paradigm"). Take the example 
electromechanical technologies for metal-working: higher efficiency 
of production (stemming from standardization, economies of scale, 
etc.), generally associated with "taylorist" and "fordist" princi 
pies of organization of production, is also generally correlated 
with higher degrees of inflexibility - in terms of acceptable 
variance in production runs and mixes. figure 5 illustrates 
such a case. Suppose that the line AA represents the technical 
relationship between "normal" average total unit costs (c) and 
rates of throughput (d), while the line FF represents the 
corresponding relationship between unit costs and degrees of 
flexibility (F), say, approximated by the standard deviation in 
the rate and mixes of throughput which does not significantly 
increase "normal" unit costs. One can generally expect that 
one of the fundamental dimensions of technical progress 
along any given technological trajectory (i.e. on the ground 
of an unchanged technological paradigm) is the increasing 
exploitation of economies of scale, economies of standardization, 
etc.—/ Thus, any increase of the flexibility reguirements due, 

for example, to increasing uncertainty about the leveis and 
composition of demand^ indirectly represents a retardation 
factor of technological innovation/diffusion within a given 
technological ^adigm, in so far as technical advances are also 

scale-based. So, far example, one may speculate that the 
depression of the ’30s acted as a retardation factor on the 
process of innovation/diffusion along the electromechanical

1) On this point, cf. Nelson and Winter (1977)
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£aylorist/fordist trajectory, etc. However, different technological 
paradigms embody different trade-offs between flexibility and scale* 
Suppose for example that, in figure 5, the line A*A* represents 
the relationship costs/quantities for a new (say, the electronics- 
based) paradigm, while the line F*F* is the corresponding 
relationship flexibility-costs. Thus, the trade-off quantity/ 
flexibility is TT for the "old" technology and T*T* for the "new" 
one—^ Now, consider again an increase in the "desired" flexibility. 

Remarkably, this is likely to have two effects: first, it is likely 
to hinder "normal" technical progress/diffusion along the "old" 
technological trajectory while, second, fostering innovation/ 
diffusion in the new ^echnological paradigm. Interestingly, this
may be so even in those cases whereby the "new" techniques are
not unequivocally superior to the old in purely economic/technical

2/terms—. Figure 5 illustrates one of such cases. Suppose with
start from production runs equal toj^, normal total costs at C

o
o and a degree of flexibility Now, say, the economic crisis, 
^x*cin increasing uncertainty about consumers’ demand.and rivais’ 

strategies,oetc. increase the required flexibility of production.
from to • On the ground of the "old" 
this would mean very short production runs

technological
(J^) and very high

paradigm,

costs (Cj). The "new” paradigm (e.g. electronics -based automation)
changes the nature of the trade-offs, allowing for example the 
required flexibility to be achieved at throughput and unit 
costs C2. Moreover, we suggest, the higher technological 
opportunities of the ^new paradigm (with its scope for learning, 
decreasing costs of capital equipment, etc.), in the long-term 
will shift the techno-economic relation between costs and quantities, 
say, down to A**A**. The reader, perhaps, should take this as

poT6«T.'caC
something more than "aafcônèiaer" it as'â highly simplified illustration 
of sone features of the transition from an electromechanical 
(taylorist/fordist) pattern of automation to a new electronics- 
bãed paradigm.

1) This example owes a lot to the discussions with B. Coriat on 
^Automation in general and, in particular, the car industry.

2) This is vagujly similar to the example of two inters^Sting 
wage-profit frontiers given infigure 4. B. Coriat suggestí 
that this is precisely the case of contemporary automationTn 
the car industry.
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Let us consider now the other relationship between future 
flexibility of decisions and the degree of irreversibility of present 
technological choices. Clearly, outside the timeless world of 
economic textbooks, any technological choice at any one time entails, 
to different degrees, irreversibility, and, thus, a restrfiction 
on the behavioural degrees of freedom at a future time.— '^"rhe most 

obvious example are the irreversibilities associated with investment 
decisions on fixed equipment. However, at least equally important, 
all strategic decision about technologies, products, research, 
etc. involve irreversibilities in that they involve choices about 
"trajectories", fields of expertise, patterns of management and 
production, etc. if this is so, it is straightforward that the 
higher the uncertainty about future technological development, 
patterns of demand, etc. Jfhe higher will be also the retardation 
in the diffusion of any new technological parad^m(s). In other 

words, the higher the uncertainty, the higher the importance - as 
a behavioural rule - of the future degrees of freedom which 

