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Technological Dependence and Learning Revisited

(*)
Fabio S. Erber

Over the last fifteen years a considerable body of
research on the technological development of LDCs has come to
light. The ideas of what can be loosely called the "school of
dependency” had an important influence on shaping scme of the
questions posed by this research and the answers it provided.
More recently the theses of technological dependence have
como under severe criticism (Soete, 1981) and, at the same time,
a spate, of new articles and books (e.g. Katz 1978; Lall 1982 a
and b; Dahlman and Westhphal 1982) have suggested what seems to
be an alternative view of the technologial development of the
LDCs. The purpose of this article is to reassess the two views
and draw out implications for the present industrialisation

debate.

We begin by a brief presentation of what, in our
reading, are the main characteristics of the two bodies of
literature, including the intellectual interlocutors and the
institutional setting of elaborationAof such theories, since
both have a bearing here, as in any soclal science production.
Then, in the two following sections we analyse in more depth
the similarities and differences between them as regards the
technological efforts of LDCs and their implications for
government policies and for the international division of
labour.

:;;;I;;_;ecturcr and research fellow of the Instituto de Econamia Industrial
and the Faculdade de Econamia e Administragao of the Universidade Federal
do Rlo da Janeiro. T am grateful to iubert Schmitz and Josd Tavares de

Araujo Jr. for their caments on a first draft of this paper. Of course
they are not responstble for its contents,
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1 - The background of the two "schools"

a) Technological dependence

It is beyond the purpose of this article to try to
review the many contributions (often contradictory) which make
up what has been called the "dependency school"(lh but it is
important to recall the main issues at stake.To begin with it
is important to note that dependency theories were arguing
against the "stages of development” theories (with their
functional sociology underpinning and their emphasis on the
"modernizing” role of foreign investment), which promised
industrialization would come to the periphery as a "natural®
result, similar to the industrialization of the "early comers”.
At the same time they went against the orthodox Marxist view that
imperialism was opposed to industrialization of the periphery,
although they sought their own theoretical roots in the Marxist
paradigm. A third interlocutor of the dependency theorists,
with which they held a much more complex relationship 1, were
the ideas developed by ECLA on defense of the industrialization

(1) For analyses in English, the readar may refer to Cardoso (1977a)
Bienefeld (1980); Rodriguez, Ennio (1980) and Seers (1981) ,

(2) This applies mainly to the Latin American authors, since Fr,
was deeply opposed to ECIA's theories, which he Oénsidered ank (1969)
and "reformist"™, The filial relationship of same dependency authors
sthhasCarrbso,tmardsBaAcanbemeninmsmcle (1977b) .
he appraises ECIAS', contributions. anisehrsmﬁlherﬂzgewas
criticized by more recent studies of the development of capitali
Brazil, such as Cardoso de Mello (1982) , which argue that the sm in
shor?x:ninq of dependence theory was itg inability to free its aﬁgl L
EC[AsappmmMstorymtermoftherelauongmpoftheId ysis of
American countries to the central countries, £ tin
endogenous elements in capital accumlaticn and
capitalist social relations. in the developnent of

eois”

of Latin America during tha fifties and early sixties. ECLA
argued that the specialization in the production of exportable
primary products led to an uneven development of the world

system (with the primary producing sconomies tending to lag
behind the industrial econcmies) and to an uneven internal
development of the Latin American countries, incapable of solving
their problems of capital accumulation and employment. By the
time dependency theory came to be developed, the warnings of

ECLAU)

that also spontaneous impor—substituting industrialization
would not be the answer to the problems of the Latin-American
economies had been vindicated. In fact, dependency theory can be
viewed as an after-thought of the battle for industrialization,
which, by the mid sixties, had come to seem more and more a
Pyrrhic victory, in terms of internal economic, social and

political equality and as regards independence from external

determination.

Dependency theorists asked two main questions,
implicity or explicitly: "is capitalist development feasible in
the periphery?" and, "which is its specificity vis a vis the

pattern of development of the central countries?"

Although there was agreement among the authors of the

"dependency school” about the specificity of the development of

(3) for a, now, classical study, sece Tavares (1964). For a detailed
presentation of ECLA's theories and their criticisms, see Pedriquez,
(1981).
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The peripheral countries, when compared to the central
economies, there was sharp disagreement about the growth
possibllities of the former economies. Some authors {e.g.

