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PREFACE

This monograph has been prepared with the zim of offering e
summary of the results of the IDB/ECLA Science snd Technology Re-
search Program, whoge first research period ends in December, 1978,
after three and & helf years in operetion. The paper also includes
some reflections on these results.

The Program’s mein aim has been to study the flow of domestic
technological efforts, its causes end its micro &nd macroeconomic
consequences, in various branches of manufacturing in five letin
Americen countries: Argentina, Brasil, Colombis, Feru and Nexico.
The sectors studied include the following: 1. Iron and Steel, 2.the
Tobacco industry, 3. the Constructiom and Building industry, 4. pe-
"~ trochemical and rayon production, 5. the petroleum distillation sec-
tor, etc.

The Program has published almost 30 working momogrephs during
the first phese of its operstion. This document is the first sttempt
to summarize some of the most interesting results obtained in the
field of the theory of technologicel chenge in relatively less deve-
loped countries and of the relztion between that theory z2nd the stu-
dy of lLatin Americen economic development.

The paper is divided into four chapters. The first one presents
a brief overview of the development of the theory of innovation, e&n
erea of analysls to which the verious lines of research underteken
by the IDB/ECLA Progrem neturally belong, It seems clesr that the
theory is grsdually moving towards an anslysis of the microeconomic
aspects of innovative behavior, & subject which so far has been
accorded relatively little importance because of the "exogenous"
character attributed to the technological veriable in the economic
growth theories developed during the 1950“s end 19607s.

The second chépter argues that most recent litersture in this
field attempts to describe the microeconomic &sapects of innovetion
and technological change in developed countries, and that in fact
so far we know very little indeed about the technological behevior
of firms operating in relatively less developed countries. It seems
‘clear that various Latin Americen countries - perticularly Argenti-
na, Brezil and Mexico, and to a somewhat lesser extent Colombie,
Chile and others - are &t the moment moving elong & particulesr path
of modernization and technological change,.the features of which :
heve sczrcely been researched by economists. The study of these to-
pics must undoubtedly be given priority if we aim to throw eny
light upon the development peth of the Latin American region.
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" The third chapter is intended to eveluate the extentsmd nature of
locel technologicel activity undertaken by verious firms end bren-
ches of industry in the countries covered by the different studies.
After presenting some quantitative indicetors which give an appro-
ximete idea of the extent of the technologicsl asctivity observed,
this chapter exemines the following topicss a. type of technologie«
cal efforts undertaken; b, micro and macroeconomic verizbles which
affect the amount a2nd nature of local innovetive activities; c.
effects of local technological kmowledge crestion on the economic
performance - both domestic and international - of the firms which
generate it. During the course of this chapter various resuits ob-
tained in the research projects of the IDB/ECLA Program ere guoted;
they demonstrate that it is impossible to attain an accurete des-
cription of Latin Americen development and of the current intre-re-
gional belence between relatively more and reletively less deve-
loped countries, if we leck &n sdequate analysis of the role pleyed
by technological variables,

Although the overall progress we have made with regerd to es-
tablishing the extent and nature of the flow of domestic technolo—
gicel efforts observable in various areas of production in seversl
lLatin Americen countries is significent, we =re not so fer in e
position to state whether or not the efforts in this direction and
the employment of skilled human resources involved constitute 2n
efficient ellocation of resources.

This gquery opens up & set of new questions which will have to
be teckled in future research into technologicel problems., The
third chepter concludes with a brief considerstion of this subject
and of the kind of future studies it would be necesaary to underta-
ke in order to snslyse the topic in greater detzil. In the finsl
pages of the monograph we refer briefly to possibdle overall areas
of action regerding technological policy and point out that in
order to formulzte such =8 policy it would be necessary to have
studied & number of topics and be able to cerry out & range of sc-
tivities going significantly beyond the field which has been the
mein interest &nd focus of resesrch of the IDB/ECLA Progrem. This
must be borrein mind in order to place the results obteined in their
proper perspective.
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I. INTRODUCTION

Development theory has not man ged setisfactorily to imcorpo~
rate the subject of technological change. For many years it has
been treated as a variable outside the economic system, 88 & piece
of technical date, concerning which the economist had little or no~
thing to say. Only recently has the possibility begun to be admit-
ted that the rete, nature (bias towards relative saving of capital
or labor), ete. of the technologiczl change incorpereted into a
specific society may be determined by the general functioning of
the economy. 1/

For economic theory to develop in this direction, it hes been
necessary for there to be & gradusal but significent shift eway from
the neoclassical theory by which technologicel change reaches the
firm free of costs, ag if it were "manna" from heaven. In 1962 K.
Arrow established the basis for & new approach to the technologi-
cal phenomenon, when he argued that the production experience accu-
mulated by the firm constitutes a new e&sset which the firm " produ-
ceg" peri passu with its day-to-day activities. Arrow’s conceptusl
counterpert on the empirical side cen be found in the verious stu-
dies of "learning curves" carried out by W.2Z. Hirsh 2/, H.Asher
3/ and others. :

However, the "learning by doing" theory contains nothing which
would make us think that the firm has &n explicit technologicel
strategy. On the contrary this theory describes the research end
development process as if it were a by-product of routine produc-
tive activity, as 2 benefit which the firm simply collects without

incurring direct cost.

1/ The book by J.Schmookler, Invention and kconomic srowth,
MIT Press 1962, the NBER Conference on factors determining reaserch
and development activity - see, Ed.R.Nelson: The Rate and Directiom
of Inventive Activity, Princeton 1962 - and K. Arrow’s article of
the same year - On the economic implications of learning by doing,
Review of Economic Studies, June 1962, mark an important change of
sttitude within the profession in connection with the subject of

technology.

2/ W.%. Hirsh: Firm progress ratios. Econométrica, April 1963,

H. Asher: Cost-quantity relzatiorships in the sir freme in-
dustry. The Rand Co. Monografis R-291, Julv 1956.
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Only a decade later, and after the contributions of J. Stig-.
1itz snd A.B. Atkinson, 4/ W. Nordhaus, 5/ R. Nelson and S. Winter
6/ H. Binswegner, 7/ P. Devid, 8/ N. Rosenberg 9/ and others, the
profession is opening up 2 new path in the analysis of the techno-
logicel prhenomenon, much more realistic than that inherited from

traditional theory.

Whereas the latter has its origin in the neoclassicel debste
on income distribution 10/ and thus does not azrise from a real con-
cern with the microeconomic features of innovetive behavior, the
new direction which the theory has followed in recent yesrs is spe-
cifierlly rooted in the study of the microeconomic factors which
determine technologiceal behavior.

4/ J. Stiglitz y A.B. Atkinsons A new view on techmiczl change.
Economic Journal,September  1969.

W. Nordhaus: Some skepticel thoughts on the theory of in-

duced innovations. Quarterly Journel of Economics, 1973.

6/ R. Nelson y S. Winter: In search of useful theory of inno-
vation. Research Poliecy, 1977.

1/ H., Binswegpner: A microeconomic approach te induced innove-
tion. Economic Journsl, December 1974,

8/ P. David: Technological choice, Innovation and Economic
Growth. Cembridge University Press, 197S5.

9/ N. Rosenberg: Perspectives on technology. Csmbridge Univer-
sity Press, 1976.

10/ Sir J. Hicks‘’statement in his Theory of Wages that the
gredual increase in the relative cost of labor would lead the ma-
nufacturer to seek labor- saving technology was to trigger a com-

_plex debate in which W.E.G. Salter, Ch.Kennedy, W.Fellner, P. Sa-
muelson and others participated. Hicks says (Theory of Weages, 1932
" ps 124). “The real reason for the predominance of labor-saving imp-
vations muet be sought in the fact that a change in the relative
factor price will encouresge & parsiculsr kind of invention, inten-
‘ded to economize on use of the factor which has become deerer", The

revly to Hicks given by Salter (see following note) ovens debete
which has not been particularly frultful as fer as throwing light
on innovetive theory is concerned. The situation hes changed redi-
- v8lly during the present decade in which the search hes turned mo-
' re towards the study of microeconomic behevior.
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Unlike the traditional medel in which technelogiesl change is
defined as & "major® shifs of <the eversll production function, in
which it is nceessary to intreduce & frogquently artificisl distine-
-tion between shifvs of the function as such and movements elong it
(the latter definecd as factor substitution and described as diffe-
rent from technological chemge), 11/ in the new theoretical frame-
work the comcept of "minor” and "localized” technologicel chenge
includes practically anymm=trivial modificetion in the engineering
end management rules followed by & specific productive unit, guite
epart from whether or mot they are novel at the level of the indus-

try in which the firm operates. 12/

Within this snalytical framework the way is quickly opened up
for the study of the microeconomic behavior of the manufacturer who
from ome period to another is faced with the dilemma of whether or
B not to sllocete resources o the “production” of new technological
- knowlcdge which mey have ope (or more) of the following objectives:
(a) to reduce production costs by saving cepital, labor, energy,

" substituting cheaper for relatively more expensive raw materisls,
ate.3 (b) to improve the quelity of the product in question; (e)
to diversify the merketed output mix; (d) to eliminate bottlenecks
which provent increases im the physicel volume of production, etc.,

_ Wo have observed that it is no longer relative factor price
(es in Sir J. Hicks’original view), or the relative weight of ca-

‘_;;/ W.E.G. Salter, when meking & critique of Sir J.Hicks’ sta-
tements, writes: "If one takes Hicks”? Argument to meen thst new ls-
bor-seving technical designs will be obtained from the existi
stock of knowledge, then this is nothing more then fesctor substitu-
tion. It is merely e semantic difference whether we ¢21l this kind
of new techmigues "inventions® or "substitution of copital for 1ls-
bor”. On the other hend, if the theory implies thet the increcse in
the relative cost of labor will lead to & seerch for new knowledge
which economizes on this factor; then this theory is subject to
serious objections, since the manufescturer is interested in redu-~
cing his total cost and not the specific cost of one or enother
factor, Prqﬁuctivity_igg~ggggg;ca£fChagggj Cembridge, 1960, p.43.

.12/ 1In . the words of R. Nelsom snd S. Winter: "Prectically
any non-trivial chenge in & process or product, if there hes beem
no prgvious experience, is en innovation". This sentence comes from
the peper: In seerch of & useful theory of innovetion. Research Po-

licy,vel. 6, 1977, p. 48;
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pitelend lebor in total production cost (s in Ch. Kennedy and
other esuthors who took pert in the recent debate), ;}/ which de-
termine the technological expenditure strategy of a particuler me-
nufacturer, Other variebles must 2lso be taken into considerestion:
such &8s : &) the productivity and, b) the cost, of the possibdle =21~
ternative" technologicel search® strategies, and 2lso ¢) the scale
of production at which the manufecturer in question operates. Tz~
ken together these variables will determine both the overzll extent
of the technological efforts the menufacturer decides to undertake,
and the internal sllocation of these efforts among the seversl po-
ssible options.

In other words, contemporary research is moving towerds the
study of the factors which determine the slternstive profitebility
of the different technological strategies aveilable to 2 specific
firm 2t a point in time, quite independently of whether or not the
technologicel efforts it undertekes zre novel worldwide, or of whe-
ther they shift the overall isoguent or merely constitute a "loca=
lized" improvement which affects one particulsr technigue.

_ Now, the available theory based on this reconceptuslizetion of
the technological phencmenon so far refers to developed countries

. in which it is reasonable to sssume that there is & systemestic flow

of scientific end technological developments which zre subseguently
absorbed by the various productive sectors and constitute one of
the mein factors determining the rate and nature of the economic
growth process achieved by these sectors, and the specific position
of these countries and sectors on the international trade, 14/ po-
litical 15/ and cultural scene.