---- 27 different present options allow.—

These considerations, jointly with those other ones, above, 
about technological expectationsjhighlight the paramount importance 
of the overall technologic regimes and modes of regulation (in the 
French sense) in shaping the patterns of diffusion of new technologies 

m Other things being equal, one ^»ay expect the rate of diffusion to 
be higher the higher is also the consistency between (a) patterns 
of demand, (b) patterns of investment around the new technologies, 
(c) mechanisms of coordination (in terms of technological and 
productive decisions) between firms and between sectors, (d) 
mechanisms of formation of expectations. Not surprisingly, in 
the process of transition between clusters of different 
technological paradigms, the process of search of new technical/ 
economic/socio-institutional set-ups^ ^he uncertainty is 
highest and, with that, also its "retardation effect”. Conversely, 
the smoothest and fastest diffusion is likely to be achieved 
when a sufficiently developed new regime (of technologies,

1) On this issue, cf. the stimulating contributions by Amendola 
(1984) and Parrinello (1983).

2) Ibid.
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institutions, firms, behaviours) induces a "sjíowball effect": the 
behavioural and tecnological consistency between different parts 
of the system, at that point, provides, as it were, the "coordinates" 
for the formation of expectations and foster the commitment of 
individual agents to the new technological paradigms.

Finally, a complex and very important set of factors 
affecting the rate and direction of technological innovation/diffusion 
relate to socio-institutional factors in the broader sense. In 
particular two clusters of factors are worth mentioning. First, 
the nature of labour proccesses and the patterns of industrial 
representation and conflict may often play a crucial role in the

L choice between different technological set-ups and even induce^ 
the development of particular modes of productive organization 
and trajectories of progress. Second, the nature of public 
policies is crucial as well, with regards to both microeconõmic 
policies (incentives, financial transfers, R&D, competition policies, 
^Trade policies) and macroeconomic ones (income distribution, rates 
of macroeconomia activity, development of infrastructures, etc.), 
It is impossible to discuss here with adequate detail these 
two broad clusters of factors. With reference to the first 
one, we refer to the contributions of B. Coriat and H..Schmitz to 
this same .research project. As.regards the second, some introductory 
and partial remarks can be found in another work of the author.—

However, it is important to mention that the questionnaire 
for the empirical investigation, annexed to this Report, does 
consider those variables related to social and institutional 
factors which may affect the rate and direction of technological 
innovation/diffusion.

£ c
Technological Diffusion and Patterns of ^conomic /hange

In the first part of this Report, we focused primarely 
on the determinants of intra- and inter-sectoral diffusion of 
innovation. Some of these determinants, we saw, are behaviourally 
rooted in the patterns of competition, and the strategic behaviours 
of the firms in terms of cost reductions, product imporvements, etc. 
In this respect, the motivation and the incentive to the introduction

1) cf. Dosi (1984a)
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adoption of innovation directly corresponds to expected effects 
such innovations may have on economic variables. However, the 
impact of the innovative process quite often goes well beyond the 
intended consequences and is both a consequence and a source of 
unitended changes in the main performance variables of the 
economic system, in terms of production processes, nature of 
the inputs and outputs, input coefficients, industrial structures, 
etc. Thus, it is worth considering the whole set of effects (both 
intended and unintended ones) of innovation/diffusion, in a 
multi-sector framework, in order to discuss

a) the evolving thread of inter-sectoral relationships
b) the change in the technical/economic variables

of each sector (e.g. - input coefficients, outputs, 
etc. )

c) the effect upon industrial structures.