Frank (1969), argued that such economies had a built-in

tendency to the "davelopment of underdevelopment”, while others

(e.g. Cardoso and Faletto (1979), argued that, in some
countries, the pattern of "associated development" offered
scope for continuing the process of capital accumulation,

albeit at a very high social and political cost,

The analyses of the pattern of development
which emerged from the phase of import — substituting
industrialization argued that the import of technclogy
constituted now one of the main links of the chain of
relationship which kept the economy of the Latin American
countries subordinated to the advanced economies. The
importance of the technological link was greater for
those countries which had industrialized more (e,q, Brazil,
Mexico), and together with imports of capital goods,
foreign finance and the industrial role of Mncg composed

the web of the "new pattern of dependence®,

-5,

In an early formulation (Cardoso 19731, the underdevelomment
of the local capital goods industry and the reliance on imported
technology was seen as limiting the process of capitalist development
of the periphery, since the Department I of such economies (the
sector producing means of production), was said to be virtually
non-existent there, preventing a productive complementarity
required by capital accumulation and draining the dynamic stimula
to the central economies. Further research showed this to be an
over-simplification: in many countries an internal technical
capability and the production or capital goods developed with

the process of industrialization.

Nevertheless, the question posed by the original dependence
argument - the specificity of the industrial developement of the
periphery - and the answer provided - the difference in the indus
trial structure, especially the limited size and role
played by the local supply of technology and means of production,
remained not only valid but influenced the considerable research
on technological development performed by Government and academic
substitutions. It is in this sense that we include this research

in the "dependence school".

In trying to highlight the main concerns of these latter
studies we shall rely mainly on the results of the Brazilian research,
for several reasons. One, obviously, is convenience, but more

important are the features of the Brazilian economy: Brazil is one

of the most industrialized of the LDCs, combining a large internal



.6.

market with an aggressive export policy. Its capital goods industry
is the largest among the LDCs (China excluded) and it is also one of
the main LDCs in terms of investment in higher education, scilence
and technological development. Nonetheless, there is a consensus
that such investment so far has not seriously idented the industry's
reliance on imported technology. Finally , since the early seventies
an extensive body of literature on technological development and

sclence and technology policy developed in Brazil(4).

Some of the issues dealt with in this literature are

closely related to our present discussion:

— The sources of technology used by private (foreign and

local) and State enterprises: local development intra and extramurog

(especially the use of universities and research institutes) and

import of technology. Such research involved not only opening up

the "black box" of technology so as to understand what Capabilities

were or not locally developed and absorbed but also the rationale

of the use of such sources by the enterprise. Such studies ywe
re

usually conducted at the sector level, and were complemented b
Y

(4) At the end of 1978 an extensive but not exhaustiy
listed over a hundred titles. See Erber (1981 EGE Zﬁrvﬂyliﬁde by the author
translation. Of course only part of such studies warg Shalish—written
fﬁsﬁﬁﬁggotﬁzical deperdence. For a diffarent Source ofdireCted to the isgyes

sthe studies of diffusion by Araujo gy Inspiration sea, fop
Barrcs (1978). s et al. (1976) and oy

studies of the "scientific and technological systenm", especially
case studies of the research institutes and their relationship to

the enterprises.

- The study of the role of the State. Initially motivated
by the analysis of the enterprises rationale and the role of State
polleies in such rationale, it then developed into an analysis of.
the relationship between the explicit science and technology policy
and the more general industrial policies,and to the study of conflicts of
interest within the State and their relationship to the general

pattern of development of the country.

- The implications of taechnological dependence in terms
of foreign exchange costs, of the pattern of competition within
industrial sectors and the foreign dominance of such sectors, among

others.

Studies in other Latin American countries developed along
similar lines, developing a substantial body of knowledge about
technological development of the region. It is thus somewhat
perplexing to find authors (from outside the dependency school)
saylng that the literature "concerned with the transfer of technology
has treated developing countries as passive recipients of technology
from the advanced countries and concentrated on the imperfections of
the technology market that ralses the costs of buying technology to

the hapless developing countries" (Lall 1982 a p.6).



Although inspired by the issues of dependency, such
analyses drifted away from the Marxist moorings of the original
writers of dependency into the safer waters of mainstream economics
To some extent, the movement was a consequence of the inadequacies
of Marxist theory, especially as regards enterprise
behaviour in an oligopolistic system. However the institutional
influence cannot be discarded, since a considerable part of such
studles were either commissioned or directly conducted by Government
institutions, where Marxist vocabulary and categories would be

rather unwelcome (to put it mildly).