1}/ Seer Ch, Kennedy: Induced bias in innovation and the
_theory of distribution. Economic Journal, September 1964,

it

14/ The papers by R. Vernon, G.Hufbsuer, ete, within the
framework of the "product cycle" and the so-called "neotechnology
theory of trade" theories sre the most interesting contributionsy
on this subject. See: R. Vernon (Ed.) The technology factor in

in;grpgti.’_wrﬁygggg_NBEﬂ;\Princetan 1970.

| 22/ See, for example 'T.‘Dixon Long: Technology and power, Ja-
pen Catehes up. In: Japan: the peradox of progress— Yale University
Press, 1976 (Ed.) Lewin Austin. S '
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Unlike the case of the advenced countries, the technological
Problem of the so-cslled "developing countries" has remained a
practically unexplored territory which still requires both a sys-
tematic empirical research effort and an interpretetive theory. The
aim of the letter should be to graduelly dbuild up the micro and ma-
¢roeconomic elements of & theory of innovetion and technologiceal
change which would serve to throw some light on the situstion of

countries which, although not on the world scientific and technolo-
gical frontier, nor the source of a flow of new technologiczl know-
ledge of the magnitude of thet which comes from the developed na-
tions, must nevertheless be visualized as moving along & perticulzr
technologicel modernization path of their own, the specific features
of which are still unknown to economists.

To build up such a theory of technologicel change for relative-
ly less developed countries is not; however, & simple task. The
first difficulty lies precisely in the heterogeneous nature of the
kind of situations involved in the very concept of "developing
countries®, Within this overall concept there is such & wide
renge of developmental stages that it is practically impossible %o
imagine a single interpretative framework.

Let us look, for example, at the situation in Latin Americs.

It seems clear that three countries in the region - Argentina, Bra-
zil and Mexico - reflect & different typology with regard to tech-
nology from the remaining nations in the area. It is undeniable
that in terms of industriasl modernization and technological matu-
rity these countries have reached a position which sets them apart
from the rest of the region. Even though other countries, for ex-
zmple Venezuela, Colombia or Chile, are undergoing similsar expe-
riences with & certain time-lag, the sparse available empirical
evidence suggests that the technological gap between the two groups
is still considerable and, even more important, that that gep cen-
not be expected to be closed in the immediate future. Moreover,
taeken along with other variables, this growing technological matu-
rity is gradually giving rise to a new set of situations on the
Latin American scene, such as: a) the export of manufactures of
considerable technological complexity (examples renge from vehi-
cles and machinery to antibiotics and include iron end steel, che-
mical and electronic products, etc b) the sale of technology
through licenses, complete "turnkey" plants, etc. c) direct invest-

ment, d) technicel essistence in the development of basic infras-
.~ tructure projects, such &s atomic energy, road, air and port net-
works, etec. Overall, these new technological end trede develoyments
reves]l &n incipient form of intra-regionel "internationelization”
‘practically unknown until gquite recently in latin America
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Recent studies of other so-celled "newly irdustrialized coun-
tries" (NICS) show situstions with & certain degree of similarity:
among them Indis, Korea, Taiwen, etc. are the protagonists in e
process of graduel technological maturation which is turning them
increasingly into suppliers of manufactures &nd technology in va-
rious international merkets. 16/ '

In our opinion, it is & matter of urgency to examine =nd un-
derstand these topics ~ and their technological background- since
the gradual strengthening of the internationel position of the NICS
would seem to be the rule rather than the exception in future deca-
ées. A new letin American end world scenario would appeer to be in
the process of formation, &nd, in our opinion, the intra-regionsal
transfer of technology and the local generation of local technolo-
gical knowledge are focal points of this scenerio 2nd therefore de-
mand further study. '

The following peges contain some initisl reflections on the
subjects we have sketched out., They take up some of the results
obtained by the different studies on innovative behavior carried
out within the framework of the IDB/ECLA Science and Technology
Research Progrem in various branches of menufacturing in five La-
tin American countries: Argentina, Brazil, Mexico, Peru and Colom-
"bis. :

We begin by examining one of the topics mentioned in the fo-
regoing peragraphs, thaet is, the relstionship between stages of
development 2nd the extent and direction of domestic technologi-
cal efforts detected in different lLetin Americesn countries.

16/ Regerding the Indien cese, it is worth while bearing in
mind the recent paper by S. Hall: Developing countries as exXpor-
ters of technology. A preliminary amalysis, Paper given at the
"Workshop on Internationel Economic Development and Resource
Transfer" University of Xiel, June 1978 (Mimeo); while B. Cohen in
his book Nultinationzl firms end Asian exports (Yale University
Press, New Haven 1976) examines the same subject with reference to
Korea, Singapore and Teiwan. '




IX. STAGES IN DEVELOFMENT, TECHNCLOGICAL CHANGE AND D(MESTIC
RESEARCH AND DEVELOPMERT EFFORTS

Even at the risk of introducing an arbitrery element into the
snalysis, it seems adviseble to begin by distinguishing a8t least
two different typologies with regard to the process of moderniza-
tion and technologicel change in the group of "developing coun-
tries®,

On the one hand, we find & group of countries with an inter-
mediste level of development to which the litereture of recent
years has given the nsme "lete" or "new industrislizers®. 17/ Omn
the other hand, we have & residual cetegory which brings together
the majority of the underdeveloped countries - several in Lstin
Americe end most of the Africen and Asian nations - in which the
process of modernization and technological change is the excep-
tion rather then the rule, and in which the greater part of socie-
ty must cheracterized as perticipating in z developmental stage
severel decades behind both the industrialized world and the de-
veloped sectors of the nations of the first subgroup mentioned. 18/

AR a———_g——

17/ A. Hirschwan, in 8 1968 peper, The Political economy of
import substitution, Quarterly Journal of Economies, Februery 1968,
was the first author to begin to use the denominstion "lste late
comers®to refer to Brazil and to distinguish this industrisl deve-
lopment process from thet which had several decades earlier charae-
terised Germeny, Japen and the URSS, which were themselves "late
comers"” with respect to Great Britain and the USA.

18/ IT seems clear that within the group of "lete industria-
lizers*it is possible to find two quite different models. The first,
typicelly preveiling in Letin America, is that of import substitu-
tion within protected enclaves, which after several years have be-
gun to demonstrate a certain internationsl competitiveness in menu-
facturing products and technology. Brazil, Mexico, etc. are examples.
The second group, represented by countries like Kores, Taiwen, etc,
reflects the early and non-pubsidized development of a strong compe-
titive capacity in industrial menufactures. As far as the empirie=zl
evidence goes, it seems clear that in both situations amincreasing
domestic technological capscity has been developing peri pesssu with
the growth of the industriesl sector. This domestic technological ca-
pacity ie the real subject of analysis in this paper.

-7 -



Within Letin Americe, Argentine, Brazil and Mexico - even in °
apite of the profound differences which separete them in meny res-
pects— must be considered as typicel exsmples of "lste industris-
ligation". Outside the regiomn, Spain and Greece or verious Eastern
European countries, such as Yugoslevia and Poland, emong others,
are- examples which come to mind. Finelly, Korea, Taiwan and Singa-
~ .pore zlso shere various features of the "lste industrielization®
model, 2lthough they reelly correspond to 2 different industrisli-
zeation strategy from the previously mentioned countries.

Unlike what heppens in developed countries, a greet deal of
the process of modernization and technological change occurring in
"developing" countriesBd® phenomenon involving the imitation of
events which occurred seversal ye&rs previously in more advanced
communities. The incorporstion of these technological chenges fre-
quently requires the grenting of subsidies to both domestic snd fo-
reign capital a2nd is normelly based on the transfer of products and
production processes from abroad. Generelly the opening of new bran-
ches of industry also involves— even in the case of countries with
centrally plsnned economies, as we have recently hed the opportuni-
ty to observe - the entry of multinationzl firms, engineering firmse
end finsncisl agents from the developed world.,

Since this situation tends to occur across the spectrum of eco-~

nomic activities, 19/ and is associated with transections which ta-
ke place in extremely imperfect markets, gg/ it is herdly surpri-
sing that the process of modernization and technological change in
developing countries is often associmeted with the generation and
outflow of an oligopolic rent which iz captured by economic agents

19/ Approximetely 2/3 of the two hundred largest industrizl
firms in Argentins were operating at the beginning of this decade
with one or more licensing contrects signed with internetionsl su-
PPliers of technology amd production equipment. See 1n this connec-
tion: J. Katz, "Importsciém de tecnologfa, aprendizesje e industria-

20) The studies by C. Vaitsos and several other Letin Ameri-
can researchers have thrown some light on the highly imperfect n&-
ture of the merkets for technology. The following book by the above-

mentioned suthor can be consulted: Intercountry income distribution

end trensnationsl entervrises, Oxford University Press, 1374

= 8




of the more developed societies.

_ Up to this point in the argument - thet is, during the tech-
nological aegquisition phase- there are few differences to be founrd
between different countries of the "developing" world. 21/ givepn
thet most industrigl technology has its origin outside them and
that they must scquire it in relatively imperfect markets, the re-
latively less developed countries retain only & few prerogetives
(which they frequently do not exercise, or only use them in & very
imperfect fashion) such as that of a) choosing & more or less
appropriste production technique within the spectrum of available
ones, and b) negotiating the terms of transfer within the frame-
work of a gituation in which the differences in bargeining power
of the parties to the contract play & predominant part.

For a number 8f yeers most of the latin Americen literature on
the subject of technology described the situation in the region as
if "the" technological problem of the erea was exclusively that of

attaining 2 more or less successful acquisition of forelgn tech=

nologye'

We now know in fact thaet to take such a view is to oversimpli-
£y reality and that this is only the starting point of & large mum-
ber of relevant problems in this field. Moreover, the most impor-
tant differences to be found in the area of technology bdetwsen "la-
te industrielizers” and the remaining nations in the underdeveloped
world are to be found precisely in the post-sele period of the fo-
reign technology, and have 2 more or less direct relationship with
the presence or absence of domestic technological capacity. The
latter is reflected in & certain flow of incremental locally gene-
reted technological knowledge, which acis as 2 complementery factor
of production (via *adeapiations”, “improvements’;, etc.) to the origi-

nally imported techmological design. 22/

21/ The empirical evidence: reveals the existence of signifi-
cant differemces in the capaeity of various developing countries
to a)select technology and b) negotinte internetionally to secquire
- it. Within Latin Americs, Brazil and Argentine freguently obtain
better bargairing conditions than Mexico and the Andean Pact coum
tries. See: J. Katz: Op.cit., Fondo de Culturas, 1976, Also: M.S.
Wionczek, G. Bueno and J.E. Neverrete. la tramsferencie interme-
cional de tecnologia. El caso de.Méxioa. Fondo de Cultura, Mexiee
1974.

gg/ This stetement dces not mean to deny &) that ﬁhere is lo-

eally senerated technological knowledge with a high degree of novil-
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We shell srgue here thet Argentina, Brazil end diexico heve over
time acguired 8 sufficiently large skilled professionel and tech-
nicael community which now "produces” a steady flow of technological
knowledge which is complementary to the flow of imported technology.
We shall also argue that such engineering and technical personnel
is less likely to be availeble in the remeining countries in the
region, & situation which means that the degree of "adaptation" to
the specific local environments eventuzlly reached by the imported
technologicel designs is significantly lower then in the three
above-mentioned countries.

Given that this point is important for an understanding of the
situetion in the region as far as technology is concerned, we be-
lieve it is necegsary to exemine first of 281l the subject of the
complementary reletionship between importing technology end domes—
tic technological efforts, and then go on to explore the phenomenon
of the presence or absence of domestic technologicszl capascity and
its connection with the degree of industrial, educationel and tech-
nicel development of a particular society. Let us begin with the
first of these subjects.