Clearly, this discussion is a fundamental médium term 
linking the proper microeconomic levei (that levei at which 
individual decisions are taken and competitive inter-actions 
occur) with the strict macro levei (which embodies, among other 
things, the net macroeconomic balance between the dual effects 
of technical change as input-saver and demand-generator, the 

I prevailing nature of the organization^ of production and 
consumption; the general morphology of the economic structure). 
First, as regards the set of inter-sectoral relationships, 
technical change in a sense organizes the hierarchical order of 
(i) input-output interdependences3(ii) inter-sectoral technological 
flows, stimuli, bottle-necks, opportunities. In doing so, it also 
affectfithe inter-sectoral location of the main impulses to change 
and the contribution each sector is making to macroeconomic 
demand formation. More specifically in relation to the set of 
microelectronics technologies, one can State the following
hypotheses:

a) Along with the incorporation of microelectronics into 
previously electromechanical capital goods and 
equipment, the main source of change is located at
the interface between Information processing,
environment control (in terms of pattern recognition^,* 
sensorsj detectors of positions^ physõ cal porperties) 
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etc.) and mechanical movements.
b) There is a complex balance between elements of

*1
continuity and "revolution" in the pattere of 
inicroelectronics-based technical change as compared 
to the previous electromechanical trajectory of 
automation—On the one hand, the "revolutionary" 
element relates, obviously, to the radical newness 
of the microelectronics paradigm (the new "heuristics", 
knowledge, etc. it embodies). In practical terms, 
that new paradigm involves also for the first time 
varying degrees of self-adjustment, real-time feed- 
backs, system coordination between separated mechani^ 
cal operations. On the other hand, the fundamental 
ground for continuity rests in the pattern of pre- 
electronics automation. In a sense, the fundamental 
dimensions of the traditional trajectory (in terms 
of labour-saving, optimization and control of 
productions flows, repeatability of operations, etc.) 
-are modified and strengthened within the micro- 
electronics-based paradigm. A relevant conseguence 
in terms of capabilities of innovation/adoption of 
the new technologies is that the differential 
success of campanies and countries in managing the 
new technologies crucialy depends on the capabilities 
in both "traditional" electromechanical automation 
and electronics/information processing/system 
management.

c) As regards the inter-sectoral loci of macroeconomic 
demand formation, that same interface between 
electromechanical technology, electronic technologies 
and information-based infrastructures is likely to 
becoiftSY^center" of capital accumulation. Conversely, 

the interface between electronics technology and 
both "traditional" and "new" consumer durables is

1) On this issue of "reform" vs. revolution, cf. Erber (1983) 
and Pavitt (1984a).
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likely to be a crucial factor in final demand 
formation.

Contextually to these trendgjln the overall industrial 
structure, each industry and each vertically integrated sector— 
change in its technical and economic performance. Clearly, every 
product innovation in the equipment producing sectors brings 
about a change in the "ptiysical" productivity of "machines" in 
the user-sectors; every process innovation in equipment production 
affects relative prices and, thus, also the capita1/output ratio 
for the users; most innovation induce changes in the labour 
coefficients, etc.

Therefore, some of the fundamental indicators of the 
effects of technical progress have to be detected within the 
trends in the technical/economic variables characterizing each 
industry and vertically integrated sector.

The main indicators to be investigated are:
a) Labour productivity •
b) Degrees of mechanization/automation of production

(in terms of capital/labour ratios)^
c) Degrees of capital intensity (in terms of capital/

output ratios). In turn, this indicator is the 
joint result of two factors, namely, the "physical" 

d)
e)

productivity of fixed equipment and the relative 
price of "machines" to output *
The ratio between fixed and circulating capital * 
yfhe actual exploitation of and the scope for eccnoni 

of scale^ of both static and dynamic kind^and their 
functional location (at the levei of the plant, the
firm,,etc.( in production, in R&D, in commercialization,

_____________ etc.)J
l)That is the sub-system of activities directly or indirectly acti-^ted by any one item of final demand. For a discussion of 

the concept and an interpretative use in terms of economic 
dynamics, cf. Pasinetti (1961), Siniscalco (1983).
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f) ^he nature of the output (including its performance 
features, quality, etc.)’

g) The varying degrees of production flexibility and, 
often, the nature of the trade-off between flexibility 
and economies of scale.