In fact, during the seventies in several countries of
Latin America (Sagasti, 1978), science and technology policy
gained a new status. New Government institutions were éstablished
and old ones modernized, to promote local scilentific ang
technological development, adopting measures which often went
against the grain of the more general policies of the Government,
Although the issue of internal domination and class conflictg
posed by the original dependence literature Was ocutside the pail
in such institutions, another pPart of the isgye of dependence -

the relationship between foreign and 1local capitals - yag not

In
fact such research provided them with ammunition for jUStlfyinq
their existence and growth, ang at the same time, they gave the
research a sometimes fruitfyl action-directed push, NOﬂethelesg,
this literature retained a "political econemy approach®

' eSpeclally
in the studies related to state influence on

technologlcal
development.

-9.

b) The "Incremental Indigenous School" (IIL)

The writings of this group of authors are well-known to
the English-speaking readers so we may be excused if we proceed at
a greater speed. What probably are their most dlstinguishing
traits are, first, their view of technical change as an incremental
process, and‘ opposad to Qhat Lall calls the "Schumpeter
syndrome" (the emphasis on discontinuity and technological
breakthroughs, based on research and development) .

Second, they present a rich body of evidence concerning the LDC's
mastery of manufacturing technology and the capability of introducing
adaptations in products and processes developed abroad, based

upon fincremental, learning processes, Finally, they arque that
such learning underlies the Successes of some LCDs in exporting
technology, sometimes disembodied, but, most often, embodied in
relatively complex products and services and even in turnkey plants.
From this latter evidence they suggest that a new international
division of labour may be emerging with the economies which have
developed such technical capability finding a new relationship to
the others LCDs and to the older industrialized countries,

based
upon thelr technological capability,

The evidence upon which such theories rest consist mainly
of a collection of detallé& casa studies of enterprises carried out
in several countries in Latin America, €specially in Argentina 9
Brazil and Mexico (summarized in Katz, 1978) and the studies of
exports of technology by Latin American countries (Katz and Albin,
1978) , India (Lall, 1982a) and Korea (Westphal et. al. 1980, Dahlman
and Westphal 1982). Such research was usually sponsored by inter-



national institutions notably the World Bank. IDB and ECLA. (5)

Although Marx was a keen observer of the phenomena of
learning and stressed their importance for industrial
development (6) the parentage and the interlocutors of the "IIL
school" are predominantly neo-classical. This can be more clearly
observed in the surveys they make of the literature (Katz 1978,
Lall 1981, 1982 a and 1982 b, Dahlman and Westphal 1982) — e.g.
the emphasis they put on the literature on "choica of technology”.
What 1s somewhat surprising is the ignorance they display of the
contemporary literature on dependence, which had already shown in
considerable detail the existence of local technological
development in LDCs (a point developed further below) , Whether
this can be attributed to language barriers, to a paradigmatic
parochialism or to other reasons, is 3 moot question, It ig
certalnly unfortunate, since this literature strenghtens a. park
of their argument, even if it reduces some of itsg novelty.

Moreover
it deprives th IIL literatura of relevant lnterlocutcrs which
’
may contribute to question and enrichen theiy own conclusions, a
r
purpose to which this article ig but a modest step

learning did not occurr, droun mainly £ Presents also many cases where
¥ from Asian ard African untries of
(6) See, e.g. this chapters on the trangj

industry in Vol. I of Capital apg on

tion ﬂtmxmmufamnma to modern
Vol. III.

the €S of constant Capital in

L1,

2 - Local Technological Development in LDCs

As mentioned above, the IIL school emphasizes the
development of a technological capability in LDCs through an
incremental process, described by Dahlman and Wesphal (1982)

P- 126) as follows: "firms in developing countries acquire
increased technological mastery by engaging in purposive
technological effort to assimilate and adapt technology, an effort
which typically takes place in relation to experience gained in

production engineering and project execution". (7)

This conclusion is fully consistent with the findings
of the "dependence" literature, In fact, from the earliest
studies (e.g. Biato et al. 1971, for Brazil) it had been shown
that local f£irms had developed design (basic and detailed) and
manufacturing capabilities, especially for simple products,
such as universal machine tools and agricultural equipment,

based
mainly on "reverse engineering”.