II.1 Lmported Technology and Deomestic R & D

For severel years conventionel wisdom in this field of reseerch
hes been based on the assumption that there is & negative relation-
ship between importing technology from abroad and generating it lo-
celly. We now know - and the Jagpanese experience is & clesr demons-~
tration 23/~ that this assumption is & gross oversimplificetion of

ty, or ©) that in certain circumstances it may happen that the rele—
tionship between local technological knowledge and foreign technolo-
gY is one of substitution rether than complementarity. Both are fes-
sible in specific circumstences, although the most widespread excm-
ple we heve been eble to observe in the course of our empiricsl re-
search corresponds to the cqmplementarity model referred to in the.
text. - T g
23/ Various peapers demonstrate the complementarity between
imported technology and locel generation of technologicel know-
ledge in the Jaepanese case. The success of different industries in
the internstion2l merket has been interpretéd as the result of their
proven cepecity to import end improve technologies alreesdy aveilsble
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reality. While for economists the design of & product, or the sve-
cification of & production process are given technicel data, whieh
sre assumed to be fixed and only very occasionally modifiable by
discontinuous jumps in the technological knowledge they involve,
the industrial engineer is eccustomed to the idea that every en-
g€ineering "blue print* is upgraded and improved over time, in res-
ponse to the circumstances of 1ts use in a specific context. In
other words, the industrial engineer knows thet there are no two
plants (or product designs) in the world which are exactly elike,
even if one of them attempts to be a carbon copy of the other.
Since this is the case from & static point of view, there is =11l
the more reescn for it to be so in & dynamic anelysis in which im-
provement and adeptation of the technological designs over time is
- allowed 24/

It is even more impossible for actual replication to occur
when we refer to technological designs which must operste in physi~
cal and geographicel environments which are completely different
from those teken into consideration during the original conception
of the techmology with regard to the level of sophisticetion of de=
mend, plent scale, supply conditions and guality of basic inputs,
level of skill of manufscturing lebor, etc.

The faets or circumstances which lesd to 2 certain technolo-
gicel design being "inasdequate" in & particuler environment and me-
ke "sdjustments", "adaptations", etc. necessary, are varied. 25/
Some are strictly engineering in nature, and have to do with the
presence of "bottlenecks®in the original engineering design,

in the USA or Rurope. See H. Kitamura: Foreign aid and investment.
New challenges to Japen. In developing Economies, December 1972.
See also in connection with this subject: K. Oshima: Research and
development and economic growth in Japen. In (ed.) B.R. Williams,
Science and Technology in Economic Growth, Wiley, New York, 1973.
24/ The engineering bibliography has ebundant exampies of
technological designs conceived es carbon copies of elreasdy exist-
ing ones, which when put into operation required substentisl engi-~
neering efforts vefore reaching the desired output standard. See
M.E. Clark, E.M. Forest and L.R. Stockey, Aches &nd pains of plent

start-up. In Chemical Engineerigg Progress, Vol. 67 N2 12.

25/ S. Teitel has set out in a recent paper 2 long list of
possible "inadequacies®-in the technology from developed countries
when it is trensferred to other relatively less developed ones., This
1ist goes beyond the often mentioned subject of the inadequate capi-
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gé/ in a relatively siniler sense to that which K. Rosenberg gi-.
ves to his concept of “"compulsory sequences"™ which are phyeical
signals of “imadequacy” given out by & particular technological de-
sign demanding its "edjustment" or "adaptation™ to the specific
fremework of & given situetion. 21/

Other grounds for lack of sdjustment or "inadequacies" ere mo-
re stirictly sssocisted with economic veriables (and not of en en-
gineering nature) and may have to do both with microeconomic phe-
nomena sirictly related to an individual plent end/or with macroe~-
conomic factors which affect complete branches of industry, or the
overesll manufacturing sector. Now, regardless of the reason for the
Mack of ddjusitment® of the imported technelogy, what is certein is
that it generetes a certein demand for new "adaptive” technologi-
cal knowledge which mey allow a relatively more efficient use of
the imported technological "blue print".

tal/labor ratio which most freguently appesrs in the litersture on
"appropriate technologies". See, by the above-mentioned euthor:
Acerce del concepto de tecnologis apropiasda, Trimestre Econdmice,
July-September, 1976.

26/ 1In the cese of the iron and steel industry it is common
to observe the existence of "imbalances" and bottlenecks beiween
different sections of the plent - for example, between the furna-
ce’s smeliing cepecity and that of finished product processing in
the rolling mill - this being 2 constant souree of demend for tech-
nologicel services simed at eliminating the various "bottlenecks"
which prevent increases in the physicel volume of production. The
elimination of these "bottlenecks” demends, of course, & constant
technological effort on the pert of the plant emgineering teem.

An analysis of & situstion of this kind can be seen in P. laxwell’s
recent study of Acindar (Argentine): Leerning and technical change
in the steel plent of Acinder S.A. Monograffs N2 4 of the InB/ECLA
Science and Technology Research Progrem, Bs.As. . December 1976. By
the same esuthor: First best technologicel strategy in an nth. best
economic context. Ibidem, Monogrefie N2 16, I UZECLA Progrem, Bue-
nos Aires, April 1978.

27/ N. Rosenbergdevelops this concept in his book Perspectives
on Technology. Cambridge University FPress, 1976.
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II.2 Domestic R & D end Skilled Humen Resources

However, the fact that every "insdequacy" potentizlly geners-
tes an internal demand for technological knowledge complementary
to the imported technology, is not sufficient resson to assume that
these demands: &) will be satisfied or, b) should they be so satis-
fied, that it will be done by intermmel technological efforts within
the plant or the country.

The available empirical evidence suggests that even when the
domestic techmnologicel effort is significant in broad ereas of the
Argentine, Brazilian or Mexicen maznufacturing spectrum (probably
in the lest instance to a less widespread extent) in the remaining
countries of the region the existence of an internél supply of pro-
fessional and technical services able to take over the “production®
of sdaptive technology cannot be assumed to be obvious or automa-
tic, There sre undoubtedly specific areas of the Colombian (the
textile branch, for exemple) or Venezuelan (the iron and steel in-
dustry or the petrol industry, etc) manufacturing sectors whereffor
historical reasons & professional and technieczl]l community of some
significance has emerged and developed. Such, however, is the excep~
tion rether than the rule in most of the Latin Americzn nations.

Brosdly speaking, there are two kinds of "educetionel zné la-
bor training models, which we could call "supply-push" and "dem&nd
pull" respectively. While Argentina is & typicel example of the
first group, Brazil and Mexico must be visualized &s representstive
of the second of the typologies we refer 1o,

In the case of "supply-push®, &8s ivs neme indicate, the deve-
lopment of the educational sector occurred very early this century
and 23 the result of &n autonomous politicsl and institutionel pro~
cess which involved - in Argentina - the establishment of compulso-
ry primery education in the twenties &and & merked development of
techniez2l and professionel schools imn the forties and immediately:
efter the War, This process was not the result of import substitu-
tion snd industriel growth but reflected en eutonomous proposal

from the political system.

The almost complete eradicatiom of illiteracy and the esta=-
blishment of a tertisry and technical education sector of comside-
reble size undoubbedly sre two of the main factors whitch explein
the relestively abundant supply of skilled lsbor which it is possi-
ble to find underlying post-war Argentine industrialization.

"he educetionel sector’s development as a function of the de-
mends from the productive sector - "demand pull"_situationaconsti-
tutes a completely different model from the previous one.
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Experiences like those ‘of Brazil or NMexico show that the edu-
cationel "boom" has been & fairly recent phenomenon - occurring
after the Second World wer - basicelly involving the tertizry le-
vel while at the same time primery education has been quite nsglee-
ted. 28/ The expansion of the educational sector was, in these
cases, & response to industriaslization rather than an autonomous
development &s in the model we mentioned previously.

Although this situation meens thet on average the industrisl
labor force is less skilled in these cases than in the Argentine
context, the availeble evidence indicates that the "demend pull®

model has hed considerable success inh generating the technicel and

_2_'8_? The -fkoilowing data are illusirative

-

Population over 5 years oi age, in 1370
Coun:ries

No education Primary edu- Secondary University Toral
' cation .
Argentina 1,715,800 14.729.050 3,338,650 720, 350 21.034. 73%
Brazil 34,478 882 35,506,827 4,245,729 3.806. 426 79.213,612
Mexico. £3. 364,134 21,393,508 2.933,842 . 357.695 33, 370. 433

Source: Ameérica en cifra 1974, Situacién Cultural., OEA,
Instituto Interamericano de Estadistica
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professional community demended by industriel expemsion 29/ 30/

In short: even if potentially &ll kinds of inadeguescies in
imported technology generate an internsl demand for technologicsal
knowledge aimed a2t "adaptetion” and "improvement", this demend mey
or may not be satisfied, depending on the extent to which skilled
local lebor is availeble which can underteke the tesk of “producing"
the incremental technological knowledge required by ell “adapte-

tions" or “improvements". 31/
‘The lack of skilled labor is a structuresl feature which cen

' 29/ The rete of expansion of tertiery eprolments in, for
example, Brazil or Mexico, in fields such as engineering or the
natural sciences, has been quite phenomenal, even though these
societies as B whole still have an average illiteracy rate of the
order of 30%4. The following figures give an account of the educe-
tional "boom" referred to at tertiary level:

1860 1965 1970 1975

brazil pigineers 11,106 22,121 48,118 75,515

-N. Sciences 39447 6,915 41,124 75,12¢
mexico—Engineers 15,327 26,007 62,501 n.e
-K. Sciences 7,483 12,701 13,224 cE.

Source: UNESCO. "Statistical Yearbook", sewsr—sl mmbers.

30/ 1t is important to note thet the "supply push" model hss
historically generasted an excess supply of technicians and pro-
fessionals who, when notabsorbed into the productive sector, have
given rise to & significent intra- Latin American flow of migra-
tion, from which countries like Brazil, Mexico, Venezuela, etc.
have benefited by acquiring skilled human resources meinly from

Argentins, Uruguay and Chile.

31/ The ergument implies, of course, thet incrementel tech-
nologicel knowledge must be "produced" & _nove, thet is, thet it
constitutes an addition to the existing "stete of the art" and not
routine handling of aveilable know-how,
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~only be modified over the long term since the creetion and mein-
tenence of professional and technical schools assumes &n 1nvest-
ment program which comes to fruition only over decades,

, ‘lence it is reaaonable to assume that the technologicel gep
observable today between Argentinaz, Brazil and Mexico on the one
hand, and the rest of the region, on the other, is unlikely to be
Teduced in the immediate future. It seems rather more logicsal to
agsume that this technological gap will bring about the growing
"internztionalizetion" of the economies of the more meture coun-
tries in lLatin America, which esre rapidly gaining ground in the re-
Zion as: &) suppliers of sophisticsted manufactures, b) suppliers
of organizational end production technology in a2 large number of
branches producing goods snd/or services and, c) direct investors
in third markets, by means of completely owned subsidiaries or
*joint ventures" developed in conjunction w1th local firms ir the

re01p1ent country.

Each of these developments involves a certein shift ewsy from
the traditional paetterns associated with the import substitution
process, and csuggest thet it will be =zdvisable to exemine them in
grezter detall if we are to achieve a correct diagnosis of the pre-
-sent state of affeirsin the Latin Americen region. We shall now
deal with the extent and economic repercussions of the domestic
technological efforts detected in various latin Americen countries.
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ITI. EXTENTAND FATURE OF DOMESTIC TECHNOLOGICAL EFFORTS

In the previous section we srgued that one of the main struc-
tural features which seems to distinguish Brazil, Mexico &nd Argen—
tina from the rest of the countries in the region as far as techno-
logy is concerned, is the recent appearsnce - and gredusrl streng-
thening - of 2 domestic sector which creates technologicel know-
ledge and which complements the flow of technology imported from
abroad with its own output of "adaptive" technology.