As regards specifically microelectronics technologies, let 
us suggest the following substantive hypotheses: 

£
(i) Microelectronics has and - even more so - will have 

a strong labour-saving effect (in the simplest sense 
of decreasing the unit labour coefficients)*

(ii) This effect already started manifesting in the most 
recent years. However, the observable trends in 
labour productivity in the late 70's/early 80*s are 
an effect of both electronics-based technical 
progress and more "classical" processes of rationa 
lization and increasing mechanization of production.—^

(iii) The effect of electronics-based technologies is 
likely to be very wide-spread across sectors but 
rather uneven in terms of sectoral impact. More 
precisely, in the médium term it is likely to be 
greater in those sectors which provide an easier 
opportunity of adoption given the already meclj^nized/ 
automated structure of production (including a ^>od 
part of consumer durables)./£onversely, in the long 

o term, the impact might be greater in th^se sectors 
wherein "classical" automation was intrinsically 
difficult or partial in scope but "intelligent" 
(electronics-based) automation may be feasible 
(this set includes some of the "traditional" sectors)

. 1) Note that this statement does not conflict with the evidence 
on productivity slow-down in the 70's-80's. On the contrary, 
once allowance is made for the impact of slower income growth 
upon productivity^growth (the "Verdoorn-Kaldor law"), the 
increasing labour-saving^à^ clearly emerges. An apparent 

/"-^xception are the ÜS. The possible explanation of this 
phenomenon are, however, outside the scope of this paper.
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*
(iv) Remarkabl^, there is evidence that in those sectors 

which are more strictly electronics-based (e.g. 
coinputers, etc.) technical progress is not only 
labour-saving but also strongly capital-saving 
in that sense diverging from an apparent aggregate 
increase in capital/output ratio in the majority

2/ of the manufacturing sector in central countries.— 
It is tempting to speculate that, in the long-term, 
the capital-saving effect of electronics will 
"filter-down" to the whole set of manufacturing 

o
industries. This is likely to be so f^r three 
reasons. First, the process of diffusion of 
electronics-based capital goods is likely to 
induce learning economias, economies of scale, etc. 
in their own production, thus decreasing, ceteris 
paribus, the relative price of machines to output. 
Second, there is a similar process of learning/ 
cumulative improvements on the side of the users. 
Third, the same process of incorporation of 
electronics into capital equipment often implies 
product-innovations in the "machines'' which increase 
their physical output.

(v) Within the electronics-based trajectories of technicaC 

progress the position and nature of the trade-offs 
between flexibility and efficiency is significantly 
changed in the sense that (a) the overall 
flexibility of production (in terms of changing 
product-mixes, etc), is likely to increase for any 
given rate of output, and, conversely^ (b) the 
efficiency of production processes is likely to 
increase also at low rates of output (which historically

1) Cf. Soete and Dosi (1983)
D2) See the results of the OEC£ Project on 'New Industrial Structures". However, 

it must be noticed that the apparent trends toward increasing capital/ 
output ratios is uneven between countries. íúereover it may well be 
overestimated, due to the underestimation of the amount of accelerated 
scrapping occurred especially after 1973.
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have always been chosen for highly variable/flexible/ 
small batch production). Which one of the two effects 
is greater is clearly a sector-specific and technology- 
specific feature.

(vi) Another effect of microelectronics-based technologies 
is likely to be toward the decrease in the ratio of 
circulating capital to output and whenever the capital- 
saving impact is not too strong, also, in the ratio of 
circulating to fixed capital. This is clearly due to 
the new possibility of optimising throughputs and 
minimizing stocks (inventories).

Finally, all the above-mentioned trends have obviously 
a profound impact upon industrial organizations and in particular 
on:

a) firm - and plant - size
b) degrees of concentration^ 
c) locational patterns of production 
d) patterns of strategic inter-actions among firms and 

between the firms and the product-markets
e) degrees of vertical and horizontal integration, 

product diversification, etc.

U TCc 78'*
We have already mentioned ia—Jinothnr nnBfi-OmHnwi

—1 that industrial organizations
should be properly considered as endogenous to the process of 
technical change and dynamic competition. This should even be 
clearer from the foregoing discussion: in a sense, the evolving 
patterns of industrial organizations is simply another feature 
of (a) different degrees of success/failure in the process of 
innovation/diffusion and (b) the nature of production processes 
(in terms of scope for dynamic and static economies of scale, 
trade-offs between flexibility and efficiency, etc.)«

Again, with reference to the microelectronics-based 
technologies, let us suggest the following hypotheses:

(i) Generallyjthe transition between two major clusters 
of technological paradigms (such as also that from 
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electrcmechanical to electronics-based paradigms) 
implies a partial disintegration of old oligopolistic 
structures and the tendential formation of new ones. 
In many ways, how radical is the distruption depends 
on ^ow "revolutionary" is the technological transition 

and how different are the expertise, knowledge, 
production processes, etc. in the new paradigm 
via-à-vis the old one. As we suggested above, it 
appears that "revolutionary elements" are deeply 
associated with other more incrementai and cumulative 
ones. This manifests itself also in terms of 
industrial organizations. While at the core of the 
technological discoutinuity (i.e. - in the semicon 
ductor industry) the change in terms of entry/exit, 
market shares, leadership^has been dramatic, the 
more we move away from it the more we can observe 
gradual changes within a relatively stable pattern 
of industrial organization. So, within the broad 
cluster or electrical and electronics industries 
major entries occurred (especially semiconductor - 
and Computer-related companies) and major changes 
in the ranking between the partecipants of this 
wide and loosely defined oligopoly. Remarkably, 
however, even at this levei of proximity tò the 
"revolutionary core", most of the participants to 
this International oligopoly are the old electrome 
chanical leaders —Yet further away, the penetration 
of electronics technologies in e.g. mechanical 
manufacturing is simply one of the factors of dynamic 
competition and modification of production 
processes (albeit a crucial one),

(ii) In the process of transition between the two techno 
economic regimes^ the electrcmechanical and the 
electronic onesf^arT important role is played by 
small and médium enterprises. This appears to be 
so far three reasons. First, there is a set of 
small ventures which we could term as "Schumpeterian": 
new firms discovering new market niches, developing 

1) Cf. Pavitt (1984a).
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new products, etc. Second, for the very nature of the 
new technologies, mentioned above, the changing trade- 
offs between flexibility and production efficiency 
allows a process of "^mithian" division of labour and 

specialization between different productive units. 
Third, as it happened ,in several industrialized 
countries (e.g. USA, Italy), an increased dualism 
in production organizations and labour markets was 
the strategic response to the leveis of industrial 
conflict and institutional rigidity which developed 
in the oligopolistic sector of the economy. However, 
it must be stressed, we do not believe that the 
"central-italian pattern of development" is the 
dominant long-term trend. On the contrary, in our 
view, what we are witnessing now is the search for a 
re-definition of the patterns of complementarity 
between re-shaped oligopolistic structures and small 
specialized firms.

(iii) Contextually to this process, new patterns of vertical 
and horizontal integration are likely to emerge, 
organized around the exploitation of the synergies 
and interfaces between electronics and electrcmechanical 
technologies.

As already mentioned, these broad effects of technological 
change are part of a search of a new macroeeconomic and "macro- 
technological" patterns of production, accumulation and organization. 
In this sense, the study of the (intended and unintended) outcomes 
of technological innovation and diffusion are a necessary intro 
duction to the appraisal of broad "macro" questions such as 
those related to the overall impact of technical change on 
employment, growth, forms of social organization, etc.



42.

Some methodological remarks

On the gbunds of the discussion undertaken above, we 
are going to suggest here some possible lines of empirical 
inquiry. Notably, the following suggestions still mantain some 
degrees of abstraction, in that they do not confront explicitely 
the problems of data availability, collection, elaboration, etc. 
£he author does not possess any detailed and thorough knowledge 

of Brazilian statistical sources. The usefulness of what follows 
is meant to rest at two leveis. First, it may help in outlining 
some of the relevant questions, which the research should try 
to answer. Second, it may represent some kind of yardstick 
against which the actual availability of data can be assessed. 
The present suggestions benefited a great deal from dicussions 
with the IPEA/CNRH staff and the other two externai consultant 

€ _
to the project, B^njamin Coriat and HufriberTSchmitz, and from 
seminars at COPPE - Rio de Janeiro; FUNCEX^ the Institute of 
Industrial Economics of the UFRJ and especially from the comments 
of Fabio Erber.

Let us distinguish between three leveis of analysis, 
name ly

i) what we could call a "structural picture" of the 
sectoral patterns of diffusion

ii) the determinants of diffusion itself
iii) the sectoral and inter-sectoral effects

As we discussed above, the rates of diffusion of any 
new process/product/equipment, etc. depend on a set of factors 
which have to do with (a) the technological opportunity (i.e., 
in the broader sense, the "easiness" of technological advances), 
(b) the capabilities of the agents, relative to the various 
degrees and forms of appropriability, imitability etc; (c) the 
nature of economic signals and incentives related to costs, 
profitabilities, nature of product-markets, etc.; (d) series of 
environment pressures, lato sensu, ranging from the prevailing 
patterns of competition to the nature of industrial conflict, 
etc.
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The fundamental point for our purposes here is that these 
features are technology-specific, sector-specific and country- 
specific .