The research on sectors where this mastery had been
developed (e.g. Erber et al. 1974 for thae capital goods industry)
showed that the local firms there tended to rely progressively
more on imported technology via licensing, in the measure in which
they diversified and increased the technical complexity of their
productlion;a behaviour confirmed by more recent studies (e.q. Erber
(1982) for the same sector). Although non-technical factors played
an important role (e.g. preference of customers for foreign

technology), the studies left no doubt there was also a discontinuity

in technical capabilities behind such shift in sources of technology,

(7) "Production engineering... relates to the cperation of existing plants,
Project executien... pertains to the establishment of new production
capacity®. (Dahlman and Wespahl 1982 pp. 106/107).
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In new industries, foreign technology was often used from the outset,
either via licensing or foreign investment (sometimes as a joint
venture, as described for petrochemicals by Araujo Jr. and Dick
1974, silva Filho 1978,Teixeira 1982). In such cases a local technical
capability was clearly lacking,especially where continuous flow
processes were involved, requiring a comp}ex set of capabilities,
from the basic engineering of the process and the basic design of

the plant, to the specification and procurement of capital goods.

Nonetheless, the dependence literature has shown that
the import of technology does entail the development of a local

technological capability - in fact it argues that such Capability

is inherent to the dependent relationship. On the other hand it

also shows that such learning is M, SO as to preserve the
dependent relationship. This should be no Cause of surprise if ope

considers the  rationale of the exporter of technology, Let us

take the example of a licensor of technology of a product .

Exporters of technology have a deep-geateq interest ip
ensuring that their customers possess

because the responsabilities of licensor and licen

see are very
difficult to apportion in cases of failure,

breakageg r @tc.  which

may jeopardize the licensor's internationa) Teputation. Thyg
. r

the
importer of technology must be

at least able tg Manufacture the
goods and/or operate the Proces

seg according to the 3peclflcations
r
failing which the licensor must

teach the licensee how to 4o it

.13.

Moreover, in order that a product can be manufactured,

all its parts and components must be specified to minute detail,

and such specification must conform to the available supply of

materials, parts and components, as well as to the Specific

production conditions of the local manufacturer. Therefore, the

stage of detailed tiesi.qn(Bl is better performed locally where the

product is to be manufactured, than abroad, where the licensor

is located. For all parties, then, it is desirable that the licensee

should know how to produce detailed designs.

(8) The design of a product goes through three main stages (Asimow, 1962)
Taking a machine as an example, we have:

(i) Feasibility - The design process starts fram a need
are then converted into the essential] functions the e
perform and the latter expressed by specific performance requirements
(e.g. capacity of containnent and support) . If, by confronting the
resources available to the firm with such recuirerents and other
constraints (e.g. delivery time), the enterprise decides that the
equipment is feasible, it may end up with a set of feasible design
concepts fram which one will be chosen in the rext stage.

(1i) Basic design - Sametimes called "preliminary design”,

design process since it involves not

recognition.Such needs

(111) Detailed design - here the main consideration is to provide information
for production as each part is drawn in detail to be manufactured,with
enphasis being placed upon dimensions ang tolerances.

The relative importance of the three Stages of design will depend on 11

the novelty of the product for the enterprise. when the procuct is well }

to the enterprise, the erchasis is on optimization of the characteristics of the
roduct at the preliminary design stage, the importance of feasibility inc yal

Ehith the novelty of the product. reas

rgely

[n terms of the categories of R&D, more often used in the literature =
innovaticn, according to intermational definitions (e.q.. the Frascatti Mamal
of the CECD) the feasibility and basic design stages should be included in
“devmlopment’y as g s cha desion ds:for A riew product, but detailed desiqgn
should be excluded. For a fuller analysis of the design stages and e
references, see Erber (1977).
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Although wmanufacturing know-how and detailed design
skills are a necessary condition for introducing innovations (as
wall as for production), they are not sufficlent for purposes of
innovation: basic design skills are necessary for innovation .
Moreover, the mastery of the first two skills does not lead
necessarily to a basic design capability: although in some products,
especially mechanical products, it is often possible to progress
from one to the other; in others, notedly in prodycts which perform
atonic or molecular transformation, there s a dlscontinuity of
knowledge hetween basic design on the one hand angd detailed and

manufacturing technology on the other.

Since basic design skills are not nhecessary for Producing
the goods, the exportes of technology has no interest {pn closing
such gap; quite the contrary, the teaching of such skillg could
foreclose a future source of revenues and aven nurturg a future

competitor, especlally in sectors (like the capita) g°°dsj
where technlcal progress is incremental and engineering-bageq. The
same applies to the skills for the feasibily stage of design, por
sactors where innovation 1s not only design - intensive b

ut also
sclence-based, such as eletronics, the transfor og technology 4
s
much more limited. The same reasoning applies to the licengyp £
g o