This sector cen be located in Engineering Departments, imn Tech-
nical Asgistance to Production groups or in "trouble-shooting" teams
of both large and medium-sized domestic firms and loczl subsidisaries
of multinational groups or of public enterprises. ;g/

This structural feature of the late industrielization model lms
so far received little attention, either at the empiricel or theore-
ticel level, there being obvious lack of concrete evidence as well
as of 8 microeconomic theory of domestic innovative activity in
countries at an intermediste stage of development, which would allow
us, on the one hand, to throw some light on the mein factors which
determine business behavior regarding inmnovation, and on the other,
to incorporate such an explanetion into a broader znalytical frame-
work which would describe the growth psth, the psttern of foreign
trede, etc. of the kind of societies which concern us here.

In this section we shall briefly examine the megnitude, deter-
mining factors, nature, etc., of domestic R & 1, leaving for the
following section the study of the relationship between the domes-
tic innovative phenomenon and the pattern of foreign trede 2nd com-

rarative sdventages.

Let us first look at some of the availzble empiricel evidence.
This is stillrelatively sperse. Two studies related to the Argentine
manufacturing sector reveal research &nd development expenditure
which, towerds the end of the last decade, were in the region of

2 As we shall see later, it is not easy to use & rigid cri-
terion of netionality, size, membership of public or privete sector,
ete. to clessify menufecturing firms into those that carry out do-

nestic technological efforts and those who do not. A_priori concepts
end conventionel wisdom are extremely dangerous in this field of re-

search,
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US$ 30 million annually. 33/ This represents, as zn epproximste
zverage, between 0.3 end C.s% of the annual seles of the indus-
trial establishments surveyed in the papers quoted. 3¢/

Ctler recent studies show very similar figures, 'QE/ rerhaos
marginally higher in the pharmaceuticel sector or in the electron-
ics. area, ;é/ A recent report on the lkexican cese, even though
admitting that it covered only public sector research expendiiure,
while the ... " innovative efforts cerried out by the production
end maintenance staff, although certainly important to the coun-
try’s industry were not covered", estimates extpenditure on researd
and development in the Mexican manufacturing sector as in the re-
gion of USY{ 12 million, which is spproximately ecuivelent to C.1
of the value of production of the establishments involved. 37/

The Bragilian picture confirms this, &t the same time ss it
reveals & spectaculer growth in research and development expendi-

33/ These studies are: J. Ketz: Importacién ce tecnologis..
Cp, cit.,, texico 1976, 4lso by the same author: Creacibn de tec-
nologiz en el sector manufacturero argentino. Ionograffa It 2,
IRD/ECLA, Bs. As. 1976. b. INTI (Instituto Nacionel de Tecnologia
Industrial): Aspectos econdémicos de la 1mportac16n de tecnologia
en la Argentina, Bs. As., November 1974.

34/ In both studies the unit of analysis wes the 200 largcest
industriasl establishments in the country, which as a group =2t thet
time accounted for nesrly 40%¢ of menufacturing product,

35/ P. kaxweli, in his recent study of the iron and steel

firm, Acinder, end this author in an anelysis of the technological
- history of the Ducilo Argentine rayon plant - subsidiary of Du Font-
find exvpenditure in the region of 0.3% of sales allocasted to re-
~ cearch end development &sctivities. See FP. kaxwell: bnstrategie ftec-

nolégica éptima en un contexto econémico diffeil. Monogreffe 40 1§
I5D/ECLA Frogrem, Buenos Aires, Narch 1978. Also J. Ketz et. al.
Productividad, tecnologfa y esfuerzos loceles de investigeseciébn y
¢esarrollo. Nonograffas N¢ 13, IDB/LECLA Program, buenos Aires,
l.arch 1978.

36/ The information cen be found in J. Ketz, op. cit., Fondo
~ de cultura, Mexico, 1976. Various Argentine pharmaceutical firms

show technologlcal expenditure renging from 1 to 29 of their annua.
sales.

37/ The analysis of the lexican case cen be seen in CONACYT:
Polftica nacional de Ciencis y Tecnologis, Nexico, 1976,
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ture undertaken by the cbuntry‘s Public Sector. 38/

~ These sre certainly not huge figures, but they cest some doubt
on the 8 priori idee that domestic technologicel sctivity is prsc-
ticdlly non-existent. In the three countries mentioned it is possi-
--ble to imegine the 100-200 largest industriel enterprises incurring
reseerch and development expenditure which, on average, we could
plece in the region of USE¢ 150 thousand arnually per firm, a2 budget
which certainly enables them to employ an experimental resesrch and
technological development tezm of, again on average, as many 8s
8-10 people,

The existence of this flow of domestic technologicel expendi-
ture of course opens up & number of questions. It seems importent
to 2sk ourselves, first; What kind of technologicel activities are
carried out locally?, or, in other words: What are the objectives
- of. local R&D expenditure?; second: What micro and macroecononic
factors or circumstences encourage or discourage the undertaking
of domestic resesrch and development activities?; third: What di-
rect effects do these local technologicel efforts heve on the pro-
ductive units which carry them out, and what are the various ex-
ternalities which they generate?; fourth: What can we say concer-
ning the advisability of this kind of domestic technologicel effart
when we look at them from & macroeconomic point of view? Let us now
look at some of these topics.

I11.1. Type of Domestic Technologicel Efforts Cerried Cut

The flrst of the ahove-mentioned topics has to do with the de~
finition of technological change itself. In one of the most detziled
studies so far available on technology creation at plant level, S.
Hollander writes: ... "We shall call technological ch&énge any mo—
dification in the production techmique of 2 given product, rut into
practice by 8 specific plant, with the aim of reducing its unit pro-

38/ Brazil’s current Science and Technology program assumes
a spectecular rate of expansion in research sctivities. In 1968
expenditure on S and T in this couniry amounted to only 200-300 mi-
llion cruzeiros annually (a2t 1975 prices) while in the current S
and T plan annual expenditure of the order of 6 billion cruzeiros
annuelly is being programmed. See II Plan Bédsico de Desenvolvimien-
to Cientifico e Tecnolégmco, Presidencia ‘de le Repiblica, Brasilia,
1976. :
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duction cdst®. 39/

;

In his well kmown 1960 study Salter defines the rate of tech-
nological progress in the seme conceptual framework as Hollander,
when he writes: "... the degree of technologicel progress from one
period to enother is defined end measured as the relstive chance in
total unit costs, assuming that the technique used in each period
is that which minimigzes these unit costs". 40/

The two sentences reveal simultaneocusly the richness and limi-
tations of the received body of theory. 41/

The richness lies - see Hollander’s sentences - in that fact
that 21l modifications to & plant ‘s operating routine are consicde-
red to be "technological changes" independently of whether the mc-
dification is "major" or "minor", or of whether (or not) it is no-
.vel at the level of the industry or society. The limitation ap-

- pears, of course, when, in an attempt to define the concept of tch-
nological change we only take into account those modifications to
routine technical functioning assoclated with the reduction of uni-
tary production costs, and ignore other possible effects of techno-
logical activity, such &s quality improvement, diversification of
the output-mix, increase of the physical output of & particuler
plece of equipment, ig/ replacement of imported raw materisels and

_ 33/ S. Hollender: The sources of increased efficiency. A Stu-
-dyzgf Dupont rayon plantis. MIT University Press, Cambridge, 1965,
Decis -
40/ W.E.G. Sslter: Productivity and Technicel Chenge. Cam-
bridge University Press, 1960, p.23.

: i;/ Recalling our statement on previous peges, we can note
here that in the case of Hollander we are speaking of "endogenous”
and "localized" technological change and not of the overasll shift
of a "mete production function”. :

42/ Obviously an increase in the physical volume of j»roduc-

» tion must lead to a reduction in unit cost, since = given fixed

cost will be divided among a lerger number of units. This implies
thet eny technologicel effort which enables the scale of production
to be increased must necessarily have an effect on unit costs. How
. ever, we cannot ignore the frmet that in that case ("output-stret-

ching®technicel change) the fall in costs is only &n indirect or
incidental result of a technological modification which wes origi-
nelly introduced with tke aim of increesing the physical output of
a given piece of equipment.
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spare parts by local substitutes, 43/ etec.

Several of the studies carried out within the fremework of the
IDB/ECLA Seience and Technology Research Program reveal that cost
reduction has not necessarily been a priority of the technologicel
activity undertaken by the firms studied. The lesunching of new pro-
ducts 44/ end the more effective use of installed capacity 45/
seem to have &s or more important-objectives than thet of cost re-
duction. This seems to have been so perticularly in those situe-
tions in which we have been able to detect &t the same time either
low market competition or, alternatively, competition not besed

43/ Bven though substituting one imported rew meterisl for s
domestically produced one (not always the exact ecuivelent) may
well not have & direct effect on costs - or mey even exercise e

‘negative effect- this does not prevent such a2 substitution from
demanding & significant technological effort for it to be put into
operation. lLooking exclusively &t cost data can lead us to lose
sight of this.

44/ Both the peper by lucédngeli, Fidel and Shepherd relating
to the cigarette industry, and Vitelli‘s resesrch on the construc-
tion sector show how the lesunching of new products is the mzin
objective of the technological asctivity of firms in these sectors.
In both ceses this is hardly connected with the gim of reducing
production costs. See 2) J. Lucdngell, J. Fidel y P. Shepherd: Per-
fil y comportemiento de la industrie del cigarrillo en la Argenti-
ne, Monografis N¢ 7, IDB/ECLA Program , Bs.As. December , 1976;
b) G. Vitelli: Competencia, oligopolio y cembio tecnolégico er iz
industria de le construccién. El ceso argentino, Xonografis N2 3,
IDB/ECLA Progrem , Bs.As. December 1976.

45/ The previously cited study on the Argentine rayon indus-
try clearly shows thet during the period 1937-1950 when Ducilo Ra-
yon held the monopoly in the domestic rayon merket, its technologi-
.cal strategy consisted of seerching for a higher spinning speed in
order to produce more kilos of rayon with the available equipment.
 During this stege there wes little "technological search" esimed =%
reduc;ng costs., However, the latter became the nub of technologi-
cal stretegy during the sixties &nd seventies when the merket bece-
me much more competitive with the entry of Sniafe end Reysol. See:
J. Ketz et 8l., op.cit., Monogrefia N¢ 13, IDB/ECLA Program, Bue-
nos Aires, March 13978,
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-specifically on prices, but on quality, product differentiation,etc.

If we look at these results from the point of view of received
theory -~ which, according to what we have seen, is hased on the
asumption that the main aim of technologicel sctivity is cost re-
duction - it is difficult to avoid feeling that thet theory still
lacks the necesgery flexibility to cepture and describe the techno-
logical phenomenon of many industriesl markets in Latin Americs,
which for historical reasons have so far been more protected &nd
concentrated than those of the USA or Europe and therefore heve pro-
vided less incentive for search for lower production costs and, on
the other hand, have encouraged technological strategies of product
differentietion, or similar omnes, &ssociated with oligopolic compe-
tition.

In short: with regard to the type of technological efforts dis-
covered in the various studies on technology creation on the lstin
American scene, the available evidence suggests that they respond
to a2 variety of objectives, among which cost reduction is only one,
and not necesserily the most important one. In & less competitive
world than the developed one the search for operating efficiency
may well be less important than other alternative strategies. This
situation gives rise to somewhat different "technologicel bveha-
viors" from those which have meinly been studied in received lite-
rature.