There are two - deeply complementary - ways of disentan- 
gling these factors. First, a lot can be learned from the analogies 
and differences stemming from individual sector-studies. Over the 
past 20 years, several industrial studies have been undertaken 
in this area in Brazil: to my (limited) knowledge, they include 
works by J. Tavares, F. Erber, V. Pereira, A. Guimarães; P. Tigre, 
R. ^Rauile.

Second, an inter-sectoral picture can be gained from 
an analysis of the relative rates of diffusion in the Brazilian 
sectors of best-practice technologies, in relation to indicators 
of both industrial organization and technology-specific characte 
ristics.

The data on imports .of electronics-based capital 
goods, notionally available from SEI files, jointly with domestic 
production and sectors.of use, may allow a first development in 
this direction. One of the novelties of such an undertaking, in 
my view, is that it allow roughj but still viable International 
comparisons. Thus, let us define, for example, the rate of diffusion 
in Brazil in sector i of, say^J numerically-controlled machine tools 
as the percentage of such machines over the total investment flows
in a certain period t call it Define the analogous measure
for central economies as D zThen, d = D. /D. is the relative t '1 1B iw ---------
EraZllian rate which, ih ah inter-sectoral comparison, at least 
partly discounts for sector-specific and technology-specific 
opportunities of diffusion. Obviously, in practice it^is rather 
hard to find appropriate measures for "best-practice"^chnologies. 
However, in my,view, the relative rates of diffusion of electronics- 
based capital equipment is already a significant analytical step, 
relevant for all those sectors which have been and are significantly 
affected by capital-embodied electronics-related innovations.
A "structural picture" of this kind implies ais the Identification 
of possible regularities in these relative rates of diffusion.

1) This measure can either be an average of Europe, USA, Japan or the
actual rate in the "fastest" BSBSBtBf econcray.
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Some of these regularities may be simply related to 
a priori taxonomies of the sectors (e.g. are these relative rates 
higher/lower is capital-goods vs. consumer-goods sectors? in 
electrical/electronics engineering vs. mechanical engineering? 
etc.) In this respect, useful hints may emerge also from an analysis 
based on Pavitt’s taxonomy - related to the sources and uses of 
technology - which distinguishes between groups of industries 
called —

a) supply - dominated (which includes most of the 
traditional industries, acquiring technological 
innovations via.purchases of capital goods and 
materiais from other sectors)

b) specialized-suppliers (such as machine-producers, 
etc.)

c) scale-intensive sectors (e.g. producers of bulk 
materiais through continuous processes and producers 
of consumer durables through mass assembly)

d) Science - based sectors (e.g. electrical and 
electronics sectors, many Chemical areas, etc.)

Another useful taxonomic exercise can be based upon 
the results (which will be available in the very near future) 
of the research undertake at Yale University by Levin, Nelson 
and Winter on the opportunities and sources, forms and degrees 
of technological appropriability of innovations. Such a 
possible taxonomy, in a sense, can be tested against the inter- 
sectoral Brazilian data, thus trying to answer the guestion: 
are forms and degrees of appropriability of innovation regularly 
associated with retardation factors in International technological 
diffusion?

A third taxonomic categorization can be .based on 
technical/economic data, whenever available, on the difference 
between electronics-based on "pre-electronics” technologies 
in terms of (a) labour-productivity and (b) capital/outpyt 
ratios. Clearly, the underlying guestion - which rests on 
a choice-of-technigue problem - is whether the "retardation 

1) Cf. Pavitt (1984)
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factors" are related to different structure of relative prices 
(and specially of machines to labour). In this sense, the 
second and third taxonomic exercices could help in distinguishing 
between a set of retardation factors based on appropriability/ 
relative technologies capabilities, etc. from another set 
based on economic incentives related to costs and p^ofitabilities.