procesges,

Thus, licensing doea Provide gop 1
partial learning ~ a type of Iearning which

the licengor's revenues and thq

farning bue 1p 4,

+ 3t the fsame tima

+eNJurag
continuatlon of the

time. Such technical control ig

it 18 well known,

.15,

the technology does not forsake the property of the technology,

only allows the licensee to use it for a limited duration of time,
under certain conditions, some of which may by quite restrictive
{export prohibitions, tiad-in lmports, ete), Such legal control
appllies even in the absence of patents, although the latter

strenghtens 1it,

The same pattern of limited learning (or permanence of
dapendence} was observed in the case of foreign subgidiaries, whara
the patent company had to transfer a manufacturing and detailed

design capabllity but not the others, The Latin American Literature

suggests that this strategy was not enly due to Scale-economies in
the production of technology but also to tha extraordinary profita
thay reaped through ‘technology-:elated' intra~-figm transactions
(Vaitsos 1974, Fajnzylber and Tarragd 1976) .

Thus, the literatura on dependanca argued that the
transfer of technology between centre and periphary was structurally
limited on the side of the suppliar of technology. Moreover, it
was structurally limited on the sida of the importer tao. In fact,
ona of the main question posed by this 11teratu:e(9) wasg: aince
the local entreprenours were aware of such limftations {as
shown by tha research) and of tha coatg they entailed (tied-in
imports, axport prohibitions, threoats of being custad from the
market by a subsidiary after the licenses had tested the markat,
or having to pay for the technology in equity; at least reLqunmung

the control of some lmportant deciaions), why did they not invest

9} Sce Ecber (1981) for references.
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more in thelr own technology, walking, so to speak "on two legs™ ?

The answer showed that many factors were at work, among

which six ranked especially high:

- The competlition of forelgn technology, which, being
easily imported, put a high risk on attempting to devalop local
technolagy, especially whare lead times were longer and costg higher,
as for R & D-derived capabilities. Government policies related
to foreign investment, imports of capital goods (where project

financing played a crucial rolel and import of disembadied technology

were important determinants of such competitfon,

= The pressure of clients, which often made the use of

imported technology a conditio sine qua fon, barring thus the

possibility of daveloping local technolegy, Thig was observed not

only for consumer but alse for capita} geods and angineering Services,
inclusiva for State enterprises purchasaeg.

= The atructures of the markets where such

enterprigeg
operated, which not only placed a Premium on the

monapoly they ware
but alse allowed them tq Pass on to the
cugstomers the cost of the technology importeq.

granted by the licensor,

- The siza of thg local markat
¢+ relative gqg the expend] turey
necessary to develop loecal technology and ¢

he lack of Protection of
such technology.

= The short term horizon Wwith whien local enterprigeg
°perated, in many cases due to the lack of Planning by th
e Stata,

.17,

= The political cutlook of local enterpreneurs, whe weras

more afraid of being controlled by the State than by foreign firms,

Thus, at one level of analysis,the answer wasg that the
dynamics of economic and politicai forces was such that there was
no incentive to the local entrepreneurs (and aven less to B
gubsidiaries of foreign firms) to develop a technological capablility
beycnd that provided by technological transfer. This conclusion could
be used to justify State intervention to foster such further
development - and it often was. However, at another level of
analysis, it showed that the original definition of dependence as a
structural carachteristic of the peripheral economy was not incorrect
- technological dependence waa juse a facet of a specific type of
capitalist development. The peripheral development,

1f in some cases

allowed for an expanded capital accumulation, nonetheless contatned

such accumulation in a relationship of subordination.

The conclusion that technological dependence is just part of

a specific pattern of development i1y alsc important to avoid 30me

pitfalls of technological determinigg - it i3 not simply by changing
the degree of technolegical galf-raltance that this pattern of
development will be radically transformad - a *nalve optimistic®
approach (borrowing the apt expression from Cooper (1973} often
found ., In the literaturs. The daterminants of technological
dependence have to be sought not only at the level of the lack

of technical and scientific skills in Lpc's (although they may be a
powerful constraint in some cases] but especially at the lavel
of tha econcmic and political considerations which guide the action

of the enterprises and of tha State as regards the deveicpment of
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local technical capabilities. This view also lead to a
reassessment of the role explicit science and technology policies
may have 1in changing . the technological dependence. When such
policies do not converge with the other policies (e.g. policies
related to foreign investment) their efficacy is severely limited,
since they,alone, cannot change the pressures and inducements
(some of which were mentioned above) which lead the enterprises

to rely mainly on imported technology.