III.2. DMNicro and Macroeconomic Variables which Encourzge
or Discourage Domestic Technological Efforts

Let us now move on to the second of the above-mentioned topics,
that is, the micro and mecroeconomic veriebles which affect (positi-
vely or negetively) the propensity of the economic agents to under-
take local technologiczl efforts. Among the microeconomi¢c fsctors
which influence the extent and nature (bies towerds the relative
saving of & perticular factor) of domestic technologiczl efforts,
it seems adviseble to mention: &) the initial design conditions; 4/

46/ In & paper to be distributed shortly, F. Sercovich
studies the relationship between initiel design conditions ‘in en
industrial plant - his examples are taken from the Argentine pe- .
trochemical sector - and the technological strategy followed by
different firms in the sector after planmt start-up. This author
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b) the nature of the pfoduct 47/ and the merket in cues-

notes thet ... "elmost no industrial process is so complietely

¥nown that e new plant can be designed simply from library zro-
grams representing 2 theoretical solution”. This implies thet thnere
is generally a broed mergin during the design stage for =4 hoc so-

- lutions, based on experience with previous designs. Besides this
technicel uncertainty erising from the impertfect level of informs-
tion about the productive technique finally chosen, it is #lgo true
thet during the design stage the engineering team must nececserily
opt for one of the possible solutions a2nd reject others in order to
evaluate the former in greater detsil., It is then thet there is ¢
certain loss of technical informetion involved in the non-evezlusted
solutions, and &lso the inevitable interference of the design pere-
meters inherent in the socio-economic enviromment of the country of
origin of the technology. As & result of the first element - techni-
cal uncertainty - cnd the second - incomplete eveluation of zlvern?-
tives or uee of technical persmeters belonging to & developed coun-
try - it is not uncommon to observe thet the chosen solution 1rter

Presents problems of over or under design which determine both the
magnitude and nature of local innovative efforts. See: F, Sercovich:
Ingenier{z de disefio y cambio technolégico endbgeno. Monografis el
(in print) IDB/ECLA Program, Bs. As. June 1978. On this point, Ser-
covich’s snalysis is closely related to N. Rosenberg’s srgument
2bout the existence ofwcompulsory sequences"which direet the techne-
logical search activity of a particular firm. See: N.Rosemberg,
Perspectives .... Op.Cit. Cambridge University Press, 1976,

47/ In his study of the construction sector, G. Vitelli shows
hoew the individusl nature of the "products" menufactured by this in-
dustry to a large extent determine the kind of technological efforts
which the construction firms must undertake. There zre msrked differ
ences in this respect between the construction of dwellings - & re-
latively standardized product -~ and large infrastructure works,
such a lerge dams, roads, etc. In the latter kind of works there is
practically no repetition and this meens that new technical specifi-
cations must be drawn up for each particular case. Put znother wey:
the “product® specification requires & substantial resesrch znd de-
velopment effort before (by the institution ordering the work) and
after (by the construction firm) the work is tendered. See G.Vitelli:
Competenciza, oligopolio y cambio tecnolégico en la industria de le
construceién. Monograffs n®3, IDB/ECLA Progrem, Bs.As., December
1976. :
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tion 48/; o) the relationship with the foreign suppliers of the .
technology involved (whether this is the parent company, a licen-
sing firm or an equipment supplier); d4) the quslity of the engi-
neering team employed, 43/, etc. '

Another study in which it can be seen how the nature of & product

or, in this case, of substitutes - influences the "technologicsl
search" path followed by & particular engineering team, is that by
this author related to the rayon menufacturing plent of Ducilo Ar-
gentine (subsidiary of the Du Pont group). The appearance of nylon
in the Argentin& market and the consequent contrection in demend
for rayon it produced led Ducilo’s department of Mechanical enjChe -
micsl Experimentation to study in greater depth two technological
tmprovements-to their production process, the spimning of High So-
lids and the spinning of Polynesic Yerm. Both techmologicel changes
‘substantially improve the quelity of the mamufactured product at the
seme time ag facilitating sevings in production costs. The increase
in quslity partly counteracted the negetive impact of the appearsnce
of nylon. See J. EKatz et al, Productividad ... og.cit. Nonografia
N¢ 13, IDB/ECLA Program. '

48/ With regerd to the relationship between local technolo-
gical efforts and market structure (and the changes in the latter
over time), two papers of the IDB/ECLA Progrem provide interesting
information. During the first two-three decades of Acinder’s (iron
end steel) and Ducilo’s (rayon) operation, the R and D "projects"

undertaken locally by the two firms ere besically aimed &t elimina-
ting "bottlenecks" which prevent the incresse in the physical vo~
lume of production attainable with the availeble equipment. This
coincides with a stage in which the two firms ere operating in
buyers markets, in which excese demand can be observed. The se-
cond helf of the fi ties and t@e slxties show a substantielly di-
fferent picture.” The level of competition prevailing in the market
has grown considerably. Both firms now operate in sellers - merkets
in which costs and quality (above all the latter) are two priority
areag for local innovative activities., For the two papers see P.Max-
well, Learning. and Technical fhange in the gteelplent of Acindar §.A

Monggraf{s n® 4., IDB/ECLA Progrem, Bs.As. December 1976 and J.Ketz,

et.al. Productividad ... Op.Cit. Monografia n13, IDB/ECLA Program.

49/ We have noticed marked differences in the quslity end tech-
nicel training of the R end D teams of firmas competing in the same

a
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These microeconomic faétors effect a) the original choice of -
technology, b) its 2djustmemt t0 local circumstances and the extent
to which the chosen technological design approaches optimum con-
ditions, c¢) the direction and productivity of the different innove-
tive programs to be undertaken by & specific firm after plantstert-
up.

. In eddition, several of the studies carried out show how micro
economic veriables affect the amount and nature of locelly generated
-technological knowledge. Among these sre: the exchange rete, the in-
terest rete, the cost of skilled labor, 50/ the rate of growth =nd
fluctuations in the economy, the degree of uncertainty with which
the letter operstes, etc. Together with the above-mentioned microe-
-conomi¢ variables, the latter determine both the rate of investment
and the opportunity cost of the decision to continue operating with
eduipment of &n older “technological vintage" reconditioneé and
"improved" by local innovative efforts. 51/ Taken together, our re

merket. Thus, while Ford Argentine for exemple, employed more then
200 people in its Product Engineering Depsrtiment, other firms in the
seme zutomotive sector had made only merginel incursions into liocel
innovative activity. Identicasl examples can be located in practics-
11y 211 snd every one of the branches of industry.

50/ J. Lucéngeli and J. Fidel have recently completed en inte=-
resting exercise relating to the Argentina tobacco sector in which
they compare: a) the internel rate of return of B program of equip~
ment replacement in a cigarette menufecturing plant, with b) the
alternative level of profit attainesble by meens of the modification
~and improvement of the svailable equipment, which is representative,

on average, of the technological vintage of the fifties. These

suthors conclude by saying that three variables ~ the exchenge rete,
the cost of the raw materisl 2nd the weges of skilled lsbor - affect
the choice between modernizing and replacing the machinery employed.
See J. Lucédngeli and J., Fidel: Costos y beneficios de distintas op-
ciones tecnolégices en el marco de un oligopolio diferenciedo - la
industria del cigarrillo. Monografis N¢ 18, IDB/ECLA Progrem, July
1978. '

51/ The theoretical model used by J. Lucdngeli and J. Fidel
in the study quoted above has been developed by A. Canltrot in &
IDB/ECLA Progrem paper in which he examines the role of macroeco-
‘nomic verisbles as determining factors in different kinds of in-
vestment and innovation behavior. See: Un esquema para evaluar el
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sults relating to the micro and macroeconomic variables which e ect
locel innovative activity seem to suggest thet the firms do in fact
generate a technologicel response when faced with the restrictions
and *bottlenecks* imposed by the technology originelly selected,
and also when confronted with changes in the contextuzl veriebles
with which these firms operate over time (for example: degree of com=
petion prevailing in the market, cost and avaeilability of rew mete~
riels, relative cost of labor and capitel - exchange rate, lebor le-
gislation, etc.). As C. Freeman says: "this response by the firms
is most likely (and effective) when the change is more drestic and,
therefore, more cleerly perceived®. gg/

We here close our brief summery releting to the second of the
guestions we reaised previously. Our next section examines the rela-
tion between these locel technologicel efforts and the operating
performance ~ both &t home and abroad - of the firms which undertie
them.

III.3. Domestic Technological Efforts snd Economic Perforumeme

0f the seversl consequences which arise from the existence of
a flow of R & D setivity produced independently at plent level, two
are particulaerly important from the point of view of their effect
on long term growth.

The first hes to do with the aggregete impact of these techno-
logical efforts on overall productivity of the factors employed by
the firm which undertakes them. The second consequence partielly
arises from the foregoing, &and relates to the effect of the increse
in productivity on the relative gap which seperates a particular in-
dustrial plent from the "average standard” prevailing internations-
1ly in a specific field of manufacturing production. We shall argue
here that the increase in productivity and the existence of adaptive
technological efforts are necessary (although certeinly not surti-
cient) conditions for & firm to approach international competitive
standards, meking feasible its eventual participetion in region=l
‘or extrae-regional third markets.

significado de las varisbles macroeconémicas en €l 2ndlisis de in-
corporacién de tecnologias, Monografia N912,_IDB/ECLA Progrem,

September, 1977. . ) oaver
ll. p
52/ C. Freeman: "Technicsl Change &nd Unemploymen
given 8t the conference oOn nSscience, Technology and Public Poly-
cy", University of New South Wales, December 1977, Mimeo, p.8.
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Let us look at the two topics separately, beginning with thet
referring to the impasct of domeatic technological activity on fac-
tor productivity.

8e Domestic R & D and Productivity Growth.

Various studies cerried out in recent years confirm the greet
importance of "minor" technological change as a source of substan-
tial increases in manufacturing productivity. Perhaps the most de-
tailed of these pepers is thet by S. Hollander, who, after study-
ing several rayon producing plante belonging to the firm of Du Pont
in the United States, concludes by saying that: ®*... The contribu-
~tion of "minor" technological change to increased efficiency over
time has been of great importance in the cases we have analyzed.
The relative effect of minor technological changesas a proportion of
overall technological change is 100% in Spruance II, 83% in Spru-
ance II~-A, 80% in Spruance I, 79% in 01d Hickory and 46% in Spru-
~ance III". 53/ :

Other authors, using less detailed metnodalogies than Hollan-
-der ‘s, basically confirm the same view. The most important among

them are the studies by N. Terleckij, 54/ J. Enos, 55/ J. Minasian,
56/ %Z. Griliches 57/ and others.

. - 33/ S. Hollander, The Sources of Efficiency Growth, MIT,
'University'Press, 1966, Chapter IV, p. 120.

: __/ N. Terleckij, The sources of Productivity Advence, A
Pilot Study of Menufacturing Induetries, unpublished doctoral
thesis, Columbie University, 1960. (Microfilm version, Ann
Arbor, Mich., 1970).

55/ J. Enos, "Invention &nd Innovation in the Petroleum
‘Refining Industry®, in: (Ed. R. Nelson), The Rete and Direction
of Inventive Activity, NBER, p.93, Frinceton, 1962.

56/ J. Minssian, "The Economics of Research and Development",
in: (Ed. R. Nelson), The Rete and Direction of Inventive Activity,
NBER, p. 93, Princeton.