Conversely, another exercise may try to identify the 
põêibles structural correlations with a series of variables 
related to lato sensu organizational and technological indicators 
of each industry*

Thus, one may test the existence and significance of 
the correlation between d. (defined above) and sector-specific 
indicators such as:

- average firm size
- degrees of industrial concentration
- R & D intensity of the sector (in the "world" and/or 

in Brazil relative to the "world")
- ownership (MNCs/Brazilian, and private/public)
- average capital/output ra£io in the industry "te
- skill-intensity of the labour force
- average capital/labour ratios (as a measure of the 

degrees of mechanization)
- degrees of import protection
- openness to the International market (as measured, 

for example by the ratio of exports to output)
- relative firm-and plant-size (via-ã-vis, e.g. the USA) 
- relative labour productivity (vis-ã-vis, e.g. the USA) 
- relative capital intensity and degrees of 
mechanization

It must be stressed that even the existence of 
significant correlations cannot be interpreted in a causai way: 
more correctly it provides the frame for a "photographic 
description" of the Brazilian industrial structure whose 
patterns must then be interpreted with a more detailed and more 
genuinely dynamic analysis. In this respect, it seems to 
me that the joint use of questionnaire techniques and case
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studies are of great importance. However, such a "structural 
picture" has a rel^vance on its own, in that it helps in identifyinq 
patterns and in differenciatinq between clusters of possible 
intervening variables (such as those related to the nature of the 
technologies as distinguished from those related to the forms of 
industrial organization).

Moreover, the very process of building the necessary 
statistical base for the exercise may yield interesting results 
on its own. For example: what is the "productivity gap" in terms 
of labour productivity vis-à-vis OECD countries? Are these 
sectoral gaps associated with (i) capital-intensities - in terms 
of relative capital-output ratios, (ii) degrees of mechanization/ 
automation - in terms of capital-labour ratios, (iii) degrees of 
technological dynamism, as measured, for example, in terms of 
relative rates of diffusion?—

On the gCunds of a "structural picture" of the kind 
outlined above, it is obviously crucial to investigate the causai 
patterns yielding such an outcome. As already mentioned, in my 
view, case-studies and questionnaire technigues are very useful 
for this purpose. More precisely, only case-studies can provide 
a genetic/historical reconstruction of a particular technological 
development, the thread of inter-actions between the economic 
actors, the forces at work at any point in time, etc. On the other 
hand, a questionnaire methodology, in a sense, represents

1) Itmay be be worth mentioning that in an analysis undertaken 
ôfi OECD countries (cf. Dosi, Pavitt and Soete (1985) we found 
a strong correlation between labour productivity gaps, on the 
one hand, and (i) degrees of mechanization and (ii) degrees 
of innovativeness, on the other hand, but no correlation 
with relative capital intensities. That is to say, there seem to be no 
evidence of significant processes of "static" substitution of the 
neoclassical type.
Clearly, there are formidable problems in ccirparing absolut^Levels of 
productivity between countries. Hcwever, statisticaT data on 3 -
and 4 - digit sectourmay already provide an impressicn of the orders of 
magnitude. McroverTTá research, currently underway at FUNCEvfRio de 
Janeiro, on unit prices may provide very useful hints in the direction of 
a procedure scrrewhat similar to the "dcuble-deflation" familiar to tine- 
series analysis.
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a crucial link between the more aggregate structural picture and 
the individual cases, in that it provides the elements for inter- 
sectoral and inter-product comparisons on the causai variables 
at work. The kind of questionnaire I suggest - of which a prototype 

. is outlined in Annex lí - has a semi-parametric form, i^f the 
sense that quantitative informations are collected jointly with 
guantitative ones ("how would you rank the importance of ... 
One of the fundamental aims of such a technique is to separate- 
out the relative importance of the determinants of innovation/ 
diffusion which relate to:

(a) broadly defined technological opportunities, stenrning 
from advances in scientific knowledge/advances in 
other sectors/advances in other countries;

(b) a set of variables linked with the technological 
capabilities of the actual/potential innovators;

(c) íhe nature of economic incentives and obstacles, 
and, more specifically within this set of variables, 
(i) the influence of costs, relative prices, etc, 
and (ii) the role of product-markets, etc.;

(d) the possible influence of the forms of industrial 
organization on national and International levei 
(including firm size, nationality, patterns of 
International competitions and forms of technological 
appropriation, etc.)£

(e) institutional and labour relations.