It is worth stressing that neither the more general inter-
pretations of dependence nor the more policy oriented research argued
against import of technology and in favour of autarky,

either at the

level of the sector (or firm) or at the macro level, as it seems to

be implied by some recent appraisals of technological dependence (e

g. Soete 1981). Their main concern was with the balance between
imported and local technology in a dynamic setting,which,

1 they arguegq,
led to a structural unbalance( Dl-

(10) Therefore, if one wished to use data of internationat

to "test" the relationship between technological &mmn:ﬂfm technology
should lock at the ratio of imports to local ependitures on te grtx;th, e

of the ratioc of imports to exports, as Scate (1981) does, chnology,
ratio would show that elavin those developed
their technological balance of Payments spend internall
import, whereas the peripheral countries not enly Ylgflslgi(nﬁribﬂlin they

and as a ratio of (P) for internal dEVElerent, oEE tee“d 1 ik SOlute temg
much smaller ratio of imports to local expend] o Jdmo °9¥ also show a
has a huge deficit in her technological balancs of 2pan, for instanee which

the unbalance mentioned in the text ang Of the dife; are ilustrative of
e e e o e e B
upon S are s
capture the relationship between loca] il Tade, thetg fﬁii- cpletely to

For a more general criticism of this type of F.tesc‘mdtim"d"’o O9Y outlined abgye,
see Cardoso’s article on the "onsumpt {on o sk of dependency theory
1977 a). theory in tha y.g, (Cardoso

.19.

There are substantial similitaries but also some important
differences between the dependence literature and IIL studies, as

regards the study of technological effort in LDCs.

Both have followed the same analytical steps: opening up
the "black box" of technology and looking at the determinants of firm
behaviour as regards the different types of capa-bl.litigs which lay

in the box. Both agree that there is a discontinuity in the skills

required to master such technolegies. Moreover, both agree that
although there is some complementarity between imported and local
technology, the former may have a deeply inhibiting effect upon the
development of the latter, although the dependence studies have
developed more fully the relationship between imported and local

technology.

There 1s also a substantial degree of complementarity
between the two analyses since the 11T very detailed case studies
have carried the knowledge of learning beyond that reached by
dependence analysts , and have pointed out a Process of learning
unknown to that literature - learning through exporting, which
raverses the more usual view that learning is a condition to export
(Wastphal etal. 1980, Dahlman and Westphal 1982, for Korea).
Furthermore the careful review by Ball (1982) of cases of learning
has raised interesting hypoteses about the determinants of firm -
behaviour and international differences in learning. His analysis of
the behaviour of firms in terms of Pressures and inducements to
developed local technology converge with the analysis of the

dependence studies.Moreover his develorment of the "infant industry”
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argument (which space precludes discussing in the detail it
deserves) has contributed to the analysis of the rationale and

feasibility of science and technology policies in LDC's. "

=

On the other hand, the analysis at the sector level, of
the depeﬁdence studies-put more in focus the relationships between
local technological efforts and the characteristics of demand and

the patterns of competition, as well as the role played by specific

State policies (e.g. the purchase policies of State enterprises in
the case of the capital goods industries). The sectorial approach

also highlights tha differences between sectors, pointing out the

different role technology (local and imported) plays in the

development of different industries and, conversely, the different

role played by sectors in the technologycal development of the economy

= a point to which we return in the next section. Within each sector

these studies show the interdependence of actions of the institutions
involved foreign and national interprises, government agencies énd

universities and research institutes), whereby, for instance, the

entry of a foreign enterprise using its parent technology, or the

lack of experience of local research institutes may well discourage

Or even prevent an enterprise from commissioning studies to the .’

detriment of local accumulation of the necessary experience(111

This interdependence may generate importante synergistic effects .l

intensifying the use of either local or imported technology
(the latter being more frequent) , Thus the studieg

of dependence
for a science and technolaogy policy

argue (explicit and
implicit) which is disaggregated at the level of sactors but
r

at the
Bame time,

retalns an integrated approach,

encorpassing all the
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relevant institutions involved in the technological development

of the sector . It 1s possible that the limited success of the
explicit science and technology policies of Latin American
countries to foster a substantially higher degree of technological
self-reliance (Sagasti, 1978) may be due not only to the
contradictions between the explicit and implicit technology policies,
already mentioned,but also to the way in which such policies were
implemented, acting only at the enterprise level, without a
sectorial approach. The case of the brazilian computer industry
studied in detail by Tigre (1982),1is an exception, both in terms
of success of technological developments and in terms of a sectoral
policy where implicit and explicit policies converge, which seems

to confirm the rule.