57/ 2. Griliches, comment on W.F. Moeller’s article "The Cri-
- gins of the Basic Inventions UnderlyingDu Pont’s Me jor Product end
" Process Innovations, 1920-50*, in (Ed. R. Nelson) 0p. cit., p.323.
Also, by the same author, Research expernditure and growth Account-
ing in: Science and Technology in Economic Growth, Mac Millan, Lon-
don, 1973,
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Various pieces of research cerried out during the last few
years in the Letin Americen area describe & relatively similer sce-
nerio with regard to the explanation of productivity increzses; A,
Petrecolla et al 58/ with reference o the Argentine electronic
industry, M. Ramirez Gémez on electrical power generation in Colam-~
bie, 59/ <the present author both within the framework of inter-
industry research which includes the 200 largest manufacturing
firms in Argentina, 60/ and in the much more detailed context of
& microeconomic study similar to that undertaken by Hollander in a
rayon producing plent, 61/ etc., all show thet in the context of
"1ate ipdustrializers" the flow of domestic technologicel efforts,
the great majority of which are "minor® in nature, also has a very
significant effect on the growth-path:of manufacturing productivity.

Several of these studies also show that in countries of "late
industrialization? locelly generated technological chenge tends to
be: a) relatively less labor-saving and b) more frequently of =
"disembodied® nature - adjustments and improvements to products
and/or processes - than that obtained through the purchese of tech-
nology end foreign technicel assistence. 62/

In short: the statistical relationship between technological

. 58/ A. Petrecolls, R. Zubiete, H. Abrales y J. Nogués, Injus-
tria electrénica rogreso_técnico en un contexto de industricii-

f;;ién, Editoriasl del Instituto, Instituto Di Tella, Buenos Aires,
4,

59/ M. Remirez B6mez: Cambio tecnolégico en la industris de

generacién de energla eléctirica de Colombia, Konografies de Trabejo
Ne 8, IDB/ECLA Program, Buenos Aires, December 1976,

60/ J. Ka%z, Importacién de Tecﬁologia, Agrendizejé e Indus-
trializacién Dependiente. Fonde de Culture Econémice, México 1976.

61/ J. Ketz, M. Gutkowski, M. Rodrigues y G. Goity. Producti-
vidad, Tecnologi{sz y Esfuerzos Loczles de Investigescién y Desarrollo.
- (Estudio de uns planta productoras de rayon). Xonogrefis de Trabsjo

N213,IDB/ECLA Progrem, Buenos 4ires, 1978.

62/ See, for example: 1)J.Katz et.al Productivid"d Op.ci
. L L] . £=3 See 'Clt-
Nonograf{e de Trabajo Ne13, IDB/ECLA Program, Bs.As., 197é; 2) M.

Remirez Gémez: Cambio Tecnolégico Op.sCit. Monografi
. A s e P . d c
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expenditure and overall increases in productivity which the lite-
rature on "sources of economic growth"has examined in relztion to
developed countries during the gixties, does not seem to apply ex-
clusively to mature industriel societies, 63/ Wheme the presence of
skilled human resources at the plant level mekes feasible the domes-
tic production of new technologicesl knowledge, it can be expected
that after a certain number of productive periods, and by meens of
2 process of accumulation, the flow of domestic technologicel
efforts will become the mein "explanation" of the growth observed
in manufacturing productivity.

There is no obvious reason to assume that the relative produc-
tivity of these technological efforts - and thelr immediate coun-
terpart, which is the rate of increase in overall factor producti-
vity - must necessarily be any greater or any less in industrisl
plants which operate in the same sectors of activity in relatively
more advanced countries., In principle there is nothing to prevent
g particular firm established in Brazil, Mexico, Argentina, etc.,
from improving its relstive position in the internstional scene by
means of "adaptive" technological activity and gradually cliosing
the relative ovroductivity gap which separates it from the world
"average standard", eventually reaching & position of potentisl
competitiveness in third markets. In our opinion & situastion of this
type seems to underlie the growing international competitiveness of
several of the "late industrializers’which in the last few yezrs
have been very successful both as exporters of technologiczlly so-
phisticeted manufactures and of technology as such. The following
section of this paper examines briefly developments in this area,
which still reguires a considerable amount of resesgrch,

b, Domestic Technologicel Efforts and Exporil Cepecity

We have alreedy seen that domestic technologicel efforts are
often carried out by firms which operate on the basis of &n impor-
ted technologicel design as the result of a2 need to adapt this de-
sign to local market snd environmental conditions. This need for
adaptation may have to do with: a) the type, cost, etc. of the rew

63/ Of course, the specification problems which underlie this
statistical reletionship, which have already been discussed with Ire-
ference to studies carried out in developed countries, are also pre-
sent when the same statistical reletiaonship is estimated for the Le-

tin Americsn netions.
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materials locelly availeble; 64/ D) the relstive factor vrice in
the locel market; c) the scale of the plant; d) the climetic, geo-
grephical, etc. conditions in which the product and/or process zre
used locally; gg/ e} specific characteristics &and recuirements

of the local consumer with regerd to gquelity, m&éintensnce, servi-
cing, etc. 66/ f) the nsture of the by-products esrising from the
product manufactured or the process employed; g) differences in the
legel and institutionel framework, in the l&hor field or in the lo-
czl merket structure, 67/ etc.

Once the various inasdequscies of the imported technologicel
design have been overcome - by means of "minor" locsl innovstions-

64/ It is common to find, for example in the petrochemical
aree, firms which at the beginning of their local operstion used
imported raw meteriels which were subsequently repleced by locel
substitutes. This replacement usually required applied resesrch
efforts, experimental work in pilot plents, etc.

§§/ The sutomotive industry, tractor production, etc. cre
typicel examples of irdustries in which the country’s physicel in-
frastructure hags forced most of the industrizl esteblishments
which operate in the domestic merket to introduce significent modi-
fications end esdaptaetions into technologiceal degigns originating in
the United States or in Europe. See in this ¢omnection the ceses of
Ford eyd Pist referred to in 2 previous monogrepn, J. Ketz and E.Ablin,
op.cit., Desarrolle Econémico, N2 65, Vol.1l7, 1977.

66/ - The electronics consumer indusiry or che zutomotive sec o
are often quoted as examples of brenches of industry in which the
domestic consumer does not meke demands of a level of sophisticetior
comparadble to those made in mature industrial countries. In these
.- cages domestic technologicel efforts may well be 2imed &t reducing
- the level of sophisticetion of the foreign technologicel designs.

57/ The recently concluded study on the rate of technologi-
‘ca2l change in the Ducilo Argentine rayon plant revesls thet Argen-—
tine labor legislation is in seversl respecis (e.g. 2ir conditions,
in verious seetions of the plant, evironmentel conditions, etc.)
- more rigorous then that of, for example, the United States. This
obliged the firm’e engineering team to carry out technologicel
work in order to comply with legal &nd institutional requirements
which the originel technology never contemplated.
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it seems intuitively clear that the available technologicel "vec-.

- kage" ("blue-prints®", engineering rules, etc.) must necesszsrily be
different from the one originally obteined from abroed. Vhether in
Yembodied" form (in the end product, in the equipment used in its
production, etc.) or in "disembodied” form (in terms of engineering
procedures, management rules, etc.) the "new" technologicel package
.must have a higher degree of adjustment to local conditions than did
the original technologicel design. 68/

In these circumstances it is not surprising thet the "new tech-
nologicel packege" should be well received in third markets cherac-
terised by features of geography, climate, institutions, size, type
and price of aveilable factors and raw materials, etc., to some ex-
tent similar to the local characteristics which produced the neec
for adaptive technological efforts.

In other words, in these circumstances it is herdly surprising
thet the adaptive technological activity should give rise to the
eventual appearznce of a "new" product or process capable of earning
profits when soldin third merkets. §£9/

This mey occur by means of various mechenisms, as for exsmple:
1. direct exports of products containing "embodied"” technology; 2.

68/ 1In other words, the "new" techn i
; ologicel package is = mo-~
:g "sppropriate” production function with respect to local condi-
ions. |

ég/ Strietly speaking, this "new" product or process mey £lso

esrn sdditional profits in its own market of origin, either by ene-
bling itc owner to expand the volume of production or through & li-
cense to third perties. There are, however, reasons to believe that
this latter course of ection will not normally be chosen by the
owner of & technologicel packege of the kind exemined here. On the
.one hand, it is unlikely that the owner of & "new” technolozy will
be interested in licensing it to @nother firm operating in the same
market. On the other hand, and &s & consequence of the very neture
of the technologiczl knowledge involved in the “new" technological
package '— which does not constitute a major shift awey from the pre-
veiling state of the art, but“sub—innovationsm relstively eccessible
to firms elresady competing in the innovator’s merket - its ressle
velue will presumebly be less than it cowld eventually commend in
foreign merkets,
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direct investment progrezms; 3. granting the rights of utilizetiun
of & licenseto third firms; 4. the sele of & complete plemi; etc.

Iuring the last few years the following have been geining in
importance: &, the export of industrisl menufectures - smong which
can be found items of relative technological complexity thet have
required domestic R & D efforts of some significence, such es cers,
trector§ antibiotics, electromechanical equipment, sgriculturel me-
chinery, etc.- b. the sale of complete plants through "turnkey"
contracts and c. programs of direct investment by locsl menufsctu-
rers in third countries in the regiom.

Some of these topics have been studied in recent yeers but
practicelly all of them still require a detailed research eftort.
we know, for example, thaet the locel subsidiaries of muwltinational
firms control B significentproportion of the intra-regionzl exports
of sophisticated menufactures, 70/ but they do not weigh very hea-
vily in relative terms in the increasing flow of exports of pure
technology 71/, & flow which scems to be associated with medium-
sized firms, domestic engineering firms and finenciel arresngements
undertaken by local banks. We 2lso know that the export of sophis-
ticeted mamufactures and turnkey plents is not restricted to the
Lotin Americen examples weé have mentioned - Argentine, Brazil and
Mexico = but thet it is also growing in importsnce in Korez, Sings-
pore and Taiwan. 72/

70/ See in this connection, J. Katz and E., Ablin: Tecnologie
¥ exportaciones industrisles: Un andlisis mecroeconémico de ls ex-
periencia srgentina reciente. Deserrollo Econbémico, K2 65, Vol. 17,
pp. 89-132, Bs.As., April-June 1977.

71/ 1In s recent IDE/ECLA Progrem paper we heve hsd the oppor-
. tunity to study 35 cuses of the export of "turnkey" plsnts under-~

. teken by firms esteblished in Argentina. Only 6 of these exvort

- agreements were gccounted for by multinetionel firms end involved

: the participation of the respective Argentine subsidisry. See:

J. Katz and E. Ablin: De l2 industrie incipiente 2 le exportacién
.de. tecnologia: l=2 experiencis argentina en le vents intermecionel
de plantas industriesles y obres de ingenieries. honografia de Tra-
bajo Ke-14 of the IDB/ECLA Science &nd Technology Resesrch Program,
Es.As., April 1978..

72/ See: J.Katz et.al. Op.Cit. Productividad, tecnologis ¥
esfuerzos loceles de investigecién y dessrrollo. lMonografis de tre-
bajo N¢13, IDB/ECLA Progrem, Buenos Aires, March 1978,
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By way of example, the following tables offer empirical evidence reler-
ring to the Argentine case; what we know asbut Bezl, 73 Merico, 74/

73/ 1In the hope thet Brzzilian exports of services will in-
crease rapidly, the President of the Bank of Brazil revesled thet
bid bond transactions rose from USE 2.2 millon in 1974 to USE 36.2
million in the first nine months of 1976. Likewise, verformence
bond transections, which d4id not exist in 1974, reached US{ 2.7
million between January and September 1976. On the other hsznd, the
measures undertaken by CACEX to promote the szle of engineering stu-
¢ies and projects overseas include credits for US? 75 million to
finance the construction of airports in Bolivia, senitetion works
eénd vipelines in Pazraguay, & hotel in Peru, and communications bet-
ween Brazil, Bolivia and Peru, as well as the exploitation of water
resources in Senegal.