The important point is that the joint use of inter-sectoral 
"pictures", microeconomic questionnaire and case-studies allows 
a mapping of necessary and sufficient conditions, behavioural 
determinants and sectoral outcomes of the patterns of innovation/ 
diffusion. So, far example, one should ideally be able to 

r 
identify the sectors o/ clusters of sectors where the relative 
rate of innovation/diffusion is higher/lower (vis-ã-vis the 
"frontier" countries) and then answer to questions like: Are 
there common determining factors which explain this differential 
patterns? Have they got to do with capabilities, forms of 
technological appropriation, economic incentives, patterns of 
demand, etc.?
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Finally, a questionnaire technique may usefully supplement
the more aggregate set of Information on the effects of innovation/

■€ We nu» RtooxT*diffusion, a^eady discussed in jna
^^r>QTn-i r. . The set of effects discussed there

relate, lato sensu, to the evolution of the domestic economic
structure and performance. Here it is important to mention another 
set of effects which relate to International competitiveness. 
In particular, it seems fundamental to assess the relative impact 
of cost-. and price-related variables as compared to innovation- 
related ones. In another study on the trade patterns of OECD 
countries—we find that the variables related to technological 
change and capital accumulation dominate upon short-term adjustment 
in costs, prices, exchange rates as explanations of the leveis 
and changes in the partecipation of each country to International 
trade flows. The test of a similar hypothesis for a country like 
Brazil would obviously have important implications also on a 
normative levei.

For the time being let us neglect the impressive 
difficulties one would face in the practical collection of the 
appropriate date and focus on the "ideal" structure of such a 
test.

Let us define the following variables, for each industrial sector,

1: A
= £n export measure (say, the Brazilian share on world 

exports, in value) _
A ,T\ = measure of technological levei - we would suggest it e*
a sector-specific compound index capturing things like, 
say, the relative rate of diffusion of best-practice 
technologies, the relative intensity of technician/ 
engineers/scientists, the relative R&D intensity, etc. 
(all compared with one or a set of "central" countries);

K* = The relative degrees of mechanization (as expressed by 
capital/labour ratios)

u. = The relative labour productivity

1) Cf. Dosi, Pavitt and Soete (1985).
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= £he relative capital intensity (as expressed by the capital/ 
output ratios)

W = ^he relative wage rate (in^ say, US $)
M = £he degree of "nationalization" of the considered Brazilian

sector
P = £he effective export subsidy (and/or other measures of 

institutional support)

Ideally, a test should take the following form.

X = f (Tf
K or, alternatively, tt

N
W at the initial time

W

M and M or AM

P and P or AP)

Jfhere the dots are rates of change and A ... are variations.

Our a priori expectations on the signs would be the following: 
T : +, very strong

K and r: + , very strong (with high multicollinearity 
between T and K, on the one hand, and u , on the 
other)

N: - , weak (in other words, contrary to neoclassical expectations, 
the process of development should bring about some fali 
in the relative capital intensity, with a favourable effect 
on trade)

W: - , strong (in other words, the absolute^ wage gap brings .about 
some kind of structural buffer of competitiveness which 
is exploited through the whole period of industrialization) 

ft: ?, insignificant, either way (that is not to say, of course, 
that it does not have an influence on cyclical competitiveness 
but that it not affect the long-term trend)

M: ?
P: +
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Súmmarizing, one would expect a dominant role of 
technological upgrading and capital accumulation upon short-term 
mechanisms of adjustment, starting from a positive of potential 
structural competitiveness stemming from a wide wage-gap, which 
is in a sense, "eaten up" in the process of industrialization 
and growth. A feasible technique for testing could be a pooling 
of the i - sectors. Moreover, again oTf/rather ideal levei, 
the excercise could be repeated on the ground of vertically 
integrated sectors, thus accounting for the leveis and variations 
in the variables on the right-hand side (the "independent” 
variables) in their direct and indirect impact (via input-output 
flows)/

Needless to say, the empirical difficulties are enormous. 
In this respect, the foregoing suggestion may simply represent the 
clarification of a theoretical hypothesis for discussion. This, 
I believe, already has some analytical usefulness.

1) For a seminal use of this methodology for competitiveness 
analysis, see Momigliano and Siniscalco (1984). On the 
Brazilian case, see J. Tavares (1984).
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