Here we also find some agreement between the two groups
of studies . For instance,they agree that the behaviour of the firms
has to be partly explained in terms of the policies pursued by
Governments (not only the science and technology policy but also more
general policy) and that Government protection is necessary to
supoort the "infant® local technological effort. Both IIL (especially
Lall 1982 a, 1982 b) and dependency analyses agree that such
protection, to be effective, must go beyond technological activities
and include the products which result from such activities. Nonetheless
the dependence studies seem to have advanced more in this field
of enterprise/sector/economy relationships, possibly because they were

at the outset conceived as sectorial studies.

Therefore, combining the two groups of studies, perrapg

we can be bolder than Dahlman and Westphal (1982, p. 115) when they
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assert that "as yet too few case studies exist for it to be possible
to generalise about shat determines the extent and the direction of

technological effort by individual firms".

Nonetheless, there are Important differences between the
two bodies of research, which stem, from their respective original
paradigms and their institucional insertion. Such differences crop
up in several aspects of their analyses, such as the treatment of
Government policies, but are crystallized in what, at first sight,
Seems to be simply a matter of emphasis: while the IIL research
stresses the development of technological capability in LDC's, th
dependenca studies lean on the limited nature of such development.
That this is not a simple question of relative emphasis becomes

clear when we look at how the two groups interpret the phenomenon

in terms of the role Played by LDC's {n the international division

of labour and thelir growth Possibilities therein.

—mas
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3 - A New International Economic Order ?

Dependency theory stressed, as we have shown, the trend
to perpetuate the reliance ou imported technology, as part and
parcel of the peripheral condition of LDC's. Such imports, it was
shown, involved high foreign exchange costs, both Iin terms of
explicit and hidden payments and in terms of export restrictions.
Moreover, the pioneer study by Fajnzylber (1971) of Brazilian
manufactured exports showed that the sectors which had a higher
intensity of imported technology contributed little to the export
of manufactures, while those sectors with higher than average
exports did not import technology intensively. Thus it concluded
“the majority of the industrial exports of the country rests upon
the utilization of diffused technical knowledge. This supposes a
fragile competitive position in a market, such as the one for
manufactured products,characterized by the speed of innovations in

products and processes” (p. 196)

Therefore, the dependency argument ran, the peripheral
countries cannot count on their spontaneous technological development
to change their position in the international division of labour,
where, by virtue of the technological dependence, their
growth is partially limited. Furthermore, the dynamics of the
international system and of their own economic and political structurE&

are such that the peripheral condition of the LDC's is Perpetuated,
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What is probably the most original and provocative
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In such new international division of labour, the

"dividing line does rot fall by industry but by particular

technologies within each industry. This will lead to a change in

the specializations of developed and developing countries: rather
than concentrating on different types of industries as they tended
to do till now, they will specialize in different processes within
the same industries. Developed—devéloping country trade will, in
other words, come more and more to resemble inter-developed country

trade...” (ibid p. 174, original emphasis).

Furthermore, LDC's "which have built up a strong

technological capabilit will reveal different sorts of comparative

advantages in their exports to other developing countries as opposed
to more developed ones". While such LDC's will export to the latter

countries complementary technology services and simpler engineering

products than those locally pProduced, they would export to the other

developing countries "older, simpler or smaller-scale equipment”®, as

well as turn-key plants, consulting services and licensing. (ibid
p. 175).

The evidence presented by the IIL studies

(12]1ndicate that the dependence scheol Certainly

on technology
exports of LDC's

under-rated the niches which the past expansion of world trade and

growth opened up for the more industrialized LDC's, using their

limited technological mastery:nmmthekms it is important to note that

the IIL studies show that the mastery achieved was not simply the

(12) In a recent study of Brazilian exports of manufactured products and engineering
services Araujo Jr. et. al (1983) have suggested that local fims ang
subaldiaries of MIC's enjoy a campetitive advantage in the markets of other
IDC's based

upon a leaming process of relatively stable technologies which
they are able to adapt to the specific needs of the IDC's markets.
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spontaneous result of market forces but was greatly aided

(13)
by specific State policies o

Sshould we then draw the conclusions that those
countries which have already reached such level of technological
development should rest content with it? And should the other
LDCs aim simply at achieving such levels of technological

mastery and gear their policies simply to that purpose?