The foregoing is the translation of a statement made by Angelc
Celmon de S&, President of the Bank of Brezil, during & Services Ex-
port Seminar held in the auditorium of Itamerzty and rublished in
the Jornzl do Brasil on 22nd October, 13976.

74/ Wwith reference to Mexico, between Jemuery 1972 end July

- 1Y7% -exports of technology and special services reached & value of
US¢ 137 million, & figure which can be considered promising giver
the incipient nature of the process and the strong growth of this
type of exports since the last date mentioned. In fzct, if we besr
in mind that the plsnt sold to Argentina in 1976 for the vroduc-—
tion of newsprint from sugar cane bagmsse in the Province of Tucu-
mén &alone involves an investment progrem costing US§ 200 million,
one cen heve some ides of the dimension of what is heppening in
this direction. Mexico hes successfully sprroached the szle of
plents through - among others - four baesic technologies developed
locally: i) H 8nd L’s (Hojelstsz y Lémine) technology for direct re-
duction in the iron znd steel industry. The Venezuelsn firm of
SIDOR has set up its Orinoco steelworks using this system, which is
%lso'incorporated - or about to be incorporsted - in the iron end
‘eteel industries of Brezil, Irek, Iran, Indonesia and Zambis. ii)
LEMEX technology developed by Petrébdleos Mexicenos (PENMEX) for metal
extraction from crude oil during refining (used in Colombiz &né Je-
meice), 2nd & refining system which will be merketed by UCP Inc.,
one or ‘the lzrgest consulting firms in the petrochemicezl sree.

iii) The Cortine method, conceived by I.C.A Construcciones foi' pre-
moulding concrete stfuctures, elready used in Colombie end Venezue-
le. iv) The Cusi process - belonging to Bufete Industrizl - for the
menufacture of hewsprint.from'sugar cene bagesse.
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Table 1. Argenltine Industrial Manufscturing Exports
“ 1969-76

Argentine Expgrts 1969-1976 (in millions of USE)

Year Industrial Total kxports (1)/(2)
lanufactures (2)

- (1)

1869 166 1,611 : 10, 3¢
1970 : 181 1,772 10,72
1971 211 1,740 12,12
1972 278 1,941 14,32
1973 596 3,265 18.2%
1974 836 3,92¢ 21.28
1975 628 2,961 21.21
1976 : 794 3,916 2C.28

Source: Secreterie de Estade de Comercio Exterior

Table 2. Some Examples of Internationalizetion of
Argentine Manufacturing Pirms 75/

Firm Activity Country in Which
Established
Ziam di Tells Electromechanical Brazil
Roque Vassalli Agricultural Machi- Brezil
nery
Industrias Biderdr- Ferro-alloys Brazil
gicas Grassi
Rosati y Cristofaro Metal Structures Venezuela
Bagéb o Pharmaceutical Pro- Peru
ducts
Aurors Electronic lLighters Prazil end Spein

Source: Drawn up by author.

Furthermore, 29 technclogy exporting firms heve gsthered to form
.8 group called Tecniméxico, which has state support, in order %o
coordinate the supply of engineering services. For this inforwstion,
see Business Veek, 4th August, 1976, McGrew Hill Inc, end Tecnimé-
xico”s own list of sctivities, which shows it to be underteking en-
gineering works end installations of complete plants in more then
10 Latin Americen countries.

75/ This topic, closely connected in this country with techno-
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Table3  omplete or Turnkey Plants and -imu-:ln Works x| od by Argentina during the Feriod -
. 1973-1977 -
1
}
_} .
Fira i Destination Yemr Valus in USS
1. De Saet Arg. S5.A. Vegetable oil Factory Bolivia 1973 5,524,372
2. Nisalce $.A. Plant for production of cooked meat amdl meat extract Bratil 1973 300,000
3. Standard Elsetric Arg.S.A. Automatic Telephons exchange and external Ecuadoer 1973 678,857
. compunicarions plant
4. Sicom 5.4, Therough communications system for public service Chile 1973 2,829,398
5. 5TI Ingenfaria 5.4, Meat combine. C(omplete slaughterhcuse and meat- Cuba 197 12,500,900
L. packing plant for beef
6. Phoepicia S.A. Complete bakery piant Cuba 1974 2,900,000
7. Wisalco S.A. Glyzerine production plant Mexloo 1974 90,000
8. Emepa S.A. 15 storage sheds with metal atructures and Facings tuba 1974 6,775,007
for port storage
9. Emepa 5.A. Sheds with metal structures and decks and silea for Cuba 197 15,540,532
poultry fards .
10, Talleres Adabor S,A. Metal silos Mith integrated transporters Cuba 1978 2,829,073
11. Lix Xlett S.A. Alr cmditicn&ng. ventilation and heating Installation Paraguay 197 90,000
for a bank building -
12. Meitar Aparatos S.A. Citrua fruit processing Cuba 1¥75 §,200,000
13. Dosicenter S.A. Two plants for honey production Cubs 1975 3,490,000
14, Eximparg S.A. Plant for extraction of vegetable oil from cotton sSeed Bolivia 1975 %, 000,000
15. 5.A. Lito Gonella e Hije Supply, distr!butioﬁ and pumping terminale for Ecuadar 1975 1,998,300
liquid gas . .
16. Techint S.A. _ 01l pipeline and pumping stations Peru 1978 126,000,000
17. Laboratorioebagh 5.A: . Anribietic preduction plant Bolivia 197% 22¢,000
13, Benite Roggic e Hijos S.A. Turnkey airport Paraguay 1975 $2,000,000
19. Nizalee 5.A. Water treatmant plant for industrial use Uraguay 197% 47,300
20. Meitar Aparatos S.A. Processing of citrus fruits, pineapple andi mandioeca Bolivia 1976 8,810,000
21, Establecimientos Gale Plant for spice procesaing and packing Cuba 1976 1,841,000
Llectromecénica 5.R.L. -
22. De Smat Arg. S5.4A. Complete plant for oil extraction via solvents and . Uruguay 1978 6,378
pelliet plant for the procesaing of sun~flower & soys cakea
23. auigl S.A. Plant for production of lead onide . Vanezuala 1976 146,800
4. Harlal S.A. Plant for lead smelting and recovering Venezuela 1976 135.100"
25. Cemati S.A. Manufacture of forge spare-parts for electric plants Bolivia 1876 - 146,466
26. Phoenicia 5.A. Complete bakery plant Chile 1376 114,972
27. Industrias Metallirgicas Poirltry slaughtering and procesaing plant Paraguay 1976 186,671
Calssutti 5.4, : b
28. Giuliani Hnos. S.A. Balanced powdered food facrory Bolivia 1976 338,173
29. Gases Industriales S5.A. Fats refining plant Chile 1976 - 286,256
30, Secadoras Iradi S.a. Grain processaing and storage plant Uruguay 1376 483,572
31. Laboratorics Bagh S.A. Plant for extraction of active elemants from vagetablea Honduras 1976 50,000
32. SEI Ingsnisria S.A. Plant for mapyfacture of saddum caseinato and/or caleium Uruguay 1977 269,485
: and powdered puttermilk
33, Tecnimoptsade (Consorgio Plant for pesticide manufacture Bolivia 1977 %5,004,000
Italo-Argentino} ’
. Latinoconsulr S.A. Turnkey hospital Ivory Coaast 1977 46,000,000
TOTAL 30,742,179

Source:

Prepared by the authors with original Informatiom.
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India, 76/ etc. is still very limited but nevertheless suggest ve,

A reesding of the- foregoing tebles, and the existence of ners-
llel empirical evidence indiceting thet 2 similer phenomenon is in
full process of development in Brezil and Mexico suggest the po—
ssibility thet the three "“late industrieslizers® within lstin Ameri-
ce are todey beginning to produce their own cycles - £lso celeted -
of direct foreign investment and exports of sophlstlcatea menufee-
tures and pure technology.

~ In other words, two or three decades after exteriences like
thet of Japen or Italy, on 2 much reduced scale and within the con-
text of & greater structural weakness, these three countries would
appear to be showing various features of "capitelist meturity" u-
suelly ettributed to more developed countries.

In the same way as with other structurel festures of lete in-
- dustrislization, exemined briefly in earlier pesges, thics ztvperent
novelty cells for both a theoreticsl interpretative framework znd
for economic policy instruments which, at both the domestic znd in-
ter-regionel level, will cooperate to give 2 legal and institutio-
nsl orgenization to the phenomena uneovered by socio-~economic re-
search.

logy exports, should be the subject of 2 wider éebezte, which is 1~
rezdy teking plece in Argentins,., An example of the ewsreness of this
paenomenon is the crecstion of an Office for Oversees Investment ‘Di-
reccibén de Inversiones en el Lxterior) by <the Economy Ministry
(see La Neeibn, 1/11/77). At the acedemic level there zre 2z few in-
troductory monocgraphs which should be followed up. See Louls Wells,
The Interpnetignelization of Firms from the Developing Countries,
Graduete School of Business Administretion, Herverd University,
Jenuery 1976. See slso the erticle by Carlos Diaz Alejendro, Li-
rect Foreign Investment by letin Americans, Mimeo, Nuffield Co-
llege, Oxford, 1976. Dr. E. ¥White, of the Instituto Latinocemericano
peéra le Integraciém (INTAL) is at present carrying out & study on
‘this subject, and has found soame 50 cases of interest in the region
&8 2 whole, C

76/ See, in comnection with the Indian case: . Hell: Teve-
loping counsgries es exnorters of technology. A Drellmlnﬁry enaly-
sis. Op.Cit., Mimeo, June 1978.
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IT1I1.4 Domestic Technolozicel Efforts and Resource Allocatioh

_ Previous sections of |thie report have enabled us ito esteblish
on the basis of meterial gathered in various studies in the IDEB/
~ ECLA Program: j

a. Thet there exists & significant flow of domestic technolo—
gieal efforts carried out at menufscturing plant level - especizlly
in Argentlne Brazil and Mexico and to a lesser extent in Colombis,
etc.- 2imed at "adapting“ and/ or “improving" technologiceal designs
1mnorted from ahroad.

b. That these technological efforts heve various aims, sgmong
which can be mentioned the expension and improved exploitation of
instelled cepacity, the launching of new products, the improvement
of the quality of existing products, the use of domestic rew mete-
riels to replace imported ones, cost reduction, etc.

c. Contrary to what is assumed in most of the literature, on-
ly 8 small fraction of the technologicel efforts observed is zimed
at reducing unit production costs, a fact which is probably asso-
ciated with the higher level of protection and oligopolic concen- -
tration enjoyed by the dlfferent industries examined in Latln Ameri-

can countries.

d. That the accumulated flow of domestic technological efforts
hes & significant impzect both upon overall factor productivity at
vlant level, and upon the export capscity of the firms which under-
. take them."

, e, Thet the latter is reflected both in the growing export ce-
pacity of technologically complex manufactures and in an incipient

but clear trend towards the export of technology in the form of

- "turnkey" plants, technicel assistance contrecis, provision of ba-

sic- and detail engineering for infrastructure works, units for the

provision of services (such as hospitels, sirports, etc.)

Now despite the intrinsic interest of the foregoing results,
they do not enable us to finally establish whether or not we sre in
the presence of a flow of domestic technological efforts which, evwa-
luated from & social {and not private) angle, can be consicered to
be an efficient allocation of resources., In other words, we have
not thus far been able to establish whether such domestic technolo-
gical efforts lead in the long run to society’s maximizing the rate

of growth .of its vper capita income.

In fact, from a social point of view, the letter is a erucizal
question for an evaluation of the cost/benefit ratio of the resour-
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ceg allocated to research and development tasks of the kind exs-

" mined in this paper, since it may well be true that by means of do-
mestic technologicel activities and “minor" innovetions, & perticu-
lar country is artificislly malntalnlng in operatlon industrisl
plents, or even branches of industry, which are relatively fezr from
the country’s dynamic comparative advantages,

This subject has scercely been studied during the first phase
of the IDB/ECLA Program. To do so it would be necessary to meke a
detailed study of matters inherent in the patitern of dynsmic compa-
- retive advantages, in the structure of industrial markets, etc.,
topics which have only marginzlly been studied in some of the Fro-
gram’s papers.

In order to approach this analysis, it would be necessary to
distinguish between different situstions. On the one hand, we find
examples of manufacturing sctivities which clearly form part of tie
comparetive advantages of a society and which from the outset ceén
operate without any kind of subsidy or protection. The sllocetion
of resources for the creation of techmnology in these activities,
will by definition be profiteble from 2 sociel point of view.

A second exemple is that the"™infant industry" , which needs

& certain degree of protection to survive and expand. The &lloca-
tion of resources for the creation of technological knowledge is

. Justified here when productivity growth eventuslly allows protec-
tion to be withdrawn and the industry in question to be included
among those which correspond to the subset where the country attsins
~ comparative advantages of the traditional sort. The time faetor be-
comes an important element in the @nalysis of the cost which socie-
"ty must pay by subsidizing learning.

, These two situations do not exheust all the possibilities. Gi-
ven thet there is not just -one single "technological path" but, as
we have seen in previous sections, various possible zlternative _

- technological stretegies, the analysis should also undertzke 2 com-
' parative study of these, in order to evaluate the results which
could have been obtained with different strategies from the one
‘adopted.

- ~ In order to complement the anslyses previously suggested it
" 2lso seems necessary to study the greater or lesser degree of

trensfer of the results of the technological progress to the fi-
nal consumer, z2n evalustion which, depending on market stiructure,
will enable us to judge the true impact of the technologicel ecti-
- ¥ity on the society’s development.

All these topics have been marginal to the studies so fer
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underteken by the IDB/ECLA Proéram. Thére is no doubt that they
constitute eress of research which will heve to be given more et~

tention in the near fufture.
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IV. FINAL COMKENTS

Previous sections of this paper present ¢ brief synthesis of
some of the most interesting results zrising from the resesrch un-
derteken by the IDB/ECLA Science and Technology Program. 4t the sa-
me time, we meke & number of comments on the role of domrestic tech-
nology creation in countries of "late industrislizstion", &nd the
increasing importance of technologicel fectors in the formstion of
€ new Letin Americen and internstional scenerio.

It is obvious, however, that the studies csrrieé out within
the fremework of the IDB/ECLA Progrem do not go beyond the anely-
sis of & very specific area, which is the topic of domestic techno-
logy creation in verious branches of mamufzcturing in different Ia-
tin American ceuntries. In doing so, it comsciously ignores meny
.other topics of importance from both the thecretical point of viw
and thet of the formulation of & technologicel policy. It is there-
fore worth while making clear here that the choice of this field of
study does not mean to uncderestimste the importence of the verious
other topics which belong to the "technology field™. On the contrs-
ry, our research strategy'has opted to give priority to aress
little analyzed so fer without studying other topics which, although
fundamentel, hed glready received attention from diiferent reseer-
chers in the past. o

It seems sdvisable, therefore, to conclude this summsry withe
brief return to the generel framework. Both 2 theory of technologi-
cel chenge useful for the understending of relzstively less developecd
‘countrisg =znd a technologicel policy covering the many arees which
‘'need to be tackled, undoubtedly heve to go beyond the field covered
by domestic industrizl technology creation znd must z2nelyze in grea-
ter detail techn;gal, economic and institutionzsl sspects of torics
such as: a) the zéquisition of foreign technology, b) domestic ge-
nerstion of scientific and technological knowledge in sreas other
then menmufscturing production, etc. Let us now look &t some of
these topics in order to put into a proper perspective the results
gtteined by the various studies emerging from the IDB/ECLA Program.

2. Accuisition of Foreign Technology

Despite the growing importence of domestic technology creztion
observeble in several countries in the region, there czn be little
doudbt that most of the industrial techmology in use todsy, 2s well
gs that which is incorporated snnuslly into the different vroduc-
tive sectors, is of foreign origin and is obtained through licensing
contrscts, direct investment programs by multinetionel firms &nd
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other similar chznnels., Much emphesis hes been given to the mer-
kedly oligopolic character of the internetionzl merkets in which
the technology is so acquired, as well as to the zppezrance of mo-
nopoly rents arising from the uneven bargaining powers of the vper-
ties negotimting the transfer of technology. The enormous difficul-
ties faced by the vrice mechanism to adequately operate in this
field indicate that it is both advisable and necessary for the Pu-
blic Sector to devise an optimum policy package of intervention.

Some countries have recently tried to make progress in this
direction, 21/ but the failures have been by far more conspicuous
than the successes. It seems reasonz2ble to consider thet, besides
an administrative system for the control of technology-purchasing
contracts, a more active government participation would 2lso be re-
cuired in this ares, to fulfil at least two roles so far prectice-
l1ly not covered: a) as a seerch agent on the world technological
scenario, and b) as a centralized buyer of technology in world mar-~

kets. 78/

Both courses of action would be fully justified, bvoth from s
resource 8llocation point of view -~ the centralized search would
avoid the duplication of efforts and expenditure in this sres -and
from thet of strengthening the bargaining power of the technology-
purchasing countries, in so far as the oligopsonic role of the sta-
te could be seen as & countervailing force in the context of highly

imperfect international markets.

b Generétion of Domestic Technological Knowledge in Non-lIn-
dustrisgl Aress :

The empiriczal evidence presented in previous sections indice-
%es that in several latin Americen countries the first sigmgare
being detected of an increasing amount of domestic technologicel
activity, in the form of sdaptetions end improvements to foreign
technologicel designs and the development of new technologies on
the local manufacturing scene.

77/ See in tnis connection: k. Aracama Zorroeguin: "Tenden-
cizs actueles de le propieded industrial en Américe latina" - Re-
vista del Cologio de Abogedos de 12 Ciuded de Buenos Aires, Nifvz,.
1972.

. 78/ 'The experience of the Japenese MITI is very importent in
both respects. See, for example: Science ‘and Technology Agency,
White Psper on Science &nd Technology, seversl yeers.
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It is important to note that in all cases there are - or heve
- been - tax incentives specifically intended to encourage the under-
taking of resesrch end development expenditure, However, the brie-
fest enelysis of this field shows that the aveiladle instruments
have proceeded on the basis of & very limited understanding of the
technologicel phenomenon. 79/

kvery technology creation project has a number of effects, ei-
ther in terms of reletive feactor-seving (capitel and labor), in the
form of savings of foreign exchange, etc. It seems therefore impor-
teant for the public authority to have a cleear setcof 8ssessment crite-
ria on the basis of which to decide upon & "portfolio" of research
and development "projects" compatible with "nstionzl 1nterests ho-
wever the latter are defined.

It is obvious, however, that no metter what tax concessions
gre granted to research a2nd develpment expenditure, & wide range of
very important scientific and technologicel problems will not be
explored by the privete sector, becsuse of either their low poten-
tial profitability, the long gestationzl periods involved, etc.
This meens thet & state policy for the generstion of domestic tech-
nological knowledge must necessarily go beyond the granting of sub-
sidies to the private sector, and must draw up an explicit list of
resesrch priorities to be tackled directly by the public sector,
or by privete institutions financed by government funds.

Almost two thirds of the Reseerch and Development expenditure
of countries like the United Stetes, Great Britain, France or Aus-
trelia, are government funded. The pattern of utilizetion of such
funds shows & somewhat grester veriestion, since only 15% of overall
research expenditure in the United States, about 30%in France znd
Grest Britain end practiczlly two thirds in Australie correspond to
studies carried out by the public sector itself, 30/

79/ After & relatively cheotic period during which the Argen-
tine Under Secretarist for Science and Technology had received no
less than 2,600 reguests for tax rebates on accountof Research and
Development expenditure, the system had to ve discontinued in 1973
beczuse of a lack of clearly defined anelyticel criteria which would
eneble such requests to be judged in the light of @ national techno-
logicel policy.

80/ The informetion comes from Science, Economic Growth &nd
Government Policy, & paper prepared by Ch. Freemen, (OECD, Peris,

1963, The Austrelian statistics come from P. Stubb: Innovetion end
Research, Institute of Applied Economic Research, University of

Melbourne, Australla, 1968,
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_ . Up to now the Letih American States hsve shown little incli-
nation to act as. plennihg agents for expenditure on reseerch znd
development activities undertaken by the privete sector, end heve
merely perticipsted pessively in this sphere through indirect tz-
xetion instruments. Likewise, with regard to research cerried out
by the public sector itself, there hes been a lsck of specific
scientific and technological policy guidelines, policy being limi-
ted merely to the ex vost retificetion of resecrch decisions £nd
the zllocetion of funds decided by the scientific and zcademic com-
munity.

We consider thet both fields require a thorough revision of
publie policy and & much more active participetion by the sizte re-
seerch and university system., This implies thet the government,
instead of merely considering the resesrch propossls of msnursctu-
rers &nd univergity institutes, must adopt & dynazmic &nd regulato-
ry attitude,

In prectieslly 211 the countries in the region there #zre still
serious problems in areas of publiec heelth, nutrition, envirommen-
- tal pollution, housing, transport, consumer protection, ete. - to
mention only & few of the fields in which work on new knowledge
creation and the Tormulation of new working hypotheses is most ur-
gent. We consider that the social geins from expenaiture on re-
search in many of these fields will necessarily exceed private gain,
which should provide sufficient justification for the public sector

"to undertzke a stretegy of direction, expansion =nd complementation _

of privete creative activity.

Some of the topics mentioned in the previous peragreph should
undoubtedly receive priority on the public sector’s own resesrch
egende#, since it would be unreasonable to expect them to be covered
by privete sector creative efforts.

¢. A New Regional conomic Crder

_ -Finally, our earlier pages suggest the possibility thet the
formetion of a new regionsl scenario may alrezdy be well under way,
© 1t being feesible to prediect that the lergest countries in the re-

: gion will fulfil a predominznt role in this process &s suppliers of
‘technologically sophisticated manufactures, as well &s of technolo-
gy as such through licenses, direct investment etc.

. It is ‘clesr that the novelty of these topics in the latin fme-
- rican context is reflected in the lsack of a legal and institutio-

- nel framework cepeble of zdeguately regulaulng the movement of

' goods, cepital and technology within the 2ree. There is an obvious
danger that the reletively more developed countries may tend 10
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reproduce the patterns of oligopolic behavior which they themselves
had to suffer as purchasers of technology in the world merket only
a few years ago.

For exsmple, 2t the moment only six Latin Americen countries
belong to the group which signed the Paris Convention on Fetents
- and Trademerks. This treaty hes been strongly attacked in recent
years because of the one-way protection it offers to technology-
exporting countries, to the detriment of technology-importing coun-

tries., - 81/

Given thaet it is unthinkable that such & legel framework can
act as a stetutory base for the growing intra-regionsl flow of
goods, capital and technology, it is important to begin to act a2t
the supre-nationel level, exploring regulatory instruments more ap-
wropriate to contemporary conditions in Latin Americs.

Both these subjects egnd those mentioned in previous vparsgrephs
have remained outside the sphere of the studies undertaken bty the
- IDB/ECLA Program, but there is little doubt thet they ell require
further research in the nezr future,

81/ See J. Katz: Importacién de Tecnologiz, el Trata@o de
Per{s, y los paises de menor desarrollo - CIE, Instituto di Tella,

Buenos Aires, 1973.
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