In essence, the IIL studies suggest a positive
answer to such questions(l4i. Thus, Dahlman and Westphal
(1982 pp. 129,130} argue that "Korea's" experience further
demonstrates that a high level of technological mastery in all
aspects of the uses of technological knowledge is not required
for sustained industrial development... Korea has become a
significant industrial power mainly as a result of its
proficiency in production®” and Lall (1982b p.169) led by the
formers' results makes a more general suggestion that "it may

be argued that for poor countries just embarking on industrial

development the acquisition of know-how rather than investments

(13) The role played by the State in fostering the technological development
upon which technology exports are based deserves considerable
additional research to that provided by the available LBD studies.

An untouched area in the [8D studies is the "political econamy" of
such intervention, i.e. the interests behind it and how they relate
to other econamic policies. See Cooper (1981) and Erber (1980).

(14) Although Bell (1982) is not concerned with export performance, the
evidence he presents suggests that for countries with a recent and sl
small industrial sector the path of reaching the level of technologic
mastery achieved by the NICs is fraught with difficulties.
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in building up know why is the most appropriate policy"}lﬂ

Notwithstanding the past successes of the NICs
in technology exports, the answer provided by the IIL studies
fall in a static trap, apparently led by their theoretical
paradigm. In fact, the anti-Schumpeterian approach which
carachterizes the IIL view of technological development seems
to lead them to disregard the cyclical nature of international
economic development and to overlook the "primary" technological
changes which are under way and which will deeply affect the

international division of labour.

The rather optimistic picture the IIL studies drew of

the future international division of labour rests upon at least

two important cateris paribus clauses, First that investment and

world trade will continue to grow, possibly at even higher rates

than they did in the post-war period, in order to create more

niches to accomodate not only the present LDCs which export

technology but also the others which follow on their path.

Second, that there is no major technical change which will

(15) Dahlman and Westgahl (1982) qualify this at the end by saying that
"the objective acquiring technological mastery is not simply to
produce in the present: it is equally to be able to adapt technol
and to antecipate changes in world and damestic markets. Thus it ig

on the basis of production engineering or project execution experience”

(p.133) . The evidence fram dependence studies strongl argu
answer to thelr query is negative. i = M vehe
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Those two new technologies are, as is well known,
based upon "large-scale scientific activity on the frontiers
of technology" and their activities are to a considerable
extent "aimed at meeting changing needs of high-income, brand-
conscious consumers”, i.e. - they are exactly the opposite
activities in which, gccording to the IIL school, the LDCs have
comparative advantages. The resources used for innovation in
those industries are highly concentrated in the advanced
countries and the theory and experience of diffusion of
innovations strongly suggest that the rate of diffusion of
such innovations will be much faster in the centre than in the
periphery, widening their gap; not only in research and

development but also in manufacturing technology.

Moreover the diffusion of eletronics will affect many
of the activities in which the NICs could have comparative
advantages as regards both more and less-developed countries
than them. This applies, for instance for the simp}er
(non-eletronic) machine-tools and the labour-intensive
detailed design services they would sell to the advanced countries
(Lall 1982a), which are likely to be replaced by numerically-
controlled machine tools and computer=-aided desig#lﬁ). produced

more efficiently in the central countries. The latter may also

prove to be strong competitors in the markets of the least

(16) For evidence onthe gap of diffusiocn of eletronic-based capital goods
between central and peripheral economies see, among others, UNCTAD
(1982) , Tauile (1983). For camputer-aided design see Kaplinsky (1982).
The latter's conclusion on the role played by eletronics in widening
the gap between DCs and LDCs are the same as ours.
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to have fully appreciated the implications of the present
decline phase. All in all, old Schumpeter (and Marx) may still

have a lot to teach all of us !
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4 - A Final Note

Economists seem to hold a peculiar relationship to
technology. aving recently discovered they had neglected the
theme since the days of Schumpeter, the profession now seems
to display symptoms of serfous guilt-inspired behaviour - on
the one hand it proclaims the overriding importance of
technology, on the other, they beat the breast about their
ignorance on the subject. Such ritual is rendered

easler by disregarding the work done outside one's own parochy.

The two bodies of literature discussed in this article
argue against the behaviour described above. They show that
over the past decade and a half we have accumulated a
substantial body of knowledge about an important phenomenon
the process of technological development in LDCs and how LE
relates to the technological development in DCs. Moreover we
have also advanced our knowledge about the relationship between
technological development and other features of the developmént
of the LDCs (e.g.industrial structure, role of foreign capital,

the roles played by State and so on).

The preceding sections also argue against technological
" naive optimism". No matter how important technology is - and
we have argued it is important - it cannot, by itself, change
the pattern of development of LDCs or the international division

of labour. Not there are grounds to believe that technological

development necessarily leads to general progress and greater
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